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2-Aryl-4-quinolones are versatile synthetic intermediates and several articles continue to appear in lit-
erature describing their synthesis, chemical transformation, structural properties, and biological activ-
ities. Their versatility as synthetic intermediates is a consequence of 4-quinolone moiety, which
contains several reactive centers (positions 1, 3, and 4) for possible functionalization and can also ena-
ble different degree of unsaturation. In this review, we describe methods developed to-date for the syn-
thesis of 2-arylquinolin-4(1H)-ones and their N-alkylated and O-alkylated derivatives.
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1. INTRODUCTION

2-Aryl-4-quinolone moiety constitutes important chem-

ical unit in a large variety of naturally occurring com-

pounds and it plays an extremely important role in syn-

thetic and medicinal chemistry. Most of the 2-aryl-4-quin-

olones and their 2-arylquinoline derivatives are widely

distributed in the plant family Rutaceae. Eduleine or 7-

methoxy-1-methyl-2-phenylquinolin-4(1H)-one (I) (R1 ¼
OCH3; R2, R3, R4, R5 ¼ H), for example, was first iso-

lated from the bark of the Mexican tree Casimiroa edulis
[1] and the bark of Lunasia quercifolia (Warb) [2]. Edul-

eine and its 4-methoxy-1-methyl-2-(3,4-methylenedioxy-

phenyl)quinolin-4(1H)-one analogue (II) (R1 ¼ OCH3;

R2, R5 ¼ H; R3þR4 ¼ AOCH2OA) were also isolated

from the leaves of Lunasia amara Blanco of the Philip-

pine origin [2]. Graveoline (III) (R1, R2, R5 ¼ H; R3þR4

¼ AOCH2OA), on the other hand, was first isolated from

Ruta graveolens and its substituted derivatives methoxy-

graveoline (IV) (R1, R2, R5 ¼ OCH3; R3þR4 ¼
AOCH2OA) and 3,8-dimethoxygraveoline (V) (R ¼ R0 ¼
OMe) were isolated from the roots of the Brazilian plant

Esenbeckia grandiflora [3]. The isomeric 4-methoxy-2-

phenylquinoline (VI) (R1, R2 ¼ H) and its 4-methoxy-2-

(3,4-methylenedioxyphenyl)quinoline analogue (VII)

(R1þR2 ¼ AOCH2OA) were also isolated from the

leaves of Lunasia amara Blanco [2].

(I) R1¼OCH3; R2, R3, R4, R5¼H

(II) R1¼OCH3; R2, R5¼H; R3þR4¼OCH2OA
(III) R1, R2, R5 ¼ H; R3þR4 ¼ AOCH2OA
(IV) R1, R2, R5 ¼ OCH3; R3þR4 ¼ AOCH2OA
(V) R1¼H; R2, R5¼OCH3; R3þR4¼AOCH2OA

(VI) R1, R2 ¼ H

(VII) R1þR2 ¼ AOCH2OA

Over the last years, the interest in 2-arylquinolin-

4(1H)-ones and their analogues have been the subject of

extensive study as potential anti-tumor, anti-mitotic, and

cytotoxic agents [4–8] as well as anti-platelet agents

[9,10]. 2-(3-Methoxyphenyl)-6-(1-pyrrolinyl)quinolin-

4(1H)-one (VIII) (R1 ¼ H, R2 ¼ OCH3) and 2-(2-fluoro-

phenyl)-6-(1-pyrrolinyl)quinolin-4(1H)-one analogue (IX)

(R1 ¼ F, R2 ¼ H), for example, are potent inhibitors of

tubulin polymerization (IC50 ¼ 0.44 lM (I); 0.46 lM
(IX)) and exhibit anti-mitotic anti-tumor activity at low

concentrations having effects comparable to those of col-

chicine, podophyllotoxin, and combretastatin A-4 [4,5].

The 4-substituted quinoline moiety constitutes the frame-

work for several nitrogen-containing heterocycles known

to exhibit cytotoxic [11], anti-leishmanial [12], anti-ma-

larial [13], and anti-bacterial properties [14]. Aryl substi-

tuted quinolines have also been reported to serve as estro-

gen receptor modulators [15] and also as potent inhibitors

of tyrosine kinase PDGF-RTK [16]. The naturally occur-

ring 4-methoxy-2-phenylquinoline (VI) and its 4-

methoxy-2-(3,4-methylenedioxyphenyl)quinoline analogue

(VII) [8] have recently been found to exhibit inhibitory

activity against Mycobacterium tuberculosis H37Rv [17].

(VIII) R1 ¼ H, R2 ¼ OCH3

(IX) R1 ¼ F, R2 ¼ H

The 2-aryl-4-quinolones are also versatile synthetic

intermediates and several articles continue to appear in

literature describing their synthesis, chemical transfor-

mation, structural properties, and biological activities.

Their versatility as synthetic intermediates is a conse-

quence of 4-quinolone moiety (Fig. 1), which contains

Figure 1. Generalized structure of 2-arylquinolin-4(1H)-one.
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several reactive centers (positions 1, 3, and 4) for possi-

ble functionalization and can also enable different

degree of unsaturation. They are known to undergo elec-

trophilic substitution with alkyl derivatives to afford N-
or O-alkylated derivatives or a mixture of the two iso-

mers depending on the nature of the electrophile used

and steric effect on the quinolone moiety. Aromatization

of the 4-quinolone moiety with phosphorus oxychloride

occurs with ease to afford 4-chloroquinolines which are

important intermediates in the synthesis of 2-arylquino-

lines bearing a heteroatom group in the 4-position. Their

a,b-unsaturated framework allows C-3 halogenation to

yield 3-halogeno derivatives, which have been shown to

undergo metal-catalyzed CAC formation to yield poly-

substituted and polynuclear derivatives.

Although the popularity of variously substituted 2-

arylquinolin-4(1H)-ones has been increasing over the

years, their synthesis and transformation into N-alky-
lated or O-alkylated derivatives have never been

reviewed. We wish to address this need by reviewing

various methods developed to-date for the synthesis of

2-arylquinolin-4(1H)-ones and their transformation to N-
alkylated and O-alkylated derivatives.

2. SYNTHESIS OF 2-ARYLQUINOLIN-4

(1H)-ONES

2.1. From arylamines and carbonyl derivatives. Sev-

eral articles continue to appear in literature describing
novel methods for the synthesis of 2-arylquinolin-4(1H)-
ones. In one of the earliest methods, anthranilic acid or
its ester derivative was heated with the acetal of an
alkyl aryl ketone to yield the corresponding 2-arylquino-
lin-4(1H)-one [18]. Arylamines were also condensed
with an ethyl benzoylacetate derivative in the presence
of polyphosphoric acid (PPA) to afford 2-arylquinolin-
4(1H)-ones [6,9,19]. Both these pathways are, however,
not suitable for the synthesis of 2-arylquinolin-4(1H)-
ones with multiple substituents. Anilinoarylidenemalo-
nates derived from b-chloroarylidenemalonates and so-
dium diethyl malonate were previously cyclized at
250�C to afford 2-aryl-3(ethoxycarbonyl)-4-quinolones

Scheme 1. Reagents: (i) (C6H5)2O, 140
�C, 30 min or EtOH, heat, 2–4 h; (ii) (C6H5)2O, 250–260

�C.

Scheme 2
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[20]. Lai and coworkers also subjected anilinoarylidene-
malonates derived from carboxymidoyl chlorides to ther-
molysis at 170�C to afford 2-aryl-3(ethoxycarbonyl)-4-
quinolones [8]. Thermolysis of the mono-ethoxycarbonyl
vinyl derivatives, which are formed in comparable
yields along with the anilinoarylidenemalonates afforded
the 2-aryl-4-quinolones. In another development, 2,2-di-
methyl-5-methylthioalkylidene-1,3-dioxane-4,6-diones 1

(R ¼ Me, Et, Pr, Ph), which are easily prepared from
Meldrum’s acid (2,2-dimethyl[1,3]dioxane-4,6-dione)
were condensed with substituted arylamines 2 (X ¼ H,
Me, NO2, Br, Cl) in refluxing diphenyl ether or ethanol
with (isolated yields: 54–57%) or without isolating the
resulting intermediate 3 to afford 2-alkyl- and 2-arylqui-
nolin-4(1H)-ones 4 (60–96%) upon cyclization in Ph2O
at very high temperature (Scheme 1) [21].

2-Arylquinolin-4(1H)-ones were also prepared by con-
densing ethyl benzoylacetate with aniline in ethanol at
50�C followed by heating the resulting intermediate at
240–250�C in diphenyl ether [22,23]. A series of substi-
tuted 2-aryl-4-quinolones 7 has been synthesized in good
yields (16–88%) from 1-aryl-5-phenylpyrrole-2,3-diones 5

substituted at the 4-position with cyano (R1 ¼ CN) or me-
thoxycarbonyl group (R1 ¼ CO2Me) and 6 via flash ther-
molysis (FVT) at 600�C (Scheme 2) [24].

2.2. From 2-aminochalcones or 2-aryl-1,2,3,4,-tetra-

hydroquinol-4-ones. 20-Amonichalcones and their iso-

meric 2-aryl-1,2,3,4-tetrahydro-4-quinolone derivatives

have also been used as substrates for the synthesis of 2-

arylquinolin-4(1H)-ones. The 20-amonichalcones 8,

which are readily accessible via Murphy-Watanism’s

aldol condensation of 2-aminoacetophenone with benzal-

dehyde derivative [25,26], have been found to undergo

intramolecular cyclization in THF in the presence of

dichloro-bis(triphenylphosphine)palladium(II) to afford

the corresponding 2-arylquinolin-4(1H)-ones 9 in good

yields (55–85%) (Scheme 3) [27]. The main disadvant-

age of this reaction is the use of stoichiometric amounts

of the organometallic reagent and column chromato-

graphic separation of the NH-4-oxo derivatives that are

almost insoluble in many organic solvents.

Thallium(III) p-tolylsulfonate (TTS) in dimethoxy-

ethane (DME) [28] or iodobenzene diacetate in methano-

lic KOH [29,30] were used before to dehydrogenate 2-

aryl-1,2,3,4-tetrahydro-4-quinolones 10 to 2-aryl-4-quino-

lones 9 (Scheme 4). The 2-aryl-1,2,3,4-tetrahydro-4-quino-

lones are themselves easily obtainable through acid-cata-

lyzed cyclization of the isomeric 2-amonichalcones 8

[25,26]. Lee and Youn, recently used zinc chloride in ace-

tonitrile to cyclize series of 2-amonichalcones to afford

the corresponding isomeric 2-aryl-1,2,3,4-tetrahydro-4-

quinolone derivatives in high yields (>85%) [30]. The 2-

aryl-1,2,3,4-tetrahydro-4-quinolones bearing substituents

on the fused benzo ring can also be prepared through

direct one-pot acid-catalyzed condensation of substituted

Scheme 3. Reagents: (i) Pd(PPh3)2Cl2, THF, heat, 2 h.

Scheme 4. Reagents: (i) H3PO4, EtOH, heat; (ii) TTS, DME, heat or toluene, heat.
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aniline derivatives with ethyl benzoylacetate in refluxing

toluene [22,23].

The other approach to 2-arylquinolones makes use of

flavylium salts 12 derived from the condensation of 2-

hydroxyacetophenones 11 with aryldehydes in ethyl

orthoformate in the presence of potentially explosive

perchloric acid (Scheme 5) [31]. The resulting flavylium

salt is then treated with aqueous ammonia to release the

corresponding 2-aryl-4-quinolone 13. A modification of

this procedure employs trifluoroacetic acid or trifluoro-

methanesulfonic acid in ethyl orthoformate or dichloro-

methane to afford flavylium salts in high yields, how-

ever, the expected 2-aryquinolones are isolated in rela-

tively low yields (18–59%) [32].

2.3. Synthesis from 2-aminoacetophenone and aroyl-

chlorides. The most convenient and high yielding

method usually used for the synthesis of 2-arylquino-

lin-4(1H)-ones involves the use of 2-aminoacetophe-

nones 14 and substituted benzoyl chlorides 15 as start-

ing material [5,7,33,34]. The resulting N-benzoyl-2-
aminoacetophenone 16 is cyclized under reflux using

t-BuOK in t-BuOH to afford the corresponding 2-aryl-

quinolin-4(1H)-one 17 in high yield (60–80%) and pu-

rity (Scheme 6).

The reaction has also been carried out under micro-

wave conditions involving irradiation of acylated 20-ami-

noacetophenone in the presence of sodium hydroxide to

afford 2-aryl-4-quinolones [35].

2.4. Methods involving organometallic reagents. Less

traditional syntheses of 2-arylquinolin-4(1H)-ones,
which make use of transitional metals have been devel-

oped. Palladium-catalyzed carbonylation of 2-haloaniline

18 in the presence of terminal acetylenes 19 under

proper conditions (20 kg/cm2 of CO at 120�C) afforded
a variety of 2-substituted quinolin-4(1H)-ones 20

(Scheme 7) [36]. Carbonylation of series of o-iodoani-
lines and terminal alkynes in the presence of palladium

catalyst [PdCl2(dppf)] afforded 2-aryl-4-quinolones in

good yields (62–83%) [37]. The reaction was found to

proceed well in both secondary (diethylamine) and terti-

ary amines (triethylamine) and in benzene containing 4

equivalent of diethylamine.

Variously substituted 2-arylquinolin-4(1H)-ones 23

can also be obtained in appreciable yields (72–97%) via
sequential Cu-catalyzed amidation of halophenones 21

followed by a base-promoted Camps cyclization of the

resulting N-(2-ketoaryl)amides 22 (Scheme 8) [38].

A mild and high yielding (>85%) one-pot synthesis of

2-arylquinolin-4(1H)-ones 26 via sequential palladium-

catalyzed amidation of 20-bromoacetophenone derivatives

24 followed by base-promoted intramolecular cyclization

of 25 has been recently developed (Scheme 9) [39].

Scheme 5. Reagents: (i) ArCHO; HClO4, HC(OEt)3; (ii) 25% NH3 (aq).

Scheme 6. Reagents: (i) NEt3, THF, 0
�C to r.t. 2 h; (ii) t-BuOK, t-BuOH, heat, 20 h.
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These novel methods that make use of organometallic

reagents are high yielding and allow synthesis of vari-

ously substituted potentially tautomeric 2-arylquinolin-

4(1H)-ones [40].

3. REACTIONS OF 2-ARYLQUINOLIN-

4(1H)-ONES

New findings on the biological properties of 2-aryl-4-

quiolones reveal a need to increase the diversity of sub-

stituents around the 4-quinolone framework. This moiety

contains several reactive centers for possible functionali-

zation to yield novel systems, which can themselves

serve as substrates for further chemical transformation.

The 2-arylquinolin-4(1H)-ones have been found to

undergo C-3 halogenation, N- or O-alkylation, and oxi-

dative aromatization.

3.1. C-3 Halogenation. Halogenated heterocyclic

systems continue to attract considerable attention

because of the profound effect a halogen atom can have

on the physical, chemical, and biological properties of

such substances. Iodine–Na2CO3 mixture in THF at

room temperature was previously used to effect C-3

iodination of 2-arylquinolin-4(1H)-ones 27 to afford the

corresponding 2-aryl-3-iodoquinolin-4(1H)-ones 28 (X

¼ I) in high yield and purity (Scheme 10) [41]. The

NH-4-oxo derivatives can also be iodinated using io-

dine–ammonium cerium nitrate (CAN) mixture in aceto-

nitrile at 70–80�C to afford 2-aryl-3-iodoquinolin-4(1H)-
ones [42]. On the other hand, the analogous 2-aryl-3-

bromoquinolin-4(1H)-ones 28 (X ¼ Br) were prepared

in high yield and purity from the corresponding 2-aryl-

quinolin-4(1H)-ones using pyridinium tribromide in ace-

tic acid at room temperature (Scheme 10) [41].

3.2. Alkylation of 2-arylquinolin-4(1H)-ones and

their derivatives. The synthetic versatility of the poten-

tially tautomeric 4-quinolone framework enables inter-

conversion between the NH-4-oxo precursors and their

O- or N-methylated derivatives. Comparison of spectro-

scopic data (IR, NMR, and ms) of these fixed deriva-

tives (O- or N-alkylated) with those of the correspond-

ing precursors (NH-4-oxo) has been used to resolve

uncertainties on the 2-substituted 4-quinolone versus 2-

substituted 4-quinolinol tautomeric equilibrium [40].

The naturally occurring 4-methoxy-2-phenylquinoline 29

Scheme 8. Reagents: (i) Amide, CuI, ligand, toluene, heat; (ii) NaOH, 1,4-dioxane, heat.

Scheme 7. Reagents: (i) CO, PdCl2(PPh3)2 or PdCl2(dppf), NHEt2, 120
�C.
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was previously treated with HCl in methanol under

reflux to yield the 2-phenylquinol-4-one 30, which was

in turn converted to the NMe-4-oxo derivative 31 using

dimethyl sulfate under basic conditions [43]. On the

other hand, when heated with MeI, the 4-methoxyquino-

line 29 yielded the dimethylated salt 32, which upon

treatment with a base afforded the isomeric 1-methyl-2-

phenylquinoline 31 (Scheme 11).

The most classical method used for alkylation of 2-

arylquinolin-4(1H)-ones involves subjecting the NH-4-

oxo derivative to a base followed by quenching with the

corresponding alkyl halide. Methylation of the 2-substi-

tuted-4(1H)-quinolones 33 using MeI-K2CO3 mixture in

DMF was reported to afford a mixture of the O-methyl-

ated 34 and N-methylated derivatives 35 (Scheme 12)

[44] while on the other hand, NaH and MeI in DMF

afforded the O-methylquinoline derivatives, exclusively

[45]. It was, however, discovered by Kuo and coworkers

that the product mixture comprised of N- and O-methyl-

ated derivatives in the ratio 2:3 [46]. Alkylation of 2-phe-

nylquinolin-4(1H)-one with methyl iodide or various pri-

mary alkyl, allyl, and benzyl halides in DMF in the pres-

ence of NaH, on the other hand, afforded the correspond-

ing N-alkylated derivatives as sole products [47]. Enol

ethers were also isolated as sole products when 2-(2-

fluorophenyl)-6,7-methylenedioxyquinolin-4(1H)-one was

treated with NaH in DMF followed by alkylation with

ethyl chloroacetate or ethyl 4-chlorobutyrate [5]. Alkyla-

tion of 2-arylquinolin-4(1H)-ones with various alkyl hal-

ides also afforded the corresponding O-alkylated deriva-

tives, exclusively [10]. Methylation was, however, found

not to be regioselective under these conditions affording

mixtures of O-methylated and N-methylated isomers.

It was also observed that the presence of substituent

at C-5 or C-3 position has significant effect on the

regioselectivity of alkylation of the quinolone deriva-

tives. Treatment of 5,7-dimethoxy-2-phenylquinolin-

4(1H)-one 36 (R, R0 ¼ OMe) with MeI-K2CO3 mixture

in DMF afforded O-methylated derivative 37 as the sole

product (Scheme 13) [48]. On the other hand, under

similar reaction conditions, 5-hydroxy-7-methoxy-2-phe-

nyl-4-quinolone 36 (R ¼ OH, R0 ¼ OMe) afforded both

O- 37 and N-methylated derivatives 38 [46] with N-
methylated derivative as major product (ratio 9:1 N-
alkylated vs. O-alkylated) [49]. Hadjeri et al. attributed
the observed non-regioselectivity to the tautomeric equi-

librium between the NH-4-oxo and its quinolinol isomer

which is favored by chelation effect of the 5-OH group

[48]. Treatment of the analogous 5-ethyl-2-phenylquino-

lin-4(1H)-one 36 (R ¼ Et, R0 ¼ H) with NaH-MeI mix-

ture in THF afforded both O-methylated 37 (R00 ¼ Me)

and N-methylated isomers 38 (R00 ¼ Me) in the ratio

1:5.4 [10]. On the other hand, under similar reaction

conditions ethyl iodide and various ethoxycarbonylalkyl

halides afforded only the corresponding O-alkylated
products 37 (R ¼ Et, R0 ¼ H; R00 ¼ Et, CH2CO2Et,

CH2CO2H) [10].

The 3-halogenated NH-4-oxo derivatives 39 (R0 ¼ Br,

I) were treated with NaH in THF to afford the N-meth-

ylated derivatives 40 as the only products (Scheme 14)

[41,50,51]. The observed regioselectivity was attributed

to the preponderance of these derivatives as the NH-4-

oxo tautomers in polar medium and solid state [40,51].

2-Aryl-3-bromo-1-methylquinolin-4(1H)-ones 40 (X ¼
Br) were also prepared directly from the corresponding

2-aryl-1-methylquinolin-4(1H)-one precursors in high

yields (77–93%) using pyridinium tribromide in acetic

acid at room temperature [41].

Scheme 9. Reagents: (i) Pd2(dba)3, xantphos, amide, Cs2CO3, dioxane, heat; (ii) t-BuONa, t-BuOH, heat.

Scheme 10. Reagents: (i) I2, Na2CO3, THF, heat for X ¼ I;

C5H5NH.Br3, AcOH, r.t. for X ¼ Br.
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In another development, series of pharmaceutically

important N-methylated 2-aryl-4-quinolone alkaloids 44

were prepared by methylation of 2-arylquinolines 43

with methyl trifluoromethanesulfonate followed by

oxidation with potassium ferricyanate [K3Fe(CN)6]

(Scheme 15) [52]. 2-Arylquinoline 43 used as substrate

in this investigation were, in turn, synthesized by Diels–

Alder reaction of substituted 1,2,3-benzotriazine 41 pre-

pared by oxidation of 1-amino-1H-indazole with lead

tetraacetate, and pyrrolidine enamine of substituted ace-

tophenone 42 in dry chloroform in the presence of zinc

bromide under reflux [52].

Although primary alkyl halides and benzyl halides

afforded the O-alkylated derivatives exclusively, the

problem of non-regioselectivity with methylation neces-

sitates the development of sure-fire methods for the

direct and regioselective synthesis of either N- or O-
methylated isomers. Very few methods have been devel-

oped to-date for the direct synthesis of N-alkyl 2-aryl-

quinolin-4(1H)-ones.
3.2.1. Direct synthesis of N-alkylated 2-arylquino-linones. The

shortest route (one-step synthesis) reported to-date for

the synthesis of 2-aryl-1-methyl-4-quinolones 47 in

appreciable yields involves the condensation of lithium

enolates of acetophenone derivatives 46 with substituted

N-methylisatoic anhydrides 45 (Scheme 16) [46,53].

Although the reaction is high yielding, each reaction

when using different substrates has its unique tempera-

ture requirements for completion.

Several N-methylated 2-aryl-4-quinolinones were pre-

pared in moderate yields by treatment of resin bound

flavylium salts with methylamine following a similar

procedure outlined in Scheme 5 [32]. In another devel-

opment involving synthesis of N-alkylated 2-arylquino-

lone derivatives, 2-aminoacetophenone 48 was first

condensed with various aldehydes followed by selective

reduction using NaBH3CN to yield 49 (Scheme 17). The

alkylated derivatives 49 were, in turn, acylated using

various benzoyl chlorides and the resulting amides 50

were cyclized using t-BuOK in refluxing t-BuOH to

afford 1-benzyl-2-arylquinolin-4(1H)-ones 51 [54].

Palladium-catalyzed carbonylation of N-ethyl-2-iodoa-
niline 52 with phenylacetylene 53 in diethylamine

afforded a mixture of enamine 54 (52%) and 2-phenylqui-

noline 55 (20%) (Scheme 18). Further heating of the enam-

ine in THF in the presence of NaH effected smooth cycli-

zation leading to quantitative yield of the quinolone [36].

A direct one-pot synthesis of 2-aryl-1-methylquinolin-

4(1H)-ones 58, which involves treatment of N-arylami-

doacetophenone derivatives 56 with MeI in presence of

Scheme 11. Reagents: (i) HCl, MeOH, heat; (ii) MeI, heat; (iii) Me2SO4, NaOH; (iv) NaOH.

Scheme 12. Reagents: (i) MeI, NaH in THF or DMF; MeI, K2CO3 in DMF or Acetone.
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NaH in THF was recently described (Scheme 19) [40].

The corresponding N-methylated arylamidoacetophenone

derivatives 57 were isolated in trace amounts (>5%).

Friedel-Crafts acylation of 59 using stannic chloride

(SnCl4) as catalyst afforded 60, which upon cyclization

with t-BuOK in t-BuOH yielded the corresponding 2-

aryl-1-methylquinolin-4(1H)-ones 61 (Scheme 20) [55].

This cyclization previously worked well for the synthe-

sis of 2-aryl-3,5,7-trimethoxy-4-quinolones from N-phe-
nylamido methoxyacetophenones prepared, in turn, via
stannic chloride-catalyzed Friedel-Crafts acylation of

3,5-dimethoxyphenyl-N-phenylamide with methoxyace-

tyl chloride in 1,2-dichloroethane [56].

Iodocyclization of the dimethylamino systems 62

using iodine in dichloromethane proved highly selective

for the 6-endo-digonal pathway to afford 2-substituted

3-iodo-1-methylquinolin-4(1H)-ones 63 in high yield

(94%, R ¼ 4-MeO) (Scheme 21) [57].
3.2.2. Direct synthesis of O-alkylated 2-arylquinolines. An

alkoxide-mediated cyclization of Schiff bases 64 derived

from the reaction of trifluoromethylaniline with alkyl or

heterophenyl ketones is reported to afford 2-aryl-4-

alkoxyquinoline 65, exclusively [58,59]. In this reaction,

the Schiff base is treated with t-KOBu in THF under

reflux to afford the alkoxyquinoline derivative (OR ¼ t-

BuO) in high yield (83%) (Scheme 22) [58]. On the

other hand, under similar reaction conditions, use of so-

dium or potassium ethoxide afforded the corresponding

4-ethoxy-2-phenylquinoline (R ¼ Et) in lower yield

(25%). The 2,3,4-trisubstituted quinoline (R0 ¼ CH3; R
00

¼ t-Bu) was prepared in 52% yield following similar

procedure [58].

One of the recent developments in the synthesis of 4-

alkoxyquinolines involved direct synthesis of the natu-

rally occurring 4-alkoxy-2-arylquinoline derivatives

from the corresponding 2-aryl-1,2,3,4-tetrahydro-4-quin-

olones using oxidative reagents (Scheme 23). Oxidation

of 2-aryl-1,2,3,4-tetrahydro-4-quinolones 66 to 2-aryl-4-

methoxyquinolines 67 was effected with either thalliu-

m(III) nitrate [60] or [hydroxyl(tosyloxy)iodo]benzene

[61] in trimethyl orthoformate in the presence of cata-

lytic amount of perchloric acid. Molecular iodine in

refluxing methanol was also found to effect oxidative ar-

omatization of 2-aryl-1,2,3,4-tetrahydro-4-quinolones 66

to 2-aryl-4-methoxyquinolines 67 [62]. Recently, Kumar

and coworkers used FeCl3�6H2O in methanol to effect

oxidative aromatization of series of 2-aryl-1,2,3,4-tetra-

hydroquinolin-4-ones to afford 2-aryl-4-methoxyquino-

lines in 70–85% yields [63]. FeCl3�6H2O in methanol

was later used by these authors to effect direct one-pot

synthesis of series of 2-aryl- and 2-heteroaryl-4-methox-

yquinolines (55–72%) and their flavones derivatives

from the corresponding 2-azachalcones and 2-hydroxy-

chalcones, respectively [64].

Series of 2,4-disubstituted quinolines 69 (X ¼ Br, I,

SEt, SPh) including 4-alkoxy-2-arylquinolines (X ¼
OEt, OMe, OAr) were prepared in moderate to high

yields (33–98%) from the corresponding b-(2-amino-

phenyl)-a,b-ynones 68 using various nucleophiles

(Scheme 24) [65].

The 4-alkoxy-2-arylquinolines 72 (R0 ¼ Me, Et, i-Pr)

were recently prepared in low to moderate yields (10–

81%) from 2-(2-(trimethylsilyl)ethynyl)anilines 70 and

aryldehydes 71 in the presence of sulfuric acid in alco-

hols (Scheme 25) [66].

Although simple and efficient, the above reagents

used for direct oxidative aromatization of 2-aryl-1,2,3,4-

tetrahydro-4-quinolones cannot be used for the synthesis

of 2,3-disubstituted 4-alkoxyquinoline derivatives. On

the other hand, the Skraup, Döbner-Miller, Friedländer

and Combes reactions, which are well known classical

methods for the synthesis of polysubstituted quinolines,

cannot be adapted for the synthesis of quinoline deriva-

tives bearing 4-alkoxy group [67]. Consequently, indi-

rect methods remain the method of choice for the

Scheme 13. Reagents: (i) K2CO3, R
00X, DMF or NaH, R00X, THF.

Scheme 14. Reagents: (i) NaH, MeI, THF, r.t. 18 h.
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Scheme 15. Reagents: (i) ZnBr2, CHCl3, heat, 2 h; (ii) Methyl trifluoromethanesulfonate, heat, 1 h; (iii) K3Fe(CN)6, 20% NaOH, r.t. 2 h.

Scheme 16. Reagents: (i) DIPA, n-BuLi, THF, �65�C, 3.5 h.

Scheme 17. Reagents: (i) a: PhCHO, C6H6; b: NaCNBH3, PPTS, MeOH. (ii) ArC(O)Cl, NEt3, CH2Cl2. (iii) t-BuOK, t-BuOH.

Scheme 18. Reagents: (i) CO, PdCl2(PPh3)2 or PdCl2(dppf), NHEt2, 120
�C.
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synthesis of polysubstituted O-alkylated quinoline

derivatives.
3.2.3. Indirect synthesis of O-alkylated 2-arylquinolines. In

this approach, the NH-4-oxo derivatives 73 are first con-

verted to the corresponding 4-chloroquinoline deriva-

tives 74 using phosphorus oxychloride under reflux. The

C3 unsubstituted 2-aryl-4-chloroquinolines were also

prepared by reaction of Vilsmeier reagent with 20-azido-
chalcones, which are prepared in turn from the corre-

sponding 20-amonichalcones by diazotization followed

by treatment with NaN3 [68]. The 4-chloroquinolines 74

are then reacted with alkoxides or phenoxide ions to

Scheme 19. Reagents: (i) NaH, MeI, THF, r.t.

Scheme 20. Reagents: (i) MeCOCl, SnCl4, CH2Cl2, 0
�C; (ii) t-BuOK, 30�C.

Scheme 21. Reagents: (i) I2, CH2Cl2.

Scheme 22. Reagents: (i) KOR00, THF, heat, 2 h.

Scheme 23. Reagents: (i) TTN, CH(OR00)3, HClO4, 1 h [60]; HTIB,

CH(OR00)3, HClO4, 1.5 h [61]; I2, MeOH, 2 h [62]; or FeCl3�6H2O,

MeOH, heat, 3 h [63].

Scheme 24. Reagents: (i) NaOR0, R0OH (R0 ¼ Me, Et).
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yield the expected 4-phenoxy- or 4-alkoxyquinoline

derivatives 75 (Scheme 26) [69,70]. This approach,

which takes advantage of the ease of displacement of 4-

chlorine atom by nucleophiles has recently been used

for the synthesis of 2,3-disubstituted 4-alkoxyquinoline

derivatives (R0 ¼ Me) that cannot be easily prepared

otherwise. Series of 2-aryl-3-bromo/iodo-4-methoxyqui-

nolines were prepared this way from the corresponding

2-aryl-4-chloro-3-halogenoquinolines [50,51,70].

This indirect approach has also been adapted to

involve the use of organometalic reagents in the synthe-

sis of 2,3-disubstituted 4-alkoxyquinolines. The synthe-

sis of 3-aryl-2-(ethyl/phenyl)-4-phenoxyquinolines 78,

involved initial C-2 coupling of 3-aryl-2,4-dichloroqui-

nolines 76 with alkyl- or aryl-zinc reagents (R2Zn; R ¼
Et, Ph) followed by displacement of the 4-chlorine atom

from 77 with bromophenol derivative (Scheme 27) [71].

The results of sequential functionalization of 2-aryl-4-

chloro-3-iodoquinolines 73 (X ¼ I) via palladium-cata-

lyzed cross-coupling with phenylboronic acid followed

by displacement of the 4-chloro atom from the resulting

2,3-diaryl-4-chloroquinolines 78 with methoxide ion to

yield 2,3-diaryl-4-methoxyquinolines 79 have recently

been described (Scheme 28). Compounds 79 were also

Scheme 25. Reagents: (i) H2SO4, R
0OH, heat, 17 h.

Scheme 26. Reagents: (i) POCl3, heat, 2 h; (ii) NaOMe, THF, heat, 18 h.

Scheme 27. Reagents: (i) Zn(R0)2, PdCl3(dppf), K2CO3, THF; (ii) p-BrC6H4OH, NaOH, DMF, 110�C.

Scheme 28. Reagents: (a) Pd(PPh3)4, PhB(OH)2, K2CO3, DMF; (b) NaOMe, THF or DMF, heat; (c) BBr3, CH2Cl2, r.t.
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prepared via Suzuki–Miyaura cross-coupling of 2-aryl-3-

iodo-4-methoxyquinolines 74 (R0 ¼ Me, X ¼ I) with

phenylboronic acid [70]. Demethylation of the methoxy

compounds 79 with BBr3 in CH2Cl2 gave the 2,3-diaryl-

4(1H)-quinolinones 80.
This demethylation represents a convenient synthetic

strategy for the construction of 2,3-diarylquinolin-4(1H)-
ones of potential biological interest that can be obtain-

able only with difficulty otherwise.

4. CONCLUSIONS

Overall, the methods described in this review present

another example showing the potential of 2-arylquinolin-

4(1H)-ones in the synthesis of 2,3-substituted NH-4-oxo

derivatives and their transformation into N-alkylated and

O-alkylated derivatives. Interestingly, O-alkylated and N-
alkylated quinolone derivatives do not feature at all in a

recent review on quinolines by Kouznetsov et al. [72].
Despite the establishment of structural requirements and

optimum reaction conditions suitable for the synthesis of

N-alkylated quinolone derivatives, there is still a growing

need for development of generalized methods for the syn-

thesis of polysubstituted derivatives. On the other hand,

indirect methods, which make use of 4-chloroquinolines

and take advantage of the ease of displacement of the 4-

chloro atom remain the best option for the synthesis of

polysubstituted 4-alkoxyquinolines.
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In recent years, protoporphyrinogen oxidase (Protox) inhibitor herbicides are developed rapidly,

because of this type of herbicides shows high herbicidal activity and low toxicity. In this paper, we pre-
pared a series of new substituted pyrazolyl benzoxazole derivative, which were synthesized from 4-fluo-
rophenol, via a serial of reactions included chlorination, acylation, condensation, ring closure,
methylation, nitration, and so on. All the structures are confirmed by 1H NMR, MS and element analy-
sis. Preliminary bioassay shows that most substituted pyrazolyl benzoxazole derivatives exhibit high

herbicidal activity to the tested gramineous weeds and latifoliate weeds.

J. Heterocyclic Chem., 47, 15 (2010).

INTRODUCTION

Herbicides play an important role in agricultural prac-

tices. In recent 30 years, herbicides targeting the enzyme

protoporphyrinogen IX oxidase (Protox), which have

been used commercially to control annual grasses and

weeds in soybean, peanut, cotton, rice, and other crops,

are developed rapidly [1–3], because this type of herbi-

cides shows high bioactivity and low toxicity. Diphenyl

ether (DPE) herbicides are the first widely used family

of Protox inhibitor herbicides. Nitrofen was the leading

compound of this kind [4].

The bicyclic nature of diphenyl ethers is similar to

the structure of half of protoporphyrinogen IX, which

allows competitive inhibition of Protox located in the

plastid by occupying the binding site for protoporphyri-

nogen IX [5–7]. Besides, many other chemical structures

belong to this family are reported, such as phenyl het-

erocycle (Heterocycle including triazolinone, oxazoli-

done, pyrazole, phthalamide, etc.) and benzoheterocycle.

Many of them are commercial and of high bioactivity

[8–11]. Some samples of commercial Protox inhibitors

are shown in Figure 1.

As the development of Protox inhibitor, many benzo-

heterocyclic compounds have shown good herbicidal

activity, which are effective at controlling grass and

broadleaf weeds at low dose [12–14]. In recent years,

benzoxazole derivatives were found to be high bioactiv-

ities [15–19]. Earlier work at our laboratory involved

some pyrazole [20] and isoxazole [21] derivatives with

high herbicidal activity. In this article, we described the

syntheses and herbicidal activity of pyrazolyl benzoxa-

zole derivatives. Preliminary bioassay showed that most

of them had good herbicidal activity.

RESULTS AND DISCUSSION

The syntheses of the compounds are described in the

Schemes 1 and 2, and the yields were not optimized.

The intermediates 10a–10c and 11a–11c were synthe-

sized from 4-fluorophenol, via a serial of reactions

included chlorination, acylation, condensation, ring clo-

sure, methylation, nitration, and so on (Scheme 1). The

title compounds can be obtained through the different

ring-close and alkyl reactions from compounds 10a–10c

or 11a–11c (Scheme 2).

The synthesis of 11 is the key step, which involves

reducing nitro group to amino group in the phenyl ring.

At the beginning, we used sodium sulfide to reduce nitro

group, the yield was only 10%. We also used the

method of catalytic hydrogenation with Pt/C, but the

selectivity was not good. Finally, we found reduction of

10 with iron and saturated ammonium chloride has the

higher yield (86%) and selectivity. For the product 11 is

sensitive to air, reaction should be carried out under

VC 2009 HeteroCorporation
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nitrogen, and the crude product is used directly in the

next reaction without further purification.

13 can be synthesized by stirring the mixture of com-

pounds 11 and acetyl chloride or acetic anhydride at

room temperature, but the selectivity was not satisfied.

So we changed to another pathway. At first, 10 was

acetylation to form 12, then 12 was reduced with iron

and subjected to ring-closed in acetic acid. By that way

13 was made in good yield.

15 and 16 are isomers. The different reacting condi-

tions lead to different products. When using base such

as anhydrous potassium carbonate as the catalyst, and

acetone as solvent, alkyl was attached to atom N. But

when silver (I) oxide and methylene chloride were

employed, alkyl was attached to atom O. The distin-

guishing of 15 and 16 can be determined by the shift of
1H NMR. For example, 15a: d: 3.18 (s, 3H, NCH3);

16a: d: 4.31 (s, 3H, OCH3).

The herbicidal activity of the compounds were tested

against Setaria viridis, Ditaria sanguinalis (monocot

crops) and Abutilon theophrasti (dicot crops) using

Fomesafen and Fluazolate for comparison. The results

shown in Table 1 were the effect visual measurement

treat after 10 days.

From Table 1 we can conclude that most of them had

good herbicidal activity. When no substituent on pyraz-

ole position 4, there is no herbicidal activity or low ac-

tivity (13a, 14a, 15a, 16a, 17a), but when halogen (such

as chlorine or bromine) is on pyrazole, most of them

show good herbicidal efficacy. Similar results have been

reported by Meazza et al. [22]. Their study on pyrroles

showed that the halopyrrole nucleus is important for

biological activity; if there is only hydrogen on pyrrole

the compounds are virtually inactive.

The herbicidal activity of compound 14 is not high,

mainly because of its poor lipophilicity. When its lipo-

philicity is increased by introducing methyl or allyl to N

or O atom, which form 15 or 16, the activity is much

increased.

Compared with corresponding compounds 15 (b, c, e,

f) and 16 (b, c, e, f) , we can find that the herbicidal

Figure 1. Samples of commercial protox inhibitors.

Scheme 1. Syntheses of the intermediates.
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activities of the compounds alkyl attached to atom O is

higher than that of alkyl attached to atom N. And the

activity of 16b is all 100% even at the usage dose of

37.5 g/hm2, so it is a valuable compound that fit for

dicot crops and monocot crops. 15b and 15e are good

for dicot crops, reached more than 80% at the usage

Scheme 2. Syntheses of the aimed compounds.

Table 1

Herbicidal activity of the title compounds.a

Comp.

Setaria viridis Ditaria sanguinalis Abutilon theophrasti

37.5b 150b 600b 37.5b 150b 600b 37.5b 150b 600b

13a 0 0 1 0 0 1 0 0 1

13b 4 7 8 5 7 8 6 6 7

13c 2 4 5 1 3 5 2 4 6

14a 0 0 0 0 0 0 0 0 0

14b 1 5 6 1 3 4 2 6 7

14c 0 1 2 0 1 2 1 3 4

15a 0 0 0 0 0 0 0 0 1

15b 1 3 8 1 4 8 9 10 10

15c 3 6 8 3 4 7 5 9 10

15e 2 4 5 2 5 6 8 10 10

15f 2 3 7 5 5 7 7 8 10

16a 1 2 4 3 3 5 3 6 9

16b 10 10 10 10 10 10 10 10 10

16c 10 10 10 9 10 10 10 10 10

16e 5 5 6 3 5 6 5 8 9

16f 8 10 10 8 10 10 10 10 10

17a 0 0 0 0 0 0 0 1 1

17b 3 7 9 5 6 9 7 10 10

17c 8 10 10 7 9 10 10 10 10

Fomesafen 4 9 10 4 9 10 6 9 10

Fluazolate 9 10 10 9 10 10 9 10 10

a 0 ¼ no activity and 10 ¼ total kill.
b The usage dose of compounds (g a.i./ hm2).
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dose of 37.5 g/hm2, but for monocot crops, the activity

not very high. The activity of 17c is higher than 17b for

monocot crops, but for dicot crops, they are the same.

The activity of compounds 16b, 16c, 16f, and 17c is

obviously higher than Fomesafen, 16b and 16c is even a

little higher than Fluazolate.

EXPERIMENTAL

Melting points were taken on a Micro melting point appara-

tus (X-6, Beijing Tech Instrument Co. Ltd.) and were uncor-

rected. 1H NMR spectra were measured in deuterochloroform

on a Varian VA400 MHz spectrometer with TMS as an inter-

nal standard. Elemental analyses were performed on a Vario

EL III (Elementar, German) elemental analysis instrumenta-

tion. MS were obtained with a HP1100 high Performance

Liquid Chromatography/Mass Selective Detector.

8 were synthesized from 4-Fluorophenol according to the

existing methods [23,24].
General procedure for 9a–9c. 3-(4-Chloro-6-fluoro-3-

methoxy-2-nitrophenyl)-1-methyl-5-trifluoromethyl-1H-pyrazole
(9a) A mixed acid (27 mL, V(acetic anhydride): V(fuming ni-

tric acid)¼ 2:1) was added dropwise to a solution of 8a ( 8 g,

0.026 mol) in acetic acid (25 mL) while maintaining the reac-

tion solution at 0�C, and the resulting mixture was stirred at

0�C for 2 h. The reaction solution was poured into water, fil-

trated, and washed with water. The crude product was recrys-

tallized with ethanol. 9a was obtained in 83% yield as a faint

yellow solid; m.p. 94.0–96.0�C; MS (API-ES, positive), m/z:
354 ([MþH]þ); 1H NMR, d: 7.37 (d, 1H, J ¼ 9.6 Hz, Ph-H),
6.94 (d, 1H, J ¼ 3.2 Hz, Pyr-H), 4.02 (s, 3H, Pyr-CH3), 3.98

(s, 3H, OCH3). Anal. Calcd. for C12H8ClF4N3O3 (353.7): C,

40.75; H, 2.28; N, 11.88. Found: C, 40.87; H, 2. 35; N, 11.67.

4-Chloro-3-(4-chloro-6-fluoro-3-methoxy-2-nitrophenyl)-1-
methyl-5-trifluoromethyl-1H-pyrazole (9b). The compound was

orange pasty matter and was used directly in the next reaction

without purification; MS (API-ES, positive), m/z: 388

([MþH]þ); 1
H NMR, d: 7.42 (d, 1H, J ¼ 7.6 Hz, Ph-H), 4.02

(s, 3H, Pyr-CH3), 4.01 (s, 3H, OCH3). Anal. Calcd. for

C12H7Cl2F4N3O3 (388.1): C, 37.14; H, 1.82; N, 10.83. Found:

C, 36.87; H, 1.63; N, 10.67.

4-Bromo-3-(4-chloro-6-fluoro-3-methoxy-2-nitrophenyl)-1-
methyl-5-trifluoromethyl-1H-pyrazole (9c). The compound

was orange pasty matter and was used directly in the next

reaction without purification; MS (API-ES, positive), m/z: 432
([MþH]þ); 1H NMR, d: 7.42 (d, 1H, J ¼ 7.6 Hz, Ph-H), 4.03
(s, 3H, Pyr-CH3), 4.01 (s, 3H, OCH3). Anal. Calcd. for

C12H7BrClF4N3O3 (432.6): C, 33.32; H, 1.63; N, 9.71. Found:

C, 32.99; H, 1.60; N, 9.62.

General procedure for 10a-10c. 6-Chloro-4-fluoro-3-(1-
methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-2-nitrophenol (10a). A
mixture of 9a (3.9 g, 11 mmol), anhydrous aluminium chloride
(3.7 g, 27.7 mmol) and dichloromethane (70 mL) were stirred

at room temperature for 2 h. The reaction solution was poured
into icy hydrochloric acid and extracted with dichloromethane
(20 mL � 3). The combined organic layer was washed with
water, dried over anhydrous magnesium sulfate and concen-

trated under vacuum. 10a was obtained in 100% yield as a yel-
low powder and was used directly in the next reaction without

purification. A sample suiting for analysis was obtained by

recrystallization with a mixture of petroleum ether and ethyl

acetate (3:1); m.p. 94.0–97.0�C; MS (API-ES, negative), m/z:
338 ([M-H]�); 1H NMR, d: 7.53 (d, 1H, J ¼ 9.6 Hz, Ph-H),
6.95 (d, 1H, J ¼ 3.2 Hz, Pyr-H), 4.01 (s, 3H, Pyr-CH3). Anal.

Calcd. for C11H6ClF4N3O3 (339.6): C, 38.90; H, 1.78; N,

12.37. Found: C, 38.84; H, 1.71; N, 12.42.

6-Chloro-3-(4-chloro-1-methyl-5-trifluoromethyl-1H-pyrazol-
3-yl)-4-fluoro-2-nitrophenol (10b). The compound was a light

yellow powder and was used directly in the next reaction with-

out purification. The yield of two steps was 82%. A sample

suiting for analysis was obtained by recrystallization with a

mixture of petroleum ether and ethyl acetate (3:1); m.p. 85.2–

87.1�C; MS (API-ES, negative), m/z: 372 ([M-H]�); 1
H NMR,

d: 7.58 (d, 1H, J ¼ 8.4 Hz, Ph-H), 4.03 (s, 3H, Pyr-CH3).

Anal. Calcd. for C11H5Cl2F4N3O3 (374.1): C, 35.32; H, 1.35;

N, 11.23. Found: C, 35.64; H, 1.43; N, 11.42.
3-(4-Bromo-1-methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-6-

chloro-4-fluoro-2-nitrophenol (10c). The compound was a

yellow powder and was used directly in the next reaction with-

out purification. The yield of two steps was 83%. A sample

suiting for analysis was obtained by recrystallization with a

mixture of petroleum ether and ethyl acetate (3:1); m.p. 86.3–

88.6�C; MS (API-ES, negative), m/z: 416 ([M-H]�); 1H NMR,

d: 7.58 (d, 1H, J ¼ 8.4 Hz, Ph-H), 4.04 (s, 3H, Pyr-CH3).

Anal. Calcd. for C11H5BrClF4N3O3 (418.5): C, 31.57; H, 1.20;

N, 10.04. Found: C, 31.69; H, 1.23; N, 10.25.

General procedure for 11a–11c. 2-Amino-6-chloro-4-
fluoro-3-(1-methyl-5-trifluoromethyl-1H-pyrazol-3-yl)phenol
(11a). Under nitrogen a mixture of 10a (3.7 g, 10.9 mmol),

iron (3.8 g, 0.068 mol), a solution of saturated ammonium

chloride (120 mL) and methanol (80 mL) were stirred at 55�C
for 6 h. Then methanol was removed under vacuum. The reac-

tion solution was filtrated and the filtrate was extracted with

ethyl acetate (40 mL � 3). The combined organic layer was

washed with water, dried over anhydrous magnesium sulfate

and concentrated under vacuum. 11a was obtained in 86%

yield as a brown solid and was used directly in the next reac-

tion without purification.

2-Amino-6-chloro-3-(4-chloro-1-methyl-5-trifluoromethyl-
1H-pyrazol-3-yl)-4-fluorophenol (11b). The crude product

was obtained as brown paste and was used directly in the next

reaction without purification. The yield of crude product was

95%.
2-Amino-3-(4-bromo-1-methyl-5-trifluoromethyl-1H-pyrazol-

3-yl)-6-chloro-4-fluorophenol (11c). The crude product was

obtained as brown paste and was used directly in the next

reaction without purification. The yield of crude product was

90%.

General procedure for 12a–12c. 6-Chloro-4-fluoro-3-(1-
methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-2-nitrophenyl acetate
(12a). A mixture of 10a (650 mg, 1.91 mmol), acetyl chloride

(0.2 mL, 2.96 mmol), triethylamine (0.3 mL, 2.16 mmol) and

methylene chloride (25 mL) was stirred at 40�C for 1 h. The

reaction solution was poured into water. The organic layer was

washed with a solution of 5% sodium bicarbonate and water,

dried over anhydrous magnesium sulfate and concentrated

under vacuum. The crude product was recrystallized with etha-

nol. 12a was obtained in 85% yield as a white powder; m.p.

137.5–139.2�C; MS (API-ES, positive), m/z: 382 ([MþH]þ),
404 ([MþNa]þ); 1H NMR d: 7.45 (d, J ¼ 9.6 Hz, 1H, Ph-H),
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6.95 (d, J ¼ 3.2 Hz, 1H, Pyr-H), 4.00 (s, 3H, Pyr-CH3), 2.36
(s, 3H, COCH3). Anal. Calcd. for C13H8ClF4N3O4 (381.7): C,
40.91; H, 2.11; N, 11.01. Found: C, 40.62; H, 2.20; N, 11.25.

6-Chloro-3-(4-chloro-1-methyl-5-trifluoromethyl-1H-pyrazol-
3-yl)-4-fluoro-2-nitrophenyl acetate (12b). The compound was

obtained in 75% yield as a light brown powder; m.p. 103.8–
105.3�C; MS (API-ES, positive), m/z: 416 ([MþH]þ), 438
([MþNa]þ); 1

H NMR d: 7.51 (d, J ¼ 8.4 Hz, 1H, Ph-H), 4.02
(s, 3H, Pyr-CH3), 2.37 (s, 3H, COCH3). Anal. Calcd. for
C13H7Cl2F4N3O4 (416.1): C, 37.52; H, 1.70; N, 10.10. Found:

C, 37.69; H, 1.73; N, 10.27.
3-(4-Bromo-1-methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-6-

chloro-4-fluoro-2-nitrophenyl acetate (12c). The compound
was obtained in 72% yield as a brown powder; m.p. 107.9–
109.0�C; MS (API-ES, positive), m/z: 460 ([MþH]þ); 1H

NMR d: 7.51 (d, J ¼ 8.0 Hz, 1H, Ph-H), 4.04 (s, 3H, Pyr-
CH3), 2.37 (s, 3H, COCH3). Anal. Calcd. for
C13H7BrClF4N3O4 (460.6): C, 33.90; H, 1.53; N, 9.12. Found:
C, 34.02; H, 1.68; N, 8.91.

General procedure for 13a–13c. 7-chloro-5-fluoro-2-
methyl-4-(1-methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-benzox-
azole (13a). Under nitrogen a mixture of 12a (680 mg, 1.78
mmol), iron (1.0 g, 0.017 mol), and acetic acid (35 mL) were
stirred at 80�C for 3 h. The reaction solution was filtrated and

the filtrate was poured into water, filtrated, and washed with
water, recrystallized with ethanol. 13a was obtained in 74%
yield as a white solid; m.p. 124.9–126.9�C; MS (API-ES, posi-
tive), m/z: 334 ([MþH]þ), 356 ([MþNa]þ); 1H NMR d: 7.27
(s, 1H, Pyr-H), 7.21 (d, J ¼ 10.8 Hz, 1H, Ph-H), 4.14 (s, 3H,

Pyr-CH3), 2.73 (s, 3H, Oxa-CH3). Anal. Calcd. for
C13H8ClF4N3O (333.7): C, 46.79; H, 2.42; N, 12.59. Found:
C, 46.84; H, 2.41; N, 12.72.

7-Chloro-4-(4-chloro-1-methyl-5-trifluoromethyl-1H-pyra-
zol-3-yl)-5-fluoro-2-methyl-benzoxazole (13b). The compound

was obtained in 70% yield as a light yellow paste; MS (API-
ES, positive), m/z: 368 ([MþH]þ), 390 ([MþNa]þ); 1

H NMR

d: 7.23 (d, J ¼ 9.6 Hz, 1H, Ph-H), 4.11 (s, 3H, Pyr-CH3), 2.70
(s, 3H, Oxa-CH3). Anal. Calcd. for C13H7Cl2F4N3O (368.1):

C, 42.42; H, 1.92; N, 11.41. Found: C, 42.53; H, 1.94; N,
11.40.

4-(4-Bromo-1-methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-7-
chloro-5-fluoro-2-methyl-benzoxazole (13c). The compound
was obtained in 74% yield as a white powder; m.p. 139.4–

140.9�C; MS (API-ES, positive), m/z: 412 ([MþH]þ); 1
H

NMR d: 7.23 (d, J ¼ 9.6 Hz, 1H, Ph-H), 4.13 (s, 3H, Pyr-
CH3), 2.70 (s, 3H, Oxa-CH3). Anal. Calcd. for
C13H7BrClF4N3O (412.6): C, 37.85; H, 1.71; N, 10.19. Found:
C, 38.08; H, 1.71; N, 10.32.

General procedure for 14a–14c. 7-Chloro-5-fluoro-4-(1-
methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-3H-benzoxazol-2-one
(14a). A solution of 11a (600 mg, 1.94 mmol) in toluene
(6 mL) was added dropwise to a solution of triphosgene
(210 mg, 0.71 mmol) in toluene (2 mL). After the reaction

solution was stirred at room temperature for 1 h, triethylamine
(0.2 mL) was added. Stirred for 0.5 h, the reaction solution
was poured into water. The organic layer was washed with a
solution of 5% sodium bicarbonate and water, dried over anhy-

drous magnesium sulfate and concentrated under vacuum.
After recrystallization with ethanol, 14a was obtained in 69%
yield as a light brown powder; m.p. 213.6–215.2�C; MS (API-
ES, positive), m/z: 336 ([MþH]þ), 358 ([MþNa]þ); 1H NMR

d: 9.48 (s, 1H, N-H), 7.16 (d, J ¼ 3.6 Hz, 1H, Pyr-H), 6.97 (d,
J ¼ 11.6 Hz, 1H, Ph-H), 4.11 (s, 3H, Pyr-CH3). Anal. Calcd.
for C12H6ClF4N3O2 (335.6): C, 42.94; H, 1.80; N, 12.52.
Found: C, 43.12; H, 1.95; N, 12.58.

7-Chloro-4-(4-chloro-1-methyl-5-trifluoromethyl-1H-pyrazol-
3-yl)-5-fluoro-3H-benzoxazol-2-one (14b). The compound was
obtained in 59% yield as a white powder; m.p. 217.2–218.5�C;
MS (API-ES, positive), m/z: 392 ([MþNa]þ); 1

H NMR d:
8.86 (s, 1H, N-H), 7.01 (d, J ¼ 10.4 Hz, 1H, Ph-H), 4.13 (s,
3H, Pyr-CH3). Anal. Calcd. for C12H5Cl2F4N3O2 (370.1): C,

38.94; H, 1.36; N, 11.35. Found: C, 38.78; H, 1.42; N, 11.36.
4-(4-Bromo-1-methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-7-

chloro-5-fluoro-3H-benzoxazol-2-one (14c). The compound
was obtained in 84% yield as a brown powder; m.p. 217.1–
219.8�C; MS (API-ES, negative), m/z: 412 ([M-H]�), 450

([MþCl]�); 1
H NMR d: 8.67 (s, 1H, N-H), 7.01 (d, J ¼ 10.4

Hz, 1H, Ph-H), 4.15 (s, 3H, Pyr-CH3). Anal. Calcd. for
C12H5BrClF4N3O2 (414.5): C, 34.77; H, 1.22; N, 10.14.
Found: C, 35.03; H, 1.31; N, 10.32.

General procedure for 15a–15f. A mixture of Compound
14a (600 mg, 1.62 mmol), a small amount of anhydrous potas-
sium carbonate, dimethyl sulfate (0.5 mL, 5 mmol) or bro-
moallylene (0.3 mL, 3.1 mmol)and acetone (15 mL) was
stirred at ambient temperature for 3 h. The reaction solution

was poured into water and extracted with ethyl acetate (10 mL
� 3). The combined organic layer was washed with water,
dried over anhydrous magnesium sulfate and concentrated
under vacuum. The crude product was purified by silica gel
chromatography with eluent (petroleum ether:ethyl acetate ¼
6:1).

7-Chloro-5-fluoro-3-methyl-4-(1-methyl-5-trifluoromethyl-
1H-pyrazol-3-yl)-3H-benzoxazol-2-one (15a). The Compound
was obtained in 34% yield as a light yellow powder; m.p.
194–198�C; MS (API-ES, positive), m/z: 350 ([MþH]þ), 372
([MþNa]þ); 1

H NMR d: 6.97 (d, J ¼ 10.0 Hz, 1H, Ph-H),
6.85 (s, 1H, Pyr-H), 4.09 (s, 3H, Pyr-CH3), 3.18 (s, 3H,
NCH3). Anal. Calcd. for C13H8ClF4N3O2 (349.7): C, 44.65; H,
2.31; N, 12.02. Found: C, 44.58; H, 2.45; N, 12.01.

7-Chloro-4-(4-chloro-1-methyl-5-trifluoromethyl-1H-pyrazol-
3-yl)-5-fluoro-3-methy-3H-benzoxazol-2-one (15b). The com-
pound was obtained in 29% yield as a light brown powder;
m.p. 103.1–104.8�C; MS (API-ES, positive), m/z: 384
([MþH]þ), 406 ([MþNa]þ); 1H NMR d: 7.00 (d, J ¼ 10.0

Hz, 1H, Ph-H), 4.11 (s, 3H, Pyr-CH3), 3.08 (s, 3H, NCH3).
Anal. Calcd. for C13H7Cl2F4N3O2 (384.1): C, 40.65; H, 1.84;
N, 10.94. Found: C, 40.97; H, 2.00; N, 10.28.

4-(4-Bromo-1-methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-7-
chloro-5-fluoro-3-methy-3H-benzoxazol-2-one (15c). The com-

pound was obtained in 28% yield as a light yellow powder;
m.p. 126.8–128.9�C; MS (API-ES, positive), m/z: 428
([MþH]þ), 450 ([MþNa]þ); 1

H NMR d: 6.99 (d, J ¼ 9.6 Hz,
1H, Ph-H), 4.13 (s, 3H, Pyr-CH3), 3.05 (s, 3H, NCH3). Anal.
Calcd. for C13H7BrClF4N3O2 (428.6): C, 36.43; H, 1.65; N,

9.80. Found: C, 36.46; H, 1.68; N, 9.55.
3-Allyl-7-chloro-5-fluoro-4-(1-methyl-5-trifluoromethyl-1H-

pyrazol-3-yl)-3H-benzoxazol-2-one (15d). The compound was
obtained in 33% yield as a white powder; m.p. 93.3–95.2�C;
MS (API-ES, positive), m/z: 376 ([MþH]þ), 398 ([MþNa]þ);
1
H NMR d: 6.98 (d, J ¼ 10.0 Hz, 1H, Ph-H), 6.80 (s, 1H,
Pyr-H), 5.44 (m, 1H, CH¼CH2), 4.96 (d, J ¼ 10.4 Hz, 1H, 1/
2 CH2¼), 4.68 (d, J ¼ 17.2 Hz, 1H, 1/2 CH2¼), 4.47 (d, J ¼
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5.2 Hz, 2H, N-CH2), 4.09 (s, 3H, Pyr-CH3). Anal. Calcd. for
C15H10ClF4N3O2 (375.7): C, 47.95; H, 2.68; N, 11.18. Found:
C, 48.11; H, 2.69; N, 11.09.

3-Allyl-7-chloro-4-(4-chloro-1-methyl-5-trifluoromethyl-1H-
pyrazol-3-yl)-5-fluoro-3H-benzoxazol-2-one (15e). The com-

pound was obtained in 36% yield as a light brown powder;
m.p. 89.4–91.3�C; MS (API-ES, positive), m/z: 410
([MþH]þ), 432 ([MþNa]þ); 1

H NMR d: 7.02 (d, J ¼ 10.0
Hz, 1H, Ph-H), 5.44 (m, 1H, CH¼CH2), 4.99 (d, J ¼ 10.4 Hz,
1H, 1/2 CH2¼¼), 4.67 (d, J ¼ 16.8 Hz, 1H, 1/2 CH2¼), 4.31

(d, J ¼ 17.2 Hz, 2H, N-CH2), 4.10 (s, 3H, Pyr-CH3). Anal.
Calcd. for C15H9Cl2F4N3O2 (410.2): C, 43.93; H, 2.21; N,
10.25. Found: C, 44.33; H, 2.49; N, 9.86.

3-Allyl-4-(4-bromo-1-methyl-5-trifluoromethyl-1H-pyrazol-3-
yl)-7-chloro-5-fluoro-3H-benzoxazol-2-one (15f). The compound

was obtained in 42% yield as a white powder; m.p. 130.2–
132.0�C; MS (API-ES, positive), m/z: 454 ([MþH]þ), 476
([MþNa]þ); 1H NMR d: 7.01 (d, J ¼ 9.6 Hz, 1H, Ph-H), 5.42
(m, 1H, CH¼CH2), 5.00 (d, J ¼ 10.4 Hz, 1H, 1/2 CH2¼), 4.69

(d, J ¼ 16.8 Hz, 1H, 1/2 CH2¼), 4.37 (m, 1H,1/2 N-CH2),
4.19 (m, 1H,1/2 N-CH2), 4.12 (s, 3H, Pyr-CH3). Anal. Calcd.
for C15H9BrClF4N3O2 (454.6): C, 39.63; H, 2.00; N, 9.24.
Found: C, 39.41; H, 1.98; N, 9.19.

General procedure for 16a–16f. A mixture of 14a (600

mg, 1.62 mmol), methyl iodide (0.51 g, 3 mmol), and sliver(I)
oxide (417 mg, 1.80 mmol) in methylene chloride (50 mL)
was stirred at ambient temperature for 24 h. Sliver(I) oxide
was filtered and filtrate was concentrated under vacuum. The
crude product was purified by silica gel chromatography with

eluent (petroleum ether:ethyl acetate ¼ 6:1).
7-Chloro-5-fluoro-2-methoxy-4-(1-methyl-5-trifluoromethyl-

1H-pyrazol-3-yl)-benzoxazole (16a). The compound was
obtained in 42% yield as a light yellow powder; m.p. 129.7–
132.1�C; MS (API-ES, positive), m/z: 350 ([MþH]þ), 372

([MþNa]þ); 1
H NMR d: 7.31 (s, 1H, Pyr-H), 7.08 (d, J ¼

11.6 Hz, 1H, Ph-H), 4.31 (s, 3H, OCH3), 4.12 (s, 3H, Pyr-
CH3). Anal. Calcd. for C13H8ClF4N3O2 (349.7): C, 44.65; H,
2.31; N, 12.02. Found: C, 44.58; H, 2.45; N, 12.01.

7-Chloro-4-(4-chloro-1-methyl-5-trifluoromethyl-1H-pyrazol-
3-yl)-5-fluoro-2-methoxy-benzoxazole (16b). The compound
was obtained in 19% yield as a light yellow pasty matter. MS
(API-ES, positive), m/z: 384 ([MþH]þ), 406 ([MþNa]þ); 1H

NMR d: 7.08 (d, J ¼ 10.0 Hz, 1H, Ph-H), 4.24 (s, 3H,

OCH3), 4.10 (s, 3H, Pyr-CH3). Anal. Calcd. for
C13H7Cl2F4N3O2 (384.1): C, 40.65; H, 1.84; N, 10.94. Found:
C, 40.41; H, 1.89; N, 10.51.

4-(4-Bromo-1-methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-7-
chloro-5-fluoro-2-methoxy-benzoxazole (16c). The compound

was obtained in 45% yield as a light yellow pasty matter. MS
(API-ES, positive), m/z: 428 ([MþH]þ), 450 ([MþNa]þ); 1

H

NMR d: 7.08 (d, J ¼ 10.0 Hz, 1H, Ph-H), 4.24 (s, 3H,
OCH3), 4.13 (s, 3H, Pyr-CH3). Anal. Calcd. for
C13H7BrClF4N3O2 (428.6): C, 36.43; H, 1.65; N, 9.80. Found:

C, 36.73; H, 1.79; N, 9.58.
2-(Allyloxy)-7-chloro-5-fluoro-4-(1-methyl-5-trifluoromethyl-

1H-pyrazol-3-yl)benzoxazole (16d). The compound was obtained
in 19% yield as a white powder; m.p. 122.4–123.4�C; MS

(API-ES, positive), m/z: 376 ([MþH]þ), 398 ([MþNa]þ); 1
H

NMR d: 7.32 (s, 1H, Pyr-H), 7.08 (d, J ¼ 11.2 Hz, 1H, Ph-H),
6.09 (m, 1H, CH¼CH2), 5.55 (d, J ¼ 16.8 Hz, 1H, 1/2 CH2¼),
5.42 (d, J ¼ 10.4 Hz, 1H, 1/2 CH2¼), 5.13 (d, J ¼ 6.0 Hz, 2H,

O-CH2), 4.11 (s, 3H, Pyr-CH3). Anal. Calcd. for
C15H10ClF4N3O2 (375.7): C, 47.95; H, 2.68; N, 11.18. Found:
C, 48.24; H, 2.86; N, 10.79.

2-(Allyloxy)-7-chloro-4-(4-chloro-1-methyl-5-trifluoromethyl-
1H-pyrazol-3-yl)-5-fluoro-benzoxazole (16e). The compound

was obtained in 13% yield as transparent pasty matter. MS
(API-ES, positive), m/z: 410 ([MþH]þ); 1

H NMR d: 7.08 (d,
J ¼ 10.0 Hz, 1H, Ph-H), 6.05 (m, 1H, CH¼CH2), 5.50 (d, J ¼
14.8 Hz, 1H, 1/2 CH2¼), 5.39 (d, J ¼ 9.6 Hz, 1H, 1/2 CH2¼),
5.05 (d, J ¼ 6.0 Hz, 2H, O-CH2), 4.10 (s, 3H, Pyr-CH3). Anal.

Calcd. for C15H9Cl2F4N3O2 (410.2): C, 43.93; H, 2.21; N,
10.25. Found: C, 44.00; H, 2.07; N, 9.84.

2-(Allyloxy)-4-(4-bromo-1-methyl-5-trifluoromethyl-1H-pyr-
azol-3-yl)-7-chloro-5-fluoro-benzoxazole (16f). The compound
was obtained in 16% yield as transparent pasty matter. MS

(API-ES, positive), m/z: 454 ([MþH]þ), 476 ([MþNa]þ); 1
H

NMR d: 7.08 (d, J ¼ 10.0 Hz, 1H, Ph-H), 6.06 (m, 1H,
CH¼CH2), 5.50 (d, J ¼ 17.2 Hz, 1H, 1/2 CH2¼), 5.38 (d, J ¼
10.4 Hz, 1H, 1/2 CH2¼), 5.05 (d, J ¼ 6.0 Hz, 2H, O-CH2),

4.12 (s, 3H, Pyr-CH3). Anal. Calcd. for C15H9BrClF4N3O2

(454.6): C, 39.63; H, 2.00; N, 9.24. Found: C, 39.72; H, 1.93;
N, 9.09.

General procedure for 17a–17c. 7-Chloro-5-fluoro-4-(1-
methyl-5-trifluoromethyl-1H-pyrazol-3-yl)benzoxazole (17a). A
mixture of 11a (500 mg, 1.62 mmol), ethylorthoformate
(0.4 mL, 2.42 mmol), Celite (160 mg) and toluene (15 mL)
was stirred under nitrogen at 110�C for 18 h. Celite was fil-
tered and filtrate was concentrated under vacuum. The crude
product was purified by silica gel chromatography with eluent

(petroleum ether:ethyl acetate ¼ 6:1). 17a was obtained in
42% yield as a light yellow powder; m.p. 158.3–160.5�C; MS
(API-ES, positive), m/z: 320 ([MþH]þ), 342 ([MþNa]þ); 1H

NMR d: 8.25 (s, 1H, Oxa-H), 7.35 (s, 1H, Pyr-H), 7.33 (d,
J ¼ 10.0 Hz, 1H, Ph-H), 4.15 (s, 3H, Pyr-CH3). Anal. Calcd.

for C12H6ClF4N3O (319.6): C, 45.09; H, 1.89; N, 13.15.
Found: C, 45.42; H, 2.04; N, 12.75.

7-Chloro-4-(4-chloro-1-methyl-5-trifluoromethyl-1H-pyrazol-
3-yl)-5-fluoro-benzoxazole (17b). The compound was obtained

in 30% yield as a light brown powder; m.p. 110.7–112.1�C;
MS (API-ES, positive), m/z: 354 ([MþH]þ); 1

H NMR d: 8.22
(s, 1H, Oxa-H), 7.35 (d, J ¼ 9.6 Hz, 1H, Ph-H), 4.13 (s, 3H,
Pyr-CH3). Anal. Calcd. for C12H5Cl2F4N3O (354.1): C, 40.70;
H, 1.42; N, 11.87. Found: C, 40.34; H, 1.67; N, 11.54.

4-(4-Bromo-1-methyl-5-trifluoromethyl-1H-pyrazol-3-yl)-7-
chloro-5-fluoro-benzoxazole (17c). The compound was obtained
in 23% yield as a light yellow powder; m.p. 92.1–93.3�C; MS
(API-ES, positive), m/z: 398 ([MþH]þ); 1H NMR d: 8.21 (s,
1H, Oxa-H), 7.35 (d, J ¼ 9.6 Hz, 1H, Ph-H), 4.14 (s, 3H, Pyr-

CH3). Anal. Calcd. for C12H5BrClF4N3O (398.5): C, 36.16; H,
1.26; N, 10.54. Found: C, 36.43; H, 1.56; N, 10.45.

Herbicidal activity test. The target plants for the test were
Setaria viridis (Linn.), Digitaria sanguinalis (Linn.) Scop. and
Abutilon theophrasti Medic.A solution of new compounds or

check sample (Fomesafen or Fluazolate) in a small amount of
acetone was diluted with stewing tap water which containing
0.1% Tween 80. The solution of the compound to be tested
was prepared. Weeds (Setaria viridis (Linn.), Digitaria sangui-
nalis (Linn.) Scop. and Abutilon theophrasti Medic., two or
three leaf stage) which growth well and the same leaf stage
were selected, and were spray treated with atomizing machine.
The amount of spray was 600 L/hm2. After that the weeds
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were aeration-drying and then were cultured at room tempera-
ture. Weeds treated with water were the blank test. The herbi-
cidal activity of the compounds was determined after 10 days
of treatment. Evaluations were based on a score of 0–10 in
which 0 ¼ no activity and 10 ¼ total kill.
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A series of 3,30-arylidenebis[4-hydroxy-6-methyl-2(1H)-3-pyridinone]s were synthesized via three-

component reactions of aromatic aldehydes, 4-hydroxy-6-methyl-2H-pyran-2-one, and ammonium ace-
tate in water under microwave irradiation. This method has the advantages of environmental friendli-
ness, short reaction time, high yields, and easy operation. This efficient synthesis not only offers an
economical and green synthetic strategy to this class of significant compounds but also enriches the
investigations on microwave-assisted synthesis in water.

J. Heterocyclic Chem., 47, 22 (2010).

INTRODUCTION

The pyridinone ring is one of the most well-known

systems among the naturally occurring heterocycles.

Many members of this class of heterocycles have

antibacterial [1], antifungal [2], cardiotonic [3], antineo-

plastic [4], antiinflammatory and analgesic [5], and other

significant bioactivities [6]. Therefore, pyridinone deriva-

tives, especially bispyridinone derivatives, which contain

two skeletons of pyridinone in one molecular structure,

are of great importance in medicinal and organic

chemistry.

However, survey of the literature only reveals two

typical methods on synthesizing 3,30-arylidenebis[4-
hydroxy-6-methyl-2(1H)-3-pyridinone]s. One method is

the condensation of 4-hydroxy-6-methyl-2-pyridone with

aromatic aldehydes catalyzed by triethylamine in ethanol

under traditional heating condition [7]. Unfortunately,

this method suffers from low yield (14–45%), long reac-

tion time (8–10 h), and use of toxic organic catalyst and

solvent.

Another method is the multicomponent reaction of tri-

acetic acid lactone, aromatic aldehydes, and ammonium

acetate in ethanol under traditional heating conditions

[8]. However, this approach still has disadvantages of

lower yield (11–45%), longer reaction time (26 h), and

being less environmental-unfriendly because ethanol, a

volatile and flammable organic solvent, is used. As a

result, developing a green and efficient approach to the

synthesis of 3,30-arylidenebis[4-hydroxy-6-methyl-2(1H)-
3-pyridinone]s is of great significance.

In recent years, microwave-assisted synthesis in water

as solvent has become a hotspot of investigation,

because it combines the two prominent green chemistry

principles of ‘‘safer solvents’’ and ‘‘energy efficiency’’

[9]. In addition to the general advantages of water as

solvent [10], several benefits for the reaction are

expected when using water as reaction medium for

microwave-superheated protocols [11].

As a continuation of our efforts on synthesizing het-

erocycles possessing significant bioactivities with green

and efficient method [12], we herein report the synthesis

of 3,30-arylidenebis[4-hydroxy-6-methyl-2(1H)-3-pyridi-
none]s through three-component reactions of 4-hydroxy-

6-methyl-2H-pyran-2-one 1, aromatic aldehydes 2, and

ammonium acetate in water under microwave irradiation

(MWI) (Scheme 1). This efficient synthesis not only

offers a green synthetic strategy to this class of signifi-

cant compounds but also enriches the investigations on

microwave-assisted synthesis in water.

RESULTS AND DISCUSSION

Initially, to demonstrate the superiority of water as

solvent, despite its natural property of being harmless to

environment, we compared the synthesis of 3c in water

with other organic solvents including glycol, DMF,
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glacial acetic acid, and ethanol. The mixture of 4-

hydroxy-6-methyl-2H-pyran-2-one 1 (2 mmol), 4-bro-

mophenyl aldehyde 2c (1 mmol), ammonium acetate

(2 mmol), and corresponding solvent (2 mL) was irradi-

ated under MWI at 100�C and 150 W for a given time,

then the crude product was purified by recrystallization

from EtOH.

The results (Table 1) reveal that compared with the

solvents of glycol, DMF, and EtOH, water can not only

improve the yield but also shorten the time of this reac-

tion. Although the yield of the reaction in acetic acid is

a little higher than that in water, considering environ-

mental friendliness and avoidance of using toxic organic

reagents, water was preferred as solvent for all further

microwave-assisted reactions.

Moreover, the same reaction of 1 (2 mmol), 2c (1

mmol), and ammonium acetate (2 mmol) in water (2

mL) under MWI (150 W) was used to optimize the

reaction temperature, and the results are shown in Table

2. It is obvious that 90�C is the most suitable reaction

temperature.

Under these optimized reaction conditions, a series

of 3,30-arylidenebis[4-hydroxy-6-methyl-2(1H)-3-pyridi-
none]s 3 were synthesized, and the results are given in

Table 3. As shown in Table 3, this protocol can be

applied not only to aromatic aldehydes with electron-

withdrawing groups but also to those with electron-

donating groups under the same conditions. Therefore,

the electronic nature of the substrate has no significant

effect on this reaction.

Although the detailed mechanism of the above reac-

tion remains to be fully clarified, the formation of 3,30-
arylidenebis[4-hydroxy-6-methyl-2(1H)-3-pyridinone]s 3

could be explained by a reaction sequence presented in

Scheme 2.

First, the condensation of aldehyde 2 and 4-hydroxy-

6-methyl-2H-pyran-2-one 1 gave intermediate 4, which

was then attacked by 1 to generate another intermediate

5. Finally, the ammonolysis, intermolecular cyclization

and dehydration of 5 gave rise to target product 3.

All the products were characterized by IR, 1H NMR,

and elemental analyses.

In conclusion, we have developed a green and effi-

cient approach to the synthesis of 3,30-arylidenebis[4-
hydroxy-6-methyl-2(1H)-3-pyridinone]s in water under

MWI. This method has the notable advantages over the

existing ones owing to its features of environmental

friendliness, short reaction time, high yield, low cost,

and easy operation. On the other hand, this reaction sup-

plies a good example of efficient microwave-assisted

synthesis in water as solvent.

EXPERIMENTAL

MWI was carried out in a monomodal Emrys Creator from

Personal Chemistry, Uppsala, Sweden. Melting points were
determined in XT5 apparatus and are uncorrected. IR spectra
were recorded on a FT-IR-Tensor 27 spectrometer. 1H NMR
spectra were measured on a DPX 400 spectrometer operating
at 400 MHz, using DMSO-d6 as solvent and TMS as internal

standard. Elemental analysis was determined by using a
Perkin-Elmer 240c elemental analysis instrument.

General procedure for the syntheses of compounds 3

with MWI. Typically, in a 10-mL Emrys reaction vial, 4-
hydroxy-6-methyl-2H-pyran-2-one 1 (2 mmol), aldehyde 2 (1

mmol), ammonium acetate (2 mmol), and water (2 mL) were

Scheme 1

Table 1

Solvent optimization for the synthesis of 3c.

Entry Solvent Time (min) Yield (%)

1 glycol 12 76

2 water 8 81

3 AcOH 6 83

4 DMF 16 73

5 EtOH 10 78

Table 2

Temperature optimization for the synthesis of 3c.

Entry T (oC) Time (min) Yield (%)

1 60 15 44

2 70 12 65

3 80 10 74

4 90 8 83

5 100 8 81

6 110 8 80

Table 3

Synthesis of 3 under MWI in water.

Entry 3 Ar

Time/

min

Yield /

% Mp (lit.) / oC

1 3a 4-FC6H4 8 85 >300

2 3b 4-ClC6H4 10 81 >300 (>300)[7]

3 3c 4-BrC6H4 8 83 >300

4 3d 2,4-Cl2C6H3 8 83 >300

5 3e 3-NO2C6H4 8 82 >300 (>300)[8]

6 3f 4-NO2C6H4 10 85 >300

7 3g C6H5 10 86 >300 (>300) [7]

8 3h 4-OCH3C6H4 12 82 >300 (>300) [7]

9 3i 4-CH3C6H4 10 84 >300

10 3j 2-OCH3C6H4 12 81 >300

11 3k Thiophen-2-yl 15 75 >300
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mixed and then capped. The mixture was irradiated at 150 W
and at 90�C for a given time. The reaction mixture was cooled
to room temperature and poured into water (50 mL), filtered to
give the crude product, which was further purified by recrystal-
lization from EtOH.

3,30-(4-Fluorobenzylidenebis[4-hydroxy-6-methylpyridin-
2(1H)-one] (3a). This compound was obtained according to
above general procedure; IR (KBr): m 3433–2611, 1635, 1457,
1389, 1309, 1259, 1222, 1195, 1164, 1005, 932, 883, 848, 781
cm�1; 1H NMR: d 12.28 (s, br, 2H, 2OH), 11.71 (s, 2H,

2NH), 7.05–6.99 (m, 4H, ArH), 5.94(s, 1H, C5-H), 5.88 (s,
1H, C50-H), 5.82 (s, 1H, CH), 2.17 (s, 6H, 2CH3). Anal. Calcd.
for C19H17FN2O4: C, 64.04; H, 4.81; N, 7.86. Found: C,
64.21; H, 4.83; N, 7.81.

3,30-(4-Chlorobenzylidene)bis[4-hydroxy-6-methylpyridin-
2(1H)-one] (3b). This compound was obtained according to
above general procedure; IR (KBr): 3600–2600, 1482, 1456,
1382, 1318, 1283, 1249, 1195, 1163, 1007, 883, 821, 753
cm�1; 1H NMR (400 MHz, DMSO-d6, 25

�C): d 12.20 (s, br,

2H, 2OH), 11.72 (s, 2H, 2NH), 7.28 (d, 2H, J ¼ 8.0 Hz,
ArH), 7.01 (d, 2H, J ¼ 8.0 Hz, ArH), 5.91 (s, 2H, C5-H, C50-
H), 5.80 (s, 1H, CH), 2.17 (s, 6H, 2CH3). Anal. Calcd. for
C19H17ClN2O4: C, 61.21; H, 4.60; N, 7.51; Found: C, 61.08;
H, 4.62; N, 7.45.

3,30-(4-Bromobenzylidene)bis[4-hydroxy-6-methylpyridin-
2(1H)-one] (3c). This compound was obtained according to
above general procedure; IR (KBr): m 3457–2583, 1631, 1486,
1459, 1386, 1314, 1285, 1255, 1191, 1074, 1010, 883, 815,
755 cm�1; 1H NMR: d 12.22 (s, br, 2H, 2OH), 11.74 (s, 2H,

2NH), 7.42 (d, 2H, J ¼ 8.4 Hz, ArH), 6.95 (d, 2H, J ¼ 8.4
Hz, ArH), 5.92 (s, 2H, C5-H, C50-H), 5.87 (s, 1H, CH), 2.17 (s,
6H, 2CH3). Anal. Calcd. for C19H17BrN2O4: C, 54.69; H,
4.11; N, 6.71; Found: C, 54.45; H, 4.07; N, 6.75.

3,30-(2,4-Dichlorobenzylidene)bis[4-hydroxy-6-methylpyr-idin-
2(1H)-one] (3d). This compound was obtained according to
above general procedure; IR (KBr): m 3600–2600, 1639, 1462,
1456, 1388, 1325, 1258, 1190, 1127, 1107, 1048, 887, 862,
772 cm�1; 1H NMR: d 11.81 (s, br, 2H, 2OH), 11.44 (s, 2H,

2NH), 7.40 (s, 1H, ArH), 7.33–7.30 (m, 1H, ArH) 7.19 (d, 1H,
J ¼ 8.0 Hz, ArH), 6.18 (s, 1H, CH), 5.83 (s, 2H, C5-H,

C50-H), 2.17 (s, 6H, 2CH3). Anal. Calcd. for C19H16Cl2N2O4:
C, 56.04; H, 3.96; N, 6.88; Found: C, 56.20; H, 3.93; N, 6.81.

3,30-(3-Nitrobenzylidene)bis[4-hydroxy-6-methylpyridin-2(1H)-
one] (3e). This compound was obtained according to above

general procedure; IR (KBr): m 3300–2500, 1634, 1526, 1455,

1392, 1351, 1257, 1127, 1108, 1042, 820, 728, 676 cm�1; 1H

NMR: d 12.22 (s, br, 2H, 2OH), 11.79 (s, 2H, 2NH), 8.06 (d,

1H, J ¼ 8.4 Hz, ArH), 7.93 (s, 1H, ArH), 7.55 (t, 1H, J ¼ 8.0

Hz, ArH), 7.46 (d, 1H, J ¼ 7.6 Hz, ArH), 6.07 (s, 1H, CH),

5.96 (s, 2H, C5-H, C50-H), 2.19 (s, 6H, 2CH3). Anal. Calcd.

for C19H17N3O6: C, 59.53; H, 4.47; N, 10.96; Found: C,

59.37; H, 4.50; N, 11.00;

3,30-(4-Nitrobenzylidene)bis[4-hydroxy-6-methylpyridin-2(1H)-
one] (3f). This compound was obtained according to above

general procedure; IR (KBr): m 3300–2600, 1636, 1518, 1460,

1385, 1347, 1293, 1192, 1008, 883, 921, 8249, 768 cm�1; 1H

NMR: d 12.19 (s, br, 2H, 2OH), 11.78 (s, 2H, 2NH), 8.13 (d,

2H, J ¼ 8.4 Hz, ArH), 7.26 (d, 2H, J ¼ 8.4 Hz, ArH), 6.06 (s,

1H, CH), 5.94 (s, 2H, C5-H, C50-H), 2.18 (s, 6H, 2CH3). Anal.

Calcd. for C19H17N3O6: C, 59.53; H, 4.47; N, 10.96; Found:

C, 59.41; H, 4.49; N, 11.01.

3,30-(Benzylidene)bis[4-hydroxy-6-methylpyridin-2(1H)-one]
(3g). This compound was obtained according to above general

procedure; IR (KBr): m3300–2600, 1629, 1494, 1453, 1396,

1363, 1262, 1213, 1181, 1115, 1027, 896, 824, 772 cm�1; 1H

NMR: d 12.43 (s, br, 2H, 2OH), 11.69 (s, 2H, 2NH), 6.92–

6.78 (m, 5H, ArH), 5.91 (s, 2H, C5-H, C50-H), 5.82 (s, 1H,

CH), 2.17 (s, 6H, 2CH3). Anal. Calcd. for C19H18N2O4: C,

67.44; H, 5.36; N, 8.28. Found: C, 67.30; H, 5.38; N, 8.25.

3,30-(4-Methoxylbenzylidene)bis[4-hydroxy-6-methylpyri- din-
2(1H)-one] (3h). This compound was obtained according to

above general procedure; IR (KBr): m 3300–2600, 1633, 1509,

1459, 1418, 1388, 1302, 1248, 1178, 1035, 850, 832, 774

cm�1; 1H NMR: d 12.41 (s, br, 2H, 2OH), 11.68 (s, 2H,

2NH), 6.91 (d, 2H, J ¼ 8.4 Hz, ArH), 6.79 (d, 2H, J ¼ 8.4

Hz, ArH), 5.90 (s, 2H, C5-H, C50-H), 5.82 (s, 1H, CH), 3.70 (s,

3H, OCH3), 2.17 (s, 6H, 2CH3). Anal. Calcd. for C20H20N2O5:

C, 65.21; H, 5.47; N, 7.60. Found: C, 65.09; H, 5.45; N, 7.55.

3,30-(4-Methylbenzylidene)bis[4-hydroxy-6-methylpyridin-
2(1H)-one] (3i). This compound was obtained according to

above general procedure; IR (KBr): m 3300–2600, 1634, 1512,

1460, 1387, 1302, 1308, 1127, 1105, 1041, 920, 887, 753

cm�1; 1H NMR: d 12.50 (s, br, 2H, 2OH), 11.67 (s, 2H,

2NH), 7.03 (d, 2H, J ¼ 8.4 Hz, ArH), 6.90 (d, 2H, J ¼ 8.4

Hz, ArH), 5.91 (s, 2H, C5-H, C50-H), 5.83 (s, 1H, CH), 2.25 (s,

3H, CH3), 2.17 (s, 6H, 2CH3). Anal. Calcd. for C20H20N2O4:

C, 68.17; H, 5.72; N, 7.95. Found: C, 68.23; H, 5.69; N, 7.89.

3,30-(2-Methoxylbenzylidene)bis[4-hydroxy-6-methylpyridin-
2(1H)-one] (3j). This compound was obtained according to

above general procedure; IR (KBr): m 3300–2600, 1632, 1490,

1396, 1356, 1340, 1290, 1243, 1103, 1029, 888, 818, 769

cm�1; 1H NMR: d 12.62 (s, br, 2H, 2OH), 11.47 (s, 2H,

2NH), 7.15–7.08 (m, 2H, ArH), 6.86–6.80 (m, 2H, ArH), 6.02

(s, 1H, CH), 5.84 (s, 2H, C5-H, C50-H), 3.52 (s, 3H, OCH3),

2.13 (s, 6H, 2CH3). Anal. Calcd. for C20H20N2O5: C, 65.21;

H, 5.47; N, 7.60. Found: C, 65.05; H, 5.45; N, 7.66.

3,30-(4-Thiophen-2-ylidene)bis[4-hydroxy-6-methylpyridin-
2(1H)-one] (3k). This compound was obtained according to

above general procedure; IR (KBr): m 3300–2600, 1633, 1556,
1537, 1514, 1504, 1486, 1455, 1393, 1360, 1253, 1200, 922,
887, 753 cm�1; 1H NMR: d 12.92 (s, br, 2H, 2OH), 11.66 (s,

Scheme 2
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2H, 2NH), 7.24 (d, 1H, J ¼ 5.2 Hz, ArH), 6.87–6.84 (m, 1H,
ArH), 6.57 (s, 1H, ArH), 6.09 (s, 1H, CH), 5.90 (s, 2H, C5-H,
C50-H), 2.16 (s, 6H, 2CH3). Anal. Calcd. for C17H16N2O4S: C,
59.29; H, 4.68; N, 8.13. Found: C, 59.11; H, 4.71; N, 8.09.
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A green and simple synthesis of 4-ayrl-3,4-dihydro-1H-pyrimido[1,2-a]benzimidazole derivatives was
accomplished in excellent yields via the reaction of aryl aldehyde, 1,3-dicarbonyl compounds and 1H-
benzo[d]imidazol-2-amine in ionic liquid of [bmimþ][BF�4 ]. This protocol has the advantages of easier

work-up, mild reaction conditions, high yields, and an environmentally benign procedure compared with
the reported methods.

J. Heterocyclic Chem., 47, 26 (2010).

INTRODUCTION

The small organic molecules, such as, the fused nitro-

gen-containing heterocycles receive a large amount of

attention in the literature due to their exciting biological

properties and their roles as pharmacophores of consid-

erable historical importance. For example, the deriva-

tives of pyrimido[1,2-a]benzimidazol-2-one can be used

as inhibitor of cell proliferation [1], lymphocyte specific

kinase [2], DNA-topoisomerase I [3], and protein kinase

[4]. Hence, the preparation of this important heterocyclic

core unit has gained much importance. However, only

one method reported to synthesize these compounds was

via the reaction of a, b-unsaturated esters, which could

be prepared via the condensation reaction, with 1H-benzo
[d]imidazol-2-amine in the presence of organic solvents

or under solvent-free conditions at high temperature [5–

9]. Furthermore, most of the synthetic protocols in litera-

ture so far have many drawbacks, including prolonged

reaction time, drastic reaction conditions, the use of some

toxic organic solvents, such as, nitrobenzene, and low

yields. Therefore, the development of simple, convenient,

and environmentally benign approaches for the synthesis

of these compounds is still desirable.

A multicomponent reaction (MCR) can create highly

complex molecules from readily available starting mate-

rials without the complicated purification operations;

thus, MCRs are resource- and time-effective and eco-

nomically favorable processes in diversity generation

[10–13]. Recently, there have been tremendous develop-

ment in three- and four-component reactions and great

efforts continue to be made to develop new MCRs [14–

19]. Besides, the ionic liquids have been widely used as

environmentally benign reaction media in organic syn-

thesis because of their unique properties of nonvolatility,

nonflammability, and recyclability. Many organic reac-

tions, including MCRs, were carried out efficiently in

ionic liquids [20–28]. To continue our work on the syn-

thesis of heterocyclic compounds via MCR in ionic

liquids [29–31], we report herein the three-component

synthesis of 4-aryl-3,4-dihydro-1H-pyrimido[1,2-a]ben-
zimidazol-2-one in ionic liquid (Scheme 1).
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RESULTS AND DISCUSSION

The effect of solvent on the reaction was initially

examined by reacting phenyl aldehyde (1 mmol), 2,2-di-

methyl-1,3-dioxane-4,6-dione (1 mmol), and 1H-benzo
[d]imidazol-2-amine (1 mmol) at room temperature. The

results in Table 1 show that only in ionic liquids the

expected product 4a was given with moderate yield

(60–75%) by the three-component reaction. Further-

more, the reaction accomplished in [bmimþ][BF�4 ]
exhibited higher yield (75%) than other counterparts.

Therefore, we carried out the three-component reaction

in [bmimþ][BF�4 ] to synthesize the desired products.

To find the optimal reaction temperature, the synthe-

sis of (4a) was studied at different temperatures. The

results are summarized in Table 2. As shown in Table

2, the reaction at 90�C proceeded in highest yield

among the six reaction temperatures tested. Therefore,

90�C was chosen for this reaction.

Based on the optimized reaction conditions, a series

of 4-aryl-3,4-dihydro-1H-pyrimido[1,2-a]benzimidazol-

2-one were synthesized. The results, summarized in

Table 3, show that the three-component reaction in

[bmimþ][BF�4 ] gave the corresponding products in mod-

erate to good yields. This methodology can be applied

to aromatic aldehydes either with electron-withdrawing

groups (such as, a nitro group, halogen) or electron-

donating groups (such as, a methoxy) with excellent

yields under the same conditions. Therefore, we con-

clude that the electronic nature of substituents of the ar-

omatic aldehyde had no significant effect on the reac-

tion. Even the heterocyclic aldehyde could be used in

this reaction (4h). However, when the aliphatic aldehyde

was applied to this reaction, no expected product was

obtained.

All of the compounds were characterized by

HRMS(ESI), FTIR, and 1H NMR. To further elucidate

the structure of products, a single crystal of compound

4a was prepared and its structure was determined by X-

ray diffraction (Fig. 1).

The recovery and reuse of solvent and/or catalyst are

highly preferable in terms of green synthetic process.

Therefore, with the success of the above reactions, we

continued our research by studying the reuse of the sol-

vent. It turned out that the recovery and reuse of

[bmimþ][BF�4 ] is not only convenient but also efficient.

Thus, at completion monitored by TLC, the reaction

mixture was cooled to room temperature and poured

into water. The solid product was collected by filtration

and recrystallized from ethanol to give the pure product.

The filtrate was washed with acetic ester, concentrated

under reduced pressure, and dried in vacuo at 100�C for

several hours to give the reusable solvent. Studies by

using phenyl aldehyde, 2,2-dimethyl-1,3-dioxane-4,6-

dione and 1H-benzo[d]imidazol-2-amine as model sub-

strates shows that the recovered solvent could be succes-

sively recycled in subsequent reactions without almost

Scheme 1

Table 1

Solvent effect on the synthesis of 4a.

Entry Solventa Temperature (�C) Time (h) Yield (%)

1 [bypþ][Br�] r.t. 10 60

2 [bypþ][BF�4 ] r.t. 10 62

3 [bmimþ][Br�] r.t. 10 70

4 [bmimþ][BF�4 ] r.t. 10 75

5 Ethanol r.t. 10 Trace

6 CH3CN r.t. 12 Trace

7 CH3COOH r.t. 12 Trace

8 CHCl3 r.t. 12 Trace

9 H2O r.t. 15 Trace

a [bypþ][Br�], 1-butylpyridinium bromide; [bypþ][BF�4 ], 1-butylpyridi-
nium tetrafluoroborate; [bmimþ][Br�], 3-butyl-1-methyl-1H-imidazol-

3-ium bromide; [bmimþ] [BF�4 ], 3-butyl-1-methyl-1H-imidazol-3-ium

tetrafluoroborate.

Table 2

Temperature optimization for the synthesis of 4a.

Entry Temperature (�C) Time (h) Yield (%)

1 20 10 75

2 40 9 80

3 60 8 86

4 80 7 88

5 90 6 90

6 100 6 85

Table 3

Synthesis of 4 in ionic liquid ([bmim1][BF�4 ]).

Compound

no. R1

Time

(h)

Yield

(%) M.p. (�C)

4a C6H5 7 90 291–293

(ref. 32, 289–290)

4b 4-BrC6H4 7 85 294–296

4c 3,4,5-(OCH3)3C6H2 8 82 273–275

4d 3-NO2C6H4 8 85 283–285

4e 2-FC6H4 7 88 284–285

4f 3,4-(OCH2O)C6H3 8 83 236–238

4g 4-NO2C6H4 8 82 >300

(ref. 6, >300)

4h 2-SC4H3 7 80 285–287
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any decrease in its efficiency. The results of the reuse of

the ionic liquid are summarized in Table 4. Even in the

fourth round, the yield of the product 4a is fairly high.

A plausible mechanism of the reaction was presented

in Scheme 2. Product 4 may be synthesized via sequen-

tial Knoevenagel condensation, Michael addition, cycli-

zation, and elimination mechanism (Scheme 2). The

condensation between aldehyde and Meldrum’s acid

gave 5-arylidene substituted Meldrum’s acid 5. Michael

addition between 5 and 1H-benzo[d]imidazol-2-amine 3

then furnished the intermediate 6, which isomerized to

7. After that, intramolecular cyclization of 7 gave 8,

which finally afforded 4 by loosing acetone and carbon

dioxide.

To test the proposed reaction pathway, compound 5a

was synthesized in [bmimþ][BF�4 ] and it could react

with 3 smoothly and gave product 4a with yield similar

to the three-component reaction in ionic liquid. The fact

supported the supposed reaction mechanism.

To extend the scope of this protocol for the synthesis

of the derivatives of pyrimido[1,2-a]benzimidazole,

other cyclic 1,3-dicarbonyl compounds (Scheme 3) and

acyclic 1,3-dicarbonyl compounds (Scheme 4) were

applied in the three-component synthesis as the surro-

gates of 2,2-dimethyl-1,3-dioxane-4,6-dione. The results,

listed in Tables 5 and 6, show that these three-compo-

nent reactions in ionic liquid gave the desired products,

10 and 12, successfully.

In summary, we have developed an efficient, econom-

ical, safe, and environmentally benign procedure for

synthesizing 4-aryl-1H-pyrimido[1,2-a]benzimidazole

derivatives in ionic liquid medium [bmimþ][BF�4 ].
Meanwhile, the ionic liquid was chosen as a kind of

green solvent, which could be reused for several rounds

without significant loss of activity.

EXPERIMENTAL

Common reagents and materials were purchased from com-
mercial sources and purified by recrystallization or distillation.
NMR spectra were recorded on a Bruker DPX 400; data for
1H are reported as follows: chemical shift (ppm), integration,

multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, mul-
tiplet; and br, broad), coupling constant (Hz), and number.
Infrared (IR) spectra were recorded on a TENSOR 27 spectro-
photometer in KBr pellet and are reported in terms of fre-
quency of absorption (cm�1). HRMS (ESI) were determined

by using micrOTOF-QIIHRMS/MS instrument (BRUKER).
Melting points were determined in open capillaries and are
uncorrected. The single crystal diffraction data were gathered
on a Rigaku Saturn diffractometer.

General procedure for the synthesis of 4-Aryl-1H-pyri-

mido[1,2-a]benzimidazol derivatives. Aryl aldehyde 1 (1.0
mmol), 2,2-dimethyl-1,3-dioxane-4,6-dione 2 (0.14 g, 1.0
mmol), and 1H-benzo[d]imidazol-2-amine 3 (0.13 g, 1.0
mmol) were mixed in 3 mL [bmimþ][BF�4 ]. Then, the mixture

was stirred for a certain time (monitored by TLC) at 90�C.
The result mixture was cooled to room temperature and poured
into 20 mL of water. The solid product was collected by

Figure 1. The crystal structure of 4a.

Table 4

Study on the reuse of ionic liquid ([bmim1][BF�4 ]).

Round 1 2 3 4

4a Yield (%) 90 88 87 87

Scheme 2

Scheme 3
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filtration and recrystallized from ethanol to give the pure com-
pound 4. The filtrate was washed with acetic ester for several

times, concentrated under reduced pressure, and dried in vacuo
at 100�C for several hours to give the reusable solvent. A sim-
ilar procedure was used in preparing the following compounds
10 and 12.

4-Phenyl-3,4-dihydro-1H-benzo[4,5]imidazo[1,2-a]pyrimi-
din-2-one (4a). IR (potassium bromide): 3059, 3034, 2912,
1730, 1649, 1590, 1458, 1363, 1323, 1287, 1245, 1168, 926,
890, 766, 743, 700 cm�1; 1H NMR (DMSO-d6): dd11.66 (s,
1H, NH), 7.83 (d, J ¼ 8.0 Hz, 1H, ArH), 7.46–7.40 (m, 2H,

ArH), 7.35–7.32 (m, 3H, ArH), 7.08–7.03 (m, 3H, ArH), 5.94
(q, J ¼ 4.0 Hz, 1H, CH), 3.52 (dd, J1 ¼ 8.0 Hz, J2 ¼ 16.0
Hz, 1H, CH2), 2.94 (dd, J1 ¼ 3.2 Hz, J2 ¼ 16.4 Hz, 1H,
CH2). HRMS (ESI): m/z cal. for: 264.1131 [MþH]þ, found:
264.1132.

4-(4-Bromophenyl)-3,4-dihydro-1H-benzo[4,5]imidazo[1,2-
a]pyrimidin-2-one (4b). IR (potassium bromide): 3054, 2996,
2929, 2849, 2698, 1694, 1634, 1583, 1505, 1455, 1420, 1359,
1324, 1263, 1239, 1150, 1076, 1010, 974, 894, 843, 817, 759,
741, 677 cm�1; 1H NMR (DMSO-d6): d 11.74 (s, 1H, NH),

7.56 (d, J ¼ 7.2 Hz, 2H, ArH), 7.47 (d, J ¼ 8.0 Hz, 1H,
ArH), 7.10–7.02 (m, 5H, ArH), 6.00 (dd, J1 ¼ 3.2 Hz, J2 ¼
7.2 Hz, 1H, CH), 3.54 (dd, J1 ¼ 7.2 Hz, J2 ¼ 16.4 Hz, 1H,
CH2), 2.93 (dd, J1 ¼ 3.2 Hz, J2 ¼ 16.4 Hz, 1H, CH2). HRMS
(ESI): m/z cal. for: 342.0237 [MþH]þ, found: 342.0252.

4-(3,4,5-Trimethoxyphenyl)-3,4-dihydro-1H-benzo[4,5]imi-
dazo[1,2-a]pyrimidin-2-one (4c). IR (potassium bromide):
2939, 2846, 2761, 1704, 1633, 1594, 1509, 1460, 1427, 1343,
1331, 1283, 1241, 1129, 1143, 1002, 898, 847, 823, 766, 744,

689 cm�1; 1H NMR (DMSO-d6): d 11.76 (s, 1H, NH), 7.45
(d, J ¼ 8.0 Hz, 1H, ArH), 7.20–6.98 (m, 3H, ArH), 6.50–6.46
(m, 2H, ArH), 5.80 (dd, J1 ¼ 4.4 Hz, J2 ¼ 6.8 Hz, 1H, CH),
3.65 (s, 6H, 2 � OCH3), 3.63 (s, 3H, OCH3), 3.40 (dd, J1 ¼
6.8 Hz, J2 ¼ 16.4 Hz, 1H, CH2), 3.03 (dd, J1 ¼ 4.4 Hz, J2 ¼
16.4 Hz, 1H, CH2). HRMS (ESI): m/z cal. for: 354.1448
[MþH]þ, found: 354.1439.

4-(3-Nitrophenyl)-3,4-dihydro-1H-benzo[4,5]imidazo[1,2-
a]pyrimidin-2-one (4d). IR (potassium bromide): 3065, 2866,
2729, 1696, 1637, 1586, 1532, 1506, 1458, 1351, 1284, 1246,

1161, 1130, 1085, 921, 873, 813, 731 cm�1; 1H NMR
(DMSO-d6): d 11.82 (s, 1H, NH), 8.20 (d, J ¼ 8.0 Hz, 1H,
ArH), 8.02 (s, 1H, ArH), 7.70–7.66 (m, 1H, ArH), 7.50 (d, J
¼ 4.0 Hz, 2H, ArH), 7.13–7.05 (m, 3H, ArH), 6.17 (dd, J1 ¼
3.2 Hz, J2 ¼ 7.2 Hz, 1H, CH), 3.57 (dd, J1 ¼ 7.2 Hz, J2 ¼
16.4 Hz, 1H, CH2), 3.03 (dd, J1 ¼ 3.2 Hz, J2 ¼ 16.4 Hz, 1H,
CH2). HRMS (ESI): m/z cal. for: 309.0983 [MþH]þ, found:
309.0985.

4-(2-Fluorophenyl)-3,4-dihydro-1H-benzo[4,5]imidazo[1,2-
a]pyrimidin-2-one (4e). IR (potassium bromide): 3061, 3006,

2923, 2864, 2702, 1687, 1637, 1584, 1486, 1456, 1423, 1377,
1354, 1311, 1286, 1244, 1226, 1160, 1095, 898, 762, 746
cm�1; 1H NMR (DMSO-d6): d 11.77 (s, 1H, NH), 7.48 (d, J
¼ 8.0 Hz, 1H, ArH), 7.40–7.30 (m, 2H, ArH), 7.13–7.04 (m,
4H, ArH), 6.68 (t, J ¼ 7.6 Hz, 1H, ArH), 6.17 (dd, J1 ¼ 2.8

Hz, J2 ¼ 7.6 Hz, 1H, CH), 3.60 (dd, J1 ¼ 7.6 Hz, J2 ¼ 16.4
Hz, 1H, CH2), 2.86 (dd, J1 ¼ 2.8 Hz, J2 ¼ 16.4 Hz, 1H,
CH2). HRMS (ESI): m/z cal. for: 282.1037 [MþH]þ, found:
282.1034.

4-Benzo[1,3]dioxol-5-yl-3,4-dihydro-1H-benzo[4,5]imidazo
[1,2-a]pyrimidin-2-one (4f). IR (potassium bromide): 3051,
2888, 2725, 1686, 1639, 1585, 1504, 1490, 1456, 1445, 1350,
1241, 1037, 931, 891, 810, 728 cm�1; 1H NMR (DMSO-d6): d
11.67 (s, 1H, NH), 7.46 (d, J ¼ 8.0 Hz, 1H, ArH), 7.11–7.09

(m, 1H, ArH), 7.03 (d, J ¼ 8.0 Hz, 2H, ArH), 6.86 (d, J ¼ 8.0
Hz, 1H, ArH), 6.77 (s, 1H, ArH), 6.50 (q, J ¼ 4.0 Hz, 1H,
ArH), 6.00 (s, 2H, OCH2O), 5.82 (dd, J1 ¼ 3.6 Hz, J2 ¼ 6.8
Hz, 1H, CH), 3.42 (dd, J1 ¼ 6.8 Hz, J2 ¼ 16.4 Hz, 1H, CH2),
2.94 (dd, J1 ¼ 3.6 Hz, J2 ¼ 16.4 Hz, 1H, CH2). HRMS (ESI):

m/z cal. for: 308.1029 [MþH]þ, found: 308.1029.
4-(4-Nitrophenyl)-3,4-dihydro-1H-benzo[4,5]imidazo[1,2-

a]pyrimidin-2-one (4g). IR (potassium bromide): 3050, 2859,
2750, 1702, 1636, 1584, 1524, 1486, 1456, 1412, 1346, 1318,
1286, 1246, 1105, 965, 927, 896, 851, 741, 698 cm�1; 1H

NMR (DMSO-d6): d 11.82 (s, 1H, NH), 8.22 (d, J ¼ 8.0 Hz,
2H, ArH), 7.50 (d, J ¼ 8.0 Hz, 1H, ArH), 7.33 (d, J ¼ 8.0
Hz, 2H, ArH), 7.14 (d, J ¼ 7.6 Hz, 2H, ArH), 7.05 (d, J ¼
7.6 Hz, 1H, ArH), 6.17 (dd, J1 ¼ 2.4 Hz, J2 ¼ 7.2 Hz, 1H,
CH), 3.60 (dd, J1 ¼ 7.2 Hz, J2 ¼ 16.4 Hz, 1H, CH2), 3.00

(dd, J1 ¼ 2.4 Hz, J2 ¼ 16.4 Hz, 1H, CH2). HRMS (ESI): m/z
cal. for: 309.0982 [MþH]þ, found: 309.0985.

4-Thiophen-2-yl-3,4-dihydro-1H-benzo[4,5]imidazo[1,2-a]pyr-
imidin-2-one (4h). IR (potassium bromide): 3098, 2996, 2848,

2696, 1699, 1634, 1602, 1587, 1504, 1456, 1410, 1368, 1343,

Scheme 4

Table 5

Synthesis of 10 in ionic liquid ([bmim1][BF�4 ]).

Compound no. R1 R2 Time (h) Yield (%) M.p. (�C)

10a C6H5 H 7 85 291–293 (ref. 33, >300)

10b 3-NO2C6H4 H 6 82 289–291 (ref. 33, >300)

10c 3-BrC6H4 H 7 83 >300 (ref. 33, >300)

10d 4-CH3C6H4 H 7 84 293–295 (ref. 33, >300)

10e C6H5 CH3 7 86 >300 (ref. 34, 368)

10f 3,4-(OCH2O)C6H3 CH3 7 85 294–296 (ref. 33, >300)

10g 3-BrC6H4 CH3 6 84 294–296 (ref. 33, >300)

10h 4-OCH3C6H4 CH3 7 83 >300 (ref. 34, 389)
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1295, 1263, 1235, 1154, 1013, 974, 894, 843, 720 cm�1; 1H

NMR (DMSO-d6): d 11.72 (s, 1H, NH), 7.44 (t, J ¼ 7.6 Hz,

2H, ArH), 7.34–7.36 (m, 1H, thiophene-H), 7.12–7.09 (m, 2H,

ArH), 6.99–6.94 (m, 2H, thiophene-H), 6.28 (dd, J1 ¼ 2.0 Hz,

J2 ¼ 6.8 Hz, 1H, CH), 3.58 (dd, J1 ¼ 6.8 Hz, J2 ¼ 16.4 Hz,

1H, CH2), 3.00 (dd, J1 ¼ 2.0 Hz, J2 ¼ 16.4 Hz, 1H, CH2).

HRMS (ESI): m/z cal. for: 270.0696 [MþH]þ, found:

270.0709.

5-Phenyl-5,8,9,10-tetrahydro-7H-4b,10,11-triaza-benzo[b]
fluoren-6-one (10a). IR (potassium bromide): 3226, 3029,

2957, 1653, 885, 749 cm�1; 1H NMR (DMSO-d6): d 11.10 (s,

1H, NH), 7.38–7.31 (m, 3H, ArH), 7.25–7.22 (m, 3H, ArH),

7.15 (t, J ¼ 7.6 Hz, 1H, ArH), 7.04 (t, J ¼ 7.6 Hz, 1H, ArH),

6.95 (t, J ¼ 7.6 Hz, 1H, ArH), 6.42 (s, 1H, CH), 2.74–2.70

(m, 2H, CH2), 2.32–2.20 (m, 2H, CH2), 2.00–1.86 (m, 2H,

CH2). HRMS (ESI): m/z cal. for: 316.1444 [MþH]þ, found:
316.1459.

5-(3-Nitrophenyl)-5,8,9,10-tetrahydro-7H-4b,10,11-triaza-
benzo[b]fluoren-6-one (10b). IR (potassium bromide): 3220,
3040, 2950, 1652, 1514, 1020, 744 cm�1; 1H NMR (DMSO-
d6): d 11.30 (s, 1H, NH), 8.27 (s, 1H, ArH), 8.04 (d, J ¼ 8.4

Hz, 1H, ArH), 7.70 (d, J ¼ 7.6 Hz, 1H, ArH), 7.55 (t, J ¼
8.0 Hz, 1H, ArH), 7.40 (d, J ¼ 7.6 Hz, 1H, ArH), 7.27 (d, J
¼ 7.6 Hz, 1H, ArH), 7.06 (t, J ¼ 7.2 Hz, 1H, ArH), 6.96 (t,
J ¼ 7.6 Hz, 1H, ArH), 6.67 (s, 1H, CH), 2.73–2.70 (m, 2H,

CH2), 2.36–2.19 (m, 2H, CH2), 1.99–1.85 (m, 2H, CH2).
HRMS (ESI): m/z cal. for: 361.1295 [MþH]þ, found:
361.1298.

5-(3-Bromophenyl)-5,8,9,10-tetrahydro-7H-4b,10,11-triaza-
benzo[b]fluoren-6-one (10c). IR (potassium bromide): 3220,

3048, 2891, 1647, 1571, 996, 890 cm�1; 1H NMR (DMSO-
d6): d 11.16 (s, 1H, NH), 7.55 (s, 1H, ArH), 7.36–7.31 (m,
2H, ArH), 7.24–7.13 (m, 3H, ArH), 7.02 (t, J ¼ 7.6 Hz, 1H,
ArH), 6.94 (t, J ¼ 7.6 Hz, 1H, ArH), 6.41 (s, 1H, CH), 2.66–
2.63 (m, 2H, CH2), 2.28–2.18 (m, 2H, CH2), 1.95–1.80 (m,

2H, CH2). HRMS (ESI): m/z cal. for: 394.0531 [MþH]þ,
found: 394.0558.

5-p-Tolyl-5,8,9,10-tetrahydro-7H-4b,10,11-triaza-benzo[b]
fluoren-6-one (10d). IR (potassium bromide): 3224, 3038,
2950, 1645, 1514, 977, 829 cm�1; 1H NMR (DMSO-d6): d
11.04 (s, 1H, NH), 7.31 (d, J ¼ 7.6 Hz, 1H, ArH), 7.20–7.14
(m, 3H, ArH), 7.01–6.98 (m, 3H, ArH), 6.90 (t, J ¼ 7.6 Hz,
1H, ArH), 6.33 (s, 1H, CH), 2.65–2.61 (m, 2H, CH2), 2.29–
2.19 (m, 2H, CH2), 2.17 (s, 3H, CH3), 1.93–1.80 (m, 2H,

CH2). HRMS (ESI): m/z cal. for: 330.1601 [MþH]þ, found:
330.1637.

8,8-Dimethyl-5-phenyl-5,8,9,10-tetrahydro-7H-4b,10,11-tri-
aza-benzo[b]fluoren-6-one (10e). IR (potassium bromide):
3228, 2956, 1658, 1106, 891, 838, 759 cm�1; 1H NMR
(DMSO-d6): d 11.13 (s, 1H, NH), 7.38–7.33 (m, 3H, ArH),
7.28–7.23 (m, 3H, ArH), 7.18–7.14 (m, 1H, ArH), 7.05 (t, J ¼
8.0 Hz, 1H, ArH), 6.96 (t, J ¼ 7.6 Hz, 1H, ArH), 6.42 (s, 1H,
CH), 2.67–2.50 (m, 2H, CH2), 2.29–2.04 (m, 2H, CH2), 1.06
(s, 3H, CH3), 0.93 (s, 3H, CH3). HRMS (ESI): m/z cal. for:
344.1757 [MþH]þ, found: 344.1786.

5-Benzo[1,3]dioxol-5-yl-8,8-dimethyl-5,8,9,10-tetrahydro-7H-
4b,10,11-triaza-benzo[b]fluoren-6-one (10f). IR (potassium

bromide): 3228, 3095, 2966, 1644, 850, 791 cm�1; 1H

NMR (DMSO-d6): d 11.09 (s, 1H, NH), 7.38–7.31 (m, 2H,

ArH), 7.06 (t, J ¼ 7.2 Hz, 1H, ArH), 6.98 (t, J ¼ 7.6 Hz,

1H, ArH), 6.89 (s, 1H, ArH), 6.82–6.76 (m, 2H, ArH), 6.35

(s, 1H, CH), 5.93 (s, 2H, OCH2O), 2.64–2.53 (m, 2H, CH2),

2.28–2.06 (m, 2H, CH2), 1.06 (s, 3H, CH3), 0.96 (s, 3H,

CH3). HRMS (ESI): m/z cal. for: 388.1656 [MþH]þ, found:
388.1685.

5-(3-Bromophenyl)-8,8-dimethyl-5,8,9,10-tetrahydro-7H-4b,10,
11-triaza-benzo[b]fluoren-6-one (10g). IR (potassium bromide):

3222, 3048, 2944, 1650, 887, 743 cm�1; 1H NMR (DMSO-
d6): d 11.17 (s, 1H, NH), 7.61 (s, 1H, ArH), 7.38 (t, J ¼ 8.0
Hz, 2H, ArH), 7.31–6.98 (m, 3H, ArH), 7.08 (t, J ¼ 7.6 Hz,
1H, ArH), 7.00 (t, J ¼ 7.6 Hz, 1H, ArH), 6.46 (s, 1H, CH),
2.66–2.50 (m, 2H, CH2), 2.29–2.07 (m, 2H, CH2), 1.07 (s, 3H,

CH3), 0.94 (s, 3H, CH3). HRMS (ESI): m/z cal. for: 422.0845
[MþH]þ, found: 422.0851.

5-(4-Methoxyphenyl)-8,8-dimethyl-5,8,9,10-tetrahydro-7H-4b,
10,11-triaza-benzo[b]fluoren-6-one (10h). IR (potassium bro-
mide): 3231, 3099, 2957, 2866, 1645, 838, 737 cm�1; 1H

NMR (DMSO-d6): d 11.08 (s, 1H, NH), 7.36 (d, J ¼ 7.6 Hz,
1H, ArH), 7.28–7.24 (m, 3H, ArH), 7.04 (t, J ¼ 7.6 Hz, 1H,
ArH), 6.96 (t, J ¼ 8.0 Hz, 1H, ArH), 6.76 (d, J ¼ 8.4 Hz, 2H,
ArH), 6.36 (s, 1H, CH), 3.66 (s, 3H, OCH3), 2.65–2.51 (m,

2H, CH2), 2.28–2.03 (m, 2H, CH2), 1.06 (s, 3H, CH3), 0.95 (s,
3H, CH3 ). HRMS (ESI): m/z cal. for: 374.1863 [MþH]þ,
found: 374.1853.

1-(2-Methyl-4-phenyl-1,4-dihydro-benzo[4,5]imidazo[1,2-
a]pyrimidin-3-yl)-ethanone (12a). IR (potassium bromide):

3273, 3103, 3053, 1645, 1536, 1471, 1292, 1158, 806 cm�1;
1H NMR (DMSO-d6): d 10.83 (s, 1H, NH), 7.42 (d, J ¼ 8.0
Hz, 3H, ArH), 7.35–7.26 (m, 3H, ArH), 7.20–7.16 (m, 1H,
ArH), 7.06–6.95 (m, 2H, ArH), 6.60 (s, 1H, CH), 2.49 (s, 3H,
CH3), 2.23 (s, 3H, CH3). HRMS (ESI): m/z cal. for: 304.1444

[MþH]þ, found: 304.1471.

Table 6

Synthesis of 12 in ionic liquid ([bmim1][BF�4 ]).

Compound no. R1 R3 Time (h) Yield (%) M.p. (�C)

12a C6H5 CH3 6 80 294–296 (ref. 35, >300)

12b 3-NO2C6H4 CH3 5 82 287–289 (ref. 35, 290–292)

12c 4-OCH3C6H4 CH3 6 83 286–288 (ref. 35, 279–282)

12d 4-FC6H4 CH3 7 84 >300 (ref. 35, >300)

12e C6H5 OC2H5 6 83 294–296 (ref. 35, 294–297)

12f 4-NO2C6H4 OC2H5 6 84 >300 (ref. 35, >300)

12g 4-BrC6H4 OC2H5 6 82 >300 (ref. 35, >300)

12h 4-FC6H4 OC2H5 6 86 >300 (ref. 35, >300)
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1-[2-Methyl-4-(3-nitrophenyl)-1,4-dihydro-benzo[4,5] imi-
dazo[1,2-a]pyrimidin-3-yl]-ethanone (12b). IR (potassium bro-
mide): 3215, 3087, 2881, 1649, 1560, 1458, 1267, 1059, 959,

888, 737, 690 cm�1; 1H NMR (DMSO-d6): d 11.01 (s, 1H,
NH), 8.28 (s, 1H, ArH), 8.05 (d, J ¼ 8.0 Hz, 1H, ArH), 7.81
(d, J ¼ 8.0 Hz, 1H, ArH), 7.58 (t, J ¼ 7.6 Hz, 1H, ArH), 7.45
(d, J ¼ 8.0 Hz, 1H, ArH), 7.37 (d, J ¼ 8.0 Hz, 1H, ArH),
7.06 (t, J ¼ 7.2 Hz, 1H, ArH), 6.99 (t, J ¼ 7.6 Hz, 1H, ArH),

6.77 (s, 1H, CH), 2.53 (s, 3H, CH3), 2.30 (s, 3H, CH3). HRMS
(ESI): m/z cal. for: 349.1295 [MþH]þ, found: 349.1326.

1-[4-(4-Methoxyphenyl)-2-methyl-1,4-dihydro-benzo[4,5]imi-
dazo[1,2-a]pyrimidin-3-yl]-ethanone (12c). IR (potassium bro-
mide): 3227, 3099, 3002, 2832, 1654, 1628, 1590, 1514, 1459,

1335, 1228, 958, 807, 744, 659 cm�1; 1H NMR (DMSO-d6): d
10.75 (s, 1H, NH), 7.43 (d, J ¼ 8.0 Hz, 2H, ArH), 7.05–6.97 (m,
4H, ArH), 6.83 (d, J ¼ 8.0 Hz, 2H, ArH), 6.57 (s, 1H, CH), 3.67
(s, 3H, OCH3), 2.47 (s, 3H, CH3), 2.22 (s, 3H, CH3). HRMS
(ESI): m/z cal. for: 334.1550 [MþH]þ, found: 334.1565.

1-[4-(4-Fluorophenyl)-2-methyl-1,4-dihydro-benzo[4,5]imi-
dazo[1,2-a]pyrimidin-3-yl]-ethanone (12d). IR (potassium
bromide): 3227, 3100, 3022, 2914, 2840, 1653, 1627, 1565,
1459, 1330, 1229, 1006, 954, 854, 747 cm�1; 1H NMR

(DMSO-d6): d 10.85 (s, 1H, NH), 7.48–7.42 (m, 3H, ArH),
7.35 (d, J ¼ 8.0 Hz, 1H, ArH), 7.12–6.98 (m, 4H, ArH), 6.62
(s, 1H, CH), 2.49 (s, 3H, CH3), 2.24 (s, 3H, CH3). HRMS
(ESI): m/z cal. for: 322.1350 [MþH]þ, found: 322.1389.

2-Methyl-4-phenyl-1,4-dihydro-benzo[4,5]imidazo[1,2-a]py-
rimidine-3-carboxylic acid ethyl ester (12e). IR (potassium
bromide): 3234, 3103, 3026, 2928, 2865, 1698, 1615, 1572,
1365, 1255, 1092, 893, 794, 730 cm�1; 1H NMR (DMSO-d6):
d 10.82 (s, 1H, NH), 7.35 (t, J ¼ 6.8 Hz, 3H, ArH), 7.27 (t, J
¼ 8.0 Hz, 3H, ArH), 7.20–7.16 (m, 1H, ArH), 7.04 (t, J ¼ 8.0

Hz, 1H, ArH), 6.95 (t, J ¼ 7.6 Hz, 1H, ArH), 6.43 (s, 1H,
CH), 4.02 (q, J ¼ 7.2 Hz, 2H, CH2), 2.46 (s, 3H, CH3), 1.14
(t, J ¼ 7.2 Hz, 3H, CH3). HRMS (ESI): m/z cal. for: 334.1550
[MþH]þ, found: 334.1607.

2-Methyl-4-(4-nitrophenyl)-1,4-dihydro-benzo[4,5]imidazo
[1,2-a]pyrimidine-3-carboxylic acid ethyl ester (12f). IR (po-
tassium bromide): 3234, 3105, 2978, 2861, 1697, 1619, 1572,

1518, 1458, 1235, 870, 755, 715, 608 cm�1; 1H NMR (DMSO-

d6): d 10.99 (s, 1H, NH), 8.15 (d, J ¼ 8.4 Hz, 2H, ArH), 7.66

(d, J ¼ 8.8 Hz, 2H, ArH), 7.37 (d, J ¼ 7.6 Hz, 1H, ArH), 7.28

(d, J ¼ 7.6 Hz, 1H, ArH), 7.06 (t, J ¼ 7.2 Hz, 1H, ArH), 6.96

(t, J ¼ 7.2 Hz, 1H, ArH), 6.62 (s, 1H, CH), 4.03 (q, J ¼ 7.2

Hz, 2H, CH2), 2.48 (s, 3H, CH3), 1.16 (t, J ¼ 7.2 Hz, 3H, CH3).

HRMS (ESI): m/z cal. for: 379.1401 [MþH]þ, found: 379.1422.
4-(4-Bromophenyl)-2-methyl-1,4-dihydro-benzo[4,5]imidazo

[1,2-a]pyrimidine-3-carboxylic acid ethyl ester (12g). IR (po-

tassium bromide): 3233, 3101, 3023, 2978, 2849, 1698, 1618,

1571, 1487, 1385, 1234, 1010, 893, 801, 730 cm�1; 1H NMR

(DMSO-d6): d 10.87 (s, 1H, NH), 7.47 (d, J ¼ 8.4 Hz, 2H,

ArH), 7.36–7.32 (m, 3H, ArH), 7.26 (d, J ¼ 8.0 Hz, 1H,

ArH), 7.06 (t, J ¼ 7.6 Hz, 1H, ArH), 6.96 (t, J ¼ 8.0 Hz, 1H,

ArH), 6.45 (s, 1H, CH), 4.02 (q, J ¼ 7.2 Hz, 2H, CH2), 2.46

(s, 3H, CH3), 1.16 (t, J ¼ 7.2 Hz, 3H, CH3). HRMS (ESI): m/
z cal. for: 412.0655 [MþH]þ, found: 412.0663.

4-(4-Fluorophenyl)-2-methyl-1,4-dihydro-benzo[4,5]imi-
dazo[1,2-a]pyrimidine-3-carboxylic acid ethyl ester
(12h). IR (potassium bromide): 3235, 3039, 2929, 1697, 1617,
1458, 1303, 1096, 792, 637 cm�1; 1H NMR (DMSO-d6): d
10.84 (s, 1H, NH), 7.43–7.40 (m, 2H, ArH), 7.35 (d, J ¼ 8.0

Hz, 1H, ArH), 7.28 (d, J ¼7.6 Hz, 1H, ArH), 7.12–7.03 (m,
3H, ArH), 6.96 (t, J ¼ 7.6 Hz, 1H, ArH), 6.46 (s, 1H, CH),
4.02 (q, J ¼ 7.2 Hz, 2H, CH2), 2.46 (s, 3H, CH3), 1.15 (t, J ¼
7.2 Hz, 3H, CH3). HRMS (ESI): m/z cal. for: 352.1456
[MþH]þ, found: 352.1486.

Acknowledgments. We are thankful to the National Natural
Science Foundation of China (No. 20672090), the Nature Science
Foundation of the Jiangsu Province (No. BK2006033), Six Kinds
of Professional Elite Foundation of the Jiangsu Province (No. 06-
A-039), and the Natural Science Foundation of Xuzhou City (No.

XJ07065) for financial support.

REFERENCES AND NOTES

[1] (a) Whitten, J. P.; Schwaebe, M. WO Pat. 2,008,060,693

(2008); (b) Whitten, J. P.; Schwaebe, M. Chem Abstr 2008, 148,

561911.

[2] Martin, M. W.; Newcomb, J.; Nunes, J. J.; Boucher, C.;

Chai, L.; Epstein, L. F.; Faust, T.; Flores, S.; Gallant, P.; Gore, A.;

Gu, Y.; Hsieh, F.; Huang, X.; Kim, J. L.; Middleton, S.; Morgenstern,

K.; Oliveira-dos-Santos, A.; Patel, V. F.; Powers, D.; Rose, P.; Tudor,

Y.; Turci, S. M.; Welcher, A. A.; Zack, D.; Zhao, H. L.; Zhu, L.; Zhu,

X. T.; Ghiron, C.; Ermann, M.; Johnston, D.; Saluste, C.-G. P. J Med

Chem 2008, 51, 1637.

[3] Zanatta, N.; Amaral, S. S.; Esteves-Souza, A.; Echevarria,

A.; Brondani, P. B.; Flores, D. C.; Bonacorso, H. G.; Flores, A. F. C.;

Martins, M. A. P. Synthesis 2006, 2305.

[4] (a) Nunes, J. J.; Zhu, X. T.; Ermann, M.; Ghiron, C.; John-

ston, D. N.; Saluste, C.-G. P. WO Pat. 2,005,021,551 (2005); (b)

Nunes, J. J.; Zhu, X. T.; Ermann, M.; Ghiron, C.; Johnston, D. N.; Sal-

uste, C.-G. P. Chem Abstr 2005, 142, 298123.

[5] Abdel-Hafez, A. A.-M. Arch Pharm Res 2007, 30, 678.

[6] Lipson, V. V.; Orlov, V. D.; Desenko, S. M.; Shishkina, S.

V.; Shishkin, O. V.; Shirobokova, M. G. Chem Heterocycl Compd

2001, 36, 1039.

[7] Nawrocka, W.; Zimecki, M. Arch Pharm 1998, 331, 249.

[8] Abdelhamid, A. O.; Riad, B. Y.; Aziz, S. I. Arch Pharm

1987, 320, 642.

[9] Kadyrov, Ch. Sh.; Mukhitdinova, M. Kh.; Shazhenov, A. A.

Zh Vses Khim O-va im D I Mendeleeva 1986, 31, 231.

[10] Zhu, J.; Bienayme, H. Multicomponent Reactions; Wiley-

VCH: Weinheim, 2005.

[11] Ramon, D. J.; Yus, M. Angew Chem Int Ed Engl 2005, 44,

1602.

[12] Orru, R. V. A. QSAR Comb Sci 2006, 25, 417.

[13] Marek, I. Tetrahedron 2005, 61, 11309.

[14] Bohn Rhoden, C. R.; Westermann, B.; Wessjohann, L. A.

Synthesis 2008, 2077.

[15] Groenendaal, B.; Ruijter, E.; de Kanter, F. J. J.; Lutz, M.;

Spek, A. L.; Orru, R. V. A. Org Biomol Chem 2008, 6, 3158.

[16] Noel, R.; Fargeau-Bellassoued, M. C.; Vanucci-Bacque, C.;

Lhommet, G. Synthesis 2008, 1948.

[17] Alizadeh, A.; Rezvanian, A. Synthesis 2008, 1747.

[18] Shen, L.; Cao, S.; Liu, N.; Wu, J.; Zhu, L.; Qian, X. Synlett

2008, 1153.

[19] Yavari, I.; Sabbaghan, M.; Hossaini, Z. Synlett 2008, 1341.

[20] Welton, T. Chem Rev 1999, 99, 2071.

[21] Martins, M. A. P.; Frizzo, C. P.; Moreira, D. N.; Zanatta,

N.; Bonacorso, H. G. Chem Rev 2008, 108, 2015.

[22] Hapiot, P.; Lagrost, C. Chem Rev 2008, 108, 2238.

[23] Plaquevent, J.-C.; Levillain, J.; Guillen, F.; Malhiac, C.;

Gaumont, A.-C. Chem Rev 2008, 108, 5035.

January 2010 31Three-Component Synthesis of 4-Aryl-1H-pyrimido[1,2-a]benzimidazole

Derivatives in Ionic Liquid

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



[24] Karthikeyan, G.; Perumal, P. T. J Heterocycl Chem 2004,

41, 1039.

[25] Le, Z. G.; Chen, Z. C.; Hu, Y.; Zhen, Q. G. J Heterocycl

Chem 2005, 42, 735.

[26] Muthukrishnan, M.; More, S. V.; Garud, D. R.; Ramana, C.

V.; Joshi, R. R.; Joshi, R. A. J Heterocycl Chem 2006, 43, 767.

[27] Valizadeh, H.; Shockravi, A.; Gholipur, H. J Heterocycl

Chem 2007, 44, 867.

[28] Shi, D. Q.; Ni, S. N.; Yang, F.; Ji, S. J. J Heterocycl Chem

2004, 45, 1275.

[29] Wang, X. S.; Zhang, M. M.; Zeng, Z. S.; Shi, D. Q.; Tu,

S. J.; Wei, X. Y.; Zong, Z. M. J Heterocycl Chem 2008, 45, 71.

[30] Shi, D. Q.; Ni, S. N.; Yang, F.; Shi, J. W.; Dou, G. L.; Li,

X. Y.; Wang, X. S. J Heterocycl Chem 2008, 45, 653.

[31] Shi, D. Q.; Ni, S. N.; Yang, F.; Shi, J. W.; Dou, G. L.; Li,

X. Y.; Wang, X. S.; Ji, S. J. J Heterocycl Chem 2008, 45, 653.

[32] Shazhenov, A. A.; Kadyrov, C. S. Chem Heterocycl Compd

1977, 13, 1114.

[33] Shao, Q. Q.; Tu, S. J.; Li, C. M.; Cao, L. J.; Zhou, D. X.; Wang,

Q.; Jiang, B.; Zhang, Y.; Hao,W. J. J Heterocycl Chem 2008, 45, 411.

[34] Insuasty, B.; Salcedo, A.; Quiroga, J.; Abonia, R.; Nogue-

ras, M.; Cobo, J.; Salido, S. Hetercycl Commun 2004, 10, 399.

[35] Tu, S. J.; Shao, Q. Q.; Zhou, D. X.; Cao, L. J.; Shi, F.; Li,

C. M. J Heterocycl Chem 2007, 44, 1401.

[36] The single-crystal growth was carried out in ethanol at

room temperature. X-ray crystallographic analysis was performed

using a Rigaku Saturn diffractometer. Crystal data for 4a: C16H13N3O,

crystal dimension 0.18 mm � 0.16 mm � 0.12 mm, Orthorhombic,

space group Pbca, a ¼ 13.606(3), b ¼ 7.5674(15), c ¼ 24.578(5) Å, V
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New series of 4-(substituted biphenyl-4-yl)-6-methyl-2-oxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic
acid ethyl ester and 4-(substituted biphenyl-4-yl)-6-methyl-2-thioxo-1,2,3,4-tetrahydro-pyrimidine-5-car-
boxylic acid ethyl ester has been synthesized and the structures of the new compounds were established

on the basis of 1H NMR, Mass (ES/MS), elemental analysis, and melting point. In-vitro antibacterial ac-
tivity (MIC activity) was evaluated and compared with standard drugs ciprofloxacin, sparfloxacin, and
trovafloxacin. Most of the compounds in this new series have shown moderate antibacterial activity
against both Gram-positive and Gram-negative organisms.

J. Heterocyclic Chem., 47, 33 (2010).

INTRODUCTION

Numerous antibiotics have been prescribed and found

to be effective on various infectious disorders. However,

the appearance of multidrug-resistant Gram-positive bac-

teria, in particular, methicillin-resistant Staphylococcus
aureus (MRSA) and vancomycin-resistant Enterococci

(VRE) is causing a serious menace. Moreover, the emer-

gence of vancomycin-resistant MRSA can be anticipated

in foreseeable future. For the treatment of these intracta-

ble infections, a new anti-infectious agent is needed.

The synthetic antibiotics include the sulphonamide

drugs, nitrofuran derivative, pyridine- carboxylic acid

analogues, fluoroquinolones, and oxazolidinones. The

semi-synthetic antibiotics include the penicillins, cepha-

losporins, tetracyclines, and macrolides. Among them,

the sulphonamide drugs, nitrofuran derivatives, penicil-

lins, and tetracyclines are scarcely used in clinical ther-

apy. Quinolone antibiotics are widely prescribed drugs

because of their safety, good tolerance, broad antibacte-

rial spectrum, and less resistance [1–4]. Macrolide anti-

biotics, including Erythromycin and related compounds,

continue to be an important therapeutic class against

Gram-positive organisms, with second generation

macrolides such as Clarithromycin and Azithromycin

being widely prescribed due to their efficacy, safety,

and lack of serious side effects [5]. Oxazolidinone anti-

bacterial agents [6] are newer class of synthetic antibac-

terial agents with activity against Gram-positive bacte-
ria. Linezolid [7] is well known as first promising candi-
date of oxazolidinone and works effectively against
numerous serious Gram-positive human pathogens
caused by MRSA and VRE. Quinolines and naphthyri-
dines are also emerging as a new class of synthetic anti-
bacterial agents.

• Dihydropyrimidones and their thione analogues

have been reported to exhibit wide range of biolog-

ical activities such as antiviral, antitumor agents,

anti-carcinogenic, anti-inflammatory, analgesic, and

most important anti-hypertensive activity. Dihydro-

pyrimidinones (DHPMS) have now been recog-

nized as vital drugs in the antihypertensive

treatment as well as calcium channel blockers, a-
1a-antagonists, and neuropeptide Y (NPY) antago-

nists [8]. Some of them are batzeladine alkaloids,

which have been found to be potent HIV gp 120-

CD4 inhibitors [9]. DHPMS and their sulfur ana-

logues are pharmacologically important because of

their antibacterial, antitumor, and anti-inflammatory

properties [10]. The biological activity of some

recently isolated alkaloids has also been attributed

to the presence of dihydropyrimidinone moiety in

the corresponding molecule [11]. Since dihydropyr-

imidones and thiones have been reported to exhibit

wide range of biological activity and so far none of
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them have been evaluated for anti-bacterial activity,

we decided to synthesise new series of dihydropyri-

midones and thiones and evaluate them for anti-

bacterial activity.
• In 1893, Biginelli [12] reported the first synthesis

of DHPMS by a simple one-pot condensation reac-

tion of ethyl acetoacetate, benzaldehyde, and urea.

In the following decades, the original cycloconden-

sation reaction had been extended widely to include

variation in all three components, allowing access

to a large number of multifunctionalized DHPMS

derivatives. However, it suffers from low yields of

the product particularly in the case of substituted

aromatic and aliphatic aldehydes. Recently, several

methods have been reported for preparing dihydro-

pyrimidines using different lewis acid such as

BF3.OEt2, LaCl3, La(OTf)3, Yb(OTf)3 ZnCl2,

ZnBr2, ZrCl4, BiCl3, Bi(OTf)3, LiBr, LiClO4,

Mn(OAc)3, CAN, FeCl3.6H2O, NiCl2.6H2O,

etc.[13] as well as protic acids such as H2SO4,

HOAc, conc. HCl [14] as promoters.

• Oxazolidinones, a new class of antibacterial

agent has many promising candidates with biaryl

moiety [15]. The excellent in vitro antibacterial

activity (MIC activity) has been attributed because

of biaryl part and accordingly new series of biaryl

dihydropyrimidones and thiones has been

synthesized.

Herein, we describe the synthesis, characterization,

and biological evaluation of new series of 4-(substituted

biphenyl-4-yl)-6-methyl-2-oxo-1,2,3,4-tetrahydro-pyrimi-

dine-5-carboxylic acid ethyl ester and 4-(substituted

biphenyl-4-yl)-6-methyl-2-thioxo-1,2,3,4-tetrahydro-py-

rimidine-5-carboxylic acid ethyl ester as potential anti-

bacterials along with their in vitro biological activity

(MIC activity). The synthesis of [4-(substituted

biphenyl-4-yl)-6-methyl-2-oxo-1,2,3,4-tetrahydro-pyrimi-

dine-5-carboxylic acid ethyl ester and 4-(substituted

biphenyl-4-yl)-6-methyl-2-thioxo-1,2,3,4-tetrahydro-py-

rimidine-5-carboxylic acid ethyl ester is outlined in

Scheme 1.

Scheme 1
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The synthesis is achieved in two parts: first part

involves the synthesis of differentially substituted biaryl

aldehydes and the second part involves Biginelli con-

densation of these biaryl aldehydes with ethylacetoace-

tate and urea or thiourea to afford the desired com-

pounds. The biaryl aldehydes 1a (40-formyl-biphenyl-3-

carboxylic acid), 1b (40-formyl-biphenyl-2-yl-acetic

acid), and 1c (40-formyl-biphenyl-4-yl-acetic acid) have

been synthesized by Suzuki coupling of 4-formylphenyl-

boronic acid with respective aryl bromide using bis(tri-

phenylphosphine) palladium(II) chloride as a catalyst

and cesium carbonate as a base in dioxane: water as sol-

vent at reflux temperature (Schemes 2–4).

N-[2-(40-Formyl-biphenyl-2-yloxy)-acetyl]-benzene-

sulfonamide (1d). The synthesis starts with alkylation

of 3-bromo phenol (i) with chloroacetic acid in water

using sodium hydroxide as base to afford (2-bromo-phe-

noxy)-acetic acid (ii, CAS#1798-99-8). Second step

involves reaction of compound ii (acid chloride) with

benzene sulphonamide in DCM using triethylamine as a

base to afford N-[2-(2-bromo-phenoxy)-acetyl]-benzene-

sulfonamide (iii). Third step involves Suzuki coupling

of compound iii with 4-formylphenylboronic acid using

bis(triphenyl-phosphine)palladium(II) chloride as a cata-

lyst and cesium carbonate as a base in dioxane: water at

reflux temperature to afford the desired biaryl aldehyde

1d (Scheme 5).

Second part of synthesis involves Biginelli condensa-

tion of these biaryl aldehydes (1a, 1b, 1c, and 1d) with

ethylacetoacetate (2) and urea/thiourea (3) in ethanol

using catalytic HCl to afford the desired dihydropyrimi-

dones and thiones (4a–4h, Scheme 1). Since the reaction

is carried out with catalytic HCl in ethanol, all the final

compounds are isolated as respective ethyl esters (4a–

4h, Scheme 1). The benzenesulphonamido side chain

was incorporated in biaryl aldehyde since sulphonamides

have been reported to exhibit good antibacterial activity.

However, during the reaction, the benzenesulphonamido

portion of biaryl aldehyde was hydrolysed to acid and

finally isolated as ethyl ester (4g, 4h, Scheme 1). The

Biginelli condensation of biaryl aldehyde, ethylacetoace-

tate, and urea is clean and high yielding (60–70% yield)

when compared with thiourea, where the yields are

between 45 and 60%.

The new 4-(substituted-biphenyl-4-yl)-6-methyl-2-oxo/

thioxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid

ethyl esters prepared above were tested in vitro versus a

panel of Gram-positive and Gram-negative clinical iso-

lates. Minimum inhibitory concentration (MIC) was

determined by standard agar dilution method as per

NCCLS guidelines and the values are shown in Table 1.

The data of ciprofloxacin, sparfloxacin, and trovafloxacin

were used as reference standards.

Results of biological evaluation. Most of the com-

pounds in the series have shown moderate antibacterial

activity against both Gram-positive and Gram-negative

strains, except for Pseudomonas aeruginosa and E. fae-
cium, where all the tested compounds were inactive

(MIC > 32 lg/ml) in comparison with ciprofloxacin,

sparfloxacin, and trovafloxacin as reference standards. In

all the cases, the thioxo analogues have shown one-fold

better activity with respect to their oxo counterparts.

In summary, the synthesis of new 4-(substituted-

biphenyl-4-yl)-6-methyl-2-oxo/thioxo-1,2,3,4-tetrahydro-

pyrimidine-5-carboxylic acid ethyl esters has been

described. Most of the compounds in the series have

shown moderate antibacterial activity against S. aureus,
S. epidermis, E. coli, and Klebsiella species as compared

to ciprofloxacin, sparfloxacin, and trovafloxacin. Since

the preliminary series of novel dihydropyrimidones and

thiones have shown moderate antibacterial activity, the

possibility remains that more structural variation might

change/ improve the activity profile. In connection with

this notion, we point out for the first time dihydropyri-

midones and their thione analogues as potential antibac-

terial agents and suggest that the further study is

warranted.

Scheme 2

Scheme 3

Scheme 4
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EXPERIMENTAL

Melting points were determined on Quality Precise apparatus

and are uncorrected. 1H NMR spectra were recorded on Bruker

400-MHz spectrometer. Chemical shifts are reported in d units

(ppm) relative to TMS as internal standard. Electron spray ioni-

zation mass spectra (ES-MS) were recorded on Water-Micro-

mass Quattro-II spectrometer. All the solvents and reagents used

were of AR grade and were used without further purification.

40-Formyl-biphenyl-3-carboxylic acid (1a). To a stirred so-
lution of 3-bromobenzoic acid (1 g, 4.98 mmol) in dioxane:
water (20 mL, 4:1) was added cesium carbonate (4.85 g, 14.92

mmol) followed by addition of 4-formylphenylboronic acid
(0.90 g, 5.96 mmol) and the resulting solution was stirred and
degassed under nitrogen for 15 min. Bis(triphenylphosphine)
palladium(II) chloride (0.17 g, 0.24 mmol) was added and the

reaction mixture was stirred at reflux temperature for 10 h. Af-
ter completion (monitored by TLC, 1:9 MeOH: CHCl3 as

Scheme 5

Table 1

Minimum inhibitory concentration (lg/mL) of 4-(substituted-biphenyl-4-yl)-6-methyl-2-oxo/thioxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid

ethyl ester.

Comp.

P. aeruginosa (n ¼ 26) S. aureus (n ¼ 80) E. coli (n ¼ 54) S. epidermidis (n ¼ 33)

MIC 50 MIC 90 Range MIC MIC Range MIC 50 MIC 90 Range MIC50 MIC 90 Range

4a Inactive (>32) 16 >32 8–32 8 >16 4–>32 16 >32 8–32

4b Inactive (>32) 8 >16 4–>32 8 >16 2–>32 8 >16 4–>32

4c Inactive (>32) 16 >32 8–32 8 >16 4–>32 16 >32 8–32

4d Inactive (>32) 8 >16 4–>32 8 >16 2–>32 8 >16 4–>32

4e Inactive (>32) 16 >32 8–32 8 >16 4–>32 16 >32 8–32

4f Inactive (>32) 8 >16 4–>32 8 >16 2–>32 8 >16 4–>32

4g Inactive (>32) 16 >32 8–32 8 >16 4–>32 16 >32 8–32

4h Inactive (>32) 8 >16 4–>32 8 >16 2–>32 8 >16 4–>32

Cipro. 0.25 1 0.12–4 1 4 0.5–8 0.007 0.015 0.003–0.03 1 4 0.5–8

Spar. 1.0 2 0.25–4 1 2 0.5–4 0.007 0.03 0.003–0.03 1 2 0.5–4

Trova. 0.25 1 0.06–4 0.5 1 0.25–4 0.002 0.015 0.003–0.03 0.5 1 0.25–4

Klebsiella sp. (n ¼ 24) E. faecium (n ¼ 16) E. faecalis (n ¼ 24)

MIC 50 MIC 90 Range MIC 50 MIC 90 Range MIC 50 MIC 90 Range

4a 8 >32 2–>32 Inactive (>32) 8 >32 2–>32

4b 8 >16 2–>32 Inactive (>32) 8 >16 2–>32

4c 8 >32 2–>32 Inactive (>32) 8 >32 2–>32

4d 8 >16 2–>32 Inactive (>32) 8 >16 2–>32

4e 8 >32 2–>32 Inactive (>32) 8 >32 2–>32

4f 8 >16 2–>32 Inactive (>32) 8 >16 2–>32

4g 8 >32 2–>32 Inactive (>32) 8 >32 2–>32

4h 8 >16 2–>32 Inactive (>32) 8 >16 2–>32

Cipro 0.01 0.02 0.01–0.5 >16 >16 NA 2 8 0.5–16

Spar. 0.01 0.02 0.01–0.25 >16 >16 NA 1 4 0.5–8

Trova. 0.025 0.1 0.06–0.4 16 16 NA 1 2 0.5–4

n ¼ number of strains tested.
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mobile phase), solvent was removed under reduced pressure
and diluted with water. The aqueous phase was acidified upto
pH 4 by dilute HCl and then extracted with ethyl acetate (3 �
25 mL). The combined organic layers were dried (Na2SO4)
and concentrated under reduced pressure. The crude compound

was purified by column chromatography (60–120 mesh silica
gel) eluting with methanol: chloroform (2:98) to afford the
title compound 1a as light yellow solid (0.70 g, 65% yield).
1H NMR (400 MHz, DMSO-d6) d 7.65 (t, 1H), 7.95–7.97 (d, J
¼ 8.08 Hz, 2H), 8.00–8.03 (m, 4H), 8.26 (s, 1H), 10.07 (s,

1H), 13.20 (s, 1H, COOH); Mass (m/z): 228 (M þ H, 100%).
(40-Formyl-biphenyl-2-yl)-acetic acid (1b). To a stirred so-

lution of 2-bromophenylacetic acid (1 g, 4.65 mmol) in diox-
ane: water (20 mL, 4:1) was added cesium carbonate (4.53 g,
13.95 mmol) followed by addition of 4-formylphenylboronic

acid (0.84 g, 5.58 mmol) and the resulting solution was stirred
and degassed under nitrogen for 15 min. Bis(triphenyl-phos-
phine)palladium(II) chloride (0.16 g, 0.23 mmol) was added
and the reaction mixture was stirred at reflux temperature for 8

h. After completion (monitored by TLC, 1:9 MeOH: CHCl3 as
mobile phase), solvent was removed under reduced pressure
and diluted with water. The aqueous phase was acidified upto
pH 4 by dilute HCl and then extracted with ethyl acetate (3 �
25 mL). The combined organic layers were dried (Na2SO4)

and concentrated under reduced pressure. The crude compound
was purified by column chromatography (60–120 mesh silica
gel) eluting with methanol: chloroform (2:98) to afford the
title compound 1b as yellow solid (0.49 g, 45% yield). M.p.
171–173�C; 1H NMR (400 MHz, DMSO-d6) d 3.54 (s, 2H),

7.35–7.40 (m, 2H), 7.53 (d, J ¼ 8.16 Hz, 2H), 7.89–7.92 (m,
2H), 7.96–8.02 (m, 2H), 10.07 (s, 1H), 12.31 (bs, 1H, COOH);
Mass (m/z): 241 (M þ H, 100%).

(40-Formyl-biphenyl-4-yl)-acetic acid (1c). To a stirred so-

lution of 4-bromophenylacetic acid (1 g, 4.65 mmol) in diox-

ane: water (20 mL, 4:1) was added cesium carbonate (4.53 g,

13.95 mmol) followed by addition of 4-formylphenylboronic

acid (0.84 g, 5.58 mmol) and the resulting solution was stirred

and degassed under nitrogen for 15 min. Bis(triphenyl-phos-

phine)palladium(II) chloride (0.16 g, 0.23 mmol) was added

and the reaction mixture was stirred at reflux temperature for

12 h. After completion (monitored by TLC, 1:9 MeOH:

CHCl3 as mobile phase), solvent was removed under reduced

pressure and diluted with water. The aqueous phase was acidi-

fied upto pH 4 by dilute HCl and then extracted with ethyl ac-

etate (3 � 25 mL). The combined organic layers were dried

(Na2SO4) and concentrated under reduced pressure. The crude

compound was purified by column chromatography (60–120

mesh silica gel) eluting with methanol: chloroform (2:98) to

afford the title compound 1c as yellow solid (0.65 g, 60%

yield). 1H NMR (400 MHz, DMSO-d6) d 3.64 (s, 2H), 7.40 (d,

J ¼ 8 Hz, 2H), 7.72 (d, J ¼ 7.96 Hz, 2H), 7.91 (d, J ¼ 8.08

Hz, 2H), 7.99 (d, J ¼ 7.96 Hz, 2H), 10.05 (s, 1H), 12.41 (s,

1H, COOH); Mass (m/z): 241 (M þ H, 100%).

(3-Bromo-phenoxy)-acetic acid (ii). To a stirred solution of

3-bromo phenol (i) (5 g, 28 mmol) in water (50 mL) was
added NaOH (1.34 g, 33.6 mmol) followed by addition of
chloroacetic acid (2.89 g, 30.8 mmol) and the resulting solu-
tion was refluxed for 2 h. After completion, the reaction mix-
ture was acidified upto pH 4 by 6N HCl and the resulting mix-

ture was extracted ethyl acetate (3 � 50 mL). The combined

organic layers were dried (Na2SO4) and concentrated under
reduced pressure to afford the title compound ii as yellow
solid (4.67 g, 70% yield). 1H NMR (400 MHz, DMSO-d6) d
4.72 (s, 2H), 6.92–6.95 (m, 1H), 7.12–7.15 (m, 2H), 7.24 (t, J
¼ 7.84, 1.96 Hz, 1H), 13.09 (s, 1H, COOH); Mass (m/z): 232
(M þ H, 100%).

N-[2-(3-Bromo-phenoxy)-acetyl]-benzenesulfonamide (iii). A
stirred solution of compound ii (2.5 g, 10.82 mmol) in SOCl2
(15 mL) was refluxed under nitrogen atmosphere for 3 h. After
completion, solvent was removed completely under reduced

pressure to afford the acid chloride. To this acid chloride solu-
tion dissolved in DCM (25 mL) was added triethylamine (3
mL, 21.64 mmol) followed by addition of benzenesulphona-
mide (2.03 g, 12.98 mmol) under cooling. After addition, the
reaction mixture was stirred at room temperature for additional

2 h. After completion, the reaction mixture was quenched with
water (25 mL) and the organic phase was separated, dried
(Na2SO4), and concentrated under reduced pressure. The crude
compound was purified by column chromatography (60–120

mesh silica gel) eluting with 1:1 ethyl acetate: hexane to
afford the title compound iii (1.80 g, 45% yield). M.p. 207–
210�C; 1H NMR (400 MHz, DMSO-d6) d 4.70 (s, 2H), 6.81–
6.84 (dd, J ¼ 2.32, 1.84 Hz, 1H), 7.02 (t, J ¼ 2.2, 1.96 Hz,
1H), 7.12 (d, J ¼ 8.08 Hz, 1H), 7.19 (m, 1H), 7.63 (m, 2H),

7.72 (m, 1H), 7.92 (m, 2H), 12.49 (bs, 1H, COOH); Mass (m/
z): 371 (M þ H, 100%).

N-[2-(40-Formyl-biphenyl-3-yloxy)-acetyl]-benzenesulfona-

mide (1d). To a stirred solution of N-[2-(3-bromo-phenoxy)-
acetyl]-benzenesulfonamide (iii) (1 g, 2.70 mmol) in dioxane:

water (20 mL, 4:1) was added cesium carbonate (2.63 g, 8.10
mmol) followed by addition of 4-formylphenylboronic acid
(0.49 g, 3.24 mmol) and the resulting solution was stirred and
degassed under nitrogen for 15 min. Bis(triphenylphosphine)pal-
ladium(II) chloride (0.094 g, 0.13 mmol) was added and the

reaction mixture was stirred at reflux temperature for 10 h. Af-
ter completion (monitored by TLC, 1:9 MeOH: CHCl3 as mo-
bile phase), solvent was removed under reduced pressure and
diluted with water. The aqueous phase was acidified upto pH 4

by dilute HCl and then extracted with ethyl acetate (3 � 25
mL). The combined organic layers were dried (Na2SO4) and
concentrated under reduced pressure. The crude compound was
purified by column chromatography (60–120 mesh silica gel)
eluting with methanol: chloroform (1:99) to afford the title com-

pound 1d as yellow solid (0.53 g, 50% yield). M.p. 143–145�C;
1H NMR (400 MHz, DMSO-d6) d 4.77 (s, 2H), 6.88 (d, J ¼
7.84 Hz, 1H), 7.13 (s, 1H), 7.32–7.39 (m, 2H), 7.55–7.59 (m,
2H), 7.61–7.65 (m, 1H), 7.81 (d, J ¼ 8.08 Hz, 2H), 7.92 (d, J
¼ 7.80 Hz, 2H), 7.99 (d, J ¼ 8.12 Hz, 1H), 10.06 (s, 1H),

12.52 (bs, 1H, COOH); Mass (m/z): 396 (M þ H, 100%).
General procedure for synthesis of compounds 4a to

4h. To a stirred solution of ethyl acetoacetate (2) (2 mmol) in
ethanol was added biaryl aldehyde (1a-1d) (2 mmol), urea/thi-
ourea (3) (3 mmol) followed by addition of 0.5 mL of 6N
HCl. The resulting solution was stirred at reflux for 16 h. After
completion, solvent was removed under reduced pressure and
the residue obtained was extracted with ethyl acetate. The
combined organic layers were dried (Na2SO4) and concen-

trated under reduced pressure. The crude compound was puri-
fied by column chromatography (60–120 mesh silica gel) elut-
ing with ethyl acetate: hexane (1:1) to afford the title com-
pounds 4a–4h as solid.
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4-(30-Ethoxycarbonyl-biphenyl-4-yl)-6-methyl-2-oxo-1,2,3,4-

tetrahydro-pyrimidine-5-carboxylic acid ethyl ester (4a). Light
yellow solid; 65% yield; M.p. 128–130�C; 1H NMR (400

MHz, DMSO-d6) d 1.12 (t, J ¼ 7.08, 7.08 Hz, 3H), 1.33 (t, J
¼ 7.12, 7.08 Hz, 3H), 2.26 (s, 3H), 3.98–4.03 (q, J ¼ 7.08,
7.16 Hz, 2H), 4.31–4.37 (q, J ¼ 7.04, 7.16 Hz, 2H), 5.20 (d, J
¼ 2.96 Hz, 1H), 7.35 (d, J ¼ 8.24 Hz, 2H), 7.59–7.63 (m,
2H), 7.66 (d, J ¼ 8.28 Hz, 2H), 7.91–7.95 (m, 2H), 8.15 (bs,

1H, NH), 9.25 (s, 1H, NH); Mass (m/z): 409 (M þ H, 100%);
Anal. Calcd. for C23H24N2O5: C, 67.63; H, 5.92; N, 6.86.
Found: C, 67.88; H, 5.97; N, 6.92.

4-(30-Ethoxycarbonyl-biphenyl-4-yl)-6-methyl-2-thioxo-

1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl

ester (4b). Yellow solid, 50% yield; M.p. 141–142�C; 1H
NMR (400 MHz, DMSO-d6) d 1.15 (t, J ¼ 7.12, 7.08 Hz,
3H), 1.33 (t, J ¼ 7.12, 7.04 Hz, 3H), 2.40 (s, 3H), 4.02–4.06
(q, J ¼ 7.12, 7.12 Hz, 2H), 4.31–4.36 (q, J ¼ 7.08, 7.08 Hz,
2H), 5.36 (s, 1H), 7.27 (d, J ¼ 8.16 Hz, 2H), 7.55–7.64 (m,

5H), 7.90–7.94 (m, 2H), 8.14 (s, 1H); Mass (m/z): 425 (M þ
H, 100%); Anal. Calcd. for C23H24N2O4S: C, 65.07; H, 5.70;
N, 6.60. Found: C, 64.84; H, 5.67; N, 6.66.

4-(20-Ethoxycarbonylmethyl-biphenyl-4-yl)-6-methyl-2-

oxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl

ester (4c). Off-white solid; 60% yield; M.P. 94–96�C; 1H

NMR (400 MHz, DMSO-d6) d 1.05 (t, J ¼ 6.76, 6.68 Hz,

3H), 1.15 (t, J ¼ 6.48, 5.72 Hz, 3H), 2.26 (s, 3H), 3.58 (s,

2H), 3.90–3.94 (q, J ¼ 6.78, 6.92 Hz, 2H), 3.99–4.03 (q, J ¼
7.02, 7.02 Hz, 2H), 5.19 (s, 1H), 7.21–7.33 (m, 7H), 7.62 (m,

1H), 7.79 (s, 1H), 9.23 (s, 1H); Mass (m/z): 423 (M þ H,

100%); Anal. Calcd. for C24H26N2O5: C, 68.23; H, 6.20; N,

6.63. Found: C, 68.57; H, 6.25; N, 6.68.

4-(20-Ethoxycarbonylmethyl-biphenyl-4-yl)-6-methyl-2-thi-

oxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl

ester (4d). Light yellow solid; 50% yield; M.p. 99–101�C, 1H

NMR (400 MHz, DMSO-d6) d 1.04 (t, J ¼ 7.16, 7.08 Hz, 3H),

1.12 (t, J ¼ 7.08, 7.04 Hz, 3H), 2.30 (s, 3H), 3.58 (s, 2H), 3.89–

3.95 (q, J ¼ J ¼ 7.00, 7.04 Hz, 2H), 4.02-4.05 (q, J ¼ 7.08, 7.12

Hz, 2H), 5.21 (d, J ¼ 3.60 Hz, 1H), 7.20–7.26 (m, 5H), 7.31–

7.34 (m, 3H), 9.71 (s, 1H, NH), 10.39 (s, 1H, NH); Mass (m/z):

439 (M þ H, 100%); Anal. Calcd. for C24H26N2O4S: C, 65.73;

H, 5.98; N, 6.39. Found: C, 65.41; H, 5.93; N, 6.35.

4-(40-Ethoxycarbonylmethyl-biphenyl-4-yl)-6-methyl-2-oxo-

1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl ester

(4e). Yellow solid; 65% yield; M.p. 146–148�C, 1H NMR

(400 MHz, DMSO-d6) d 1.12 (t, J ¼ 7.08, 7.08 Hz, 3H), 1.19

(t, J ¼ 7.08, 7.08 Hz, 3H), 2.26 (s, 3H), 3.69 (s, 2H), 3.97–

4.03 (q, J ¼ 7.08, 7.04 Hz, 2H), 4.06–4.11 (q, J ¼ 7.16, 7.08

Hz, 2H), 5.17 (d, J ¼ 3.08 Hz, 1H), 7.30–7.34 (m, 4H), 7.60

(m, 4H), 7.78 (s, 1H, NH), 9.24 (s, 1H, NH); Mass (m/z): 423
(M þ H, 100%); Anal. Calcd. for C24H26N2O5: C, 68.23; H,

6.20; N, 6.63. Found: C, 67.95; H, 6.16; N, 6.59.

4-(40-Ethoxycarbonylmethyl-biphenyl-4-yl)-6-methyl-2-

thioxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid

ethyl ester (4f). Yellow solid; 55% yield; M.p. 134–136�C,
1H NMR (400 MHz, DMSO-d6) d 1.06-1.20 (m, 6H), 2.28 (s,

3H), 3.67 (s, 2H), 3.99–4.07 (m, 4H), 5.18 (s, 1H), 7.25–7.32

(m, 4H), 7.56–7.62 (m, 4H), 9.68 (s, 1H, NH), 10.36 (s, 1H,

NH); Mass (m/z): 439 (M þ H, 100%); Anal. Calcd. for

C24H26N2O4S: C, 65.73; H, 5.98; N, 6.39. Found: C, 65.38; H,

6.03; N, 6.44.

4-(30-Ethoxycarbonylmethoxy-biphenyl-4-yl)-6-methyl-2-

oxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid ethyl

ester (4g). Yellow solid; 50% yield; M.p. 151–152�C, 1H NMR
(400 MHz, DMSO-d6) d 1.12 (t, J ¼ 7.12, 7.04 Hz, 3H), 1.20 (t,
J ¼ 7.20, 7.12 Hz, 3H), 2.26 (s, 3H), 3.97–4.03 (q, J ¼ 6.96,
7.08 Hz, 2H), 4.14–4.20 (q, J ¼ 7.12, 7.12 Hz, 2H), 4.85 (s, 2H),
5.17 (d, J ¼ 2.96 Hz, 1H), 6.89–6.92 (dd, J ¼ 1.96, 1.92 Hz
1H), 7.16 (bs, 1H), 7.23 (d, J ¼ 7.92 Hz, 1H), 7.30 (d, J ¼ 8.20
Hz, 2H), 7.36 (t, J ¼ 7.88, 8.00 Hz, 1H), 7.62 (d, J ¼ 8.24 Hz,
2H), 7.79 (s, 1H, NH), 9.25 (s, 1H, NH); Mass (m/z): 439 (M þ
H, 100%); Anal. Calcd. for C24H26N2O6: C, 65.74; H, 5.98; N,
6.39. Found: C, 66.02; H, 5.93; N, 6.43.

4-(30-Ethoxycarbonylmethoxy-biphenyl-4-yl)-6-methyl-2-

thioxo-1,2,3,4-tetrahydro-pyrimidine-5-carboxylic acid

ethyl ester (4h). Yellow solid; 40% yield; M.p. 163–165�C,
1H NMR (400 MHz, CDCl3) d 1.19 (t, J ¼ 7.12, 7.12 Hz,
3H), 1.29 (t, J ¼ 7.12, 7.12 Hz, 3H), 2.37 (s, 3H), 4.10–4.12
(q, J ¼ 7.08, 7.12 Hz, 2H), 4.25–4.30 (q, J ¼ 7.12, 7.16 Hz,
2H), 4.66 (s, 2H), 5.44 (d, J ¼ 2.40 Hz, 1H), 6.87 (d, J ¼
8.12 Hz, 1H), 6.99 (d, J ¼ 7.36 Hz, 1H), 7.10 (s, 1H), 7.17 (d,
J ¼ 7.92 Hz, 1H), 7.32–7.35 (m, 4H); Mass (m/z): 455 (M þ
H, 100%); Anal. Calcd. for C24H26N2O5S: C, 63.42; H, 5.77;
N, 6.16. Found: C, 63.11; H, 5.83; N, 6.23.

MIC determination. Bacterial isolates. The strains were
collected from major hospitals of India during the period
2003–2006 and were identified by standard laboratory
procedures.

MIC was determined by standard agar dilution method as

per CLSI (formerly, NCCLS) guidelines (Approved Standard

M7-A6, vol. 23, 2003) on Mueller-Hinton agar containing se-

rial two-fold dilutions of the compounds. Strains were grown

in Tryptic Soya Broth (TSB, HiMedia, India) for 18–24 h. The

overnight grown cultures were diluted appropriately so that the

final density is approximately 107 CFU/mL. A portion of this

diluted broth was transferred to seed block of a multipoint

inoculator (Applied Quality Services, United Kingdom). The

inoculating pins were standardized to inoculate 1–2 lL of this

broth, so that the final CFU was 1 � 104–5 � 104 CFU/ spot.

The inoculated plates were allowed to stand until the moisture

in the inoculum spot has been absorbed in the media.

The inoculated plates were inverted and incubated for 18–24 h
at 35�C in an ambient air incubator (Newtronic, India). After the
completion of incubation period, the plates were read visually.

MIC was defined as the lowest concentration that inhibited

the growth of strain completely. Drug free plates were used to
ensure the growth of strains. Staphylococcus aureus ATCC
25923, Escherichia coli ATCC 25922 and Pseudomonas aeru-
ginosa ATCC 27853 were used as quality control strains for
each run of MIC determination.
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Electrochemical oxidations of catechols have been studied in the presence of 6-amino pyrimidine
derivatives as nucleophiles in aqueous solution using cyclic voltammetry. The efficient electro-organic

synthesis of products has been successfully performed at carbon rod electrodes in an undivided cell
under controlled potential conditions in good yield and purity.
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INTRODUCTION

Pyrimidine and its derivatives are attracting the atten-

tion of an increasing number of synthetic organic chem-

ists because of their broad range of biological activity

and medicinal importance [1,2]. Numerous reports delin-

eate the antitumor [3], antiviral [4], antioxidant [5], anti-

fungal [6], and hepatoprotective [7], activities of these

compounds. Therefore, large efforts for the preparation

of these molecules have been directed toward the syn-

thetic manipulation of uracils [8]. The importance of py-

rimidine derivatives prompted us to synthesis a number

of these compounds from catechols and thiouracils. We

have investigated the electrochemical oxidation of cate-

chols (1a–1c) in the presence of 6-amino pyrimidine

derivatives (3a, 3b) as nucleophiles. This work has led

to the development of a facile and environmentally

friendly electrochemical method for synthesis of pyrimi-

dine derivatives (5a–5c) and uracil derivatives (8d–8f).

RESULTS AND DISCUSSION

Cyclic voltammetry of 2 mM solution of catechol

(1a) in 0.2M sodium acetate solution containing 10%

acetonitrile as supporting electrolyte shows an anodic

(A1) and a corresponding cathodic peak (C1), which

correspond to the transformation of (1a) to o-quinone
(2a) and vice versa within a quasi-reversible two elec-

trons reaction (Fig. 1, curve a). A peak current ratio (IC1P /

IA1P ) of nearly unity can be considered as a criterion for

the stability of o-quinones (2a) produced at the surface of

the electrode under the experimental conditions [9,10]. In

other words, any hydroxylation [11,12], dimerization

VC 2009 HeteroCorporation
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[13,14], or radical cations formation [15–18] are too slow

to be observed on the time scale of cyclic voltammetry.

To get further support on the electrochemical oxida-

tion of catechol (1a), it was studied in the presence of

3a as a nucleophile. Curve b in Figure 1 shows the

cyclic voltammogram obtained for a 2.0 mM solution of

1a in the presence of 2.0 mM 3a. The voltammogram

exhibits decreasing in cathodic counterpart (C1) of an-

odic peak (A1). This is due to the reactivity of 1a with

3a. The cyclic voltammogram of 2.0 mM of 3a is shown

in Figure 1 curve c, for comparison.

The multicyclic voltammogram of 1a in the presence

of 6-amino-1-methyl-2-(methyl)2-(methylthio)pyrimidin-

4(1H)-one (3a) are shown in Figure 2. In this figure, the

second scan exhibits a relatively intense decrease in an-

odic peak current A1 together with a potential shift in a

positive direction. The decrease in A1 peak current and

positive shift of this peak are probably due to the forma-

tion of a thin film of product at the surface of the elec-

trode inhibiting to a certain extent the performance of

electrode process [19,20].

Furthermore, it was observed that the height of the C1

peak increased proportional to augmentation of potential

scan rate (Fig. 3, curve a–f). This confirms the reactivity

of 2a toward 3a. A similar situation was observed when

3a/1a concentration ratio is decreases. Moreover, the

current function for A1 peak (IA1P /v1/2) decreases slightly

with increasing scan rate (Fig. 3, curve g).

Controlled-potential coulometry was performed in an

aqueous solution containing 0.5 mmol of 1a and

0.5 mmol of 3a at the potential of A1 peak. At the end

of coulometry, it was specified that charge consumption

per molecules of 1a becomes about 2e�.
The coulometry and voltammetry results allow us to

propose an EC mechanism[16,17] for the electro-oxida-

tion of 1a in the presence of 3a (Scheme 1). According

to our results, the Michael addition reaction of 3a to o-
quinone (2a) [eq. (2)] seems to occur much faster than

other side reactions, which leads to the product 5a. The

overoxidation of 5a was circumvented during the prepa-

rative reaction because of the almost insolubility of the

product in acetate buffer solution medium.

The electro-organic synthesis of 5b and 5c has been

performed using oxidation of 1b and 1c in the presence

of 3a as described for 5a (Table 1).

The electro-oxidation of catechol (1a) in the presence of

6-amino-2,3-dihydro-2-thioxopyrimidin-4(1H)-one (3b) as

a nucleophile was studied by cyclic voltammetry and con-

trolled-potential coulometry in 0.2M sodium acetate solu-

tion containing 10% acetonitrile too. Figure 4, curve b,

shows the cyclic voltammogram obtained for a 2.0 mM

Figure 1. Cyclic voltammogram of 2 mM catechol (1a): (a) in absence

of 6-amino-1-methyl-2-(methyl)2-(methylthio)pyrimidin-4(1H)-one (3a),
(b) in the presence of 6-amino-1-methyl-2-(methyl)2-(methylthio)pyrimi-

din-4(1H)-one, (c) cyclic voltammogram of 2 mM 6-amino-1-methyl-2-

(methyl)2-(methylthio)pyrimidin-4(1H)-one (3a) in the absence of

catechol, at glassy carbon electrode, in 0.2M sodium acetate solution

containing 10% acetonitrile. Scan rate: 100 mVs�1, T ¼ ambient temper-

ature. [Color figure can be viewed in the online issue, which is available

at www.interscience.wiley.com.]

Figure 2. Cyclic voltammogram of 2 mM catechol: (a) in the presence

of 6-amino-1-methyl-2-(methyl)2-(methylthio)pyrimidin-4(1H)-one (first

cycle), (b) in the presence of 2 mM 6-amino-1-methyl-2-(methyl)2-(meth-

ylthio)pyrimidin-4(1H)-one (second cycle), at glassy carbon electrode, in

0.2M sodium acetate solution containing 10% acetonitrile. Scan rate: 100

mV s�1, T ¼ ambient temperature. [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.]
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solution of 1a in the presence of 2.0 mM 3b. The voltam-

mogram clearly exhibits an increase in anodic peak A1 and

a decrease in the cathodic peak C1. This is due to the reac-

tivity of 2a with 3b. For comparison, the cyclic voltammo-

gram of 2.0 mM solutions of catechol (1a) and 3b are

shown in Figure 4, curves a and c, respectively.

The possible reason for the observed large increase in

the A1 peak current could be the oxidation of

Figure 3. Typical cyclic voltammogram of 2 mM catechol (1a) in the presence of 2 mM 6-amino-1-methyl-2-(methyl)2-(methylthio)pyrimidin-4(1H)-one
(3a) in 0.2M sodium acetate solution containing 10% acetonitrile at a glassy carbon electrode (1.8-mm diameter) at various scan rate. Scan rate from (a) to (f)

are 50, 100, 200, 400, 800, and 1600 mV s�1, respectively. (g) Variation of peak current ratio (IA1P /v1/2) versus scan rate, T ¼ ambient temperature. [Color

figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

Scheme 1

Figure 4. Cyclic voltammogram of 2 mM catechol (1a): (a) in the ab-

sence of 6-amino-2,3-dihydro-2-thioxopyrimidin-4(1H)-one (3b), (b) in

the presence of 3b, (c) cyclic voltammogram of 2 mM 6-amino-2,3-

dihydro-2-thioxopyrimidin-4(1H)-one (3b) in the absence of catechol,

at glassy carbon electrode, in 0.2M sodium acetate solution containing

10% acetonitrile. Scan rate: 100 mV s�1, T ¼ ambient temperature.

[Color figure can be viewed in the online issue, which is available at

www.interscience.wiley.com.]
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intermediate 5c at a potential close to that of the starting

catechol. This oxidation is due to solubility of the 5c in

the reaction medium. The most important differences

between this and previous cases are the large increase in

the A1 peak current (Fig. 4, curve b) and the number of

transferred electrons during controlled-potential coulometry.

The results demonstrate that contrary to the previous

cases, the consumed charge is about 4e� per molecule

of catechol (1a). This is related to two two-electron

transfer processes [eqs. (1) and (4) in Scheme 2]. The

coulometry, voltammetry, and NMR results allow us to

propose an ECEC mechanism [21–24], indicated in

Scheme 2
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Scheme 2 for the electro-oxidation of catechol (1a) in

the presence of 3b.

CONCLUSIONS

In conclusion, the results of this work show that cate-

chols (1a–1c) are oxidized to their respective o-benzo-
quinone (2a–2c). The formed o-benzoquinones are

attacked by nucleophiles 3a and 3b to form final prod-

ucts 5a–5c and 8d–8f. We observed an interesting diver-

sity in the electro-oxidation mechanism and products of

catechols (1a–1c) in the presence of (3a, 3b). In the

cases of 1a–1c in the presence of 3a, the final products

5a–5c are pyrimidine derivatives that were obtained af-

ter consumption of 2e� per molecule 1a, 1b, and 1c. In

the case of 1a–1c in the presence of 3b, the final prod-

ucts 8d–8f are uracil derivatives that were obtained after

consumption of 4e� per molecule 1a–1c, via intermolec-

ular and intramolecular Michael addition reactions. The

overall mechanism for anodic oxidation of catechols

(1a–1c) in the presence of 3a and 3b are presented in

Schemes 1 and 2. These mechanisms show a good di-

versity in anodic oxidation of 1a–1c in the presence of

3a and 3b.

EXPERIMENTAL

Chemical and solutions. Catechol derivatives were reagent-
grade materials, sodium acetate, and other solvents were of
proanalysis grade (all from E. Merck). These chemicals were
used without further purification. The stock solution of cate-
chols was prepared daily.

Electrode and electrochemical instrument. A cyclic vol-
tammetry was performed using a micro-Autolab type III poten-
tiostat/galvanostat and millimole scale electrolysis was per-
formed using a pp-200 Zahrner potentiostat/galvanostat. The

working electrode used in voltammetry experiments was a
glassy carbon disc (2.7 mm2 area) and a platinum wire was
used as the counter electrode. The working electrode used in
controlled-potential coulometry and millimole scale electroly-
sis was assembly of three carbon rods (27 cm2 area) and large

platinum gauze constituted the counter electrode. The working
electrode potentials were measured versus 3M Ag/AgCl refer-
ence electrode (carbon rods from Azar electrode and other
electrodes from Metrohm).

Bruker IFS-66 FTIR spectrometer, Shimadzu QP 1100-EX

mass spectrometer operating at an ionization potential of
70 eV, and Bruker DRX-300 AVANCE NMR spectrometer
were used for recording different spectra.

Electrochemical synthesis of 5a–c and 8d–f. In a typical
procedure, 100 mL of 0.2M sodium acetate solution containing

10% acetonitrile was pre-electrolyzed at mentioned potential
(Table 1) versus 3M Ag/AgCl in an undivided cell. Then 2
mmol of catechols (1a–1c) and 2 mmol of nucleophiles (3a,
3b) were added to the cell. Initially, the current density was

�2 mA/cm2 and the electrolysis was terminated when the
decay of the current became more than 95%. The process was

interrupted during the electrolysis and the graphite anode was
washed in acetone to reactivate it. At the end of electrolysis, a

few drops of acetic acid were added to the solution and the
cell was placed in a refrigerator overnight. The precipitated
solid was collected by filtration and purified by washing with
hot water (Table 1).

Characteristics of products

6-Amino-5-(3,4-dihydroxyphenyl)-3-methyl-2-(methylthio)pyr-
imidin-4(3H)-one (5a). Mp > 270�C; IR (KBr) (mmax cm�1):
3438, 3324, 3225, 2931, 1635, 1590, 1537, 1505, 1418, 1359,
1223, 1092, 845. 1H NMR (DMSO-d6): d ¼ 3.30 (s, 3H,
CH3), 3.36 (s, 3H, CH3), 5.86 (s, 2H, NH2), 6.31 (d, J ¼
8Hz,1H, ArAH), 6.45 (s, 1H, ArAH), 6.59 (d, J ¼ 10Hz, 1H,
ArAH), 8.16 (s, 1H, OH), 8.79 (s, 1H, OH) ppm; 13C NMR
(DMSO-d6): d ¼ 14.6, 29.9, 95.1, 106.1, 111.7, 124.2, 133.3,
146.0, 148.6, 158.0, 159.8, 160.8 ppm; MS, m/z (%): 279
(Mþ, 100), 230 (10), 171 (40), 126 (30), 110 (50), 83 (46), 63
(50), 47 (90). Anal. Calcd. for C12H13N3O3S: C, 51.60; H,
4.69; N, 15.04. Found: C, 51.48; H, 4.73; N, 14.98.

6-Amino-5-(3,4-dihydroxy-5-methylphenyl)-3-methyl-2-(meth-
ylthio)pyrimidin-4(3H)-one (5b). Mp > 270�C; IR (KBr) (mmax

cm�1): 3445, 3157, 2930, 1636, 1516, 1411, 1359, 1298, 1204,
1093, 1036, 906, 860. 1H NMR (DMSO-d6): d ¼ 2.09 (s, 3H,

CH3), 2.41 (s, 3H, CH3), 3.16 (s, 3H, CH3), 5.78 (s, 2H, NH2),
6.42 (s, 1H, H-Ar), 6.53 (s, 1H, H-Ar), 8.11 (s, 1H, OH), 9.09
(s, 1H, OH) ppm. 13C NMR (DMSO-d6): d ¼ 14.6, 16.5, 29.9,
95.1, 115.7, 123.5, 124.3, 124.5, 142.4, 145.0, 158.0, 159.7,

160.9 ppm; MS (EI, 70 eV): m/z (%) ¼ 293 (Mþ, 100), 243
(5), 171 (25), 124 (50), 105 (20), 88(50), 57 (55), 41 (50).
Anal. Calcd for C13H15N3O3S: C, 53.23 H, 5.15; N, 14.31.
Found: C, 53.18; H, 5.18; N, 14.31.

6-Amino-5-(3,4-dihydroxy-5-methoxyphenyl)-3-methyl-2-(meth-
ylthio)pyrimidin-4(3H)-one (5c). Mp > 270�C; IR (KBr) (mmax

cm�1): 3456, 1636, 1583, 1523, 1388, 1251, 1041, 998, 844,
800, 578. 1H NMR (DMSO-d6): d ¼ 3.21 (s, 3H, OCH3), 3.49
(s, 3H, CH3), 3.71 (s, 3H, CH3) 5.86 (s, 2H, NH2), 6.33 (s,
1H, H-Ar), 6.62 (s, 1H, H-Ar), 8.35 (s, 1H, OH), 9.85 (s, 1H,

OH) ppm.13C NMR (DMSO-d6): d ¼ 19.3, 23.4, 29.9, 90.2,
105.7, 121.4, 125.2, 145.4, 153.2, 157.2, 159.9, 161.0, 163.4
ppm; MS (EI, 70 eV): m/z (%) ¼ 309 (Mþ, 100), 236 (10),
171 (12), 140 (32), 88(25), 57 (30), 41 (50). Anal. Calcd for
C13H15N3O4S: C, 50.47 H, 4.89; N, 13.58. Found: C, 50.46;

H, 4.89; N, 13.60.
2,3-Dihydro-6,7-dihydroxy-2-thioxo-1H-pyrimido[4,5-b]indol-

4(9H)-one (8d). Mp > 270�C; IR (KBr) (mmax cm�1): 3415,
3343, 3173, 1639, 1566, 1481, 1450, 1366, 1309, 1201, 864.

Table 1

Electro-analytical and preparative data.

Conversion

Applied

potential

(V) vs.
(Ag/AgCl)

Yield

(%)

Consumed

charge

(C)

Time of

electrolysis

(h)

1a–5a 0.3 68 98.1 16.3

1b–5b 0.3 72 97.8 16.2

1c–5c 0.3 69 98.2 16.4

1a–8d 0.25 64 196.2 33.4

1b–8e 0.25 67 196.8 33.1

1c–8f 0.25 62 196.5 33.8
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1H NMR (DMSO-d6): d ¼ 5.03 (s,1H, NH), 639 (s, 1H, H-
Ar), 6.70 (s, 1H, H-Ar), 7.20 (s, 1H, NH), 8.38 (s, 1H, NH),
9.37 (s, 1H, OH), 9.41 (s, 1H, OH) ppm; 13C NMR (DMSO-
d6): d ¼ 81.1, 106.4, 108.6, 112.3, 129.3, 144.9, 145.1, 161.0,
162.4, 163.0 ppm; MS (EI, 70 eV): m/z (%) ¼ 249 (Mþ, 80),
221 (25), 210 (25), 182(90), 155(10), 128 (10), 85 (30), 68
(100), 41 (55). Anal. Calcd for C10H7N3O3 S: C, 48.19; H,
2.83; N, 19.25. Found: C, 48.22; H, 2.85; N, 19.75.

2,3-Dihydro-6,7-dihydroxy-8-methyl-2-thioxo-1H-pyrimido[4,5-
b]indol-4(9H)-one (8e). Mp > 270�C; IR (KBr) (mmax cm�1):

3464, 3367, 2928, 1633, 1505 1452, 1361, 1297, 1228, 1033,
804. 1H NMR (DMSO-d6) d ¼ 2.17 (s, 3H, CH3), 5.01 (s, 1H,
NH), 6.94 (s, 1H, H-Ar), 7.28 (s, 1H, NH), 8.22 (s, 1H, NH),
8.86 (s, 1H, OH), 9.97 (s, 1H, OH) ppm; 13C NMR (DMSO-
d6) d ¼ 14.6, 81.2, 105.7, 113.9, 117.3, 118.0, 128.2, 142.6,

144.9, 161.1, 162.4 ppm; MS (EI, 70 eV): m/z (%) ¼ 263
(Mþ, 100), 223 (15), 196 (75), 150 (10), 124 (25), 85 (30), 68
(60), 41 (100). Anal. Calcd for C11H9N3O3 S: C, 50.18; H,
3.44; N, 15.96. Found: C, 50.17; H, 3.45; N, 15.97.

2,3-Dihydro-6,7-dihydroxy-8-methoxy-2-thioxo-1H-pyri-
mido[4,5-b]indol-4(9H)-one (8f). Mp > 270�C; IR (KBr)
(mmax cm�1): 3435, 3336, 3339, 2924, 1659, 1565, 1463, 1394,
1278, 1020, 768. 1H NMR (DMSO-d6) d ¼ 2.93 (s, 3H,
OCH3), 4.91 (s, 1H, NH), 6.11 (s, 1H, H-Ar), 6.68 (s, 1H,

NH), 7.88 (s, 1H, NH), 8.35 (s, 1H, OH), 10.31 (s, 1H, OH)
ppm; 13C NMR (DMSO-d6) d ¼ 59.6, 91.5, 108.2, 121.4,
128.9, 132.2, 150.9, 152.6, 158.5, 166.3, 170.1 ppm; MS (EI,
70 eV): m/z (%) ¼ 279 (Mþ, 93), 251 (70), 223 (15), 157
(50), 140 (30), 110 (27), 60 (80), 41 (100). Anal. Calcd for

C11H9N3O4S: C, 47.31; H, 3.25; N, 15.05. Found: C, 47.29; H,
3.26; N, 15.06
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An environmentally benign three-component reaction in aqueous media has been reported for the syn-
thesis of spiro[indole-3,80-phenaleno[1,2-b]pyran]-90-carbonitriles and spiro[indole-3,40-pyrano[4,3-b]py-
ran]-30-carbonitriles.

J. Heterocyclic Chem., 47, 46 (2010).

INTRODUCTION

Modern synthetic design demands high efficiency in

terms of minimization of synthetic steps together with

maximization of complexity [1]. One of the best meth-

ods to fulfill these goals is the development and use of

multicomponent reactions (MCRs), which consist of sev-

eral simultaneous bond-forming reactions and allow the

high efficient synthesis of complex molecules starting

from simple substrates in a one-pot manner [2]. MCRs

are economically and environmentally very advanta-

geous because multistep syntheses produce considerable

amounts of waste mainly due to complex isolation pro-

cedures often involving expensive, toxic, and hazardous

solvents after each step.

Indole and indoline fragments are important moieties

of a large number of a variety of natural products and

medicinal agents [3], and some of indolines, spiro-annu-

lated with heterocycles in the third position, have shown

high biological activity [4–6]. The spirooxindole system

is the core structure of many pharmacological agents

and natural alkaloids [7–9]. Therefore, a number of

methods have been reported for the preparation of spi-

rooxindole fused heterocycles [10].

Chromene derivatives are an important group of com-

pounds, widely exist in plants, including edible vegeta-

bles and fruits [11]. Synthetic analogues were developed

over the years, some of them displaying remarkable

effects as pharmaceuticals [12–14], including antifungal

[15] and antimicrobial activity [16]. Similarly, substi-

tuted 2-amino-pyrans take a significant place among the

six-membered oxygen-containing heterocycles. Some of

them possess anticancer and antimicrobial activity [17].

Serotonin receptor modulators (pteropodine and its ste-

reoisomers), natural alkaloids, containing both spiro-

indole and pyran cycles, were isolated from stem bark

of Uncaria tomentosa [7]. Several spiroheterocycles,

containing both indole and pyran heterocycles possess

anticonvulsant and analgetic [18], herbicidal [19], and

antibacterial activities [20].

As part of our program aimed at developing new

selective and environmentally friendly methodologies

for the preparation of heterocyclic compounds [21], we

performed the preparation of some new spirooxindole

containing chromene or pyran ring fragments via a

three-component condensation reaction using water as

the reaction medium. Organic transformations in water

without using toxic organic solvents are one of the cur-

rent focuses today, especially in our environmentally

conscious society [22].

RESULTS AND DISCUSSION

The one-pot, three-component condensation reaction

of 3-hydroxy-1H-phenalen-1-one 1, malononitrile 2, and

VC 2009 HeteroCorporation
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isatins 3a–i in the presence of p-toluenesulfonic acid (p-
TSA) as an inexpensive and available catalyst proceeded

rapidly in refluxing water and were complete after 24 h

to afford 100-amino-1,2-dihydro-2,70-dioxospiro[3H-
indole-3,80(7H,8H)-phenaleno[1,2-b]pyran]-90-carbonitrile
derivatives 4a–i in good yields (Scheme 1). 1H and 13C

NMR spectra of the crude products clearly indicated the

formation of fused indoline phenalenopyran 4.

The optimized results are summarized in Table 1. The

results were excellent in terms of yields and product pu-

rity using isatin derivatives in the presence of p-TSA,
whereas without it the yields of products were low

(<30%) even after 48 h. To the best of our knowledge,

this new procedure provides the first example of an effi-

cient and three-component method for the synthesis of

spiro[indole-3,80-phenaleno[1,2-b]pyran]-90-carbonitriles
4. However, when this reaction was carried out with

ethyl cyanoacetate, the TLC and 1H NMR spectra of

the reaction mixture showed a combination of starting

materials and numerous products; the expected product

was obtained in only trace amount.

A possible mechanism for the formation of 4 is pro-

posed in Scheme 2. It is reasonable to assume that 4

results from initial formation of intermediate isatylidene

malononitriles 5 by standard Knoevenagel condensation

of the malonitrile 2 and isatin 3. Then, the subsequent

Michael-type addition of the 3-hydroxy-1H-phenalen-1-
one (1) to the intermediate 5, followed by cyclization

and tautomerization affords the corresponding products

4 (Scheme 2).

The nature of these compounds as 1:1:1 adducts was

apparent from their mass spectra, which displayed, in

each case, the molecular ion peak at appropriate m/z val-

ues. Compounds 4 are stable solids whose structures are

fully supported by IR, 1H and 13C NMR spectroscopy,

mass spectrometry, and elemental analysis.

As expected, when the 3-hydroxy-1H-phenalen-1-one
1 was replaced by 4-hydroxy-6-methyl-2H-pyran-2-one
6, another series of spiro[indole-3,40-pyrano[4,3-b]py-
ran]-30-carbonitriles 7 were obtained under the same

reaction conditions (Scheme 3).

Finally, when we extended this reaction to 1H-inden-
1,2,3-trion (8), product of 20-amino-1,3-dihydro-70-
methyl-1,3,50-trioxospiro[2H-indene-2,40(4H,5H)-pyrano[4,
3-b]pyran]-30-carbonitrile 9 was generated in 65% yield

after 24 h (Scheme 4).

In conclusion, we have developed an efficient, clean,

one-pot and three-component synthesis of new spiro[in-

dole-3,80-phenaleno[1,2-b]pyran]-90-carbonitriles, spi-

ro[indole-3,40-pyrano[4,3-b]pyran]-30-carbonitriles and

spiro[2H-indene-2,40(4H,5H)-pyrano[4,3-b]pyran]-30-carbon-
itrile in aqueous media. Prominent among the advantages

of this new method are operational simplicity, good yields,

and easy work-up procedures used.

EXPERIMENTAL

Melting points were measured on an Electrothermal 9100
apparatus and are uncorrected. Mass spectra were recorded on
a FINNIGAN-MAT 8430 mass spectrometer operating at an
ionization potential of 70 eV. 1H and 13C NMR spectra were

recorded on a BRUKER DRX-300 AVANCE spectrometer at
300.13 MHz and 75.47 MHz, respectively. IR spectra were

Scheme 1

Table 1

Synthesis of Spiro[indole-3,80-phenalenopyran]-90-carbonitriles 4.

Products 4 R X Yield (%)

a H H 93

b Me H 75

c Et H 83

d H NO2 90

e Me NO2 73

f Et NO2 88

g H Br 94

h Me Br 91

i Et Br 89

Scheme 2

Scheme 3
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recorded using an FTIR apparatus. Elemental analyses were
performed using a Heracus CHN-O-Rapid analyzer.

Typical procedure for the preparation of spirooxindoles

4a–i, 7a–c, and 9. A mixture of malononitrile (1 mmol), isa-
tins (1 mmol), 3-hydroxy-1H-phenalen-1-one or 4-hydroxy-6-
methyl-2H-pyran-2-one (1 mmol), p-TSA (0.1 g) was refluxed
in water (5 mL) for 24 h (TLC). After completion of reaction,
the reaction mixture was filtered and the precipitate washed

with ethanol to afford the pure product.
100-Amino-1,2-dihydro-2,70-dioxospiro[3H-indole-3,80(7H,8H)-

phenaleno[1,2-b]pyran]-90-carbonitrile (4a). Yellow powder
(93%); mp >300�C dec. IR (potassium bromide): 3403, 3015,

2200, 1730, 1669 cm�1. 1H NMR (dimethyl sulfoxide-d6): dH
6.87–8.41 (m, 12H, HAAr and NH2), 10.63 (s, 1H, NH). 13C
NMR (dimethyl sulfoxide-d6): dC 48.2, 57.7, 109.8, 113.4,
117.8, 121.0, 122.2, 123.9, 125.4, 127.3, 127.7, 127.9, 128.8,
130.4, 131.9, 134.1, 134.9, 136.1, 142.7, 155.3, 156.2, 178.5,

181.0. MS (70 eV, electron impact) m/z: 391 (Mþ). Anal.
Calcd for C24H13N3O3: C, 73.65; H, 3.35; N, 10.74%. Found:
C, 73.60; H, 3.39; N, 10.80%.

100-Amino-1,2-dihydro-1-methyl-2,70-dioxospiro[3H-indole-
3,80(7H,8H)-phenaleno[1,2-b]pyran]-90-carbonitrile (4b). Yellow
powder (75%); mp >300�C dec. IR (potassium bromide):
3347, 3111, 2200, 1724, 1663 cm�1. 1H NMR (dimethyl sulf-
oxide-d6): dH 3.25 (s, 3H, NCH3), 6.95–8.48 (m, 12H, HAAr
and NH2).

13C NMR (dimethyl sulfoxide-d6): dC 31.7, 52.7,
62.2, 113.5, 118.1, 122.4, 125.8, 127.8, 128.4, 130.2, 132.1,

132.7, 133.8, 135.3, 136.7, 138.8, 139.0, 141.1, 149.0, 160.2,
164.1, 181.8, 185.8. MS (70 eV, electron impact) m/z: 405
(Mþ). Anal. Calcd for C25H15N3O3: C, 74.07; H, 3.73; N,
10.36%. Found: C, 74.01; H, 3.67; N, 10.28%.

100-Amino-1,2-dihydro-1-ethyl-2,70-dioxospiro[3H-indole-
3,80(7H,8H)-phenaleno[1,2-b]pyran]-90-carbonitrile (4c). Yellow
powder (83%); mp >300�C dec. IR (potassium bromide):
3312, 2993, 2192, 17.9, 1664 cm�1. 1H NMR (dimethyl sulf-
oxide-d6): dH 1.24 (bs, 3H, CH3), 4.05 (bs, 2H, NCH2), 6.93–

8.42 (m, 12H, HAAr and NH2). MS (70 eV, electron impact)
m/z: 419 (Mþ). Anal. Calcd for C26H17N3O3: C, 74.45; H,
4.09; N, 10.02%. Found: C, 74.40; H, 4.05; N, 10.09%.

Due to very low solubility of the product 4c, we cannot
report the 13C NMR data for this product.

100-Amino-1,2-dihydro-5-nitro-2,70-dioxospiro[3H-indole-
3,80(7H,8H)-phenaleno[1,2-b]pyran]-90-carbonitrile (4d). Yellow
powder (90%); mp >300�C dec. IR (potassium bromide):
3328, 3018, 2197, 1714, 1666 cm�1. 1H NMR (dimethyl sulf-
oxide-d6): dH 7.11–8.46 (m, 11H, HAAr and NH2), 11.41 (s,

1H, NH). 13C NMR (dimethyl sulfoxide-d6): dC 48.4, 56.2,
109.9, 112.2, 117.6, 120.0, 121.1, 125.5, 126.3, 127.2, 127.3,
127.9, 128.1, 130.6, 131.9, 134.3, 135.9, 136.4, 143.0, 149.3,
156.1, 159.6, 179.2, 181.2. MS (70 eV, electron impact) m/z:
436 (Mþ). Anal. Calcd for C24H12N4O5: C, 66.06; H, 2.77; N,
12.84%. Found: C, 66.12; H, 2.82; N, 12.75%.

100-Amino-1,2-dihydro-1-methyl-5-nitro-2,70-dioxospiro[3H-
indole-3,80(7H,8H)-phenaleno[1,2-b]pyran]-90-carbonitrile (4e).
Yellow powder (97%); mp >300�C dec. IR (potassium bro-

mide): 3311, 3198, 2197, 1730, 1666 cm�1. 1H NMR (dimethyl

sulfoxide-d6): dH 3.36 (s, 3H, NCH3), 7.36–8.48 (m, 11H, HAAr

and NH2).
13C NMR (dimethyl sulfoxide-d6): dC 27.4, 47.9,

55.8, 109.0, 112.1, 117.5, 119.7, 121.1, 125.5, 126.4, 127.1,

127.3, 127.9, 128.2, 130.7, 131.9, 134.5, 135.1, 136.5, 153.5,

150.1, 156.2, 159.7, 177.9, 181.2. MS (70 eV, electron impact)

m/z: 450 (Mþ). Anal. Calcd for C25H14N4O5: C, 66.67; H, 3.13;

N, 12.44%. Found: C, 66.61; H, 3.17; N, 12.49%.

100-Amino-1,2-dihydro-1-ethyl-5-nitro-2,70-dioxospiro[3H-
indole-3,80(7H,8H)-phenaleno[1,2-b]pyran]-90-carbonitrile
(4f). Yellow powder (88%); mp >300�C dec. IR (potassium

bromide): 3435, 3322, 2207, 1719, 1667 cm�1. 1H NMR (di-

methyl sulfoxide-d6): dH 1.30 (t, 3H, 3JHH ¼ 6.9 Hz, CH3),

3.87–4.01 (m, 2H, NCH2), 7.39–8.45 (m, 11H, HAAr and

NH2).
13C NMR (dimethyl sulfoxide-d6): dC 12.7, 47.8, 56.0,

109.0, 112.0, 117.4, 119.8, 121.0, 125.5, 126.4, 127.0, 127.1,

127.2, 127.8, 128.1, 130.6, 131.9, 134.4, 135.3, 136.4, 143.3,

149.2, 156.2, 159.6, 177.4, 181.2. MS (70 eV, electron impact)

m/z: 464 (Mþ). Anal. Calcd for C26H16N4O5: C, 67.24; H,

3.47; N, 12.06%. Found: C, 67.30; H, 3.42; N, 12.13%.

100-Amino-5-bromo-1,2-dihydro-2,70-dioxospiro[3H-indole-
3,80(7H,8H)-phenaleno[1,2-b]pyran]-90-carbonitrile (4g). Yellow
powder (94%); mp 310�C dec. IR (potassium bromide): 3322,

3198, 2199, 1724, 1665 cm�1. 1H NMR (dimethyl sulfoxide-

d6): dH 6.86–8.40 (m, 11H, HAAr and NH2), 10.77 (s, 1H,

NH). 13C NMR (dimethyl sulfoxide-d6): dC 48.5, 57.0, 111.6,

112.7, 113.9, 117.8, 121.1, 125.4, 126.9, 127.2, 127.8, 130.4,

131.5, 131.8, 134.1, 136.1, 137.3, 142.1, 155.7, 159.3, 178.2,

181.1. MS (70 eV, electron impact) m/z: 471 (Mþ þ2), 469

(Mþ). Anal. Calcd for C24H12BrN3O3: C, 61.30; H, 2.57; N,

8.94%. Found: C, 61.25; H, 2.52; N, 8.87%.
100-Amino-5-bromo-1,2-dihydro-1-methyl-2,70-dioxospiro[3H-

indole-3,80(7H,8H)-phenaleno[1,2-b]pyran]-90-carbonitrile (4h).
Yellow powder (91%); mp >300�C dec. IR (potassium bro-

mide): 3378, 3306, 3142, 2207, 1716, 1676 cm�1. 1H NMR

(dimethyl sulfoxide-d6): dH 3.35 (s, 3H, NCH3), 7.11–8.46 (m,

11H, HAAr and NH2).
13C NMR (dimethyl sulfoxide-d6): dC

27.1, 48.0, 56.6, 110.7, 112.6, 114.8, 117.7, 121.1, 125.5,

126.7, 127.2, 127.3, 127.9, 128.0, 130.6, 131.7, 131.9, 134.3,

136.3, 136.4, 143.6, 155.8, 159.4, 176.8, 181.1. MS (70 eV,

electron impact) m/z: 485 (Mþ þ2), 483 (Mþ). Anal. Calcd

for C25H14BrN3O3: C, 62.00; H, 2.91; N, 8.68%. Found: C,

61.96; H, 2.96; N, 8.60%.

100-Amino-5-bromo-1,2-dihydro-1-ethyl-2,70-dioxospiro[3H-
indole-3,80(7H,8H)-phenaleno[1,2-b]pyran]-90-carbonitrile (4i).
Yellow powder (89%); mp >300�C dec. IR (potassium bro-

mide): 3265, 2962, 2192, 1698, 1665 cm�1.1H NMR (dimethyl

sulfoxide-d6): dH 1.25 (t, 3H, 3JHH ¼ 6.9 Hz, CH3), 3.74–3.90

(m, 2H, NCH2), 7.10–8.47 (m, 11H, HAAr and NH2).
13C

NMR (dimethyl sulfoxide-d6): dC 110.0, 111.6, 112.0, 120.1,

120.8. 121.1, 121.8, 122.4, 126.0, 127.1, 127.6, 127.8, 129.5,

131.5, 133.1, 134.6, 138.7, 139.8, 140.7, 146.8, 149.7, 153.4.

MS (70 eV, electron impact) m/z: 499 (Mþ þ2), 497 (Mþ).
Anal. Calcd for C26H16BrN3O3: C, 62.67; H, 3.24; N, 8.43%.

Found: C, 62.61; H, 3.20; N, 8.50%.
20-Amino-1,2-dihydro-70-methyl-2,50-dioxospiro[3H-indoline-

3,40(4H,5H)-pyrano[4,3-b]pyran]-30-carbonitrile (7a). Brown
powder (54%); mp 265�C dec. IR (potassium bromide): 3337,

Scheme 4
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3187, 2192, 1735, 1691 cm�1. 1H NMR (dimethyl sulfoxide-
d6): dH 2.24 (s, 3H, CH3), 6.36 (s, 1H, CH), 6.80–7.21 (m, 4H,
HAAr), 7.46 (s, 2H, NH2), 10.59 (s, 1H, NH). MS (70 eV,
electron impact) m/z: 321 (Mþ). Anal. Calcd for C17H11N3O4:
C, 63.55; H, 3.45; N, 13.08. Found: C, 63.49; H, 3.40; N,

13.01.
Due to very low solubility of the product 7a, we cannot

report the 13C NMR data for this product.
20-Amino-1,2-dihydro-70-methyl-5-nitro-2,50-dioxospiro[3H-

indoline-3,40(4H,5H)-pyrano[4,3-b]pyran]-30-carbonitrile (7b).
Brown powder (62%); mp >300�C dec. IR (potassium bro-
mide): 3358, 3167, 2192, 1726, 1698 cm�1. 1H NMR (di-
methyl sulfoxide-d6): dH 2.25 (s, 3H, CH3), 6.40 (s, 1H, CH),
7.04–8.21 (m, 5H, HAAr and NH2), 11.36 (s, 1H, NH). 13C
NMR (dimethyl sulfoxide-d6): dC 19.7, 47.6, 55.8, 97.7, 98.7,

110.1, 117.4, 120.6, 126.7, 134.5, 143.1, 149.1, 159.4, 160.7,
160.8, 164.6, 178.5. MS (70 eV, electron impact) m/z: 366
(Mþ). Anal. Calcd for C17H10N4O6: C, 55.74; H, 2.75; N,
15.30. Found: C, 55.79; H, 2.79; N, 15.36.

20-Amino-1,2-dihydro-1,70-dimethyl-5-nitro-2,50-dioxospiro[3H-
indoline-3,40(4H,5H)-pyrano[4,3-b]pyran]-30-carbonitrile (7c).
Brown powder (57%); mp 269�C dec. IR (potassium bromide):
3414, 3168, 2187, 1714, 1690 cm�1. 1H NMR (dimethyl sulf-
oxide-d6): dH 2.25 (s, 3H, CH3), 3.26 (s, 3H, NCH3), 6.41 (s,

1H, CH), 7.30–8.31 (m, 5H, HAAr and NH2).
13C NMR (di-

methyl sulfoxide-d6): dC 19.8, 27.4, 47.1, 55.4, 97.6, 98.7,
109.2, 117.3, 120.2, 126.8, 133.7, 143.7, 150.0, 159.6, 160.7,
164.7, 177.1. MS (70 eV, electron impact) m/z: 380 (Mþ).
Anal. Calcd for C18H12N4O6: C, 56.85; H, 3.18; N, 14.73.

Found: C, 56.79; H, 3.24; N, 14.79.
20-Amino-1,3-dihydro-70-methyl-1,3,50-trioxospiro[2H-indene-

2,40(4H,5H)-pyrano[4,3-b]pyran]-30-carbonitrile (9). Green
powder (65%); mp 275�C. IR (potassium bromide): 3281,
2926, 2197, 1732, 1675, 1642 cm�1. 1H NMR (dimethyl sulf-

oxide-d6): dH 2.27 (s, 1H, CH3), 6.46 (s, 1H, CH), 7.90–8.08
(m, 6H, HAAr and NH2).

13C NMR (dimethyl sulfoxide-d6):
dC 19.9, 52.1, 53.1, 97.1, 98.5, 117.0, 123.9, 137.7, 140.9,
160.2, 161.6, 161.8, 165.6, 199.7. MS (70 eV, electron impact)

m/z: 334 (Mþ). Anal. Calcd for C18H10N2O5: C, 64.67; H,
3.02; N, 8.38. Found: C, 64.61; H, 3.07; N, 8.44.
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Using L-tyrosine as a chiral starting material, we developed an efficient synthetic route to (–)-MY
336a. A key step in the sequence is a highly regio- and diastereoselective intermolecular Pictet-Spengler
cyclization reaction between amino alcohol and benzyloxyacetaldehyde.

J. Heterocyclic Chem., 47, 50 (2010).

INTRODUCTION

MY 336a was isolated in 1986 from the culture broth of

Streptomyces gabonae KY2234 (ATCC 15282) and was

characterized as a b-adrenergic receptor antagonist with

high affinities toward b1- and b2-adrenergic receptors [1]

(Fig. 1). Although the relative stereochemistry of MY

336a was determined by an X-ray study of its tetra-acetyl

derivative, there has been no report on the elucidation of

its absolute stereochemistry so far [2]. Kaufman reported

the total synthesis of the racemic MY 336a and its epimer,

which used Jackson’s isoquinoline synthesis as the key

reaction [3]. To date, there has been no report on the total

synthesis of its optically pure isomer except an attempt to

an enantioselective synthesis of MY336a [4].

In the course of our study of the total synthesis of (–)-

Renieramycin G and (–)-Lemonomycin, we take (–)-MY

336a as a key precursor for the construction of the AB

ring system of (–)-Renieramycin G and (–)-Lemonomycin.

Our group had previously reported the construction of the

AB ring system of ecteinascidin-saframycin alkaloids by

the Pictect-Spengler cyclization between the L-DOPA

derivatives and benzyloxyacetaldehyde in which the 1,3-

cis-diastereoisomer was the main product [5]. Herein, we

report an efficient total synthesis of (–)-MY 336a on the

basis of this methodology.

RESULTS AND DISCUSSION

Various methods to synthesize the highly functional-

ized L-tyrosine derivatives have been reported [6], and

we followed an existing procedure under modified con-

ditions to prepare compound 7 (Scheme 1) [7]. Com-

pound 4 was conveniently prepared from L-tyrosine in

four steps [7a]: Reduction of compound 4 by catalytic

hydrogenation to give compound 5; Formylation of 5

with MeOCHCl2 in CH2Cl2 at room temperature in the

presence of TiCl4 to afford aldehyde 6; Baeyer-Villiger

oxidation of 6 using MCPBA in chloroform at room

temperature and the subsequent hydrolysis of the result-

ing formate to give phenol 7. Next, compound 7 was

reduced to the corresponding alcohol 8 by LiBH4 in

91% yield. The N-acetyl group was removed with 6N aq

HCl in CH3OH to give the amino alcohol 9 in 87%

yield. The highly regio- and diastereoselective Pictet-

Spengler cyclization reaction between amino alcohol 9

and benzyloxyacetaldehyde at 0�C provided the 1,3-cis-
tetrahydroisoquinoline 10 in 64% yield and 11 in 20%

yield, respectively [8]. Initially, we removed the N-ace-
tyl group of compoud 7 to get a phenylalanine methyl

ester. However, the Pictet-Spengler cyclization reaction

between phenylalanine methyl ester and benzyloxyace-

taldehyde to construct the tetrahydrosioquinoline frag-

ment met with low yield and poor diastereoselectivity

and was ultimately abandoned [5,8a]. Finally, the O-
benzyl group of tetrahydroisoquinoline 10 was removed

by catalytic hydrogenation to give the expected product

(–)-MY 336a in 86% yield.

The stereochemistry of compound 1 was verified on

the basis of its NOE spectroscopy. Obvious NOE

enhancement was observed between 1-H and 3-H; thus

a cis-1,3-diaxial relationship was confirmed. The ortho-

relationship between 5-H and 6-Me was confirmed by

the observed NOE enhancement between them.
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In summary, we have developed a new efficient route

to synthesize (–)-MY 336a using L-tyrosine as a chiral

starting material, which can be used to elucidate the

absolute stereochemistry of natural MY 336a. Further

study on the synthesis of Renieramycin G and Lemono-

mycin based on the methodology is ongoing in our

laboratory.

EXPERIMENTAL

General. 1H NMR spectra were recorded at 600 MHz or
300 MHz spectrometer at 24 �C in the indicated solvent and

are reported in ppm relative to tetramethylsilane and refer-
enced internally to the residually protonated solvent. 13C NMR
spectra were recorded at 150 or 75 MHz spectrometer at 24�C
in the solvent indicated and are reported in ppm relative to tet-
ramethylsilane and referenced internally to the residually pro-

tonated solvent. HRMS were carried out by Agilent LC/MSD
TOF. Optical rotations were measured on a PerkinElmer Polar-
imeter 341LC using 10 cm cells and the sodium D line (589
nm) at 20�C and concentration indicated. All reagents were
obtained from commercial suppliers unless otherwise stated.

(S)-Methyl-2-acetamido-3-(4-methoxy-3-methylphenyl)pro-

panoate (5). To a solution of compound 4 (48 g, 0. 17 mol) in
MeOH (750 mL) at room temperature was added 1N aq. HCl
(40 mL) and 10% Pd-C (moist, 30 g), and the mixture was

hydrogenated in a Parr apparatus (50 psi H2) for 4 h. The reac-
tion mixture was filtered through celite, washed with MeOH,
and concentrated under vacuum. The residue was dissolved in
EtOAc (500 mL) and was then washed with saturated aq.
NaHCO3. The phases were separated, and the aqueous phase

was extracted with EtOAc (200 mL 2�). The combined or-
ganic phase was washed with brine, dried over Na2SO4, and
concentrated under reduced pressure. The residue was puri-
fied by column chromatography (CHCl3) to afford compound
5 (38 g, 83%) as a clear oil. [a]D

20: þ103.6 (c 1.0, CHCl3).

HRMS calcd. for C14H20NO4(MþHþ) 266.1392, found
266.1390. 1H NMR (300 MHz, CDCl3): d 6.89 (m, 2 H),
6.74 (d, J ¼ 8.1 Hz, 1 H), 6.00 (d, J ¼ 7.5 Hz, 1 H), 4.85
(m, 1 H), 3.79 (s, 3 H), 3.72 (s, 3 H), 3.08 (m, 2 H), 2.17 (s,
3 H), 1.98 (s, 3 H). 13C NMR (75 MHz, CDCl3): d 172.2,

169.5, 156.8, 131.4, 127.3, 127.1, 126.6, 109.8, 55.1, 53.2, 52.1,
36.8, 23.0, 16.1.

(S)-Methyl-2-acetamido-3-(3-formyl-4-methoxy-5-methyl-

phenyl)propanoate(6). Titanium chloride (58 mL, 0.42 mol, 3

equiv) in CH2Cl2 (150 mL ) was added dropwise over 1 h to a
solution of compound 5 (37 g, 0.14 mol) and a,a-dichloro-

methyl methyl ether (16 mL, 0.18 mol, 1.3 equiv) in CH2Cl2
(250 ml) with stirring under 0�C. The cooling bath was
removed, and the mixture was stirred for a further 3 h, and
then poured into ice-water (400 mL). The phases were sepa-

rated, and the aqueous phase was extracted with CH2Cl2 (200
mL 2�). The combined organic phase was washed with brine,
dried over Na2SO4, and concentrated by rotary evaporation.
The residue was purified by column chromatography (25% n-
hexane in EtOAc) to provide compound 6 (37.7 g, 92%) as a
white solid. [a]D

20: þ102.5 (c 1.0, CHCl3). HRMS calcd. for
C15H20NO5(MþHþ) 294.1341, found 294.1339. 1H NMR (300
MHz, CDCl3): d 10.33 (s, 1 H), 7.41 (d, J ¼ 2.1 Hz, 1 H),
7.22 (d, J ¼ 2.1 Hz, 1 H), 6.09 (d, J ¼ 7.5 Hz, 1 H), 4.88 (m,

1 H), 3.88 (s, 3 H), 3.75 (s, 3 H), 3.17 (dd, J ¼ 13.8, 5.4 Hz,
1 H), 3.06 (dd, J ¼ 13.8, 6.0 Hz, 1 H), 2.31 (s, 3 H), 1.99 (s,
3 H). 13C NMR (75 MHz, CDCl3): d 190.0, 171.8, 169.4,
160.8, 138.3, 132.5, 132.1, 128.9, 126.6, 63.1, 53.0, 52.4, 37.0,
23.0, 15.5.

(S)-methyl-2-acetamido-3-(3-hydroxy-4-me-thoxy-5-meth-

ylphenyl)propanoate (7). To an ice cold solution of com-
pound 6 (15.0 g, 51.2 mmol) in CHCl3 (300 mL) was added
MCPBA (26.5 g, 153.6 mmol). The mixture was stirred vigo-
rously at room temperature for 6 h and then washed sequentially
with 10% Na2S2O3, saturated aqueous NaHCO3, brine, and dried
over Na2SO4. The solution was concentrated, and the residue
was dissolved in MeOH (150 mL). Then concentrated HCl
(12 N, 1.28 mL, 15.3 mmol, 0.3 equiv) was added at 0�C. The
solution was then stirred for 10 h at room temperature and then
concentrated by rotary evaporation. The residue was purified by
column chromatography (2% CH3OH in CHCl3) to provide com-
pound 7 (13.2 g, 91%) as a yellow oil. [a]D

20: þ91.5 (c 0.5,
CHCl3). HRMS calcd. for C14H20NO5(MþHþ) 282.1345, found
282.1341.1H NMR (300 MHz, CDCl3): d 6.54 (d, J ¼ 1.5 Hz,
1 H), 6.42 (d, J ¼ 1.2 Hz, 1 H), 6.14 (d, J ¼ 7.5 Hz, 1 H), 4.83
(dd, J ¼ 12.9, 5.7 Hz, 1 H), 3.77 (s, 3 H), 3.75 (s, 3 H), 2.97 (m,
2 H), 2.24 (s, 3 H), 2.00 (s, 3 H). 13C NMR (75 MHz, CDCl3): d
172.1, 170.0, 148.9, 144.5, 131.9, 130.9, 122.9, 114.2, 60.3,
53.1, 52.2, 37.1, 22.9, 15.7.

(S)-5-(2-Amino-3-hydroxypropyl)-2-meth-oxy-3-methyl-

phenol (9). To a solution of compound 7 (5.0 g, 13.9 mmol)
in THF (25 mL) was added LiBH4 (0.39 g, 18.1 mmol, 1.3
equiv) in portions at 0�C. Then, the mixture was stirred for
18 h at room temperature and quenched slowly with saturated

aqueous NH4Cl (60 mL) and extracted with EtOAc (80 mL
3�). The organic layer was washed with brine (100 mL), dried
over Na2SO4, and concentrated by rotary evaporation. The res-
idue was purified by column chromatography (EtOAc) to pro-

vide 8 (4.2 g, 91%) as a white solid.

Figure 1. Structures of (–)-MY 336a and related tetrahydroisoquinoline alkaloids.
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To a solution of 8 (3.4 g, 10.2 mmol) in CH3OH (60 mL)

was added 6 N aq. HCl (11 mL), and then, the mixture was
refluxed in an oil bath (80�C) for 6 h. The reaction solution
was removed by rotary evaporation, and the residue was dis-
solved in CH3OH. The solution was basified with NEt3 and
purified directly by column chromatography (SiO2 treated with

NEt3, 5% CH3OH in CHCl3; then 10% CH3OH in CHCl3) to
provide 9 (2.6 g, 87%) as a white solid. [a]20D : �7.4 (c 0.5,
CH3OH). HRMS calcd. for C11H18NO3(MþHþ) 212.1281,
found 212.1313. 1H NMR (300 MHz, CD3COD): d 6.78 (d, J
¼ 2.1 Hz, 1H), 6.73 (d, J ¼ 1.8 Hz, 1H), 3.90 (s, 3 H), 3.85
(dd, J ¼ 11.7 Hz, 3.9 Hz, 1H), 3.67 (dd, J ¼ 11.7 Hz, 6.6Hz,
1H), 3.52 (m, 1H), 2.92 (m, 2 H), 2.40 (s, 3 H). 13C NMR
(75MHz, CD3COD): d 151.4, 146.5, 133.1, 133.0, 123.4,
116.0, 61.9, 60.4, 55.8, 36.3, 15.9.

(1R,3S)-1-(Benzyloxymethyl)-3-(hydroxyl-methyl)-7-methoxy-

6-methyl-1,2,3,4-tetra-hydroisoquinolin-8-ol (10) and (1R,3S)1-

(benzyloxymethyl)-3-(hydroxyl-methyl)-7-methoxy-8-methyl-1,2,

3,4-tetra-hydroisoquinolin-6-ol (11). To a solution of 9 (0.60 g,
2.84 mmol), acetic acid (0.43 g, 0.42 mL, 7.5 mmol, 2.5 equiv)

and the 4 Å molecular sieves (0.5 g) in dichloromethane and
2,2,2-trifluoroethanol (7:1, v/v, 12 mL), a solution of benzylox-
yacetaldehyde (0.47 g, 3.1 mmol, 1.1 equiv) in dichloromethane
was added slowly via syringe over 1 h at 0�C. After being
stirred at 0�C for 8 h, the reaction mixture was diluted with

dichloromethane and filtered. The filtrate was concentrated under
reduced pressure, and the residue was purified by flash column
chromatography (2% MeOH in chloroform) to afford 10 (0.63 g,
64%) and 11 (0.19 g, 20%) as white solid. Compound 10: [a]20D :

�115.2 (c 0.5, CH3OH). HRMS calcd. for C20H26NO4(MþHþ)
344.1856, found 344.1885. 1H NMR (300 MHz, DMSO-d6): d

8.65 (s, 1 H), 7.32 (m, 5 H ), 6.37 (s, 1 H), 4.71(t, J ¼ 5.1 Hz,

1 H), 4.52 (d, J ¼ 12.0 Hz, 1 H), 4.46 (d, J ¼ 12.0 Hz, 1 H),
4.31 (brd, J ¼ 6.0 Hz, 1 H), 4.13 (dd, J ¼ 8.7, 2.7 Hz,1 H),
3.59 (s, 3 H), 3.46 (m, 1 H), 3.43 (d, J ¼ 8.7 Hz, 1 H ), 3.34
(m, 1 H), 3.33 (s, 1H), 2.68(m, 1 H), 2.42 (dd, J ¼ 14.7, 2.4
Hz, 1 H), 2.28(dd, J ¼ 14.7, 10.8 Hz, 1 H), 2.14(s, 3 H). 13C

NMR (75 MHz, DMSO-d6): d 146.7, 143.8, 138.7, 132.6, 128.1,
128.0, 127.3, 127.2, 120.9, 73.8, 72.0, 65.2, 59.9, 53.9, 53.0,
33.0, 15.3. Compound 11: 1H NMR (300 MHz, DMSO-d6): d
8.94 (s, 1 H), 7.35 (m, 5 H ), 6.40 (s, 1 H), 4.77(t, J ¼ 2.4 Hz,

1 H), 4.59 (d, J ¼ 12.3 Hz, 1 H), 4.53 (d, J ¼ 12.3 Hz, 1 H),
4.09 (dd, J ¼ 9.9, 2.7 Hz, 1 H), 3.60 (s, 3 H), 3.50 (d, J ¼ 9.9,
5.4 Hz, 1 H), 3.47(d, J ¼ 12.9 Hz, 1 H), 3.28(dd, J ¼ 8.4, 2.7
Hz, 1 H), 3.22(m, 1 H), 3.10 (m, 1 H), 2.74(s, 1 H), 2.44 (dd,
J ¼ 15.9, 3.9 Hz, 1 H), 2.17(dd, J ¼ 15.9, 10.8 Hz, 1 H),

2.03(s, 3 H). 13C NMR (75 MHz, DMSO-d6): d 148.1, 143.9,
138.6, 130.4, 128.2, 127.8, 127.5, 127.3, 125.8, 124.4, 114.2,
71.9, 68.8, 65.7, 59.3, 53.0, 47.5, 31.3, 11.2.

(–)-MY 336a (1). To a solution of compound 10 (230 mg,
0.67 mmol ) in MeOH (4 mL) at room temperature was added

Pd(OH)2 (moist, Pd content 20%, 50 mg), and the mixture was
hydrogenated in a Parr apparatus (50 psi H2) for 10 h. The reac-
tion mixture was filtered through celite, washed with MeOH,
and concentrated under vacuum. The pale yellow residue was
purified by column chromatograph (SiO2 treated with triethyl-

amine, 5% MeOH in CHCl3) to afford compound 1 (147 mg,
86%) as a yellow solid. [a]20D : �97.3 (c 0.5, CH3OH). HRMS
calcd. for C13H20NO4(MþHþ) 254.1387, found 254.1421 1H
NMR (600 MHz, DMSO- d6): d 8.65 (s, 1 H), 6.34 (s, 1 H), 4.66

(s, 1 H), 4.10 (t, J ¼ 4.2 Hz, 1 H), 3.90 (dd, J ¼ 10.2, 4.2 Hz,
1 H, 1-CH2OH,), 3.59(s, 3 H, 7-OMe), 3.43 (dd, J ¼ 10.8, 4.8

Scheme 1. Reagents and conditions: (a) H2 (50 psi), 10% Pd-C, 1N aq. HCl, CH3OH, 4 h, 83%; (b) MeOCHCl2, TiCl4, CH2Cl2, r.t., 4 h, 92%; (c)

MCPBA, CHCl3, r.t., 6 h; (d) 12N HCl, CH3OH, 10 h, 91% for two steps; (e) LiBH4, THF, r.t., 24 h, 91%; (f) 6N aq. HCl, CH3OH, reflux, 10 h,

87% ; (g) BnOCH2CHO, 4 Å molecular sieves, CH2Cl2/CF3CH2OH¼7:1, 0�C, 8 h, compound 10 in 64% yield, compound 11 in 20% yield; (h)

H2(50 psi), Pd(OH)2, CH3OH, 12 h, 86%.
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Hz, 1H, 3-CH2OH), 3.36 (dd, J ¼ 10.2, 6.6 Hz, 1H, 1-CH2OH),
3.32 (dd, J ¼ 10.8, 6.6 Hz, 1 H, 3-CH2OH), 2.68 (m, 1 H, 3-H),
2.41 (dd, J ¼ 15.0, 2.4 Hz, 1 H, 4-Heq), 2.24 (dd, J ¼ 14.4, 11.4
Hz, 1 H, 4-Hax), 2.11(s, 3 H, 6-Me). 13C NMR (75MHz, DMSO-
d6): d 146.8, 143.9, 132.4, 127.8, 121.9, 120.9, 65.3, 64.8, 59.7,

54.9, 53.9, 33.0, 15.3.
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N-substituted donepezil-related isoquinolines have been prepared as potential acetylcholinesterase
inhibitors (AChEIs). Microwave assisted procedures and solution-phase parallel synthesis were chosen
to optimize the synthetic approach and improve the yields. All synthesized compounds were tested for
their AChE inhibitory activity by colorimetric Ellman method and some of them (10, 13, and 28) dis-
played low inhibitory effects at lM concentrations.

J. Heterocyclic Chem., 47, 54 (2010).

INTRODUCTION

Alzheimer’s disease (AD), the most common cause of

senile dementia, is a neurodegenerative disorder charac-

terized by loss of cognitive ability and severe behavioral

abnormalities, which become increasingly serious with

disease progression [1].

AD is mainly characterized by a pronounced degener-

ation of the cholinergic system and by the alteration of

other neurotransmitter systems such as the glutamatergic

system. Cholinergic abnormalities are associated with

(a) the accumulation of protein deposits as b-amyloid

peptide (Ab), the main component of the senile plaques

and derived from amyloid precursor protein (APP); (b)

the abnormal phosphorylation of s protein resulting in

the formation of neurofibrillary tangles (NFT).

As the cause of the disease has yet to be identified,

despite the numerous drugs have been studied as poten-

tial anti-AD agents, its treatment has been confined to

limiting the progression of the disease. Until now, drug

development has focused on (i) symptomatic treatments

for restoring deficient neurotransmitters and (ii) etiologi-

cally based treatments for slowing or halting the rate of

progression [2,3].

Current strategies in the search for new therapeutic

approaches are based on different morphological and

biochemical characteristics of AD and focus on the fol-

lowing directions: (i) agents compensating the choliner-

gic system hypofunction; (ii) agents interfering with the

metabolism of Ab; (iii) agents affecting the process of s
protein iperphosphorylation and formation of NFT; (iv)

agents protecting neurons from toxic metabolites formed

in neurodegenerative processes; and (v) agents activating

other neurotransmitter systems to indirectly compensate

the cholinergic function deficit.

Currently, only a few therapeutic drugs are available

for the treatment of AD; their pharmacological effect is

the enhancement of the central cholinergic function, by

increasing brain acetylcholine (ACh) level [2,4–6].

Cholinergic therapy for Alzheimer’s disease is mainly

concentrated on the inhibition of acetylcholinesterase

(AChE, EC 3.1.1.7), the main enzyme involved in the

breakdown of acetylcholine in the normal brain [7,8].

Tacrine (1, Cognex
VR
), donepezil (2, Aricept

VR
), rivastigmine

(3, Exelon
VR
), and galantamine (4, Reminyl

VR
) (Fig. 1) are

the most widely used acetylcholinesterase inhibitors

(AChEIs) [9]. The main effect of AChEIs on neurotransmis-

sion is thought to be associated with the increase of both

the duration of action and the concentration of the neuro-

transmitter in the synaptic cleft, resulting in an improvement

of the activation of the cholinergic receptors [10].
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Recently, it has been pointed out that AChE exerts

secondary noncholinergic functions and it is also respon-

sible for the pro-aggregating activity toward Ab, thus

suggesting that AChE plays a key role in the develop-

ment of the senile plaques. In particular, the peripheral

anionic binding site (PAS) of AChE is responsible for

the AChE–Ab interaction promoting amyloid fibril for-

mation [11,12]. For these reasons AChEIs able to inter-

act with both catalytic and peripheral binding sites (i.e.,

dual binding site inhibitors) represent a new therapeutic

approach to counteract hypofunction of the cholinergic

system and to avoid Ab aggregation [13]. On the basis

of this evidence several classes of dual binding site

AChE inhibitors have been developed. Recently, differ-

ent classes of such compounds have been designed from

donepezil (2) [14–18]. As demonstrated by the crystal

structure of their complex with Torpedo californica
AChE (TcAChE), 2 is able to occupy the entire length

of the enzyme active-site gorge forming various interac-

tions with specific residues, such as aromatic residues,

stacking interactions between the benzyl and indanone

moieties and the indole ring of Trp84 and Trp279 at the

catalytic and peripheral sites, respectively, and the cat-

ion–p interaction between the piperidine nitrogen and

the phenyl ring of Phe330 residue.

However, now it also seems that the role of butyryl-

cholinesterase (BChE, EC 3.1.1.8) in hydrolysing acetyl-

choline may be relevant in brain degenerative condi-

tions. In fact, as Alzheimer disease progresses, AChE

activity decreases in some brain regions, while BChE

activity increases. This is probably related to a relative

increase in the numbers of BChE-positive neurons,

likely as compensation for AChE decrease. For these

reasons, one of the most innovative approaches is the

development of cholinesterase inhibitors (ChEIs), able

to inhibit AChE and BChE [6].

We herein report the design, the synthesis and the cho-

linesterase (AChE and BChE) inhibitory activity of a new

series of N-substituted 6,7-dimethoxyisoquinoline deriva-

tives (5–30, Fig. 2) containing in their structures some

moieties considered able to inhibit enzyme activity. The

6,7-dimethoxyisoquinoline nucleus and the benzyl substit-

uent were chosen considering the donepezil chemical

structure; furthermore, the linker was modified with the

aim of evaluating the effect on the inhibitory potency of

the distance between (i) the two aromatic rings that could

be involved in stacking interactions with the indole ring

of Trp84 and Trp279; (ii) the aromatic ring and the posi-

tive ionisable nitrogen atom of benzyl-piperidine or

-piperazine moiety. Moreover, we inserted into the linker

the carbonyl group that characterizes a useful interaction

point for the donepezil-like derivatives.

All synthesized compounds were tested for their abil-

ity to inhibit AChE and some compounds were also

evaluated against BChE.

RESULTS AND DISCUSSION

As shown in Scheme 1, the synthesis of designed

compounds was performed starting from the commer-

cially available 6,7-dimethoxy-1,2,3,4-tetrahydroisoqui-

noline (31) that was functionalized to give the different

N-substituted derivatives 5–29.

Compounds 5–7 were easily prepared by reaction of

derivative 31 with a suitable arylbromide under basic

conditions. The reaction of isoquinoline 31 and ethyl

oxalylchloride in the presence of triethylamine gave

ethyl ester intermediate which was converted into deriv-

ative 32 by hydrolysis under basic conditions and then

treatment with 6N HCl. Thus, 1-(4-benzylpiperidin-1-yl)-

2-(3,4-dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl) ethane-

1,2-dione (8) was easily achieved by HBTU-mediated

coupling of intermediate 32 with benzylpiperidine.

Also compounds 9–29 were prepared in two steps. In

the first step, 31 was combined with 2-chloroacetyl chloride

to give the key intermediate 33, which in the second step

was reacted with benzylpiperidine or 4-arylmethylpipera-

zine derivatives to provide compounds 9–29. These reac-

tions were carried out following a solution phase parallel

Figure 1. AChE inhibitors used for the treatment of AD.

Figure 2. Designed molecules.
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synthetic (SPPS) approach, using a Buchi Syncore reactor,

which allowed us to prepare a small library of analogs.

As shown in Scheme 2, the synthesis of 2-(3,4-dihy-

dro-6,7-dimethoxyisoquinolin-2(1H)-yl)-1-[4-(4-methox-

ybenzyl)piperazin-1-yl]ethanone (30) was realized by

using an alternative procedure. Compound 35 was pre-

pared by the same method employed for compound 33

but starting from the 4-(4-methoxyphenyl)methyl-pipera-

zine 34. Then, the reactive intermediate 35 was com-

bined with 31 to give 30 under basic conditions.

To evaluate the inhibitory activity, all compounds

were prepared as hydrochloride derivatives (except com-

pound 8) and tested on human recombinant AChE

according to Ellman [19], using tacrine (1) as reference

compound. Unfortunately, only derivatives 10, 13, and

28 showed inhibitory effects at lM concentrations. The

IC50 values were 176 lM (10), 102 lM (13), and

148 lM (28), respectively. These results showed that

our compounds exhibited lower potency than 1 (IC50 ¼
424 nM) and 2 (IC50 ¼ 23.1 nM) [20].

Scheme 1
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Moreover, to explore the dual inhibitor effects of the

most active compounds (10, 13, and 28), we performed

the assay against the BChE enzyme at different concen-

trations (25–800 lM). The results obtained suggest that

these compounds did not significantly inhibit BChE;

only compound 13 showed 82% of inhibitory activity at

the highest tested dose (800 lM).

In conclusion, microwave-assisted procedures and so-

lution-phase parallel synthesis were set up to prepare

new isoquinoline derivatives (5–30) as potential donepe-

zil-like AChE inhibitors. These approaches allowed us

to successfully obtain a small library of compounds that

were tested as cholinesterase inhibitors. Some of the

synthesized compounds showed inhibitory activity at

lM concentrations. However, these results are not useful

to make structure-activity relationships for this new se-

ries of isoquinolines.

EXPERIMENTAL

Chemistry. All microwave-assisted reactions were carried
out in a CEM Focused Microwave Synthesis System, Model

Discover working at the potency necessary for refluxing under
atmospheric conditions (i.e., 250–300 W). Melting points were
determined on a BUCHI Melting Point B-545 apparatus and
are uncorrected. Elemental analyses were carried out by Uni-

versity of Messina (C, H, N) using a Carlo Erba Model 1106
Elemental Analyzer and by Redox S.n.c. (Monza, Italy) (C, H,
N, Cl). The obtained results are within 6 0.4% of the theoreti-
cal values. Merck silica gel 60 F254 plates were used for ana-
lytical TLC; column chromatography was performed on Merck

silica gel 60 (230–400 mesh) and Flash Chromatography (FC)
on a Biotage SP4 EXP. 1H NMR spectra were recorded in
deuterochloroform (CDCl3) with TMS as internal standard or
hexa-deutero-dimethylsulfoxide (DMSO-d6) on a Varian Gem-
ini-300 spectrometer. Chemical shifts were expressed in d
(ppm) and coupling constants (J) in Hz.

General procedure for the synthesis of 2-benzyl-1,2,3,4-

tetrahydro-6,7-dimethoxyisoquinoline derivatives (5–7). 1,
2,3,4-Tetrahydro-6,7-dimethoxyisoquinoline hydrochloride

(229.70 mg, 1 mmol) was dissolved in water (10 mL) and

alkalinized with a saturated aqueous solution of NaOH until

pH ¼ 10–11. The resulting mixture was extracted with ethyl

acetate, dried over sodium sulfate (Na2SO4) and concentrated

in vacuo to give the corresponding free-base 31. Then 1,2,3,4-

tetrahydro-6,7-dimethoxyisoquinoline (31) (193.25 mg,

1 mmol) was dissolved in dichloromethane (DCM) (10 mL)

and triethylamine (TEA) (102.20 mg, 1 mmol) was added. The

mixture was treated with the suitable benzyl bromide

(1 mmol) and stirred for 24 h at room temperature. The reac-

tion was quenched with water (10 mL), extracted with ethyl

acetate (3 � 10 mL) and dried over Na2SO4. After removal of

the solvent under reduced pressure, the residue was powdered

by treatment with diethyl ether and crystallized from ethanol

to give derivatives 5–7. Compounds 5–7 were also obtained in

higher yields using a catalytic amount of sodium hydride

(NaH) in dimethylformamide (DMF) (2 mL). In this case, the

reaction mixture was stirred at room temperature for 3 h and

then a saturated aqueous NaHCO3 solution was added. After

the extraction with ethyl acetate (3 � 10 mL) the organic

phase was reduced under vacuo, the residue powdered by treat-

ment with diethyl ether and crystallized from ethanol to give

the desired derivatives 5–7.

2-Benzyl-1,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline (5). Mp
85–87�C, yield 77%; 1H NMR (d in CDCl3) : 2.72–2.83 (m,

4H, CH2), 3.55 (s, 2H, CH2), 3.68 (s, 2H, CH2), 3.81 (s, 3H,
CH3O), 3.84 (s, 3H, CH3O), 6.48 (s, 1H, ArH), 6.60 (s, 1H,
ArH), 7.28–7.41 (m, 5H, ArH). Anal. Calcd for C18H21NO2:
C, 76.42; H, 7.50; N, 4.79. Found: C, 76.30; H, 7.47; N, 4.94.

2-(4-Chlorobenzyl)-1,2,3,4-tetrahydro-6,7-dimethoxyisoqui-

noline (6). Mp 95–97�C, yield 52%; 1H NMR (d in CDCl3) :
2.70–2.84 (m, 4H, CH2), 3.53 (s, 2H, CH2), 3.64 (s, 2H, CH2),
3.81 (s, 3H, CH3O), 3.84 (s, 3H, CH3O), 6.48 (s, 1H, ArH),
6.60 (s, 1H, ArH), 7.30 (d, 2H, J ¼ 8.8, ArH), 7.34 (d, 2H, J
¼ 8.8, ArH). Anal. Calcd for C18H20ClNO2: C, 68.23; H, 6.20;
N, 4.32. Found: C, 68.03; H, 6.34; N, 4.41.

2-(4-Fluorobenzyl)-1,2,3,4-tetrahydro-6,7-dimethoxyisoqui-

noline (7). Mp 96–98�C, yield 43%; 1H NMR (d in CDCl3) :
2.77–2.87 (m, 4H, CH2), 3.58 (s, 2H, CH2), 3.69 (s, 2H, CH2),

3.86 (s, 3H, CH3O), 3.89 (s, 3H, CH3O), 6.53 (s, 1H, ArH),
6.65 (s, 1H, ArH), 7.07–7.41 (m, 4H, ArH). Anal. Calcd for
C18H20FNO2: C, 71.87; H, 6.60; N, 4.51. Found: C, 71.74; H,
6.69; N, 4.65.

Synthesis of 1-(4-benzylpiperidin-1-yl)-2-(3,4-dihydro-6,7-

dimethoxyisoquinolin-2(1H)-yl)ethane-1,2-dione (8). A mix-
ture of 1,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline (31)
(193.25 mg, 1 mmol) in DCM (3 mL), ethyl oxalylchloride
(166.50 mg, 1.22 mmol) and TEA (173.70 mg, 1.72 mmol)
was placed in a cylindrical quartz tube (Ø 2 cm), then stirred
and irradiated in a microwave oven (280 Watt, 5 min, 25�C).
The resulting mixture was diluted with DCM (15 mL), washed
with a saturated NaHCO3 aqueous solution (2 � 10 mL) and
with water (2 � 10 mL) and then extracted with ethyl acetate.
The combined organic phases were dried over Na2SO4 and
evaporated under reduced pressure to give the ester intermedi-
ate as a yellow oil which was dissolved in 50% EtOH/water
(5 mL), basified with KOH and stirred at room temperature for
5 min. Successively the mixture was acidified by the addition
of HCl (6.0N) and the resulting solution was extracted with
chloroform (3 � 10 mL), dried over Na2SO4 and the solvent
removed under reduced pressure to afford the corresponding

Scheme 2
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acid 32. To a solution in DMF (5 mL) of crude material
obtained in previous step (265 mg, 1 mmol) and O-benzotria-
zole-N,N,N0,N0-tetramethyl-uronium-hexafluoro-phosphate
(HBTU) (379 mg, 1 mmol) 4-benzylpiperidine (352 mg, 2
mmol) was added; the reaction mixture was placed in a cylin-
drical quartz tube (Ø 2 cm), stirred and irradiated in a micro-
wave oven for two subsequent periods in the same conditions
(250 Watt, 20 min, 25�C). The cooled organic layer was
diluted with water (10 mL), extracted with ethyl acetate (3 �
10 mL) and dried over Na2SO4. The solvent was removed
until dryness under reduced pressure and the resultant crude
purified by silica gel column chromatography (chloroform/
methanol; 99:1) to give compound 8 as a white solid.

1-(4-Benzylpiperidin-1-yl)-2-(3,4-dihydro-6,7-dimethoxyi-

soquinolin-2(1H)-yl)ethane-1,2-dione (8). Mp 115–117�C,
yield 66%. 1H NMR (d, ppm, in CDCl3): 1.24–1.43 (m, 4H,

CH2), 1.62–1.74 (m, 3H, CH and CH2), 2.53–3.04 (m, 6H,

CH2), 3.62–3.66 (m, 2H, CH2), 3.86 (s, 6H, CH3O), 4.69 (s,

2H, CH2), 6.55 (s, 1H, ArH), 6.63 (s, 1H, ArH), 7.08–7.29 (m,

5H, ArH). Anal. Calcd for C25H30N2O4: C, 71.15; H, 7.04; N,

6.46. Found: C, 71.07; H, 7.16; N, 6.63.

Synthesis of 2-(4-benzylpiperidin-1-yl)-2-(3,4-dihydro-6,7-

dimethoxyisoquinolin-2(1H)-yl)ethanone (9). 1,2,3,4-Tetrahy-

dro-6,7-dimethoxyisoquinoline (31) (193.25 mg, 1 mmol) was

dissolved in DCM (10 mL) and TEA (102.20 mg, 1 mmol)

was added. After the addition dropwise at 0�C of 2-chloroace-

tyl chloride (56 mg, 0.5 mmol), the reaction mixture was

stirred at rt for 1 h. The solution was washed with water (3 �
10 mL), dried over Na2SO4 and concentrated in vacuo. The

resulting residue was powdered by treatment with diethyl ether

to provide intermediate 33. To a solution of 2-chloro-1-(3,4-

dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl)ethanone (33) (270

mg, 1 mmol) in DCM (10 mL), 4-benzylpiperidine (175.28

mg, 1 mmol) and TEA (102.20 mg, 1 mmol) were added. The

mixture was heated under reflux, stirred for 24 h, cooled to

r.t., washed with water (3 � 10 mL) and dried over Na2SO4.

After removal of the solvent under reduced pressure, the resi-

due was powdered by treatment with diethyl ether and crystal-

lized from ethanol to give compound 9.

2-Chloro-1-(3,4-dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl)

ethanone (33). Mp 198–200�C, yield 75%. 1H NMR (d, ppm,
in DMSO-d6): 2.68–2.78 (m, 2H, CH2), 3.62–3.66 (m, 2H,
CH2), 3.70 (s, 6H, CH3O), 4.44 (s, 2H, CH2), 4.51 (s, 2H,
CH2), 6.74 (s, 1H, ArH), 6.79 (s, 1H, ArH). Anal. Calcd for

C13H16ClNO3: C, 57.89; H, 5.98; N, 5.19. Found: C, 57.97; H,
5.76; N, 5.23.

2-(4-Benzylpiperidin-1-yl)-2-(3,4-dihydro-6,7-dimethoxyi-

soquinolin-2(1H)-yl)ethanone (9). Mp110–111�C, yield 45%.
1H NMR (d, ppm, in CDCl3): 1.25–1.32 (m, 4H, CH2), 1.65–

1.98 (m, 1H, CH), 2.01 (t, 4H, J ¼ 10.4, CH2N), 2.53 (d, 2H,

J ¼ 7.1, CH2), 2.76–2.83 (m, 2H, CH2), 3.21 (s, 2H, CH2N),

3.77–3.81 (m, 2H, CH2), 3.85 (s, 3H, CH3O), 3.87 (s, 3H,

CH3O), 4.64 (s, 2H, CH2), 6.61 (s, 1H, ArH), 6.63 (s, 1H,

ArH), 7.12–7.25 (m, 5H, ArH). Anal. Calcd for C25H32N2O3: C,

73.44; H, 7.75; N, 6.91. Found: C, 73.50; H, 7.90; N, 6.86.
General procedure for the synthesis of 2-(4-arylpipera-

zin-1-yl)-1-[3,4-dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]

ethanone derivatives (10-27). To a solution of the intermedi-
ate 33 (270 mg, 1 mmol) in DCM (10 mL) suitable arylpipera-
zine (1 mmol) and TEA (101 mg, 1 mmol) were added in the
Buchi Syncore reactor. The mixture was heated under reflux

and stirred for 24 h, cooled to room temperature, washed with
water (10 mL � 3) and dried over Na2SO4. After removal of
the solvent under reduced pressure, the residue was powdered
by treatment with diethyl ether and crystallized from ethanol
or, in some cases, purified by flash chromatography (FC) elut-

ing with chloroform/ethyl acetate (90:10) as eluent to give the
pure derivatives (10–27).

In order to prepare compound 10 the 4-benzylpiperazine was
prepared by the following procedure: mono Boc-protected pipera-
zine (1 mmol) was dissolved in DMF (10 mL) and treated with
benzylbromide (171.04 mg, 1 mmol). The mixture was cooled at
0�C and NaH (24 mg, 1 mmol) was cautiously added. The reac-
tion was stirred in ice-bath for 1 hour and then washed with a so-
lution of water/diethyl ether (1:2) (3 � 8 mL). The organic phase
was dried over Na2SO4 and concentrated in vacuo. The resulting
residue was powdered by treatment with diethyl ether to provide
4-benzyl-piperazine-1-carboxylic acid tert-butyl ester intermediate
which was used for the next step without further purification.
Deprotection was achieved by dissolving Boc-intermediate in tri-
fluoroacetic acid. The mixture was stirred at 0�C for 30 min and
then concentrated under reduced pressure. The residue was basi-
fied with saturated NaHCO3 aqueous solution until pH ¼ 9 and
extracted with chloroform (3 � 10 mL). The combined organic
phases were dried over Na2SO4, evaporated under reduced pres-
sure and the residue powdered by treatment with diethyl ether to
give the desired 4-benzylpiperazine.

2-(4-Benzylpiperazin-1-yl)-1-[3,4-dihydro-6,7-dimethoxyi-

soquinolin-2(1H)-yl]ethanone (10). Mp 102�C dec, yield
70%. 1H NMR (d, ppm, in CDCl3): 2.49–2.54 (m, 8H, CH2),

2.82–2.86 (m, 2H, CH2), 3.26 (s, 2H, CH2), 3.48–3.51 (m, 2H,
CH2), 3.76–3.81 (m, 2H, CH2), 3.85 (s, 3H, CH3O), 3.86 (s,
3H, CH3O), 4.64–4.68 (m, 2H, CH2), 6.61 (s, 1H, ArH), 6.63
(s, 1H, ArH), 7.24–7.32 (m, 5H, ArH). Anal. Calcd for
C24H31N3O3: C, 70.39; H, 7.63; N, 10.26. Found: C, 70.53; H,

7.43; N, 10.45.
2-[4-(4-Bromobenzyl)piperazin-1-yl]-1-[3,4-dihydro-6,7-dime-

thoxyisoquinolin-2(1H)-yl]ethanone (11). Mp 137–139�C, yield
51%. 1H NMR (d, ppm, in DMSO-d6): 2.42–2.49 (m, 8H,
CH2), 2.64–2.76 (m, 2H, CH2), 3.20 (s, 2H, CH2), 3.31–3.62

(m, 4H, CH2), 3.69 (s, 3H, CH3O) 3.70 (s, 3H, CH3O),
4.48–4.61 (m, 2H, CH2), 6.71 (s, 1H, ArH), 6.75 (s, 1H,
ArH), 7.20–7.53 (m, 4H, ArH). Anal. Calcd for
C24H30BrN3O3: C, 59.02; H, 6.19; N, 8.60. Found: C, 59.17;
H, 6.22; N, 8.43.

2-[4-(4-Chlorobenzyl)piperazin-1-yl]-1-[3,4-dihydro-6,7-

dimethoxyisoquinolin-2(1H)-yl]ethanone (12). Mp 109–
111�C, yield 64%. 1H NMR (d, ppm, in CDCl3): 2.46–2.54
(m, 8H, CH2), 2.74–2.86 (m, 2H, CH2), 3.26 (s, 2H, CH2),

3.46 (s, 2H, CH2), 3.75–3.82 (m, 2H, CH2), 3.85 (s, 3H,
CH3O), 3.87 (s, 3H, CH3O), 4.64–4.68 (m, 2H, CH2), 6.58 (s,
1H, ArH), 6.63 (s, 1H, ArH), 7.26–7.28 (m, 4H, ArH). Anal.
Calcd for C24H30ClN3O3: C, 64.93; H, 6.81; N, 9.46. Found:
C, 65.09; H, 6.96; N, 9.23.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(2-fluorobenzyl)piperazin-1-yl]ethanone (13). Mp 81–83�C,
yield 70%. 1H NMR (d, ppm, in CDCl3): 2.52–2.74 (m, 8H,
CH2), 2.76–2.85 (m, 2H, CH2), 3.26 (s, 2H, CH2), 3.60 (s, 2H,
CH2), 3.75–3.81 (m, 2H, CH2), 3.85 (s, 3H, CH3O), 3.87 (s,

3H, CH3O), 4.64–4.67 (m, 2H, CH2), 6.58 (s, 1H, ArH), 6.63
(s, 1H, ArH), 7.00–7.38 (m, 4H, ArH). Anal. Calcd for
C24H30FN3O3: C, 67.43; H, 7.07; N, 9.83. Found: C, 67.71; H,
7.18; N, 9.29.
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1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(3-fluorobenzyl)piperazin-1-yl]ethanone (14). Mp 88–90�C,
yield 63%. 1H NMR (d, ppm, in CDCl3): 2.49–2.55 (m, 8H,

CH2), 2.76–2.86 (m, 2H, CH2), 3.27 (s, 2H, CH2), 3.47–3.49
(m, 2H, CH2), 3.76–3.82 (m, 2H, CH2), 3.85 (s, 3H, CH3O),
3.87 (s, 3H, CH3O), 4.65–4.68 (m, 2H, CH2), 6.61 (s, 1H,
ArH), 6.63 (s, 1H, ArH), 6.94–7.25 (m, 4H, ArH). Anal. Calcd
for C24H30FN3O3: C, 67.43; H, 7.07; N, 9.83. Found: C,
67.68; H, 7.11; N, 9.53.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(4-fluorobenzyl)piperazin-1-yl]ethanone (15). Mp 95–96�C,
yield 72%. 1H NMR (d, ppm, in DMSO-d6): 2.34–2.47 (m,
8H, CH2), 2.64–2.76 (m, 2H, CH2), 3.19 (s, 2H, CH2), 3.37–
3.41 (m, 2H, CH2), 3.58–3.62 (m, 2H, CH2), 3.69 (s, 3H,
CH3O), 3.70 (s, 3H, CH3O), 4.48–4.61 (m, 2H, CH2), 6.72 (s,
1H, ArH), 6.75 (s, 1H, ArH), 7.09–7.32 (m, 4H, ArH). Anal.
Calcd for C24H30FN3O3: C, 67.43; H, 7.07; N, 9.83. Found: C,
67.52; H, 7.02; N, 9.77.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(3-methylbenzylpiperazin-1-yl]ethanone (16). Mp 139–

141�C, yield 55%. 1H NMR (d, ppm, in CDCl3): 2.34 (s, 3H,

CH3), 2.50–2.55 (m, 8H, CH2), 2.76–2.84 (m, 2H, CH2), 3.26

(s, 2H, CH2), 3.45 (s, 2H, CH2), 3.76–3.82 (m, 2H, CH2), 3.85
(s, 3H, CH3O), 3.87 (s, 3H, CH3O), 4.64–4.67 (m, 2H, CH2),
6.61 (s, 1H, ArH), 6.63 (s, 1H, ArH), 7.05–7.20 (m, 4H, ArH).
Anal. Calcd for C25H33N3O3: C, 70.89; H, 7.85; N, 9.92.
Found: C, 70.63; H, 7.71; N, 10.12.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(4-methylbenzyl)piperazin-1-yl]ethanone (17). Mp 94�C
dec, yield 69%. 1H NMR (d, ppm, in CDCl3): 2.34 (s, 3H,

CH3), 2.46–2.54 (m, 8H, CH2), 2.74–2.86 (m, 2H, CH2), 3.26

(s, 2H, CH2), 3.46 (s, 2H, CH2), 3.75–3.82 (m, 2H, CH2), 3.85

(s, 3H, CH3O), 3.87 (s, 3H, CH3O), 4.64 (s, 2H, CH2), 6.61 (s,

1H, ArH), 6.63 (s, 1H, ArH), 7.13–7.23 (m, 4H, ArH). Anal.

Calcd for C25H33N3O3: C, 70.89; H, 7.85; N, 9.92. Found: C,

70.73; H, 7.69; N, 9.75.
1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(4-methoxybenzyl)piperazin-1-yl]-ethanone (18). Mp 94�C
dec, yield 69%. 1H NMR (d, ppm, in CDCl3): 2.46–2.53 (m,
8H, CH2), 2.76–2.83 (m, 2H, CH2), 3.25 (s, 2H, CH2), 3.44 (s,
2H, CH2), 3.71 (s, 3H, CH3O), 3.75–3.85 (m, 5H, CH2 and
CH3O) 3.86 (s, 3H, CH3O), 4.64–4.68 (m, 2H, CH2), 6.61 (s,
1H, ArH), 6.63 (s, 1H, ArH), 6.83–7.23 (m, 4H, ArH). Anal.
Calcd for C25H33N3O4: C, 68.31; H, 7.57; N, 9.56. Found: C,
68.54; H, 7.43; N, 9.48.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(3-trifluoromethylbenzyl)piperazin-1-yl]ethanone (19). Mp
101–103�C, yield 77%. 1H NMR (d, ppm, in DMSO-d6):
2.41–2.48 (m, 8H, CH2), 2.62–2.78 (m, 2H, CH2), 3.20 (s, 2H,
CH2), 3.50–3.53 (m, 2H, CH2), 3.57–3.62 (m, 2H, CH2), 3.69
(s, 3H, CH3O), 3.70 (s, 3H, CH3O), 4.48–4.62 (m, 2H, CH2),
6.71 (s, 1H, ArH), 6.75 (s, 1H, ArH), 7.57–7.61 (m, 4H, ArH).
Anal. Calcd for C25H30F3N3O3: C, 62.88; H, 6.33; N, 8.80.
Found: C, 62.71; H, 6.46; N, 8.94.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(4-trifluoromethylbenzyl)piperazin-1-yl]ethanone (20). Mp
102–104�C, yield 75%. 1H NMR (d, ppm, in DMSO-d6):

2.41–2.48 (m, 8H, CH2) 2.64–2.78 (m, 2H, CH2), 3.19 (s, 2H,
CH2), 3.49–3.53 (m, 2H, CH2), 3.60–3.67 (m, 2H, CH2), 3.69
(s, 3H, CH3O), 3.71 (s, 3H, CH3O), 4.48–4.62 (m, 2H, CH2),
6.71 (s, 1H, ArH), 6.75 (s, 1H, ArH), 7.48–7.68 (m, 4H, ArH).

Anal. Calcd for C25H30F3N3O3: C, 62.88; H, 6.33; N, 8.80.
Found: C, 62.96; H, 6.52; N, 8.67.

2-[4-(4-t-Butylbenzyl)piperazin-1-yl]-1-[3,4-dihydro-6,7-
dimethoxyisoquinolin-2(1H)-yl]ethanone (21). Mp 97–

99�C, yield 80%. 1H NMR (d, ppm, in DMSO-d6): 1.29 (s,

9H, CH3), 2.41–2.47 (m, 8H, CH2), 2.70–2.81 (m, 2H, CH2),

3.15 (s, 2H, CH2), 3.36–3.57 (m, 4H, CH2), 3.70 (s, 6H,

CH3O), 4.50–4.55 (m, 2H, CH2), 6.77–6.82 (m, 2H, ArH),

7.46–7.53 (m, 4H, ArH). Anal. Calcd for C28H39N3O3: C,

72.23; H, 8.44; N, 9.02. Found: C, 72.47; H, 8.62; N, 9.14.

2-[4-(3,4-Dichlorobenzyl)piperazin-1-yl]-1-[3,4-dihydro-6,

7-dimethoxyisoquinolin-2(1H)-yl]ethanone (22). Mp 78–

80�C, yield 34%. 1H NMR (d, ppm, in CDCl3): 2.41–2.55 (m,

8H, CH2), 2.76–2.84 (m, 2H, CH2), 3.27 (s, 2H, CH2), 3.44 (s,

2H, CH2), 3.75–3.82 (m, 2H, CH2), 3.85 (s, 3H, CH3O), 3.87

(s, 3H, CH3O), 4.64–4.67 (m, 2H, CH2), 6.62 (s, 1H, ArH),

6.63 (s, 1H, ArH), 7.14–7.42 (m, 3H, ArH). Anal. Calcd for

C24H29 Cl2N3O3: C, 60,25; H, 6.11; N, 8.78. Found: C, 60.32;

H, 6.06; N, 8.90.

2-[4-(2-Chloro-6-fluorobenzyl)piperazin-1-yl]-1-[3,4-dihydro-

6,7-dimethoxyisoquinolin-2(1H)-yl]ethanone (23). Mp 78–

80�C, yield 71%. 1H NMR (d, ppm, in CDCl3): 2.53–2.57 (m,

8H, CH2), 2.74-2.86 (m, 2H, CH2), 3.23 (s, 2H, CH2), 3.69 (s,

2H, CH2), 3.70-3.81 (m, 2H, CH2), 3.85 (s, 3H, OCH3), 3.87

(s, 3H, CH3O), 4.64-4.67 (m, 2H, CH2), 6.61 (s, 1H, ArH),

6.63 (s, 1H, ArH), 6.95-7.20 (m, 3H, ArH). Anal. Calcd for

C24H29ClFN3O3: C, 62.40; H, 6.33; N, 9.10. Found: C, 62.72;

H, 6.48; N, 9.21.

2-[4-(2,4-Difluorobenzyl)piperazin-1-yl]-1-[3,4-dihydro-6,

7-dimethoxyisoquinolin-2(1H)-yl]ethanone (24). Mp 100–

102�C, yield 66%. 1H NMR (d, ppm, in DMSO-d6): 2.40–2.48

(m, 8H, CH2), 2.64–2.76 (m, 2H, CH2), 3.19 (s, 2H, CH2),

3.45–3.48 (m, 2H, CH2), 3.58–3.62 (m, 2H, CH2), 3.69 (s, 3H,

CH3O), 3.70 (s, 3H, CH3O), 4.48–4.61 (m, 2H, CH2), 6.72 (s,

1H, ArH), 6.75 (s, 1H, ArH), 7.14–7.22 (m, 3H, ArH). Anal.

Calcd for C24H29F2N3O3: C, 64.70; H, 6.56; N, 9.43. Found:

C, 67.59; H, 6.77; N, 9.31.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-(2,

4,6-trimethylbenzyl)piperazin-1-yl]ethanone (25). Mp 99–

101�C, yield 78%. 1H NMR (d, ppm, in DMSO-d6): 2.17 (s,

3H, CH3), 2.26 (s, 6H, CH3), 2.34–2.44 (m, 8H, CH2), 2.64–

2.78 (m, 2H, CH2), 3.16 (s, 2H, CH2), 3.36 (s, 2H, CH2),

3.60–3.65 (m, 2H, CH2), 3.69 (s, 3H, CH3O), 3.70 (s, 3H,

CH3O), 4.62 (s, 2H, CH2), 6.71–6.77 (m, 4H, ArH). Anal.

Calcd for C27H37N3O3: C, 71.81; H, 8.26; N, 9.30. Found: C,

72.01; H, 8.33; N, 9.16.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-(4-phe-

nethylpiperazin-1-yl]ethanone (26). Mp 88–90�C, yield 88%.
1H NMR (d, ppm, in CDCl3): 2.59–2.84 (m, 14H, CH2), 3.28

(s, 2H, CH2), 3.78–3.87 (m, 8H, CH2 and CH3O), 4.65–4.69

(m, 2H, CH2), 6.58–6.62 (m, 2H, ArH), 7.26–7.28 (m, 5H,

ArH). Anal. Calcd for C25H33N3O3: C, 70.89; H, 7.85; N,

9.92. Found: C, 70.95; H, 7.67; N, 9.81.

2-(4-trans-Cinnamylpiperazin-1-yl)-1-[3,4-dihydro-6,7-di-

methoxyisoquinolin-2(1H)-yl]ethanone (27). Mp 147–149�C,
yield 73%. 1H NMR (d, ppm, in DMSO-d6): 2.41–2.48 (m,

8H, CH2), 2.64–2.76 (m, 2H, CH2), 3.01–3.07 (m, 2H, CH2),

3.19 (s, 2H, CH2), 3.35–3.60 (m, 2H, CH2), 3.69 (s, 3H,

CH3O), 3.70 (s, 3H, CH3O), 4.48–4.62 (m, 2H, CH2), 6.23–

6.53 (m, 2H, CH¼¼CH), 6.71 (s, 1H, ArH), 6.75 (s, 1H, ArH),

7.18–7.42 (m, 5H, ArH). Anal. Calcd for C25H31N3O3: C,

71.70; H, 7.64; N, 9.65. Found: C, 71.83; H, 7.45; N, 9.53.
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Synthesis of 2-[4-(cyclohexylmethyl)piperazin-1-yl]-1-[3,4-dihy-

dro-6,7-dimethoxyisoquinolin-2(1H)-yl]ethanone (28). Derivative
28 was obtained with the same procedure of compounds 10–27

by treatment of intermediate 33 (270 mg, 1 mmol) with 1-
(cyclohexylmethyl)piperazine (183 mg, 1 mmol). Mp102–
104�C, yield 80%. 1H NMR (d, ppm, in CDCl3): 0.83–1.76

(m, 11H, CH2 and CH), 2.07–2.12 (m, 2H, CH2), 2.40–2.52

(m, 8H, CH2), 2.75–2.86 (m, 2H, CH2), 3.25 (s, 2H, CH2),

3.77–3.82 (m, 2H, CH2), 3.85 (s, 3H, CH3O), 3.87 (s, 3H,

CH3O), 4.64–4.70 (m, 2H, CH2), 6.59–6.63 (m, 2H, ArH).

Anal. Calcd for C24H37N3O3: C, 69.36; H, 8.97; N, 10.11.

Found: C, 69.77; H, 9.05; N, 10.23.

Synthesis of 1-[3,4-dihydro-6,7-dimethoxyisoquinolin-

2(1H)-yl]-2-[4-((1,3-dioxolan-2-yl)methyl)piperazin-1-yl]

ethanone (29). Derivative 29 was obtained with the same
procedure of compounds 10–27 by treatment of intermediate
33 (270 mg, 1 mmol) with 1-[(1,3-dioxolan-2-yl)methyl]pi-
perazine (172 mg, 1 mmol). Mp 113–115�C, yield 89%. 1H
nmr (d, ppm, in CDCl3): 2.58–2.60 (m, 12H, CH2), 2.75–
2.86 (m, 2H, CH2), 3.26 (s, 2H, CH2), 3.76–3.80 (m, 2H,
CH2), 3.85 (s, 3H, CH3O), 3.87 (s, 3H, CH3O), 3.88–3.99 (m,
2H, CH2), 4.65–4.69 (m, 2H, CH2), 4.99–5.00 (m, 1H, CH),
6.58–6.63 (m, 2H, ArH). Anal. Calcd for C21H31N3O5: C, 62.20;
H, 7.71; N, 10.36. Found: C, 62.41; H, 7.59; N, 10.14.

Synthesis of 2-(3,4-dihydro-6,7-dimethoxyisoquinolin-2(1H)-

yl)-1-[4-(4-methoxybenzyl)piperazin-1-yl]ethanone (30). 1-(4-
Methoxybenzyl)piperazine (34) (206 mg, 1 mmol) was dis-
solved in DCM (10ml) and TEA (101 mg, 1 mmol) was
added. 2-Chloroacetyl chloride (113 mg, 1 mmol) was added
dropwise at 0�C and the solution stirred at room temperature
for 1 h. The reaction mixture was washed with water (3 �
10 mL), dried over Na2SO4 and concentrated to give interme-
diate 35 as an oily residue, which was used in the next step
without further purification. To a suspension of 35 (369 mg,
1 mmol) and NaH (120 mg, 5 mmol) in dry DMF (2 mL) 31
was added and the reaction was stirred at r.t. under N2 atmos-
phere for 20 h. Then it was quenched with a saturated
NaHCO3 aqueous solution (10 mL) and extracted with ethyl
acetate (3 � 10 mL). The organic phase was washed with
water, dried over Na2SO4 and concentrated under reduced
pressure. The resulting residue was crystallized upon tritura-
tion with diethyl ether and ethyl acetate and the solid was re-
crystallized from ethanol to provide compound 30. Mp 132–
133�C, yield 46%. 1H NMR (d, ppm, in DMSO-d6): 2.25–
2.29 (m, 4H, CH2), 2.62–2.67 (m, 4H, CH2), 3.26 (s, 2H,
CH2), 3.37 (s, 2H, CH2), 3.43–3.52 (m, 4H, CH2), 3.48 (s,
2H, CH2), 3.67 (s, 3H, CH3O), 3.69 (s, 3H, CH3O), 3.71 (s,
3H, CH3O), 6.59–7.18 (m, 6H, ArH). Anal. Calcd for
C25H33N3O4: C, 68.31; H, 7.57; N, 9.56. Found: C, 68.51; H,
7.72; N, 9.39.

For the biological evaluation, the hydrochloride salts of
compounds 5–7 and 9–30 were prepared as follows: the free
bases were dissolved in DCM and HCl (g) was bubbled over
a period of 1 h. The solvent was removed under reduced
pressure to give the corresponding hydrochloride derivatives
which were crystallized by diethyl ether. The obtained com-
pounds were characterized by elemental analysis and the
melting points are reported later.

2-Benzyl-1,2,3,4-tetrahydro-6,7-dimethoxyisoquinoline hyd-

rochloride (5�HCl). Mp 243–245�C. Anal. Calcd for
C18H21NO2�HCl: C, 67.60; H, 6.93; N, 4.38; Cl 11.08. Found:
C, 67.72; H, 6.69; N, 4.52; Cl 11.23.

2-(4-Chlorobenzyl)-1,2,3,4-tetrahydro-6,7-dimethoxyiso-

quinoline hydrochloride (6�HCl). Mp 247–249�C. Anal.

Calcd for C18H20ClNO2�HCl: C, 61.03; H, 5.97; N,

3.95; Cl 20.01. Found: C, 61.22; H, 6.08; N, 4.11; Cl

19.89.

2-(4-Fluorobenzyl)-1,2,3,4-tetrahydro-6,7-dimethoxyisoqu-
inoline hydrochloride (7�HCl). Mp 220–222�C. Anal. Calcd
for C18H20FNO2�HCl: C, 64.00; H, 6.27; N, 4.15; Cl 10.49.

Found: C, 64.13; H, 6.14; N, 4.04; Cl 10.61.

2-(4-Benzylpiperidin-1-yl)-2-(3,4-dihydro-6,7-dimethoxyiso-

quinolin-2(1H)-yl)ethanone hydrochloride (9�HCl). Mp 213–

215�C. Anal. Calcd for C25H32N2O3�HCl: C, 67.48; H,

7.47; N, 6.30; Cl 7.97. Found: C, 67.29; H, 7.28; N, 6.54;

Cl 8.10.

2-(4-Benzylpiperazin-1-yl)-1-[3,4-dihydro-6,7-dimethoxyiso-

quinolin-2(1H)-yl]ethanone dihydrochloride (10�2HCl). Mp

234–236�C. Anal. Calcd for C24H31N3O3�2HCl�0.5H2O: C,

58.66; H, 6.97; N, 8.55; Cl 14.43. Found: C, 58.76; H, 7.13;

N, 8.36; Cl 14.66.

2-[4-(4-Bromobenzyl)piperazin-1-yl]-1-[3,4-dihydro-6,7-

dimethoxyisoquinolin-2(1H)-yl]ethanone dihydrochloride

(11�2HCl). Mp 235–237�C. Anal. Calcd for C24H30BrN3O3�
2HCl�0.5H2O: C, 50.54; H, 5.83; N, 7.37; Cl 12.43. Found: C,

50.61; H, 5.62; N, 7.43 Cl 12.22.

2-[4-(4-Chlorobenzyl)piperazin-1-yl]-1-[3,4-dihydro-6,7-

dimethoxyisoquinolin-2(1H)-yl]ethanone dihydrochloride

(12�2HCl). Mp 249–251�C. Anal. Calcd for C24H30ClN3O3�
2HCl�0.5H2O: C, 54.81; H, 6.32; N, 7.99; Cl 20.22. Found: C,

54.69; H, 6.54; N, 8.12 Cl 20.01.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(2-fluorobenzyl)piperazin-1-yl]ethanone dihydrochloride

(13�2HCl). Mp 226–228�C. Anal. Calcd for C24H30FN3O3�
2HCl�0.5H2O: C, 56.58; H, 6.53; N, 8.25; Cl 13.92. Found: C,

56.72; H, 6.31; N, 8.51 Cl 13.68.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(3-fluorobenzyl)piperazin-1-yl]ethanone dihydrochloride

(14�2HCl). Mp 223–225�C. Anal. Calcd for C24H30FN3O3�
2HCl�0.5H2O: C, 56.58; H, 6.53; N, 8.25; Cl 13.92. Found: C,
56.27; H, 6.41; N, 8.52 Cl 13.73.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(4-fluorobenzyl)piperazin-1-yl]ethanone dihydrochloride

(15�2HCl). Mp 230–232�C. Anal. Calcd for C24H30FN3O3�
2HCl�0.5H2O: C, 56.58; H, 6.53; N, 8.25; Cl 13.92. Found: C,

56.48; H, 6.72; N, 8.56 Cl 13.81.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(3-methylbenzylpiperazin-1-yl]ethanone dihydrochloride

(16�2HCl). Mp 139–141�C. Anal. Calcd for C25H33N3O3�
2HCl� 0.5H2O: C, 59.40; H, 7.18; N, 8.31; Cl 14.03. Found:

C, 59.53; H, 7.06; N, 8.52 Cl 14.28.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(4-methylbenzyl)piperazin-1-yl]ethanone dihydrochloride

(17�2HCl). Mp 94�C dec. Anal. Calcd for C25H33N3O3�
2HCl�0.5H2O: C, 59.40; H, 7.18; N, 8.31; Cl 14.03. Found: C,

59.33; H, 6.98; N, 8.57 Cl 14.32.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(4-methoxybenzyl)piperazin-1-yl]-ethanone dihydrochlor-

ide (18�2HCl). Mp 134–136�C. Anal. Calcd for C25H33N3O4�
2HCl�0.5H2O: C, 57.58; H, 6.96; N, 8.06; Cl 13.60. Found: C,

57.72; H, 7.08; N, 8.24 Cl 13.41.
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1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(3-trifluoromethylbenzyl)piperazin-1-yl]ethanone dihydro-

chloride (19�2HCl). Mp 230–232�C. Anal. Calcd for

C25H30F3N3O3�2HCl�0.5H2O: C, 53.67; H, 5.95; N, 7.51; Cl

12.67. Found: C, 53.84; H, 6.09; N, 7.38 Cl 12.52.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-

(4-trifluoromethylbenzyl)piperazin-1-yl]ethanone dihydro-

chloride (20�2HCl). Mp 222–224�C. Anal. Calcd for C25H30

F3N3O3�2HCl�0.5H2O: C, 53.67; H, 5.95; N, 7.51; Cl 12.67.

Found: C, 53.82; H, 6.13; N, 7.72 Cl 12.49.

2-[4-(4-t-Butylbenzyl)piperazin-1-yl]-1-[3,4-dihydro-6,7-
dimethoxyisoquinolin-2(1H)-yl]ethanone dihydrochloride

(21�2HCl). Mp 230–232�C. Anal. Calcd for C28H39N3O3�
2HCl�0.5H2O: C, 61.42; H, 7.73; N, 7.67; Cl 12.95. Found: C,

61.58; H, 7.52; N, 7.81; Cl 13.08.

2-[4-(3,4-Dichlorobenzyl)piperazin-1-yl]-1-[3,4-dihydro-

6,7-dimethoxyisoquinolin-2(1H)-yl]ethanone dihydro-

chloride (22�2HCl). Mp 239–241�C. Anal. Calcd for C24H29

Cl2N3O3�2HCl�0.5H2O: C, 51.44; H, 5.76; N, 7.50; Cl 25.31.

Found: C, 51.23; H, 5.42; N, 7.78; Cl 25.57.

2-[4-(2-Chloro-6-fluorobenzyl)piperazin-1-yl]-1-[3,4-dihydro-

6,7-dimethoxyisoquinolin-2(1H)-yl]ethanone dihydrochloride

(23�2HCl). Mp 237–239�C. Anal. Calcd for C24H29ClFN3O3�
2HCl�0.5H2O: C, 53.00; H, 5.93; N, 7.73; Cl 19.55. Found: C,

52.88; H, 5.87; N, 7.89; Cl 19.36.

2-[4-(2,4-Difluorobenzyl)piperazin-1-yl]-1-[3,4-dihydro-6,

7-dimethoxyisoquinolin-2(1H)-yl]ethanone dihydrochloride

(24�2HCl). Mp 223–225�C. Anal. Calcd for C24H29F2N3O3�
2HCl�0.5H2O: C, 54.65; H, 6.12; N, 7.97; Cl 13.44. Found: C,
54.73; H, 6.27; N, 8.11; Cl 13.32.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-(2,

4,6-trimethylbenzyl)piperazin-1-yl]ethanone dihydrochloride

(25�2HCl). Mp 232–234�C. Anal. Calcd for C27H37N3O3�
2HCl�0.5H2O: C, 60.78; H, 7.56; N, 7.88; Cl 13.29. Found: C,

60.65; H, 7.43; N, 8.01; Cl 13.37.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-(4-phe-

nethylpiperazin-1-yl]ethanone dihydrochloride (26�2HCl). Mp

246–248�C. Anal. Calcd for C25H33N3O3�2HCl�0.5H2O: C,

59.40; H, 7.18; N, 8.31; Cl 14.03. Found: C, 59.57; H, 7.24;

N, 8.17; Cl 14.12.

2-(4-trans-Cinnamylpiperazin-1-yl)-1-[3,4-dihydro-6,7-dime-

thoxyisoquinolin-2(1H)-yl]ethanone dihydrochloride

(27�2HCl). Mp 249–251�C. Anal. Calcd for C25H31N3O3�
2HCl�0.5H2O: C, 59.64; H, 6.81; N, 8.35; Cl 14.08. Found: C,

59.72; H, 6.93; N, 8.22; Cl 14.16.

2-[4-Cyclohexylmethyl)piperazin-1-yl]-1-[3,4-dihydro-6,7-

dimethoxyisoquinolin-2(1H)-yl]ethanone dihydrochloride

(28�2HCl). Mp 232–234�C. Anal. Calcd for C24H37N3O3�
2HCl�0.5H2O: C, 57.94; H, 8.10; N, 8.45; Cl 14.25. Found: C,

58.03; H, 8.24; N, 8.70; Cl 14.12.

1-[3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl]-2-[4-((1,3-

dioxolan-2-yl)methyl)piperazin-1-yl]ethanone dihydrochloride

(29�2HCl). Mp 239–241�C. Anal. Calcd for C21H31N3O5�
2HCl�0.5H2O: C, 51.75; H, 7.03; N, 8.62; Cl 14.55. Found: C,

51.53; H, 7.22; N, 8.54; Cl 14.23.

2-(3,4-Dihydro-6,7-dimethoxyisoquinolin-2(1H)-yl)-1-[4-(4-

methoxybenzyl)piperazin-1-yl]ethanone dihydrochloride (30�
2HCl). Mp 249–251�C. Anal. Calcd for C25H33N3O4�
2HCl�0.5H2O: C, 57.58; H, 6.96; N, 8.06; Cl 13.60. Found: C,

57.71; H, 7.13; N, 7.95; Cl 13.81.

INHIBITION OF AChE AND BChE

The cholinesterase assays were performed using col-

orimetric method reported by Ellman [19]. The assay so-

lution consisted of a 0.1M phosphate buffer pH 8.0,

with the addition of 0.01M 5,50-dithio-bis(2-nitrobenzoic
acid), 0.044 Unit/mL human recombinant AChE or

BChE derived from human serum and 0.037M of sub-

strate (acetylthiocholine iodide or butyrylthiocholine

iodide, respectively). All the reagents were purchased

from Sigma Chemical Company. AChE and BChE were

dissolved in 0.1M phosphate buffer pH 8.0 containing

Triton X-100 0.1%. The enzymes were diluted before

use in order to reach an activity ranging between 0.250

and 0.100 AU min�1 in the final assay conditions. Stock

solutions of the tested compounds were prepared in

water. Different concentrations of each test compound

(analyzed in triplicate) were used to obtain inhibition of

ACh- and BChE activity ranging between 20 and 80%.

Following a 20 min pre-incubation at 37�C with inhibi-

tor and enzyme, the reaction was started by the addition

of substrate. Initial rates were determined at 37�C by

measuring the absorbance at 412 nm every 1 min during

5 min with a Beckman DU 800 spectrophotometer. The

reaction rates were compared and the percent inhibition

due to the presence of test compounds was calculated.

Blanks containing all components except enzyme were

run in order to account for nonenzymatic reactions.

Tacrine (0.5 lM), a reversible, non selective inhibitor of

AChE and an ever stronger inhibitor of BChE was used

to test assay efficiency (–65% and –93%, respectively).

The percent inhibition of the enzyme activity due to the

presence of increasing test compound concentration was

calculated by the following expression: 100 – (vi/v0 �
100), where vi is the initial rate calculated in the pres-

ence of inhibitor and v0 is the enzyme activity. The con-

centration producing 50% inhibition (IC50) was calcu-

lated using a computer programme (SAS/STAT) of the

method of Litchfield and Wilcoxon.
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Some halogen-free acyclic task-specific ionic liquids (TSILs) were synthesized as novel and recycla-
ble catalysts for the synthesis of 5-oxo-5,6,7,8-tetrahydro-4H-benzo[b]pyrans by one-pot three-compo-

nent condensation of aromatic aldehyde, malononitrile (or ethyl cyanoacetate), and dimedone (or 1,3-
cyclohexanedione) in water. The condensation accomplished successfully with good yields ranged from
86 to 94%. After the reaction, the products could simply be separated from the catalyst/water, and the
catalyst could be reused at least 10 times without noticeably decreasing the catalytic activity.

J. Heterocyclic Chem., 47, 63 (2010).

INTRODUCTION

4H-Benzopyrans have attracted considerable attention

because of their useful biological and pharmacological

properties [1]. The synthesis of 5-oxo-5,6,7,8-tetrahydro-

4H-benzo[b]pyrans usually involves a condensation of

appropriate active methylene carbonyl compounds, aro-

matic aldehydes, and malononitrile (or cyanoacetates)

catalyzed mainly by organic and mineral acids in or-

ganic solvents, which often suffer from the drawbacks

of low yield, high reaction temperature, toxicity and dif-

ficulty in product separation. Recently, many synthetic

methods for preparing these compounds have been

reported by the condensation of aromatic aldehydes and

active methylene carbonyl compounds in the presence

of phase transfer catalyst [2], rare earth perfluoroocta-

noates [3], KF-Alumina [4], sodium selenate [5], and

proline [6] as catalysts, as well as with the assistance of

microwave [7] or ultrasound irradiation [8]. However,

the search for the new readily available and green cata-

lysts is still being actively pursued these years.

Ionic liquids have attracted wide interest as environ-

mental benign catalysts or excellent alternatives to or-

ganic solvents these years because of their favorable

properties such as negligible volatility, high thermal sta-

bility [9]. Brønsted acidic or basic task-specific ionic

liquids (TSILs) are designed to replace traditional acids

or bases in organic synthetic procedure. In view of both

the advantages and disadvantages of homogeneous and

heterogeneous catalytic reactions, the use of TSILs as

reaction medium/catalytic system may offer a convenient

solution to both the solvent emission and catalytic recy-

cling problem. Some researchers have already used ionic

liquids as solvents/catalysts in condensation reactions

[10–12]. Recently, Luo and coworkers [13] reported a

new temperature-dependent biphasic system comprising

PEG-1000-based acidic ionic liquid/toluene, and it is used

in preparation of benzopyrans. Chen et al. [14] used N,N-
dimethylamino-functionalized basic ionic liquid to cata-

lyze one-pot multicomponent reaction for the synthesis of

benzopyrans. In fact, the use of Brønsted-acidic or basic

TSILs as catalysts is an area of ongoing activity; how-

ever, the development and exploration of TSILs are cur-

rently in the preliminary stage. On the other hand, reac-

tions in aqueous media may offer many advantages such

as simple operation and high efficiency in many organic

reactions. Thus, it is necessary to carry out this condensa-

tion using TSILs as catalysts in aqueous media.

In our previous work, some novel and cheap SO3H-

functional halogen-free acidic ionic liquids that bear an

VC 2009 HeteroCorporation
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alkane sulfonic acid group in an acyclic trialkylammo-

nium cation have been synthesized to catalyze some or-

ganic reactions [15]. In continuation of our work in study-

ing acid-catalyzed reactions in ionic liquids, we report

here the synthesis of 5-oxo-5,6,7,8-tetrahydro-4H-benzo[b]
pyrans by condensation of aromatic aldehyde, malononi-

trile (or ethyl cyanoacetate), and dimedone (or 1,3-cyclo-

hexanedione) in water catalyzed by acidic ionic liquids.

RESULTS AND DISCUSSION

The preparation of SO3H-functionalized halogen-free

acidic ionic liquids (Scheme 1) was made up of two-step

atom economic reaction. The chemical yields for both the

zwitterions formation and acidification steps were essen-

tially quantitative since neither reaction produced byprod-

ucts. The preparation of [bmim]HSO4 was accomplished

by anion metathesis with NaHSO4 in good yield of 96%.

The fresh new TSILs with HSO�
4 anion are somewhat

viscous colorless or pale brown liquids at room tempera-

ture. All produced TSILs are entirely miscible with

water and soluble or partly soluble in organic solvents.

To optimize the reaction conditions (Scheme 2), for the

beginning of this study, benzaldehyde, malononitrile, and

dimedone were used as the model reactants at 90�C in

TSILs/water for a length of time to compare the catalytic

performance of the TSILs in aqueous medium. As shown

in Table 1, no desirable product could be detected when a

mixture of model reactants was heated at 90�C for 8 h in

the absence of ionic liquid (Table 1, entry 1), which indi-

cated that the catalysts should be absolutely necessary for

this condensation. All the nine TSILs proved to be very

active, leading to 82–90% yield of 5-oxo-5,6,7,8-tetrahy-

dro-4H-benzo[b]pyrans in the presence of 10% TSILs

(entries 5, 10–17). In addition, ionic liquids containing the

longer length of alkyl chain are relatively efficient; how-

ever, the better immiscibility of the resulted product with

the shorter length of alkyl chain ionic liquids should facil-

itate the separation in work-up procedure. Hence, [TEB-

SA]HSO4 should be the best catalyst for this condensation

among these ionic liquids and the optimized reaction con-

ditions went to entry 5 in Table 1.

Condensation reaction in [TEBSA]HSO4/H2O gave a

yield of 89%, which was nearly the same as that in or-

ganic solvents. The chemical industry is under consider-

able pressure to replace many of the volatile organic

compounds (VOCs) that are currently used as solvents

in organic synthesis. As a clean and cheap solvent, it is

of great importance to carry out this reaction in water

for the environmental and economic reasons.

While optimizing the reaction condition, the recycling

performance of [TEBSA]HSO4 was investigated using

the above-mentioned model reaction. After the separa-

tion of the products 4, the catalyst-containing filtrate

was reused in the next run without further purification.

The data listed in Table 2 showed that the [TEB-

SA]HSO4 could be reused at least 10 times without

obviously decreasing of the catalytic activity. Compared

with the traditional solvents and catalysts, the easy and

efficient recycling performance is also an attractive

property of the ionic liquids for the environmental pro-

tection and economic reasons.

Then, the condensation reaction of various aromatic

aldehyde, malononitrile (or ethyl cyanoacetate), and

dimedone (or 1,3-cyclohexanedione) in the presence of

[TEBSA]�HSO4 as an environmentally benign ionic liq-

uid was explored under the optimized reaction condi-

tions described earlier, and the results are presented in

Table 3. It can easily be seen that in all cases the reac-

tions gave the products in good yields ranged from 86

to 94%. Aromatic aldehydes carrying either electron-

donation or electron-withdrawing substituents afforded

good yields of 5-oxo-5,6,7,8-tetrahydro-4H-benzo[b]
pyrans in high purity. However, the product obtained is

Scheme 1
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racemic, which indicated that the reaction was accom-

plished with no regioselectivity in this procedure.

In conclusion, some acyclic TSILs such as [TEB-

SA]�HSO4, [TBPSA]�HSO4, [EDPSA]�HSO4, and so on

were synthesized in an atom-economic procedure. These

ionic liquids were found to be efficient catalysts for the

synthesis of 5-oxo-5,6,7,8-tetrahydro-4H-benzo[b] pyr-

ans in aqueous media, offering the practical convenience

in the product separation from the ionic liquid/water

system. The merit of this methodology is that it is sim-

ple, mild, and efficient, and the raw materials are

cheaper than TSILs with imidazole or triphenylphos-

phine as the cation. Therefore, we believe that the work

reported here would have potential application in green

chemistry.

EXPERIMENTAL

Melting points were determined on X-6 microscope melting
apparatus. The IR spectra were run on a Nicolete spectrometer
and expressed in cm�1 (KBr). 1H NMR spectra were recorded

on Bruker DRX300 (300 MHz) and 13C NMR spectra on

Bruker DRX300 (75.5 MHz) spectrometer. Elemental analyses
were recorded on Perkin–Elmer C spectrometer. Mass spectra
were obtained with automated FININIGAN Trace Ultra-Trace
DSQ GC/MS spectrometer. All chemicals (AR grade) were
commercially available and used without further purification.

Synthesis of halogen-free SO3-functional acidic ionic

liquids (TSILs). All acyclic SO3H-functionalized halogen-free
acidic ionic liquids, such as [TEBSA]HSO4, [TBPSA]HSO4,
were synthesized according to our previous methods [15d],
and the pyridine, imidazole-based acidic ionic liquids for com-

parison were synthesized according to reported methods [15c].
Their structures were analyzed by 1H NMR, 13C NMR, and
MS spectral data. The selected spectral data for acidic halo-
gen-free TSILs.

N,N,N-Triethyl-N-butanesulfonic acid ammonium hydro-
gen sulfate ([TEBSA]HSO4).

1H NMR (300 MHz, D2O): d
3.15 (q, J ¼ 7.2 Hz, 6H, NACH2ACH3), 3.07 (t, J ¼ 8.4 Hz,
2H, NACH2ACACACASO3), 2.82 (t, J ¼ 7.2 Hz, 2H, NAC
ACACACH2ASO3), 1.63–1.70 (m, 4H, NACAC2H4ACA
SO3), 1.09–1.13 (m, 9H, NACH2ACH3).

13C NMR (75.5

MHz, D2O): d 56.21, 52.85, 50.32, 21.50, 20.20, 6.90. MS (m/
z): 335.35 (Mþ), 208.36 (100).

N,N,N-Tributyl-N-propanesulfonic acid ammonium hydro-
gen sulfate ([TBPSA]HSO4).

1H NMR (500 MHz, D2O): d
3.28 (t, 2H, J ¼ 4.0 Hz, NACH2ACACASO3), 3.13 (t, 6H, J

Scheme 2

Table 1

Synthesis of 5-oxo-5,6,7,8-tetrahydro-4H-benzo[b]pyrans catalyzed by acidic ionic liquids.a

Entry Catalyst TSILs (mol%)b T (�C) Time (h) Yields (%)c

1 – – 100 8.0 –

2 [TEBSA]�HSO4 4 90 6.0 87

3 [TEBSA]�HSO4 6 90 4.5 89

4 [TEBSA]�HSO4 8 90 1.5 89

5 [TEBSA]�HSO4 10 90 1.0 89

6 [TEBSA]�HSO4 12 90 1.0 90

7 [TEBSA]�HSO4 15 90 1.0 91

8 [TEBSA]�HSO4 10 70 3.5 86

9 [TEBSA]�HSO4 10 80 2.0 90

10 [TMBSA]�HSO4 10 90 1.0 84

11 [TMPSA]�HSO4 10 90 1.0 82

12 [TEPSA]�HSO4 10 90 1.0 84

13 [TBPSA]�HSO4 10 90 1.0 90

14 [PyPSA]�HSO4 10 90 1.0 83

15 [MIMPSA]�HSO4 10 90 1.0 85

16 [bmim]�HSO4 10 90 1.5 82

17 [EDPSA]�HSO4 10 90 1.0 86

aAcidic ionic liquids are 5 mmol benzaldehyde, 5 mmol malononitrile, 5 mmol dimedone, and water is used as a solvent.
bMolar ration of TSILs to benzaldehyde.
c Isolated yields.
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¼ 8.5 Hz, NACH2ACACACH3), 2.85 (t, 2H, J ¼ 7.0 Hz,
NACAC ACH2ASO3), 2.00–2.06 (m, 2H, NACACH2AC
ASO3), 1.53–1.59 (m, 6H, NACACH2ACACH3), 1.22–1.30
(m, 6H, NACACACH2ACH3), 0.84 (t, 9H, J ¼ 7.5 Hz,

NACACACACH3).
13C NMR (75.5 MHz, D2O): d 58.49,

50.66, 48.42, 23.93, 20.36, 19.16, 14.46. MS (m/z): 405.29
(Mþ), 406.28, 404.28 (100).

N-Propanesulfonic acid pyridinium hydrogen sulfate
([PyPSA]HSO4).

1H NMR (300 MHz, D2O): d 8.62 (d, J ¼
6.0 Hz, 2H, H-2, H-6), 8.30 (t, J ¼ 7.8 Hz, 1H, H-4), 7.84 (t,
J ¼ 6.9 Hz, 2H, H-3, H-5), 4.51 (t, J ¼ 7.5 Hz, 2H, NACH2

ACACASO3), 2.73 (t, J ¼ 7.2 Hz, 2H, NACACAC
ACH2ASO3), 2.18–2.23 (m, 2H, NACACH2ACASO3).

13C
NMR (75.5 MHz, D2O): d 146.35, 144.70, 128.82, 60.28,

47.48, 26.47.

1-Methyl-3-propanesulfonic acid imidazolium hydrogen
sulfate ([MIMPSA]HSO4).

1H NMR (300 MHz, D2O): d 8.47
(s, 1H, CH), 7.24 (d, J ¼ 1.5 Hz, 1H, CH), 7.17 (d, J ¼ 1.5

Hz, 1H, CH), 4.08 (t, J ¼ 6.9 Hz, 2H, NACH2ACACASO3),
3.62 (s, 3H, NACH3), 2.64 (t, 2H, J ¼ 7.5 Hz, 2H, NACAC
ACH2ASO3), 2.01–2.06 (m, 2H, NACACH2ACASO3).

13C
NMR (75.5 MHz, D2O): d 136.53, 124.32, 122.57, 48.13,
47.66, 36.46, 25.48. MS (m/z): 302.0 (Mþ), 300.93 (100).

1-Butyl-3-methylimidazolium hydrogen sulfate ([bmim]
HSO4).

1H NMR (300 MHz, D2O): d 8.62 (s, 1H, H-2),
7.33v7.38 (m, 2H, H-4, H-5), 4.09 (t, 2H, J ¼ 7.1 Hz), 3.79
(s, 3H), 1.68–1.78 (m, 2H), 1.16–1.24 (m, 2H), 0.79 (t, 3H, J
¼7.4 Hz). 13C NMR (75.5 MHz, D2O): d 136.35, 124.07,

122.80, 49.85, 36.33, 31.80, 19.31, 13.25. m/z: 236 (Mþ), 139
(100, Mþ-HSO4).

N,N,N0,N0-Tetramethyl-N,N0-dipropanesulfonic acid ethyle-
nediammonium hydrogen sulfate ([EDPSA]�HSO4).

1H NMR
(300 MHz, D2O): d 3.60 (s, 4H, ACH2A), 3.24 (t, 4H, J ¼
8.4 Hz, ACH2A), 2.89 (s, 12H, CH3), 2.64 (t, 4H, J ¼ 6.9 Hz,
ACH2A), 1.85–1.95 (q, 4H, J ¼ 7.65 Hz, ACH2A). Anal.
Calcd. For C12H32N2O14S4: C, 25.89; H, 5.79; N, 5.03;
Found: C, 25.65; H, 5.80; N, 4.81. m/z: 556.88 (Mþ), 361.07
(Mþ-2H2SO4,100).

General procedure for the synthesis of 5-oxo-5,6,7,8-

tetrahydro-4H-benzo[b]pyrans. To a round-bottomed flask
charged with aromatic aldehyde (5 mmol) 1, malononitrile or
ethyl cyanoacetate (5 mmol) 2, 5,5-dimethyl-1,3-cyclohexane-

dione (dimedone) or 1,3-cyclohexanedione (5 mmol) 3 in
5 mL of water was added acidic ionic liquid (0.5 mmol) under
stirring. The mixture was then stirred for a certain time at
90�C. On completion (monitored by TLC), the precipitated
crude product was collected by filtration and recrystallized

form ethanol (95%) to afford pure 5-oxo-5,6,7,8-tetrahydro-
4H-benzo[b]pyrans 4. The filtrated containing ionic liquid

Table 3

Synthesis of 5-oxo-5,6,7,8-tetrahydro-4H-benzo[b]pyrans catalyzed by [TEBSA]�HSO4.
a

Entry Ar R1 R2 Time (h) Mp (�C) [Lit.] Yields (%)b

1 C6H5 CN CH3 1.0 226-228 [13] 89

2 p-CH3OC6H4 CN CH3 1.0 197-199 [13] 93

3 o-CH3C6H4 CN CH3 1.0 212-214 [13] 86

4 m-HOC6H4 CN CH3 1.0 230-232 [13] 92

5 p-FC6H4 CN CH3 1.5 191-193 [2b] 87

6 o-ClC6H4 CN CH3 1.0 214-215 [13] 91

7 m-ClC6H4 CN CH3 1.0 230-232 [13] 91

8 p-ClC6H4 CN CH3 1.0 209-211 [13] 91

9 p-BrC6H4 CN CH3 1.0 205-207 [13] 94

10 m-NO2C6H4 CN CH3 1.0 208-210 [13] 92

11 p-NO2C6H4 CN CH3 1.0 179-180 [13] 93

12 2,4-Cl2C6H3 CN CH3 1.0 189-191 [13] 87

13 p-CH3OC6H4 CN H 1.0 190-192 [2b] 92

14 o-ClC6H4 CN H 1.0 210-212 [2b] 86

15 p-ClC6H4 CN H 1.0 225-227 [6b] 93

16 m-NO2C6H4 CN H 1.0 198-200 [2b] 92

17 2,4-Cl2C6H3 CN H 1.5 220-222 [2b] 87

18 p-ClC6H4 CO2Et CH3 1.5 155-157 [13] 88

19 m-NO2C6H4 CO2Et CH3 1.5 185-187 [13] 89

aAcidic ionic liquids are 5 mmol benzaldehyde, 5 mmol malononitrile (or ethyl cyanoacetate), 5 mmol dimedone (or 1,3-cyclohexanedione), 0.5

mmol catalyst, 90�C.
b Isolated yields.

Table 2

Reusing of the ionic liquid [TEBSA]�HSO4.
a

Entry Run Isolated yield (%)

1 Fresh 89

2 1 90

3 2 90

4 3 88

5 4 89

6 5 90

7 6 89

8 7 88

9 8 88

10 9 86

11 10 87

aAcidic ionic liquids are 5 mmol benzaldehyde, 5 mmol malononitrile,

5 mmol dimedone, 0.5 mmol catalyst, 90�C, 1.0 h.
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could be reused directly in the next run without further purifi-
cation. The products were identified by IR, 1H NMR, and
physical data (Mp) with those reported in the literatures.

Acknowledgment. This work was financially supported by the
Educational Commission of Jiangsu Province (07KJD530238),
Jiangsu Provincial Key Laboratory of Coastal Wetland Biore-
sources & Environmental Protection (JLCBE 09023).

REFERENCES AND NOTES

[1] Green, G. R.; Evans, J. M.; Vong, A. K. In Comprehensive

Heterocyclic Chemistry; Katritzky, A. R.; Rees, C. W.; Scriven, E. F.

V., Eds.; Pergamon Press: Oxford, 1995; Vol. 5, p 469.

[2] (a) Rong, L. C.; Li, X. Y.; Shi, D. Q.; Zhuang, Q. Y. Synth

Commun 2006, 36, 2363; (b) Balalaie, S.; Sheikh-Ahmadi, M.; Barar-

janian, M. Catal Commun 2007, 8, 1724.

[3] Wang, L.-M.; Shao, J.-H.; Tian, H.; Wang, Y.-H.; Liu, B.

J Fluorine Chem 2006, 127, 97.

[4] Wang, X. S.; Shi, D. Q.; Tu, S. J.; Yao, C. S. Synth Com-

mun 2003, 33, 119.

[5] Hekmatshoar, R.; Majedi, S.; Bakhtiari, K. Catal Commun

2008, 9, 307.

[6] (a) Balalaie, S.; Bararjanian, M.; Amani A. M.; Movassagh,

B. Synlett 2006, 263; (b) Guo, S. B.; Wang, S. X.; Li, J. T. Synth

Commun 2007, 37, 2111.

[7] (a) Saini, A.; Kumar, S.; Sandhu, J. S. Synlett 2006, 1928.

(b) Devi, I.; Bhuyan, P. J. Tetrahedron Lett 2004, 45, 8625.

[8] Tu, S. J.; Jiang, H.; Zhuang, Q. Y., Miao, C. B.; Shi, D. Q.;

Wang, X. S.; Gao, Y. Chin J Org Chem 2003, 23, 488.

[9] (a) Wasserscheid, P.; Keim, W. Angew Chem Int Ed 2000,

39, 3772; (b) Dupont, J.; de Souza, R. F.; Suarez, P. A. Z. Chem Rev

2002, 102, 3667; (c) Sheldon, R. Chem Commun 2001, 23, 2399; (d)

Poliakof, M.; Fitzpartrick, J. M. Science 2002, 297, 807; (e) Blan-

chard, L. A.; Hancu, K. R.; Beckman, E. J.; Brennecke, J. F. Nature

1999, 399, 28; (f) Rogers, R. D.; Seddon, K. R. Science 2003, 302,

792; (g) Greaves, T. L.; Drummond, C. J. Chem Rev 2008, 108, 206;

(h) Lee, S.-G. Chem Commun 2006, 10, 1049.

[10] Fan, X.; Hu, X.; Zhang, X.; Wang, J. Can J Chem 2005,

83, 16.

[11] Valizadeh, H.; Amiri, M.; Gholipur, H. J Heterocyclic

Chem 2009, 46, 108.

[12] (a) Zhang, Z. H.; Liu, Y. H. Catal Common 2008, 9, 1715;

(b) Zhang, Z. H.; Tao, X. Y. Aust J Chem 2008, 61, 77.

[13] Zhi, H.; Lv, C.; Zhang, Q.; Luo, J. Chem Commun 2009,

2878.

[14] Chen, L.; Li, Y.-Q.; Huang, X.-J.; Zheng, W.-J. Heteroatom

Chem 2009, 20, 91.

[15] (a) Fang, D.; Zhou, X.-L.; Ye, Z.-W.; Liu, Z.-L. Ind Eng

Chem Res 2006, 45, 7982; (b) Fang, D.; Luo, J.; Zhou, X.-L.; Liu,

Z.-L. J Mol Catal A Chem 2007, 274, 208; (c) Fang, D.; Liu, Z.-L.;

Zhou, X.-L. Chin Appl Chem 2007, 24, 85; (d) Fang, D.; Cheng, J.;

Gong, K.; Shi, Q.-R.; Liu, Z.-L. Catal Lett 2008, 121, 255.

January 2010 67Synthesis of 4H-Benzopyrans Catalyzed by Acyclic Acidic

Ionic Liquids in Aqueous Media

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



Efficient Synthesis of Benzothieno[3,2-d]-imidazo[1,2-a]
pyrimidine-2,5-(1H, 3H)-diones via a Tandem aza-Wittig/

Heterocumulene-Mediated Annulation

Sheng-Zhen Xu,a,b Jing Wu,a Min-Hui Cao,b and Ming-Wu Dinga*

aKey Laboratory of Pesticide and Chemical Biology of Ministry of Education, Central China

Normal University, Wuhan 430079, People’s Republic of China
bCollege of Basic Science, HuaZhong Agricultural University, Wuhan 430070,

People’s Republic of China

*E-mail: ding5229@yahoo.com.cn

Received June 24, 2009

DOI 10.1002/jhet.258

Published online 29 December 2009 in Wiley InterScience (www.interscience.wiley.com).

Carbodiimide 2, obtained from aza-Wittig reaction of iminophosphorane 1 with aromaic isocyanate,

reacted with a-amino ester in the presence of catalytic amount of sodium ethoxide to give selectively
new tetracyclic benzothieno[3,2-d]-imidazo[1,2-a]pyrimidine-2,5-(1H, 3H)-diones 5 in good yields. X-
Ray structure analysis of 5b verified the proposed structure and the reaction selectivity.

J. Heterocyclic Chem., 47, 68 (2010).

INTRODUCTION

Thienopyrimidines are of great importance because of

their significant antifungal and antibacterial activities, as

well as their good anticonvulsant and angiotensin or H1

receptor antagonistic activities [1,2]. Although some

derivatives of benzothienopyrimidines have shown good

antithrombotic, cardiotonic, and a adrenergic antagonis-

tical activities [3,4], there are few reports on synthesis

of benzothieno[3,2-d]pyrimidin-4(3H)-ones, which are

of considerable interest as potential biological active

compounds or pharmaceuticals. On the other hand, het-

erocycles containing imidazolones nucleus also exhibit

various biological activities. Several of them have

shown good antibacterial, antifungal activities or being

used as leukotriene B4 receptor antagonist and potas-

sium channel openers [5,6]. The introduction of an imi-

dazolone ring to the benzothieno[3,2-d]pyrimidin-4(3H)-
one system is expected to influence the biological activ-

ities significantly. However, this tetracyclic system has

been much less investigated and there is no report on

synthesis of benzothieno[3,2-d]-imidazo[1,2-a]pyrimi-

dine-2,5-(1H, 3H)-diones, probably due to the fact that

the tetracyclic system is not easily accessible by routine

synthetic methods.

The aza-Wittig reactions of iminophosphoranes have

received increased attention in view of their utility in

the synthesis of nitrogen heterocyclic compounds [7–

23]. Annelation of ring systems with N-heterocycles by

means of an aza-Wittig reaction has been widely utilized

because of the availability of functionalized iminophos-

phoranes. Recently, we have been interested in the syn-

thesis of pyrimidinones and imidazolones via aza-Wittig

reaction, with the aim of evaluating their fungicidal

activities [24–32]. We also reported an efficient synthe-

sis of benzothieno[3,2-d]pyrimidin-4(3H)-ones via aza-

Wittig reaction of b ethoxycarbonyl iminophosphorane 1

with isocyanate and subsequent reaction with various

nucleophiles under mild conditions [29]. However, the

reaction of a-amino ester with b ethoxycarbonyl carbo-

diimde was not investigated. Here, we wish to report

further a selective synthesis of the previously unreported

benzothieno[3,2-d]imidazo[1,2-a]pyrimidine-2,5-(1H, 3H)-
diones via a tandem aza-Wittig/heterocumulene-mediated

annulation.

RESULTS AND DISCUSSION

Iminophosphorane 1 reacted with isocyanates to give

carbodiimides 2, which were allowed to react with a-
amino ester at room temperature in the presence of cata-

lytic amount of sodium ethoxide to give benzo-

thieno[3,2-d]imidazo[1,2-a]pyrimidine-2,5-(1H, 3H)-dio-
nes 5 selectively (Scheme 1). A variety of a-amino ester

and isocyanate could be used for this synthetic strategy

and the products 5 were obtained in good yields (Table

1). Presumably, the reaction of carbodiimides 2 with a-
amino ester should afford primarily guanidine intermedi-

ates of type 3. From these intermediates 3, the formation

of two cyclized products imidazolone 4 (via path a),

benzothieno[3,2-d]pyrimidin-4(3H)-one 6 (via path b)

could in principle take place. The formation of 5 might

probably due to a tandem cyclization of 3 to

VC 2009 HeteroCorporation
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imidazolone intermediate 4 and further base catalytic cy-

clization between the imidazolone ring’s NH and ethoxy-

late. An imidazolone intermediate 4d had been success-

fully isolated before the reaction mixture was treated with

sodium ethoxide. Further treatment of 4d with sodium

ethoxide also gave the cyclized product 5d. The result

illustrated that the imidazolone 4 is more easily produced

from intermediate 3 than benzothieno[3,2-d]pyrimidin-

4(3H)-one 6, and the cyclization of 4 to product 5 should

be carried out in strong basic condition.

When chiral a-amino ester was used, recemization of

the product 5 took place completely under the reaction

condition. This is probably due to the easy recemization

of C-3 of the benzothieno[3,2-d]imidazo[1,2-a] pyrimi-

dine-2,5-(1H, 3H)-dione ring under the strong basic

condition.

The structure of benzothieno[3,2-d]imidazo[1,2-a]py-

rimidine-2,5-(1H, 3H)-diones 5 was confirmed by their

spectrum data. For example, the 1H NMR spectrum of

5b shows two singlets at 4.98 ppm as quarterlets and

1.95 ppm as doublet due to the CH and CH3, respec-

tively. The signals attributable to the ArAHs are found

at 8.12 ppm–7.44 ppm as mutiplets. The IR spectra of

5b revealed two C¼¼O absorption bands at 1761 and

1683 cm�1 due to the imidazolone and pyrimidinone

carbonyl group, respectively. The MS spectrum of 5b

shows strong molecular ion peak at m/z 347 with 100%

abundance. Furthermore, a single crystal of 5b was

obtained from a CH2Cl2 solution of 5b. X-ray structure

analysis verified again the proposed structure (Fig. 1).

The pyrimidine ring has a flattened-boat conformation

and a pseudo-mirror plane running through the bridge-

head N atom and the opposite C atom. The dihedral

angles between the planar fused benzene (A), thienyl

(B), imidazole (D), and substituent phenyl (E) rings are

Table 1

Physical and analytical data of compounds 5.

Comp. R1 R2 Time (hours) Mp (�C) Yield %a
Molecular

formula

Analysis % calcd./found

C H N

5a Ph sec-Bu 4 246–247 81 C22H19N3O2S 67.84 4.92 10.79

67.97 5.04 10.69

5b Ph Me 2 268–269 87 C19H13N3O2S 65.69 3.77 12.10

65.73 3.89 12.01

5c Ph i-Pr 5 263–265 88 C21H17N3O2S 67.18 4.56 11.19

67.46 4.75 11.03

5d Ph PhCH2 3 225–227 89 C25H17N3O2S 70.90 4.05 9.92

70.99 4.15 9.88

5e 4-ClC6H4 PhCH2 4 223–224 83 C25H16ClN3O2S 65.57 3.52 9.18

65.70 3.66 9.01

5f 4-ClC6H4 i-Pr 3 219–220 87 C21H16ClN3O2S 61.53 3.93 10.25

61.70 4.08 9.79

5g i-Pr Me 2 189–190 76 C16H15N3O2S 61.32 4.82 13.41

61.44 4.97 13.33

5h i-Pr PhCH2 3 189–191 84 C22H19N3O2S 67.84 4.92 10.79

67.95 5.01 10.69

5i Bu PhCH2 3 202–203 76 C23H21N3O2S 68.46 5.25 10.41

68.52 5.34 10.29

5j Bu Me 3 175–176 80 C17H17N3O2S 62.36 5.23 12.83

62.50 5.37 12.74

aYields based on iminophosphorane 1.

Scheme 1
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A/B ¼ 1.63 (3)�, A/D ¼ 5.80 (2)�, B/D ¼ 5.49 (3)�, and
D/E ¼ 39.73 (3)�.

In summary, we have developed an efficient synthesis

of benzothieno [3,2-d]imidazo[1,2-a]pyrimidine-2,5-(1H,
3H)-diones via a cascade aza-Wittig/heterocumulene-

mediated annulation. This method utilizes easily accessi-

ble starting material and allows mild reaction conditions,

straightforward product isolation and good yields.

EXPERIMENTAL

Melting points were determined using a X-4 model appara-

tus and were uncorrected. MS were measured on a Finnigan
Trace MS spectrometer. NMR spectra were recorded in CDCl3
on a Varian Mercury Plus 400 (400 Hz) spectrometer and
chemical shifts (d) were given in ppm using (CH3)4Si as an in-

ternal reference (d ¼ 0). IR was recorded on a PE-983 infrared
spectrometer as KBr pellets with absorption in cm�1. Elemen-
tary analyses were taken on a Vario EL III elementary analysis
instrument. The X-ray diffraction data were collected on a
Bruker SMART AXS CCD diffractometer.

General procedure for the preparation of benzothieno

[3,2-d]imidazo[1,2-a]pyrimidine-2,5-(1H, 3H)-diones (5). To
a solution of iminophosphorane 1 (0.96 g, 2 mmol) in dry
methylene dichloride (15 mL) was added aromatic isocyanate
(2 mmol) under nitrogen at room temperature. After the reac-

tion mixture was stood for 6–8 h at 0–5�C, the solvent was
removed off under reduced pressure and ether/petroleum ether
(1:2, 20 mL) was added to precipitate triphenylphosphine ox-
ide. Filtered, the solvent was removed to give carbodiimide 2,
which was directly used without further purification. A mixture

of a-amino acid ester hydrochloride (2 mmol) and triethyl-
amine (0.61 g, 4 mmol) in acetonitrile (10 mL) was stirred for
10 min and filtered. Then, the filtrate was added to the solution
of carbodiimide 2 prepared above in dry methylene dichloride

(10 mL) at room temperature. After stirring for 0.5 h, the solu-
tion was concentrated and anhydrous EtOH (10 mL) with sev-

eral drops of EtONa in EtOH was added. The mixture was
stirred for 4–6 h at room temperature The solution was con-
centrated under reduced pressure and the residual was recrys-
tallized from methylene dichloride/petroleum ether to give
benzothieno [3,2-d]-imidazo[1,2-a]pyrimidine-2,5-(1H, 3H)-
diones 5.

3-(Sec-butyl)-1-phenylbenzothieno[3,2-d]imidazo[1,2-a]pyrim-
idine-2,5-(1H, 3H)-dione (5a). White solid. 1H NMR (400

MHz, CDCl3) d (ppm): 8.13 (d, J ¼ 7.6 Hz, 1H, ArAH), 7.89

(d, J ¼ 8.4 Hz, 1H, ArAH), 7.61–7.43 (m, 7H, ArAH), 5.02

(d, J ¼ 3.6 Hz, 1H, NCH), 3.01–2.96 (m, 1H, CH), 1.93–1.71

(m, 2H, CH2), 1.11 (t, J ¼ 7.2 Hz, 3H, CH3), 0.92 (d, J ¼ 6.8

Hz, 3H, CH3). IR (KBr): 1756 (C¼¼O), 1686 (C¼¼O), 1599,

1500, 1366, 750 cm�1. MS: m/z (%) 389 (55, Mþ), 313 (43),

201 (24), 146 (100), 77 (75).

3-Methyl-1-phenylbenzothieno[3,2-d]imidazo[1,2-a]pyrimidine-
2,5-(1H, 3H)-dione (5b). White solid. 1H NMR (400 MHz,

CDCl3) d (ppm): 8.12 (d, J ¼ 8.0 Hz, 1H, ArAH), 7.88 (d,

J ¼ 8.4 Hz, 1H, ArAH), 7.63–7.44 (m, 7H, ArAH), 4.98 (q,

J ¼ 7.2 Hz, 1H, NCH), 1.95 (d, J ¼ 6.4 Hz, 3H, CH3). IR

(KBr): 1761 (C¼¼O), 1683 (C¼¼O), 1603, 1498, 1396, 752

cm�1. MS: m/z (%) 347 (36, Mþ), 271 (46), 201 (33), 146

(100), 77 (65).

1-Phenyl-3-(i-propyl)benzothieno[3,2-d]imidazo[1,2-a]pyrimi-
dine-2,5-(1H, 3H)-dione (5c). White solid. 1H NMR (400 MHz,

CDCl3) d (ppm): 8.13 (d, J ¼ 8.0 Hz, 1H, ArAH), 7.89 (d, J ¼
8.0 Hz, 1H, ArAH), 7.61–7.43 (m, 7H, ArAH), 4.93 (d, J ¼ 2.8

Hz, 1H, NCH), 3.28–3.16 (m, 1H, CH), 1.38 (d, J ¼ 6.8 Hz,

3H, CH3), 0.97 (d, J ¼ 7.2 Hz, 3H, CH3). IR (KBr): 1756

(C¼¼O), 1687 (C¼¼O), 1603, 1501, 1364, 751 cm�1. MS: m/z
(%) 375 (48, Mþ), 299 (26), 201 (41), 146 (100), 77 (73).

3-Benzyl-1-phenylbenzothieno[3,2-d]imidazo[1,2-a]pyrimidine-
2,5-(1H, 3H)-dione (5d). White solid. 1H NMR (400 MHz,

CDCl3) d (ppm): 8.00 (d, J ¼ 7.6 Hz, 1H, ArAH), 7.89 (d,

J ¼ 8.0 Hz, 1H, ArAH), 7.56–7.08 (m, 12H, ArAH), 5.26 (dd,

J1 ¼ 4.8 Hz, J2 ¼ 2.8 Hz, 1H, NCH), 4.11 (dd, J1 ¼ 14.0 Hz,

J2 ¼ 4.8 Hz, 1H, CH2), 3.53 (dd, J1 ¼ 14.0 Hz, J2 ¼ 2.8 Hz,

1H, CH2). IR (KBr): 1761 (C¼¼O), 1684 (C¼¼O), 1584, 1497,

1357, 749 cm�1. MS: m/z (%) 423 (59, Mþ), 347 (39), 201

(37), 146 (100), 91 (57), 77 (54).
3-Benzyl-1-(4-chlorophenyl)benzothieno[3,2-d]imidazo[1,2-

a]pyrimidine-2,5-(1H, 3H)-dione (5e). White solid. 1H NMR

(400 MHz, CDCl3) d (ppm): 8.01 (d, J ¼ 8.0 Hz, 1H, ArAH),

7.90 (d, J ¼ 8.0 Hz, 1H, ArAH), 7.58–7.04 (m, 11H, ArAH),

5.26 (dd, J1 ¼ 2.8 Hz, J2 ¼ 4.8 Hz, 1H, NCH), 4.11 (dd, J1 ¼
14.0 Hz, J2 ¼ 4.8 Hz, 1H, CH2), 3.51 (dd, J1 ¼ 14.0 Hz, J2 ¼
2.8 Hz, 1H, CH2). IR (KBr): 1751 (C¼¼O), 1697 (C¼¼O),

1602, 1501, 1360, 749 cm�1. MS: m/z (%) 457 (47, Mþ), 347
(45), 200 (30), 146 (100), 91 (57), 77 (60).

3-Benzyl-1-(4-chlorophenyl)benzothieno[3,2-d]imidazo[1,2-
a]pyrimidine-2,5-(1H, 3H)-dione (5f). White solid. 1H NMR

(400 MHz, CDCl3) d (ppm): 8.13 (d, J ¼ 8.0 Hz, 1H, ArAH),

7.90 (d, J ¼ 8.0 Hz, 1H, ArAH), 7.59–7.45 (m, 6H, ArAH),

4.92 (d, J ¼ 2.4 Hz, 1H, NCH), 3.23–3.18 (m, 1H, CH), 1.37

(d, J ¼ 7.2 Hz, 3H, CH3), 0.95 (d, J ¼ 6.8 Hz, 3H, CH3). IR

(KBr): 1752 (C¼¼O), 1698 (C¼¼O), 1592, 1503, 1387, 748

cm�1. MS: m/z (%) 409 (44, Mþ), 299 (33), 200 (22), 146

(100), 77 (77).

3-Methyl-1-(iso-propyl)benzothieno[3,2-d]imidazo[1,2-a]py-
rimidine-2,5-(1H, 3H)-dione (5g). White solid. 1H NMR (400

MHz, CDCl3) d (ppm): 8.26 (d, J ¼ 7.6 Hz, 1H, ArAH), 7.90

Figure 1. ORTEP diagram of the crystal structure of tricyclic com-

pound 5b (Drawn at the 50% thermal ellipsoids). [Color figure can be

viewed in the online issue, which is available at www.interscience.

wiley.com.]
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(d, J ¼ 8.0 Hz, 1H, ArAH), 7.58–7.50 (m, 2H, ArAH), 4.82–

4.74 (m, 2H, 2CH), 1.82 (d, J ¼ 6.8 Hz, 3H, CH3), 1.64 (d,

J ¼ 6.4 Hz, 6H, 2CH3), 1.62 (d, J ¼ 6.0 Hz, 3H, CH3). IR

(KBr): 1742 (C¼¼O), 1685 (C¼¼O), 1594, 1505, 1336, 748

cm�1. MS: m/z (%) 313 (66, Mþ), 271 (42), 201 (29), 146

(100), 77 (67).

3-Benzyl-1-(iso-propyl)benzothieno[3,2-d]imidazo[1,2-a]py-
rimidine-2,5-(1H, 3H)-dione (5h). White solid. 1H NMR
(400 MHz, CDCl3) d (ppm): 8.16 (d, J ¼ 8.0 Hz, 1H,
ArAH), 7.91 (d, J ¼ 8.4 Hz, 1H, ArAH), 7.59–7.01 (m, 7H,

ArAH), 5.01 (t, J ¼ 2.8 Hz, 1H, NCH), 4.54–4.50 (m, 1H,
NCH), 4.02 (dd, J1 ¼ 14.0 Hz, J2 ¼ 3.6 Hz, 1H, CHaPh),
3.42 (dd, J1 ¼ 13.6 Hz, J2 ¼ 2.8 Hz, 1H, CHbPh), 1.32 (d, J
¼ 6.8 Hz, 3H, CH3), 1.25 (d, J ¼ 7.2 Hz, 3H, CH3). IR
(KBr): 1750 (C¼¼O), 1683 (C¼¼O), 1592, 1503, 1387, 748

cm�1. MS: m/z (%) 389 (58, Mþ), 347 (31), 201 (18), 146
(76), 91 (67), 77 (100).

3-Benzyl-1-butylbenzothieno[3,2-d]imidazo[1,2-a]pyrimidine-
2,5-(1H, 3H)-dione (5i). White solid. 1H NMR (400 MHz,
CDCl3) d (ppm): 8.17 (d, J ¼ 8.0 Hz, 1H, ArAH), 7.91 (d,
J ¼ 8.0 Hz, 1H, ArAH), 7.59–7.03 (m, 7H, ArAH), 5.05 (dd,
J1 ¼ 2.8 Hz, J2 ¼ 4.8 Hz, 1H, NCH), 4.04 (dd, J1 ¼ 14.0 Hz,
J2 ¼ 4.8 Hz, 1H, CHaPh), 3.68–3.61 (m, 2H, NCH2), 3.44 (dd,
J1 ¼ 14.0 Hz, J2 ¼ 2.8 Hz, 1H, CHbPh), 1.41–1.37 (m, 2H,
CH2), 1.10–1.02 (m, 2H, CH2), 0.86 (t, J ¼ 7.2 Hz, 3H, CH3).
IR (KBr): 1754 (C¼¼O), 1673 (C¼¼O), 1605, 1505, 1364, 750
cm�1. MS: m/z (%) 403 (55, Mþ), 347 (44), 201 (34), 146
(75), 91 (66), 77 (100).

1-Butyl-3-methylbenzothieno[3,2-d]imidazo[1,2-a]pyrimidine-
2,5-(1H, 3H)-dione (5j). White solid. 1H NMR (400 MHz,
CDCl3) d (ppm): 8.28 (d, J ¼ 7.6 Hz, 1H, ArAH), 7.90 (d,
J ¼ 8.4 Hz, 1H, ArAH), 7.59–7.52 (m, 2H, ArAH), 4.81 (q,
J ¼ 6.8 Hz, 1H, NCH), 3.93–3.89 (m, 2H, NCH2), 1.85–1.79
(m, 5H, CH2 and CH3), 1.47–1.41 (m, 2H, CH2), 1.01 (t, J ¼
7.2 Hz, 3H, CH3). IR (KBr): 1747 (C¼¼O), 1680 (C¼¼O),
1605, 1504, 1353, 751 cm�1. MS: m/z (%) 327 (65, Mþ), 271
(39), 201 (26), 146 (100), 77 (48).

Isolation of the intermediate 4d. A mixture of ethyl 2-
amino-3-phenylpropanoate hydrochloride (0.46 g, 2 mmol) and
triethylamine (0.61 g, 4 mmol) in acetonitrile (10 mL) was
stirred for 10 min and filtered. Then, the filtrate was added to
the solution of carbodiimide 2 prepared above in dry methyl-
ene dichloride (10 mL) at room temperature. After stirring for
2 h, the solution was concentrated under reduced pressure and
the residual was recrystallized from methylene dichloride/pe-
troleum ether to give imidazolone 4d. White solid; mp: 191–
193�C. 1H NMR (400 MHz, CDCl3) d (ppm): 7.73–7.13 (m,
14H, ArAH), 4.87 (s, 1H, NH), 4.42–4.32 (m, 3H, OCH2 and
CH), 3.25 (dd, J1 ¼ 3.6 Hz, J2 ¼ 14.0 Hz, 1H, PhCHa), 3.06
(dd, J1 ¼ 8.0 Hz, J2 ¼ 14.0 Hz, 1H, PhCHb), 1.39 (t, J ¼ 7.2
Hz, 3H, CH3). IR (KBr): 3324 (NH), 1762 (C¼¼O), 1691
(C¼¼O), 1596, 1503, 1428, 1239 cm�1. MS: m/z (%) 469 (100,
Mþ), 333 (27), 277 (28), 146 (50), 91 (34). Anal. Calcd for
C27H23N3O3S: C, 69.06; H, 4.94; N, 8.95. Found: C, 69.24; H,
4.87; N, 8.73.

Crystallographic data of 5b. Crystallographic data for the
structures of 5b reported in this article have been deposited
with the Cambridge Crystallographic Data Centre as supple-
mentary publication no. CCDC-647685. Copies of the data can

be obtained free of charge on application to CCDC, 12 Union
Road, Cambridge CB2 1EZ, UK [fax.: (internat.) þ 44 1223/
336-033; e-mail: deposit@ccdc.cam.ac.uk].
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O-phenylene-diamine derivative containing colorimetric dinitroquinoxaline has been synthesized. Its
UV-vis spectroscopy and 1H NMR investigation reveal that the receptor shows the strong binding ability

for AcO�, F�, and H2PO
�
4 , moderate binding abilities for OH� and almost no binding abilities for Cl�,

Br�, and I�. The interaction of the receptor with studied anions achieving the recognition of anions is
proposed to come from the NAH. . .F and potential CAH. . .F hydrogen bonding in its neutral form. The
results indicate that it is well suitable for the anion complexation, which is presumably contributed to
its ring topology possessing a rigidity conjugation system. Moreover, the molecular orbital level of this

receptor and its tautomer were further determined by means of theoretical investigations.

J. Heterocyclic Chem., 47, 72 (2010).

INTRODUCTION

Host-guest systems for recognition of anionic guest

species play an important role in the development of

supramolecular chemistry [1]. The molecular recognition

of anionic guests by synthetic hosts is an area of ever

increasing research activity [2]. Study of anion receptors

has special potential applications in the synthesis of

anion sensors [3], membrane transmit carriers [4], and

mimic enzyme catalysts, etc. [5,6]. Particularly there is

a current interest in the synthesis of colorimetric neutral

chemosensors for detection of anions. Synthetic nitro-

gen-based receptors designed for the selective binding

of anions are usually either the positively charged

ammonium salts, i.e., protonated polyamines and/or qua-

ternary ammonium salts, or some of the neutral species,

such as, amides, sulfonamides, pyrroles, ureas, and thio-

ureas [7–9]. For example, in 1968, Park and Simmons

[10] synthesized a series of dicyclopolyamines com-

pounds and the results indicated that it is the protonated

polyamines that interacted with anions. Lehn and co-

workers [11–16] reported that during the interaction of

polyamines with anions, the polyamines were in the

form of protonated polyamines too. However, the neu-
tral amine receptors which can interact with various
anions have not yet been reported, and even more for

achieving the possibility of the naked-eye detection about
the bonding of anions. In the previous work, we studied

the recognition property of 16-membered or 14-membered
amide macrocycle (Scheme 1, 1–3) with various anions
[17,18]. In this article, we synthesized and studied the

anion binding abilities of six-membered cycle, a neutral
diamine receptor containing dinitroquinoxaline (Scheme 1,
4) in order to find the difference of anion binding ability

between macro and microcycle. The anion recognition
properties of receptor 4 with different anions (F�, Cl�,
Br�, I�, AcO�, H2PO

�
4 , and OH�) has been studied by

UV-vis and 1H NMR experiment and the results indicate
that the receptor shows higher binding abilities for AcO�,
F�, and H2PO

�
4 and the interaction of receptor 4 with vari-

ous anions is in the form of a neutral diamine. This work
is one of the progressive steps in pushing the development

of an anion recognition method based upon the neutral
amine recognition sites.

VC 2009 HeteroCorporation
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RESULTS AND DISCUSSION

The interaction of receptor 4 with anions was investi-

gated through the spectrophotometric titration by the

addition of a standard dimethyl sulfoxide (DMSO) solu-

tion of the tetrabutyl ammonium salt (TBA) of the

investigated anion to a DMSO solution of 4.

Figure 1 shows the changes in the absorption

spectrum of receptor 4 observed upon the addition of

fluoride anion. In the absence of anion, the spectrum of

receptor 4 is characterized by the presence of one peak

at 315 nm. The addition of fluoride anion results in the

development of a new band at 409 nm, changing the

Scheme 1. The structure of receptors.

Figure 1. UV-vis spectrum of receptor 4 changes upon the addition of

fluoride anion; [4] ¼ 4.0 � 10�5 mol/L, [F�] ¼ 0–160 � 10�5 mol/L.

Arrows indicate the direction of increasing anion concentration.

Figure 2. Plots of 1H NMR spectra of receptor 4 in DMSO-d6 upon the addition of various quantities of Bu4NF. The arrows’ direction represent

the additions of Bu4NF are 0, 0.5, 1, 2, 5, 10 equiv., respectively.
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color of the solution from colorless to pale-yellow. The

addition of AcO�, H2PO
�
4 , and OH�, respectively, indu-

ces a similar color change. On the other hand, exposure

to Cl�, Br� or I�, i.e., species that do not bind to recep-

tor 4 appreciably, do not lead to any noticeable change

in the solution color. This phenomenon makes this sys-

tem an effective anion sensor under these solution

conditions.

Very recently, a number of fluorogenic and/or chro-

mogenic anion sensors comprising recognition moieties,

such as, urea, thiourea, or amide have been reported to

undergo an anion-induced deprotonation [19–21].

According to these reports, there appears one new triplet

resonance at 16.1 ppm, the characteristic resonance of

bifluoride (FAHAF) and the chemical shifts of noninter-

acted sites’ proton signals occur up-field. To look into

the anion binding properties of receptor for fluoride on

anion recognition, 1H NMR titration experiments in

DMSO-d6 were performed (Fig. 2). From Figure 2, dif-

ferent patterns are observed in the titration ranges of 0–

1 and 1–2 equiv. ranges. The NH signal (11.9 ppm)

becomes broadened and the chemical shift of the phenyl

signal Ha upfield after the addition of 1 quantities of

TBAF. During this process, the chemical shifts of Hb

and Hc do not change. After the addition of 2 equiv of

TBAF, the NH signal completely disappears and the

shift of Ha is stopped, only peak-shape change occur

(from broad to sharp). The state of affairs can be

accounted by hypothesizing that the first added fluoride

anion establishes H-bonding interaction with the NH of

receptor 4. Due to the strong electron-withdrawing

effect of NO2, the shielding effect induced by H-bond-

ing is more sensitive to Ha than Hb and Hc. Therefore,

the signal of Ha upfield and the signal of Hb, Hc almost

occurs no changes. On addition of 2 equiv. fluoride

anion, detailed analysis reveals the significant upfield

shifts of Hc, except Hb, which exhibits a downfield shift

from 7.1 to 7.3 ppm, indicating the formation of poten-

tial C—H. . .F H-bonding during the titration [22].

Job plots for receptor 4 at 298 K with anions as guest

in DMSO solution show the maxima at a mole fraction

of 0.5, which signifies that the host binds the anionic

guest in a 1:1 ratio. Affinity constants of receptor 4 for

anionic species are calculated according to the eq. (1),

1:1 host-guest complexation [23–25].

X ¼ X0 þ 0:5DefcH þ cG þ 1=Ks

� ½ðcH þ cG þ 1=KsÞ2 � 4cHcG�1=2g ð1Þ

where cG and cH are the concentration of guest and

host, respectively. X is the intensity of absorbance at

certain concentration of host and guest. X0 is the inten-

sity of absorbance of host when the anion is not added.

Ks is the affinity constant of host-guest complexation.

De is the change in molar extinction coefficient.

Affinity constants of receptor 4 for anionic species

are summarized in Table 1. The affinity constants of

receptor with Cl�, Br�, and I� cannot be determined

because the anions almost have no binding abilities with

receptor. From Table 1, the anion affinity of receptor 4

is decreased in the order of AcO� > F� > H2PO
�
4 >

OH� >> Cl�, Br�, and I�. Among the anions investi-

gated, the highest affinity is observed with acetate. The

reason may be that only the acetate matches perfectly

with receptor 4 geometrically and thus has the highest

affinity with receptor 4.

As is well-known, neutral amines almost have no

binding ability with anions. However, receptor 4 we

synthesized has high affinity with some anions. We

speculate that the electron density of diamine moieties

is decreased due to the very strong electron-withdrawing

effect of NO2. Theoretical investigation on molecular

orbital level using density functional theory at B3LYP/

3-21G level with Gaussion03 program [26] can prove

this (Fig. 3). In receptor 4, the charges of the nitrogen

atoms interacted with anion (N11, N12) are �0.569624

and �0.569623, respectively. The charges of N11 and

N12 interacted with anions in non-containing NO2

Table 1

Affinity constants of receptor 4 with various anions.

Anion Ks (M
�1)

AcO� (3.20 6 0.35) � 104

F� (1.32 6 0.33) � 104

H2PO
�
4 (1.12 6 0.12) � 104

OH� (2.99 6 0.41) � 103

Figure 3. Molecular orbital level of receptor 4, its tautomer and compound 5. [Color figure can be viewed in the online issue, which is available at

www.interscience.wiley.com.]
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compound (5) are both �0.581427. The stronger the

binding ability, the smaller the charge of N11 and N12.

Thus, the ability of forming the hydrogen bond between

diamine and anion is appeared in receptor 4. In addition,

receptor 4 exists as tautomer (Fig. 4). Whether does

receptor 4 or its tautomer interact with various anions?

The molecular orbital level of its tautomer was opti-

mized (Fig. 3). The charges of N11 and N12 in tautomer

are both �0.655013. Therefore, receptor 4 may interact

with anions rather than its tautomer.

These results enable us to assume that the binding of

anion with diamine moieties will induce a spectral

change in the complex (Fig. 5). From Figure 5, the dif-

ference in spacer units are responsible for the anion se-

lectivity. Fluoride anion, a spherical ion, interacts with

diamines through the H-bonding. Both of the two oxy-

gen atoms of acetate anion, forming a ‘‘Y’’ configura-

tion, probably interact with diamines through two H-

bonding. The affinity constant of acetate anion is higher

than that of fluoride anion due to the ‘‘Y’’ configuration,

acetate anion, is better matched with receptor than

spherical configuration, fluoride anion in space. There-

fore, the affinity constant is related on the matched

degree between receptor and anion. Here, it should be

pointed out that the proposed binding mode in Figure 5

as drown is planar structure and does not present its ge-

ometry. According to optimized results, the geometry of

receptor 4 is planar. It may change under the induce-

ment of anions, especially the NH ring may distort [27].

However, the selectivity between AcO� and F� is

unfortunately not large enough for any practical applica-

tion purpose. The selectivity is probably also influenced

by the size complementarity between anions and cavity.

In previous papers, 16-membered and 14-membered am-

ide macrocycle (receptor 1-3) show high selectivity for

certain anion. So, we may be further modify the recep-

tor by tuning the size of the ring in receptor 4 (for

example, altered to a 16-membered or a 18-membered

ring, etc.) in order to find a receptor containing amine

recognition site that fits well for AcO�, F�, or other

anions geometrically.

CONCLUSION

In summary, we have synthesized a neutral cyclic dia-

mine containing phenyl ring and colorimetric dinitroqui-

noxaline. The UV-vis titration and 1H NMR experiments

indicate that receptor 4 shows the strong affinity for

AcO�, F�, and H2PO
�
4 , moderate affinities for OH�,

and almost no affinities for Cl�, Br�, and I�. Moreover,

the interaction of the synthetic receptor with F�, AcO�,
H2PO

�
4 , and OH� results in a visible change of color,

and the receptor can thus be used as a colorimetric sen-

sor. Receptor 4 interacts with various anions in the form

of a neutral diamine, not protonated polyamines. In

addition, we found that the selectivity of six-membered

amine cycle (4) is not better than that of 16- or 14-

membered amide cycle (1–3). In addition, theoretical

investigations show that receptor 4 may interact with

anions rather than its tautomer.

This work is one of the progressive steps in pushing

the development of an anion recognition method based

upon the neutral amine recognition site. Further studies

on this line are in progress.

EXPERIMENTAL

Most of the starting materials were obtained commercially
and all reagents and solvents used were of analytical grade.
All anions, in the form of TBAs, were purchased from Sigma-

Aldrich Chemical Co., stored in a desiccator under vacuum
containing self-indicating silica, and used without any further
purification. DMSO was distilled in vacuo after dried with
CaH2. Tetra-n-butylammonium salts (such as (n-C4H9)4NF, (n-
C4H9)4NCl, (n-C4H9)4NBr, (n-C4H9)4NI, (n-C4H9)4NAcO, (n-
C4H9)4NH2PO4, and (n-C4H9)4NOH) were dried for 24 h in
vacuum with P2O5 at 333 K before use. C, H, and N elemental
analyses were made on Vanio-EL. 1H NMR spectra were
recorded on a Varian UNITY Plus-400 MHz Spectrometer.

FAB-MS was made on VG ZAB-HS. UV-vis spectroscopy
titrations were made on Shimadzu UV2450 spectrophotometer.

Figure 4. The structure of receptor 4 and tautomer.

Figure 5. A proposed hydrogen bond configuration formed between

receptor 4 and anions.

Scheme 2. The synthesis route of 4.
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N,N0-(o-phenylene)-6,7-dinitro-2,3-diamino-quinoxaline (4)
was synthesized according to the route shown in Scheme 2.

1,4-Quinoxaline-2,3-dione [28]. o-diaminebenzene (10.8 g,
0.1 mol), diethyl oxalate (13.5 mL, 0.1 mol), and pyridine
(200 mL) were added in 250 mL three-neck. The mixture

refluxed with N2 for 72 h. After cooled, the mixture was fil-
trated and we obtained colorless solid. The solid was washed
with ethanol, ether, and dried in vacuum. Yield 61.3%. 1H
NMR (400 MHz DMSO-d6) d 11.9 (s, 2H), 7.1 (m, 4H). Anal.
Calcd. for C8H6N2O2: C, 59.26; H, 3.73; N, 17.28; Found: C,

59.73; H 3.58; N, 17.67. FAB-MS (m/z): 163 (M þ H)þ.
N,N0-(o-Phenylene)-6,7-dinitro-2,3-diamino-quinoxaline

(4). 1,4-quinoxaline-2,3-dione (2.5 mmol, 0.81 g), 4,5-dinitro-
o-diaminebenzene (2.5 mmol, 0.49 g), and acetic acid (100
mL) were refluxed for 12 h. After cooled, the mixture was fil-

trated and we obtained brown solid. The solid was washed
with water, ethanol, and recrystallized, respectively, from ace-
tic acid and dried in vacuum. Yield 84.8%. 1H NMR (400
MHz DMSO-d6) d 11.9 (s, 2H), 8.3 (s, 2H), 7.1 (m, 4H).

Anal. Calcd. for C28H16N12O8�2CH3COOH: C, 50.01; H, 3.15;
N, 21.87; Found: C, 49.73; H, 3.58; N, 21.77.
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A series of 5-arylidene derivatives 3a-k, as potential antifungal agents, were synthesized in good to
high yields by the reaction of 2-benzimidazolylimino-4-thiazolidinone and corresponding aromatic alde-
hyde in a buffered medium. These compounds were evaluated for their antifungal activities against four

agricultural fungi, Botrytis elliptica, Fusarium graminearum, Phytophthora nicotianae, and Rhizoctonia
solani. Thereby, it was found that the compound 1 exhibits an antifungal effect against P. nicotianae
and B. elliptica, comparable with carbendazim as a standard antifungal. Our results may provide some
guidance for development of some novel benzimidazole-based antifungal lead structures.

J. Heterocyclic Chem., 47, 77 (2010).

INTRODUCTION

Thiazolidin-4-ones constitute an important class of het-

erocyclic compounds because of their broad range of bio-

logical activities [1–5]. It is also well known that thiazoli-

din-4-ones have antifungal activity [6–9] and are used as a

new class of potent anti-HIV-1 agents with marked

reverse transcriptase (RT) inhibitory effects [10,11].

Benzimidazole derivatives are also of wide interest

because of their diverse biological activities, such as

anticancer, antiproliferative, antiviral, and platelet-anti-

aggregating agents [12–16]. Benzimidazoles containing

a subunit group, especially a methyl carbamate group on

position C(2) (Carbendazim), are found as potential anti-

fungal agent for plants [17]. Because of the aforemen-

tioned findings and also because of the incessant interest

in the chemistry and antimicrobial activity of benzimi-

dazoles, substantial attention should be paid to the syn-

thesis of novel benzimidazole derivatives especially ben-

zimidazolyl substituted 2-iminiothiazolidin-4-ones. In

view of these reports, we extended our research for the

synthesis of a novel class of benzimidazole substituted

2-iminiothiazolidin-4-ones resulting from the reaction of

2-(1H-benzimidazol-2-ylamino)-1,3-thiazol-4(5H)-one 2

with various aromatic aldehydes. The antifungal activity

of these compounds was investigated against some agri-

cultural fungi.

RESULTS AND DISCUSSION

Compound 1, N-(1H-benzimidazol-2-yl)-2-chloroacta-

mide, was synthesized from 2-amino benzimidazole

using a variation of the reported procedure [9]. The

compound 1 on heterocyclization in the presence of am-

monium thiocyanate in refluxing ethanol (96%) effi-

ciently produced compound 2 without any further purifi-

cation [5]. Compounds 3a–k were obtained by refluxing

2 with corresponding aromatic aldehydes in buffered

glacial acetic acid (Scheme 1). Compound 3k was selec-

tively obtained by the reaction of 2 with an aromatic

dialdehyde. The presence of an aldehyde group in the

phenyl ring of the product was evidently confirmed by
1H NMR, Ms, and infrared (IR) data. Finally, compound

4 was synthesized by refluxing 1 in the presence of

K2CO3 in acetone. All new compounds were character-

ized using spectroscopy data (IR, 1H, and 13C NMR).

Compounds 2 and 3a–k exist as lactam forms on the

basis of the mechanism suggested by Vicini et al. [18].
This mechanism is more reasonable than that one led to

VC 2009 HeteroCorporation
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the formation of an imine structure 5 as shown in

Scheme 2 [9]. In 1H NMR spectra of compounds 2 and

3a–k, the resonance of two NH protons at 12.13 and

12.37–12.85 ppm are in support of the lactam form,

because an imine proton appears at much higher field

(about 9.70) [19,20]. The 1H NMR and IR spectroscopy

data (the absence signal of an OH group) is in agree-

ment with a c-lactam, confirm the 2a and 2b tautomeric

forms in the solid and liquid states (Scheme 2).

Compounds (1, 2, 3a–k, 4) were tested for fungicidal

activity against four agricultural fungi. The results (Ta-

ble 1) show that the compounds 1 and 2 have higher

antifungal activity than others and are comparable with

carbendazim. The more interesting result could be

observed in the treatment of compound 1, which could

completely inhibit the growth of Phytophthora nicotia-
nae and Botrytis elliptica isolates. Compounds 3b and

3f also completely inhibit the growth of B. elliptica.
Although, all of the compounds have the inhibiting

effect against B. elliptical, no Rhizoctonia solani have.
The other results are briefly mentioned in Table 1. It

may also be noticed that introduction of benzylidene

group at C-5 decreased the fungicidal activity.

In conclusion, we have described the synthesis of 2-

benzimidazolylimino-5-arylidene-4-thiazolidinones, 3a–k

by the reaction of 2-benzimidazolylimino-4-thiazolidi-

none, 2 and corresponding aromatic aldehydes in a buf-

fered medium with good to high yields. We also evaluated

their antifungal activities against four agricultural fungi.

EXPERIMENTAL

All used chemicals were prepared from Merck or Fluka
Company. Melting points were determined using an electro
thermal digital apparatus and are uncorrected. IR spectra were

performed on a Galaxy series FT IR 5000 spectrometer using
KBr discs. NMR spectra were recorded on a Bruker (300
MHz) spectrometer. Chemical shifts (ppm) were referenced to
the internal standards tetramethylsilane. Elemental analyses
were performed on a Vario EL III elemental analyzer. Reac-

tions were monitored by thin layer chromatography (TLC).
Synthesis of N-(1H-benzimidazol-2-yl)-2-chloroactamide

(1). A solution of 2-amino benzimidazole (4.0 g, 0.03 mole) in
dry acetone (40 mL) was cooled to 0–5�C. A solution of chlor-
oacetyl chloride (4.78 mL, 0.06 mole) in dry acetone (15 mL)

was slowly added to it with vigorous stirring. The reaction
mixture was refluxed for 2 h, and the solvent was removed
under reduced pressure. The residue was washed with sodium
bicarbonate (5%) and subsequently with water. The crude

product was air dried and crystallized from ethanol to give the
colorless crystals 1, 4.1 g (65%), mp 219–222�C; Rf (ethyl

Scheme 1. Conditions: (a) Acetone, 2 h, reflux. (b) NH4SCN, 96%

EtOH, 8 h, reflux. (c) AcOH, AcONa, 3–10 h, reflux. (d) Acetone,

K2CO3, 4 h, reflux.

Scheme 2

Table 1

Antifungal activity studies by the agar growth medium poison

technique.a

Compound

Phytophthora
nicotianae

Botrytis
elliptica

Rhizoctonia
solani

Fusarium
graminearum

1 100 100 0 40

2 58 50 0 0

3a 0 28 0 0

3b 0 100 0 0

3c 0 33 0 20

3d 15 50 0 0

3e 0 33 0 0

3f 5 100 0 30

3g 25 50 0 0

3h 0 33 0 0

3i 0 57 0 0

3j 0 57 0 6

3k 15 50 0 10

4 30 64 0 0

MBC
b 0 100 100 100

a The results are reported as a percentage (%) inhibition of the fungi

growth, and the concentration of the tested compounds was 50 ppm.
b Carbendazim as a reference.

78 Vol 47A. Mobinikhaledi, N. Foroughifar, M. Kalhor, and M. Mirabolfathy

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



acetate/hexane 3:1) 0.65; IR (KBr): 3333 (NH), 3055 (CH),
2966 (CH.), 1685 (C¼¼O), 1633, 1583 (C¼¼N), 1456 (C¼¼C)
cm�1; 1H NMR (DMSO-d6, 300 MHz): d 4.37 (s, 2H, CH2),
7.09–7.13 (m, 2H, H-Ar.), 7.43–7.46 (q, 2H, H-Ar), 12.08 (s,
2H, NH); 13C NMR (DMSO-d6, 75 MHz): d 43.9 (CH2),

114.3, 121.9, 135.7, 147.4 (C¼¼N), 167.7 (C¼¼O). Anal. Calcd.
for C9H8ClN3O: C, 51.56; H, 3.85; N, 20.04. Found: C, 51.45;
H, 3.82; N, 20.14.

Synthesis of 2-(1H-benzimidazol-2-ylamino)-1,3-thiazol-

4(5H)-one (2). A solution of compound 1 (3.0 g, 0.01 mole)

and ammonium thiocyanate (1.96 g, 0.02 mole) in 50 mL of
ethanol (96%) was refluxed for 8 h and allowed to stand for
2 h. The precipitate was filtered, washed with aqueous ethanol,
and recrystallized from dioxane/water to give light yellow
crystals 2 to yield 2.7 g (81%), mp 284�C; Rf (ethylacetate/

hexane 3:1) 0.5; IR (KBr): 3138 (NH), 3065 (CH-Ar.), 2926
(CH), 1697 (C¼¼O), 1620, 1581 (C¼¼N), 1352 (C¼¼C) cm�1;
1H NMR (DMSO-d6, 300 MHz): d 3.96 (s, 2H, CH2), 7.12–
7.49 (m, 4H, H-Ar.), 12.13 (br., 2H, NH); the NH protons dis-

appeared on D2O addition; 13C NMR (DMSO-d6, 75 MHz): d
35.2 (CH2), 112.7, 121.8, 142.6, 152.2 (C¼¼N), 164.6 (C¼¼N),
174.7 (C¼¼O). Anal. Calcd. for C10H8N4OS: C, 51.71; H, 3.47;
N, 24.12; S, 13.81. Found: C, 51.58; H, 3.51; N, 24.22; S,
13.80.

General procedure for the synthesis of compounds (3). A
well-stirred solution of compound 2 (0.2 g, 0.86 mmole) in 4–
6 mL of acetic acid was buffered with sodium acetate (0.2 g,
2.58 mmole) and added the appropriate arylaldehyde (1.7
mmole). The solution was refluxed for desired time. The com-

pletion of the reaction was monitored by TLC (toluene/diox-
ane/acetic acid 18:2:1). The reaction mixture was then cooled
to room temperature to produce the precipitate. The precipitate
was filtered, abundantly washed with water, and then recrystal-
lized from dioxane or dioxane/water to give the pure crystals

(3a–k).
2-(1H-Benzimidazol-2-ylamino)-5-benzylidene-1,3-thiazol-4

(5H)-one (3a). This compound was obtained by refluxing for
7 h to yield 0.26 g (96%), mp 326–327�C; IR (KBr): 3138

(NH), 3067 (CH-Ar), 1697 (C¼¼O), 1618, 1581 (C¼¼N), 1454,
1352, 1253 (C¼¼C) cm�1; 1H NMR (DMSO-d6, 300 MHz): d
7.14–7.71 (m, 10H, H-Ar and C¼¼CH-Ph), 12.38 (s, 1H, NH),
12.75 (s, 1H, NH); 13C NMR (DMSO-d6, 75 MHz): d 112.9,
121.8, 124.1, 129.1, 129.6, 129.9, 130.5, 133.8, 134.1, 150.3

(C¼¼N), 179.3 (C¼¼N), 181.2 (C¼¼O). Anal. Calcd. for
C17H12N4OS: C, 63.73; H, 3.78; N, 17.49; S, 10.01. Found: C,
64.01; H, 3.81; N, 17.39; S, 10.00.

2-(1H-Benzimidazol-2-ylamino)-5-(2-chlorobenzylidene)-1,
3-thiazol-4(5H)-one (3b). This compound was obtained by

refluxing for 6 h to yield 0.16 g (52%), mp 304�C; IR (KBr):
3151 (NH), 3063 (CH-Ar), 1695 (C¼¼O), 1622, 1589 (C¼¼N),
1471, 1352, 1255 (C¼¼C) cm�1; 1H NMR (DMSO-d6, 300
MHz): d 7.15–7.68 (m, 8H, H-Ar), 7.87 (s, 1H, C¼¼CH-Ar),
12.42 (s, 1H, NH), 12.92 (br., s, 1H, NH); 13C-NMR (DMSO-

d6 (CD3)2SO, 75 MHz): 112.9, 123.8, 124.2, 128.4, 129.0,
129.7, 130.6, 131.1, 131.9, 132.9, 134.6, 150.1 (C¼¼N), 179.3
(C¼¼N), 180.7 (C¼¼O). Anal. Calcd. for C17H11ClN4OS: C,
57.55; H, 3.12; N, 15.79; S, 9.04. Found: C, 57.79; H, 3.16;

N, 15.88; S, 9.13.
2-(1H-Benzimidazol-2-ylamino)-5-(3-chlorobenzylidene)-1,

3-thiazol-4(5H)-one (3c). This compound was obtained by
refluxing for 4 h to yield 0.26 g (85%), mp 320–322�C; IR

(KBr): 3138 (NH), 3063 (CH-Ar), 1695 (C¼¼O), 1618, 1581
(C¼¼N), 1469, 1350, 1251 (C¼¼C) cm�1; 1H NMR (DMSO-d6,
300 MHz): d 7.15–7.63 (m, 9H, H-Ar and C¼¼CH-Ar), 12.40–
12.85 (br., s, 2H, NH); 13C NMR (DMSO-d6, 75 MHz): d
112.9, 122.3, 124.1, 127.3, 127.9, 129.2, 129.7, 131.3, 132.8,

134.2, 137.2, 150.3 (C¼¼N), 179.2 (C¼¼N), 180.9 (C¼¼O).
Anal. Calcd. for C17H11ClN4OS: C, 57.55; H, 3.12; N, 15.79;
S, 9.04. Found: C, 57.33; H, 3.17; N, 15.58; S, 9.14.

2-(1H-Benzimidazol-2-ylamino)-5-(4-chlorobenzylidene)-1,
3-thiazol-4(5H)-one (3d). This compound was obtained by

refluxing for 8 h to yield 0.16 g (52%), mp 337�C; IR (KBr):
3421, 3308 (NH), 3053 (CH-Ar), 1676 (C¼¼O), 1618, 1574
(C¼¼N), 1473, 1350, 1259 (C¼¼C) cm�1; 1H NMR (DMSO-d6,
300 MHz): d 7.15–7.69 (m, 9H, H-Ar. and C¼¼CH-Ph), 12.39
(s, 1H, NH), 12.75 (br., s, 1H, NH); 13C NMR (DMSO-d6, 75

MHz): d 112.9, 124.1, 127.6, 129.6, 129.7, 131.5, 132.1,
133.8, 134.1, 150.3 (C¼¼N), 179.3 (C¼¼N), 181.1 (C¼¼O).
Anal. Calcd. for C17H11ClN4OS: C, 57.55; H, 3.12; N, 15.79;
S, 9.04. Found: C, 57.43; H, 3.07; N, 15.78; S, 9.09.

2-(1H-Benzimidazol-2-ylamino)-5-(3-bromobenzylidene)-1,
3-thiazol-4(5H)-one (3e). This compound was obtained by
refluxing for 5 h to yield 0.26 g (75%), mp 306–307�C; IR
(KBr): 3192 (NH), 3068 (CH-Ar), 1699 (C¼¼O), 1622, 1585
(C¼¼N), 1481, 1251 (C¼¼C) cm�1; 1H NMR (DMSO-d6, 300

MHz): d 7.16–7.88 (m, 9H, H-Ar. and C¼¼CH-Ar), 12.79 (br.,
s, 2H, NH); 13C NMR (DMSO-d6, 75 MHz): d 112.8, 122.8,
124.1, 127.2, 128.3, 129.7, 131.6, 132.1, 136.5, 137.4, 150.2,
153.1 (C¼¼N), 179.2 (C¼¼N), 180.8 (C¼¼O). Anal. Calcd. for
C17H11BrN4OS: C, 51.14; H, 2.78; N, 14.03; S, 8.03. Found:

C, 51.34; H, 2.76; N, 14.12; S, 7.99.
2-(1H-Benzimidazol-2-ylamino)-5-(4-bromobenzylidene)-1,

3-thiazol-4(5H)-one (3f). This compound was obtained by
refluxing for 10 h to yield 0.28 g (85%), mp 325–327�C; IR
(KBr): 3217, 3136 (NH), 3026 (CH-Ar), 1691 (C¼¼O), 1633,

1609 (C¼¼N), 1487, 1350, 1257 (C¼¼C) cm�1; 1H NMR
(DMSO-d6, 300 MHz): d 7.02–7.95 (m, 9H, H-Ar and C¼¼CH-
Ar), 12.40 (s, 1H, NH), 12.78 (br., s, 1H, NH); 13C NMR
(DMSO-d6, 75 MHz): d 112.9, 123.0, 124.1, 127.7, 129.7,

131.7, 132.3, 132.5, 134.2, 150.3 (C¼¼N), 179.3 (C¼¼N), 181.0
(C¼¼O). Anal. Calcd. for C17H11BrN4OS: C, 51.14; H, 2.78; N,
14.03; S, 8.03. Found: C, 50.91; H, 2.75; N, 14.02; S, 8.05.

2-(1H-Benzimidazol-2-ylamino)-5-(3-nitrobenzylidene)-1,3-
thiazol-4(5H)-one (3g). This compound was obtained by

refluxing for 3 h to yield 0.28 g (90%), mp 333�C; IR (KBr):
3138 (NH), 3068 (CH-Ar), 1716 (C¼¼O), 1655, 1620 (C¼¼N),
1531, 1352 (NO2), 1464, 1265 (C¼¼C) cm�1; 1H NMR
(DMSO-d6, 300 MHz): d 7.17–8.55 (m, 9H, H-Ar and C¼¼CH-
Ar), 12.43 (s, 1H, NH), 12.85 (br., s, 1H, NH); 13C NMR

(DMSO-d6, 75 MHz): d 112.9, 123.8, 124.2, 126.4, 129.7,
131.0, 134.0, 135.7, 136.7, 148.6, 150.1, 172.5 (C¼¼N), 178.9
(C¼¼N), 180.8 (C¼¼O). Anal. Calcd. for C17H11N5O3S: C,
55.88; H, 3.03; N, 19.17; S, 8.78. Found: C, 55.80; H, 3.05;
N, 19.19; S, 8.75.

2-(1H-Benzimidazol-2-ylamino)-5-(4-nitrobenzylidene)-1,3-
thiazol-4(5H)-one (3h). This compound was obtained by
refluxing for 10 h to yield 0.30 g (96%), mp 353�C; IR (KBr):
3148 (NH), 3076 (CH-Ar), 1705 (C¼¼O), 1631, 1599 (C¼¼N),

1512, 1342 (NO2) cm�1; 1H NMR (DMSO-d6, 300 MHz): d
7.16–8.32 (m, 9H, H-Ar and C¼¼CH-Ar), 12.42 (s, 1H, NH),
12.92 (s, 1H, NH); 13C NMR (DMSO-d6, 75 MHz): d 112.9,
124.1, 124.5, 126.2, 129.6, 130.6, 135.6, 141.4, 146.9, 150.1
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(C¼¼N), 178.9 (C¼¼N), 180.7 (C¼¼O). Anal. Calcd. for
C17H11N5O3S: C, 55.88; H, 3.03; N, 19.17; S, 8.78. Found: C,
56.07; H, 3.02; N, 19.20; S, 8.80.

2-(1H-Benzimidazol-2-ylamino)-5-(4-methylbenzylidene)-1,
3-thiazol-4(5H)-one (3i). This compound was obtained by

refluxing for 9 h to yield 0.15 g (52%), mp 331�C; IR (KBr):
3217, 3144 (NH), 3043 (CH-Ar), 2943 (Me), 1685 (C¼¼O),
1620, 1533 (C¼¼N), 1444, 1273 (C¼¼C) cm�1; 1H NMR
(DMSO-d6, 300 MHz): d 2.35 (s, 1H, CH3), 7.15–7.67 (m, 9H,
H-Ar and C¼¼CH-Ar), 12.37 (s, 1H, NH), 12.70 (br., s, 1H,

NH); 13C NMR (DMSO-d6, 75 MHz): d 21.5 (CH3), 112.8,
118.5, 121.8, 124.1, 150.4, 129.8, 130.6, 131.8, 139.7, 157.4
(C¼¼N), 179.5 (C¼¼N), 181.2 (C¼¼O). Anal. Calcd. for
C18H14N4OS: C, 64.65; H, 4.22; N, 16.75; S, 9.59. Found: C,
64.93; H, 4.23; N, 16.78; S, 9.56.

2-(1H-Benzimidazol-2-ylamino)-5-(3-methoxybenzylidene)-
1,3-thiazol-4(5H)-one (3j). This compound was obtained by
refluxing for 5 h to yield 0.24 g (80%), mp 271–272�C; IR
(KBr): 3200, 3148 (NH), 3045 (CH-Ar), 2960 (Me), 1695

(C¼¼O), 1640, 1620 (C¼¼N), 1533, 1448, 1352 (C¼¼C) cm�1;
1273, 1228 (OMe); 1H NMR (DMSO-d6, 300 MHz): d 3.81 (s,
3H, OMe), 6.98–7.68 (m, 9H, H-Ar and C¼¼CH-Ar), 12.39 (s,
1H, NH), 12.74 (br., s, 1H, NH); 13C NMR (DMSO-d6, 75
MHz): d 55.6 (OMe), 112.8, 115.4, 116.2, 122.3, 124.1, 129.7,

129.0, 129.7, 130.8, 131.3, 150.3, 160.0 (C¼¼N), 179.5 (C¼¼N),
181.1 (C¼¼O). Anal. Calcd. for C18H14N4O2S: C, 61.70; H, 4.03;
N, 15.99; S, 9.15. Found: C, 62.02; H, 4.00; N, 15.87; S, 9.10.

4-{[2-(1H-Benzimidazol-2-ylamino)-4-oxo-1,3-thiazol-5(4H)-
ylidene]methyl} benzaldehyde (3k). This compound was

obtained by refluxing for 3 h to yield 0.27 g (90%). mp 339–
341�C; IR (KBr): 3452, 3221 (NH), 3065 (CH-Ar), 2785,
2885 (CH, aldehyde), 1691 (C¼¼O), 1622, 1589 (C¼¼N), 1481,
1350, 1261 (C¼¼C) cm�1; 1H NMR (DMSO-d6, 300 MHz): d
7.17–8.02 (m, 9H, H-Ar and C¼¼CH-Ar), 10.03 (s, 1H, CHO),

12.85–12.94 (br., s, 2H, NH); MS (m/z, %): 348 (Mþ, 100),
159 (92), 133 (15), 105 (12), 89 (24). Anal. Calcd. for
C18H12N4O2S: C, 62.06; H, 3.47; N, 16.08; S, 9.20. Found: C,
62.37; H, 3.45; N, 16.17; S, 9.17.

Synthesis of 1H-imidazo[1,2-a]benzimidazol-2(3H)-one

(4). To a well-stirred solution of compound 1 (0.4 g, 2 mmole)
in dry acetone (30 mL), K2CO3 (0.32 g, 2 mmole) was added.
The reaction mixture was refluxed for 4 h. The result solid
was filtered, and water (5 mL) was added to the filtration to

give compound 4, which then filtered and washed with water
and air dried to yield 0.16 g (50 %); mp 216–219�C; IR
(KBr): 3358 (NH), 3051 (CH-Ar), 2991, 2930 (CH2), 1666
(C¼¼O), 1585, 1527 (C¼¼N), 1448, 1336 (C¼¼C) cm�1; 1H
NMR (DMSO-d6, 300 MHz): d 4.90 (s, 2H, CH2), 7.10–7.42

(m, 4H, H-Ar), 12.51 (br. s, 1H, NH); The NH proton disap-
peared on D2O addition; 13C NMR (DMSO-d6, 75 MHz): d
47.6 (CH2), 110.6, 112.3, 121.8, 123.1, 129.4, 130.4, 147.6,
175.2 (C¼¼O). Anal. Calcd. for C9H7N3O: C, 62.42; H, 4.07;
N, 24.27. Found: C, 62.22; H, 4.08; N, 24.32.

Antifungal assays. Fungicidal activity of compounds (1, 2,
3a–k, and 4) were tested against four phytopathogenic fungal
isolates, including B. elliptica, Fusarium graminearum, P. nic-
otianae, and R. solani, provided by Department of Plant dis-

eases of Iranian Plant Protection Research Institute in vitro.
Two negative controls: one with DMSO, the solvent of all
tested compounds (no antifungal activity has been noted) and
the other as untreated potato dextrose agar petri dishes used

using the agar growth medium poison technique [8]. The me-
dium was potato dextrose agar, and the concentration of the
tested compounds was 50 ppm. After 5 days incubation at
25�C, the growth diameter of treatments was measured, and
the percentage inhibition of growth for each compound was

determined based on the negative control growth of each fun-
gal species under the same incubation conditions. Carbendazim
as a reference was included to compare with compounds (1, 2,
3a–k, and 4). All tests were performed in triplicate and the av-
erage results, as a percentage (%) inhibition of growth, are

shown in Table 1.
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The chalcones 1-(20-hydroxy-aryl)-3-(1-indol-3-yl)-prop-2-en-1-one (3) and 1-(20-hydroxy-aryl)-3-(2-chlor-
oquinolin-3-yl)-prop-2-en-1-one (6) were synthesised by piperidine mediated condensation of an ethanolic
solution of an o-hydroxyacetophenone (1) with corresponding heteroaryl-3-carboxaldehyde. The structures
have been established on the basis of elemental (C, H, N) analysis, UV, IR, 1H NMR spectral data. The
compounds 3 and 6 were screened for antimicrobial activities against a variety of bacterial agents.

J. Heterocyclic Chem., 47, 81 (2010).

INTRODUCTION

Chalcones are well known naturally occurring pig-

ments which serve as valuable intermediate in organic

synthesis of flavonoid compounds [1]. It has found sig-

nificant role in pharmaceutical effects [2] including anti-

oncogenic, antiinflammatory, antiulcerative, analgesic,

antiviral, antimalarial and antibacterial activities. Chlor-

oquinoline [3] and indole [4] compounds are known to

exhibit variety of antimicrobial activity. Also, it has

been reported that chalcone having quinoline moiety is

an intermediate for the synthesis of chloroquinoline cya-

nopyridines and cyanopyrans derivatives [5].

In the Claisen-Schemidt condensation of Chalcone

synthesis, 20-hydroxy functional group may cyclise to

the corresponding flavanones under higher concentration

of alkali. Also, side reactions such as multiple condensa-

tions, polymerizations, and rearrangements are common.

These undesirable side reaction decreases the yields of

the target adduct and render their purification difficult

[6]. So, it was planned to use a weaker base like piperi-

dine instead of using strong base to enhance the better

yields.

In present communication, we report piperidine medi-

ated synthesis of N-heterocyclic chalcones 3 and 6 from

indole-3-carboxaldehyde and 2-chloroquinoline-3-car-

boxaldehyde respectively. The structures of the com-

pound 3 and 6 have been established on the basis of ele-

mental (C, H, N) analysis, UV, IR, 1H NMR spectral

data and they were screened for antibacterial activities.

RESULTS AND DISCUSSION

The syntheses of 1-(20-hydroxy-aryl)-3-(1-indol-3-yl)-
prop-2-en-1-one (3) and 1-(20-hydroxyaryl)-3-(2-chloro-
quinolin-3-yl)-prop-2-en-1-one (6) was carried out by

condensation of an ethanolic solution of an o-hydroxya-
cetophenone (1) in the presence of piperidine with

indole-3-carboxaldehyde (2) and with 2-chloroquinolin-

3-carboxaldehyde (5) as shown in Scheme 1.

The compounds 3 and 6 gave violet colouration with

alcoholic FeCl3 test indicating the presence of chelated

hydroxyl group in it. Also, gave positive test for presence

of elements such as N and Cl in corresponding chalcone

by sodium fusion extraction test. When using AlCl3-HCl as

shift reagents, bathochromic shift about 40 nm at band-I

was observed in UV spectral studies of products 3 and 6

due to presence of chelated hydroxyl group. IR spectra of

compounds 3 revealed the presence of ANH absorption

bands in the region of 3228–3098 cm�1, in addition to two

characteristic signals about 1630 cm�1 for the unsaturated

keto group and 3043–3444 cm�1 for hydroxyl groups. Sim-

ilarly, IR spectrum of compounds 6 showed absorption at

3436–3431 cm�1, 1654–1621 cm�1, 1446–1432 cm�1 and

744–756 cm�1 for presence of AOH, AC¼¼O, AC¼¼NA,

ACl groups, respectively. The 1H NMR spectra gave two

doublet centred about d 7.6 and d 8.2 with coupling con-

stant about J ¼ 15 Hz were assigned to the trans olefinic

proton at Ca and Cb position. The entire 1H NMR spectral

data were given in the experimental part and the values

were in accordance with the title compounds 3 and 6.
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Antibacterial activities. The antibacterial activity of

the compounds 3 and 6 have been evaluated using filter

paper disc diffusion method [7] at a concentration of 100

lg/disc against human pathogenic bacteria such as Staphy-
lococcus aureus (Gþ), Shigella dysenteriae (G�) and Sal-
monella typhi (G�). Kanamycin (30 lg/disc) was used as

standard for comparing the activity. Each sample was

used in triplicates for the determination of antibacterial ac-

tivity. The diameter of observed inhibition zone of 3 and

6 were measured (in mm) and they are given in Table 1.

By visualizing the antibacterial data, it could be

observed that most of the compound shows significant

activity. The compound 3e, 6a, 6e showed excellent ac-

tivity for all the three test microorganisms. However,

compounds 3d, 6c are inactive against S. aureus and

compounds 3d, 6b are inactive for S. dysenteriae. Simi-

larly compounds 3b, 6d are inactive against S. typhi.
The preliminary result confirms the importance of chlor-

oquinone nucleus and indole nucleus with respect to

antibacterial activity.

EXPERIMENTAL

Melting point determinations were made in open capillaries
and were uncorrected. TLC was carried out using Merck brand

Silica Gel-G and spotting was done using iodine or UV light.
UV spectra were taken in Perkin-Elmer 402 UV-Vis spectro-
photometer. IR spectra were recorded in Perkin-Elmer 577 IR
spectrophotometer. 1H NMR spectra were conducted on

Bruker (300 MHz) spectrometer in CDCl3 with tetramethylsi-
lane as the internal standard. The chemical shifts are reported
in ppm scale. The compound (2) was obtained from SISCO
research laboratories and used as such. The compound (5) was

prepared adopting the published procedure with the same melt-
ing point at 150�C [8].

General procedure for synthesis of 1-(20-hydroxy-aryl)-3-
(1-indol-3-yl)-prop-2-en-1-one (3). To a mixture of o-hydrox-
yacetophenone (0.01 mol) and indole-3-carboxaldehyde (0.01

mol) in ethanol (50 mL), piperidine (1 mL) was added and
refluxed. After the completion of reaction, which was moni-
tored by TLC, ethanol was distilled off and residue was poured
on ice water (100 mL). It was kept overnight in the refrigera-
tor. The resulting solid was collected by filtration, washed

with distilled water and crystallized from methanol to give
corresponding chalcone 3.

Synthesis of 1-(20-hydroxy-40-methoxyphenyl)-3-(1-indol-3-
yl)-prop-2-en-1-one (3a). Yellow solid (0.75 g, 25.6%); mp.
196�C; kmax (CHCl3, nm): 274, 396; ir (KBr, cm�1):

3374(mOH), 3225(m > NH), 1625(mC¼¼O);
1H NMR (300 MHz,

CDCl3): d 13.90 (s, 1H, 20-OH), 6.54 (d, 1H, 30-H), 3.87 (s,
3H, 40-OCH3), 6.44 (d, 1H, 50-H), 7.96 (d, 1H, 60-H), 7.81 (d,
1H, CaH, J ¼ 15.3 Hz), 8.18 (d, 1H, CbH, J ¼ 15.3 Hz), 8.61

(s, 1H, > NH), 7.66 (d, 1H, 2-H), 8.04 (d, 1H, 4-H), 7.33 (m,
2H, 5- and 6-H), 7.46 (m, 1H, 7-H); Anal. Calcd for

Scheme 1
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C18H15NO3 (293.32): C, 73.71; H, 5.15; N, 4.78. Found: C,
73.52; H, 5.14; N, 4.71.

Synthesis of 1-(20-hydroxy-50-methoxyphenyl)-3-(1-indol-3-
yl)-prop-2-en-1-one (3b). Yellow solid (0.9 g, 30.7%); mp.
120�C; kmax (CHCl3, nm): 258, 344; ir (KBr, cm�1):
3444(mOH), 3166(m > NH), 1633(mC¼¼O);

1H NMR (300 MHz,
CDCl3): d 12.80 (s, 1H, 20-OH), 6.97 (d, 1H, 30-H), 7.11 (d,
1H, 40-H), 3.87 (s, 3H, 50-OCH3), 7.97 (s, 1H, 60-H), 7.85 (d,

1H, CaH, J ¼ 15.3 Hz), 8.22 (d, 1H, CbH, J ¼ 15.3 Hz), 8.61
(s, 1H, > NH), 7.54 (d, 1H, 2-H), 8.04 (d, 1H, 4-H), 7.34 (m,
2H, 5- and 6-H), 7.46 (m, 1H, 7-H); Anal. Calcd for
C18H15NO3 (293.32): C, 73.71; H, 5.15; N, 4.78. Found: C,
73.73; H, 5.16; N, 4.72.

Synthesis of 1-(20-hydroxy-30,40-dimethoxyphenyl)-3-(1-
indol-3-yl)-prop-2-en-1-one (3c). Yellow solid (1.32 g,
40.8%); mp. 124�C; kmax (CHCl3, nm): 268, 345; ir (KBr,
cm�1): 3438(mOH), 3228(m > NH), 1627(mC¼¼O);

1H NMR (300
MHz, CDCl3): d 13.6 (s, 1H, 20-OH), 3.94 (s, 3H, 30-OCH3),

3.96 (s, 3H, 40-OCH3), 6.57 (d, 1H, 50-H), 7.98 (d, H, 60-H),
7.82 (d, 1H, CaH, J ¼ 15.3 Hz), 8.15 (d, 1H, CbH, J ¼ 15.3
Hz), 8.70 (s, 1H, > NH), 7.61 (s, 1H, 2-H), 8.04 (d, 1H, 4-H),
8.34 (m, 2H, 5- and 6-H), 7.49 (d, 1H, 7 H); Anal. Calcd for

C19H17NO4 (323.34): C, 70.58; H, 5.30; N, 4.33. Found: C,
70.36; H, 5.28; N, 4.35.

Synthesis of 1-(2-hydroxy-30,40,60-trimethoxyphenyl)-3-(1-
indol-3-yl)-prop-2-en-1-one (3d). Yellow solid (0.84 g,
23.8%); mp. 202�C; kmax (CHCl3, nm): 296, 402; ir (KBr,

cm�1): 3143(mOH), 3098(m > NH), 1637(mC¼¼O);
1H NMR (300

MHz, CDCl3): d 12.2 (s, 1H, 20-OH), 3.8 (s, 9H, 30-, 40- and
60-OCH3), 7.19 (s, 1H, 50-H), 7.89 (d, 1H, CaH, J ¼ 15.3 Hz),
8.19 (d, 1H, CbH, J ¼ 15.3 Hz), 9.9 (s, 1H, > NH), 7.61 (s,
1H, 2-H), 7.99 (s, 1H, 4-H), 7.29 (m, 2H, 5- and 6-H), 7.47

(d, 1H, 7-H); Anal. Calcd for C20H19NO5 (353.37): C, 67.98;
H, 5.42; N, 3.96. Found: C, 67.91; H, 5.41; N, 3.89.

Synthesis of 1-(2-hydroxy-40,60-dimethoxyphenyl)-3-(1-
indol-3-yl)-prop-2-en-1-one (3e). Yellow solid (1.46 g,
45.2%); mp. 198�C; kmax (CHCl3, nm): 281, 396; ir (KBr,

cm�1): 3410(mOH), 3230(m > NH), 1610(mC¼¼O);
1H NMR (300

MHz, CDCl3): d 14.05 (s, 1H, 20-OH), 6.01 (d, 1H, 30-H), 3.82
(s, 3H, 40-OCH3), 6.13 (s, 1H, 50-H), 3.88 (s, 3H, 60-OCH3),
7.74 (d, 1H, CaH, J ¼ 15.3 Hz), 8.15 (d, 1H, CbH, J ¼ 15.3

Hz), 8.99 (s, 1H, > NH), 7.48 (d, 1H, 2-H), 8.12 (m, 1H, 4-
H), 7.33 (m, 2H, 5- and 6-H), 7.40 (d, 1H, 7-H); Anal. Calcd

for C19H17NO4 (323.34): C, 70.58; H, 5.30; N, 4.33. Found:
C, 70.41; H, 5.29; N, 4.29.

General procedure for synthesis of 1-(20-hydroxy-aryl)-3-
(2-chloroquinolin-3-yl)-prop-2-en-1-one (6). To a mixture of
o-hydroxyacetophenone (0.01 mol) and 2-chloroquinoline-3-
carboxaldehyde (0.01 mol) in ethanol (50 mL), piperidine
(1 mL) was added and refluxed. After the completion of reac-
tion, which was monitored by TLC, ethanol was distilled off

and residue was poured on ice water (100 mL). It was kept
overnight in the refrigerator. The resulting solid was collected
by filtration, washed with distilled water and crystallized from
methanol to give corresponding chalcone 6.

Synthesis of 1-(20-hydroxy-40-methoxyphenyl)-3-(2-chloro-
quinolin-3-yl)-prop-2-en-1-one (6a). Yellow solid (1.32 g,
38.9%); mp. 226�C; kmax (CHCl3, nm): 269, 361; ir (KBr,
cm�1): 3432(mOH), 1633(mC¼¼O), 1432(mAC¼¼NA), 748(mCl);

1H
NMR (300 MHz, CDCl3): d 13.10 (s, 1H, 20-OH), 6.48 (s, 1H,
30-H), 3.75 (s, 3H, 40-OCH3), 6.42 (d, 1H, 50-H), 7.92 (d, 1H,

60-H), 7.56 (d, 1H, CaH, J ¼ 15.2 Hz), 7.83 (d, 1H, CbH, J ¼
15.2 Hz), 8.06 (s, 1H, 4-H), 7.72 (d, 1H, 5-H), 7.48 (m, 2H, 6-
and 7-H), 7.61 (m, 1H, 8-H); Anal. Calcd for C19H14ClNO3

(339.77): C, 67.16; H, 4.15; N, 4.12. Found: C, 67.27; H,

4.12; N, 4.17.
Synthesis of 1-(20-hydroxy-50-methoxyphenyl)-3-(2-chloro-

quinolin-3-yl)-prop-2-en-1-one (6b). Yellow solid (0.83 g,
24.5%); mp. 216�C; kmax (CHCl3, nm): 258, 331; ir (KBr,
cm�1): 3434(mOH), 1654(mC¼¼O), 1434(mAC¼¼NA), 750(mCl);

1H

NMR (300 MHz, CDCl3): d 12.80 (s, 1H, 20-OH), 6.97 (d, 1H,
30-H), 7.18 (d, 1H, 40-H), 3.76 (s, 3H, 50-OCH3), 7.98 (s, 1H,
60-H), 7.66 (d, 1H, CaH, J ¼ 15.1 Hz), 8.11 (d, 1H, CbH, J ¼
15.1 Hz), 8.06 (s, 1H, 4-H), 7.74 (d, 1H, 5-H), 7.58 (m, 2H, 6-
and 7-H), 7.90 (m, 1H, 8-H); Anal. Calcd for C19H14ClNO3

(339.77): C, 67.16; H, 4.15; N, 4.12. Found: C, 66.99; H,
4.16; N, 4.11.

Synthesis of 1-(20-hydroxy-30,40-dimethoxyphenyl)-3-(2-
chloroquinolin-3-yl)-prop-2-en-1-one (6c). Yellow solid (1.48
g, 40%); mp. 216�C; kmax (CHCl3, nm): 267, 349; ir (KBr,

cm�1): 3434(mOH), 1654(mC¼¼O), 1446(mAC¼¼NA), 750(mCl);
1H

NMR (300 MHz, CDCl3): d 13.6 (s, 1H, 20-OH), 3.86 (s, 3H,
30-OCH3), 3.82 (s, 3H, 40-OCH3), 6.61 (d, 1H, 50-H), 7.52 (d,
1H, 60-H), 7.88 (d, 1H, CaH, J ¼ 15.2 Hz), 8.18 (d, 1H, CbH,

J ¼ 15.2 Hz), 8.10 (s, 1H, 4-H), 7.68 (d, 1H, 5-H), 7.62 (m,
2H, 6- and 7-H), 7.94 (d, 1H, 8-H); Anal. Calcd for

Table 1

Antibacterial activity of compound 3 and 6.

R Compound

Diameter of zone inhibition (mm)

S. aureus S. dysenteriae S. typhi

3a 18 6 0.7 19 6 1.1 21 6 0.6

3b 12 6 0.9 18 6 0.8 –

3c 10 6 0.7 16 6 0.9 15 6 0.7

a: R2 ¼ OCH3; R
1, R3, R4 ¼ H 3d – – 12 6 1.1

b: R3 ¼ OCH3; R
1, R2, R4 ¼ H 3e 28 6 1.2 27 6 1.1 24 6 2.1

c: R1, R2 ¼ OCH3; R
3, R4 ¼ H 6a 26 6 2.3 26 6 1.2 22 6 0.5

d: R1, R2, R4 ¼ OCH3; R
3 ¼ H 6b 23 6 1.8 – 14 6 0.7

e: R2, R4 ¼ OCH3; R
1, R3 ¼ H 6c – 13 6 0.5 11 6 0.7

6d 20 6 1.3 22 6 0.9 –

6e 22 6 0.9 24 6 0.5 22 6 0.8

Kanamycin 29 6 2.1 31 6 1.8 28 6 1.6
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C20H16ClNO4 (369.79): C, 64.96; H, 4.36; N, 3.79. Found: C,
64.79; H, 4.35; N, 3.75.

Synthesis of 1-(2-hydroxy-30,40,60-trimethoxyphenyl)-3-(2-
chloroquinolin-3-yl)-prop-2-en-1-one (6d). Yellow solid (0.86
g, 21.5%); mp. 216�C; kmax (CHCl3, nm): 265, 383; ir (KBr,

cm�1): 3432(mOH), 1633(mC¼¼O), 1432(mAC¼¼NA), 746(mCl);
1H

NMR (300 MHz, CDCl3): d 12.2 (s, 1H, 20-OH), 3.86 (s, 9H,
30-, 40- and 60-OCH3), 7.12 (s, 1H, 50-H), 7.69 (d, 1H, CaH, J
¼ 15.3 Hz), 8.18 (d, 1H, CbH, J ¼ 15.3 Hz), 8.09 (s, 1H, 4-
H), 7.32 (d, 1H, 5-H), 7.44 (m, 2H, 6- and 7-H), 7.92 (d, 1H,

8-H); Anal. Calcd for C21H18ClNO5 (399.82): C, 63.08; H,
4.54; N, 3.50. Found: C, 62.88; H, 4.56; N, 3.51.

Synthesis of 1-(2-hydroxy-40,60-dimethoxyphenyl)-3-(2-
chloroquinolin-3-yl)-prop-2-en-1-one (6e). Yellow solid (1.36
g, 36.8%); mp. 216�C; kmax (CHCl3, nm): 270, 345; ir (KBr,

cm�1): 3431(mOH), 1621(mC¼¼O), 1436(mAC¼¼NA), 756(mCl);
1H

NMR (300 MHz, CDCl3): d 14.05 (s, 1H, 20-OH), 6.54 (s, 1H,
30-H), 3.76 (s, 3H, 40-OCH3), 6.18 (d, 1H, 50-H), 3.82 (s, 3H,
60-OCH3), 7.72 (d, 1H, CaH, J ¼ 15.2 Hz), 8.21 (d, 1H, CbH,

J ¼ 15.2 Hz), 8.09 (s, 1H, 4-H), 7.58 (d, 1H, 5-H), 7.42 (m,
2H, 6- and 7-H), 7.86 (m, 1H, 8-H); Anal. Calcd for
C20H16ClNO4 (369.79): C, 64.96; H, 4.36; N, 3.79. Found: C,
64.76; H, 4.34; N, 3.75.

Antibacterial activities. The antibacterial activity of the

compounds 3 and 6 have been evaluated using filter paper disc
diffusion method [7] at a concentration of 100 lg/disc against
human pathogenic bacteria such as Staphylococcus aureus
(Gþ), Shigella dysenteriae (G�), and Salmonella typhi (G�).
Kanamycin (30 lg/disc) was used as standard for comparing

the activity. Each sample was prepared with dimethyl sulfox-
ide (DMSO) to the concentration of 100 lg/mL. Dried and
sterilized filter paper discs (6 mm in diameter) were impreg-
nated with test solution using micropipette and the residual
solvents were completely evaporated. Discs containing the test

materials were placed on nutrient agar medium uniformly
seeded with the test microorganisms. Standard disc of kanamy-
cin (30 lg/disc) and blank discs were used as positive and
negative control, respectively. These plates were then kept at

low temperature (4�C) for 24 h to allow maximum diffusion
of test materials and kanamycin. The plates were then incu-

bated at 37�C for 18 h to allow maximum growth of the
organisms. Then, the antimicrobial activity of the test agents
was determined by measuring the diameter of zone of inhibi-
tion expressed in mm. The experiment was carried out in
triplicate.
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The method of pyrimidine ring fusion at the [c] side of benzothiazines based on the reaction of their
chloroaldehyde derivatives with amidines is described. Formation of the structural isomers of reaction
products was investigated, and regioselectivity of heterocyclization reactions was shown. A number of

novel pyrimidobenzothiazines were synthesized.

J. Heterocyclic Chem., 47, 85 (2010).

INTRODUCTION

Among benzothiazine derivatives, there are a number

of compounds known to show biological activity [1]. In

particular, heterocyclic ring fusion on a side [c] of ben-
zothiazine leads to the condensed systems some repre-

sentatives of which are known as drugs. Thus, 5-methyl-

3-(2-pyridyl)-2H,5H-1,3-oxazino[5,6c][1,2]benzo thiazin-2,

4-(3H)-dione-6,6-dioxide 1 [2] is a well-known anti-

inflammatory agent (trade name ‘‘Droxicam’’), and (4-

methoxy-3,5-dimethyl-phenyl)-(9-methyl-9H-10-thia-2,4,9-

triaza-phenantren-3-yl)-amine 2 is a protein tyrosine ki-

nase inhibitor [3] (Fig. 1). However, condensed benzothia-

zines currently used in medicine have a number of

adverse effects [4].

RESULTS AND DISCUSSION

In our previous paper [5], we have reported the syn-

thesis of some novel benzo[e][2,1]thiazine derivatives—

chloroaldehydes 3a–e (Fig. 2), and their chemistry was

shown to be quite diverse. Compounds 3 contain labile

chlorine atom at C-4 and carbonyl group at C-3 position

of the ring. We assumed that the studies of chloroalde-

hyde fragment reactivity could provide a way to obtain

new condensed benzothiazines devoid of side effects or

less toxic.

In this article, we describe the method of pyrimidine

ring fusion at the [c] side of benzothiazines. The route

developed by our group involves the interaction of

chloroaldehydes 3a–e with bis-nucleophilic agents 4a–i

containing N-C-N fragment (Table 1). When amidines

4a–c are used as nucleophiles, the formation of pyrimi-

dobenzothiazines as only products is expected. In case

of asymmetric bis-nucleophiles 4d–i, structural isomers

of the reaction product can be formed. Depending on

which electrophilic center is attacked by nucleophile at

the first stage of heterocyclization process, linear- or

angular-type fused compound is obtained.

Pyrazoles 4d–f and benzoimidazole 4h both contain

two N-nucleophilic centers, thus in reactions with chlor-

oaldehydes 3 two different isomeric pyrazolobenzothia-

zine products are possible (Scheme 1). Triazole 4g and

quinazalone 4i contain three N-nucleophilic centers

each, which causes four possible isomeric products in

reaction with 3 (Scheme 2). One of current research

goals was to establish exactly which isomer is formed in

every case.

The interaction of chloroaldehydes 3a,b with ami-

dines 4a–c (Scheme 3) led to pyrimidobenzothiazines

5a–f. Reactions proceeded under mild conditions, and

no first-stage intermediates were observed in the reac-

tion mixtures.

The next step of this work was to investigate the reac-
tions of compounds 3 with aminopyrazoles 4d–f. The
heating of 3 with 4d–f resulted in crystalline products 6

(Scheme 4). We have expected the formation of angular
products, and 1H NMR spectra of compounds 6a–l did
not contradict angular structures, as H-1 phenylene proton
doublet was observed to undergo low-field shift. How-
ever, X-ray analysis proved the structure of compounds
6a–l to be linear (Fig. 3). It seems that the signal of
phenylene proton in compound 6 can shift to 8.5 ppm
due to the effect of nitrogen atom of pyrimidine ring.

We have not found in the literature any example of

the reaction of b-halogenvinylcarbonyl compounds with

VC 2009 HeteroCorporation

January 2010 85



amidine nucleophiles proceeding via nucleophilic substi-

tution of halogen atom at the first stage of the reaction

followed by nucleophilic addition to carbonyl group

resulting in the products of linear type. All reactions of

analogous nature described until now proceed by Schiff

base formation at first stage, then displacement of chlo-

rine. What we observe is opposite to that route. Alde-

hyde group in compounds 3 is more sterically available

than C-4 carbon atom; therefore, its reactions have to

proceed under kinetic control, whereas the substitution

of chlorine is rather thermodynamically controlled pro-

cess. We assume the nucleophilic substitution of chlo-

rine atom to be the ‘‘push–pull’’ process, with addition

of exocyclic amino function of 4d–f to C-4 carbon fol-

lowed by halogen cleavage with C3–C4 double bond

restoration.

The interaction of 3b,c with 2-aminobenzoimidazole

4h proceeds in a similar way (Scheme 5). Upon mild

heating (30–35�C) of the reaction solution in DMF, the

mixture of the Schiff base 8a,b and the heterocycliza-

tion product 9a,b is formed in the equimolar ratio (1H

NMR data). Subsequent temperature increase (50–70�C)
acts in favor of the cyclic derivative 9a,b (1:2 ratio).

Heating the mixture to 100�C results in the formation of

9a,b only. The interaction between the protons with

chemical shifts 7.51 and 8.45 ppm (Scheme 5) observed

during 1D-NOESY experiment proved angular structure

of products 9. Analysis of 3D molecular models led to

the conclusion that compounds 9 most probably adopt

helical-type structure.

When 3-aminotriazole 4g was used as a nucleophile,

the reaction with 3a–c proceeded in more common man-

ner: the initial condensation of exocyclic amino function

with carbonyl group is followed by the displacement of

chlorine atom (Scheme 6). Depending on which nitrogen

atom (N-2 or N-4) attacks the C-4 position at the second

stage of the heterocyclization, formation of structural

isomers of the reaction products 7 can occur. 1D-

NOESY experiment revealed strong interaction between

the protons with chemical shifts 8.82 and 9.58 ppm

(Scheme 6) that proved N-4 (but not N-2) nitrogen atom

of 3-aminotriazole to participate in the ring formation.

The reactions of chloroaldehydes 3 with 2-aminoquina-

zolin-4-one 4i give angular compounds 10a–c (Scheme 7).

To determine the structure of the product isolated

from the reaction mixture, 1H and 13C NMR spectros-

copy was used. The investigation of 3D models of the

product showed that in the structure 10 the doublet of

H-1 proton should be shifted to low field due to the

neighboring carbonyl oxygen effect.

In experimental NMR spectrum, we observe a pro-

nounced shift of the doublet that due to homonuclear

(COSY) and heteronuclear (1H-13C HMBC, HMQC)

correlation experiments originated from the H-5 proton

of starting benzothiazine 3. Thus, the reaction proceeds

regioselectively; the ‘‘amide’’ nitrogen of the starting

quinazoline 4i participates in cyclization.

Figure 1. Examples of biologically active condensed benzothiazines. Figure 2. 4-Chloro-benzo[c][1,2]thiazine-3-carbaldehydes 3a–e.

Table 1

Structures of bis-nucleophilic reagents.
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Structures of all aforementioned compounds were

established on the basis of their 1H NMR, 13C NMR,

Mass spectrometry data, and elemental microanalyses.

In summary, we disclose the synthesis of novel benzo

[e][2,1]thiazine derivatives, in particular substituted pyr-

imidobenzothiazines and pyrazolo-, imidazo-, triazolo-

pyrimidobenzothiazines. These compounds were ob-

tained in high yields (�70–80%) via convenient proto-

cols involving heterocyclization reactions of chloroalde-

hydes 3a–e with N-C-N bisnucleophiles 4a–i.

EXPERIMENTAL

The NMR spectra were measured on a Varian 400 spec-

trometer at 25�C using DMSO-d6. All chemical shifts are
reported in ppm relative to TMS.

Starting materials used were obtained from Makrochim and
used without further purification. Dry solvents were prepared

according to the standard methods.
6-Alkyl-6H-pyrimido[5,4-c][2,1]benzothiazine-5,5-dioxides

(5a–f); general procedure. The mixture of b-chloroaldehyde
3 (1 mmol) with the corresponding amidine 4a–c (1.2 mmol)
was dissolved in 2 mL of dry DMF. Triethylamine (2 mL)

was added and the reaction mixture was heated for 6 h at
80�C. The mixture was cooled to room temperature, quenched
with water (20 mL), solid product was filtered off, and then
washed with ethanol. The pure product was obtained by crys-
tallization from DMF (64–86%).

Product 5a (77%, R Me, R1 i-Pr). m.p.: 103–104�C; 1H
NMR (400 MHz, DMSO): d ¼ 1.42 (d, J ¼ 7.8 Hz, 6H), 3.48
(quin. J ¼ 7.7 Hz, 1H), 3.58 (s, 3H), 7.48(t, J ¼ 7.8, 1H),
7.63(d, J ¼ 7.8 Hz, 1H), 7.75(t, J ¼ 7.8 Hz, 1H), 8.68(d, J ¼
7.75 Hz, 1H), 9.11 (s, 1H). 13C NMR (100 MHz, DMSO): d
¼ 14.55 (�2), 43.78, 49.13, 122.63, 125.36, 128.65, 129.47,
135.34, 141.17, 143.19, 153.17, 156.22, 164.62; MS (CI):
290(MþH)þ; Anal. calcd. C, 58.11; H, 5.23; N, 14.52; found
C, 58.14; H, 5.25; N, 14.54.

Product 5b (79%, R Me, R1 Ph). m.p.: 202–203�C; 1H

NMR (400 MHz, DMSO): d ¼ 3.59 (s, 3H) 7.45–7.63 (m,
5H), 7.82 (t, J ¼ 7.8 Hz, 1H), 8.57(d, J ¼ 8 Hz, 2H), 8.83 (d,
J ¼ 7.8 Hz, 1H) 9.30 (s, 1H). 13C NMR (100 MHz, DMSO):
d ¼ 38.22, 120.51, 123.34, 126.72, 126.97, 127.62, 129.38,

129.68, 133.29, 135.07, 136.54, 140.07, 141.04, 142.57,
152.88, 156.23, 166.91; MS (CI): 324(MþH)þ; Anal. calcd. C,
63.14; H, 4.05; N, 12.99; found C, 63.17; H, 4.07; N, 13.02.

Product 5c (64%, R Me, R1 Thienyl). m.p.: 194–195�C;
1H NMR (400 MHz, DMSO): d ¼ 3.59 (s, 3H) 7.26 (t, J ¼ 8

Hz, 1H), 7.48 (t, J ¼ 7.8 Hz, 1H), 7.61 (d, J ¼ 8 Hz, 1H),
7.74–7.81 (m, 2H), 8.16 (d, J ¼ 7.8 Hz, 1H), 8.69 (d, J ¼ 7.8
Hz, 1H), 9.15 (s, 1H). 13C NMR (100 MHz, DMSO): d ¼
37.74, 120.44, 123.75, 125.37, 126.74, 128.68, 129.15, 129.94,
133.45, 135.89, 136.35, 141.94, 152.56, 156.84, 164.89; MS

Scheme 1

Scheme 2
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(CI): 330(MþH)þ; Anal. calcd. C, 54.69; H, 3.37; N, 12.76;
found C, 54.72; H, 3.40 N, 12.77.

Product 5d (82%, R Et, R1 i-Pr). m.p.: 114–115�C; 1H
NMR (400 MHz, DMSO): d ¼ 1.22 (t, J ¼ 8 Hz, 3H), 1.42
(d, J ¼ 7.8 Hz, 6H), 3.48 (quin. J ¼ 7.8 Hz, 1H), 4.08 (q, J ¼
8 Hz, 2H), 7.46(t, J ¼ 7.8, 1H), 7.60(d, J ¼ 7.8 Hz, 1H),

7.78(t, J ¼ 7.8 Hz, 1H), 8.63(d, J ¼ 7.8 Hz, 1H), 9.16 (s, 1H).
13C NMR (100 MHz, DMSO): d ¼ 14.64 (�2), 44.25, 49.02,
121.60, 123.37, 125.76, 127.65, 129.78, 132.15, 135.33,
141.09, 142.18, 152.77, 156.20, 162.82; MS (CI):
304(MþH)þ; Anal. calcd. C, 59.38; H, 5.65; N, 13.85; found
C, 59.40; H, 5.66; N, 13.85.

Product 5e (86%, R Et, R1 Ph). m.p.: 214–215�C; 1H
NMR (400 MHz, DMSO): d ¼ 1.23 (t, J ¼ 7.6 Hz, 3H), 4.08
(q, J ¼ 7.6 Hz, 2H), 7.49–7.67 (m, 5H), 7.80 (t, J ¼ 7.8 Hz,

1H), 8.61(d, J ¼ 8 Hz, 2H), 8.80 (d, J ¼ 7.8 Hz, 1H) 9.32 (s,
1H). 13C NMR (100 MHz, DMSO): d ¼ 14.71, 44.22, 121.52,
123.64, 125.76, 126.59, 127.82, 129.35, 129.62, 132.89,
135.27, 136.59, 141.02, 152.60, 156.12, 165.93; MS (CI):
338(MþH)þ; Anal. calcd. C, 64.08; H, 4.48; N, 12.45; found
C, 64.09; H, 4.47; N, 12.47.

Product 5f (71%, R Et, R1 Thienyl). m.p.: 205–206�C; 1H
NMR (400 MHz, DMSO): d ¼ 1.21 (t, J ¼ 8 Hz, 3H), 4.07
(q, J ¼ 8 Hz, 2H), 7.24 (t, J ¼ 7.8 Hz, 1H), 7.49 (t, J ¼ 7.8
Hz, 1H), 7.60 (d, J ¼ 7.8 Hz, 1H), 7.75–7.82 (m, 2H), 8.17

(d, J ¼ 8 Hz, 1H), 8.67 (d, J ¼ 7.8 Hz, 1H), 9.18 (s, 1H). 13C
NMR (100 MHz, DMSO): d ¼ 14.73, 22.05, 43.96, 121.43,
123.50, 125.68, 126.37, 135.16, 140.88, 152. 07, 155.60,
178.09; MS (CI): 344(MþH)þ; Anal. calcd. C, 55.96; H, 3.82;
N, 12.24; found C, 55.96; H, 3.83; N, 12.27.

5-Alkyl-5H-pyrazolo[10,50:1,2]pyrimido[5,4-c][2,1]benzo
thiazin-6,6-dioxides (6a–l); general procedure. The mix-
ture of b-chloroaldehyde 3 (1 mmol) with the corresponding
aminopyrazole 4d–f (1.2 mmol) was dissolved in 2 mL of dry

DMF. The reaction mixture was heated for 10 h at 90�C. The
mixture was cooled to room temperature; solid product was fil-
tered off and washed with ethanol. The pure product was
obtained by crystallization from DMF (59–86%).

Product 6a (68%, R Me, R2 Me, R3 H). m.p.: 178–

179�C; 1H NMR (400 MHz, DMSO): d ¼ 3.35 (s, 3H), 3.37
(s, 3H), 6.81 (s, 1H), 7.49 (t, J ¼ 7.8 Hz, 1H), 7.56 (d, J ¼ 8
Hz, 1H), 7.73 (t, J ¼ 7.8 Hz, 1H), 8.47 (d, J ¼ 8 Hz, 1H),
9.86 (s, 1H); MS (CI): 301(MþH)þ; Anal. calcd. C, 55.99; H,
4.03; N, 18.65; found C, 56.02; H, 4.03; N, 18.68.

Product 6b (70%, R Et, R2 Me, R3 H). m.p.: >250�C
(decomp.); 1H NMR (400 MHz, DMSO): d ¼ 1.03 (t, J ¼ 6.8
Hz, 3H), 3.35 (s, 3H), 3.91 (q, J ¼ 6.8 Hz, 2H), 6.80 (s, 1H),
7.51 (t, J ¼ 7.8 Hz, 1H), 7.63 (d, J ¼ 7.8 Hz, 1H), 7.70 (t, J

¼ 7.8 Hz, 1H), 8.46 (d, J ¼ 7.8 Hz, 1H), 9.83 (s, 1H); MS
(CI): 315 (MþH)þ; Anal. calcd. C, 57.31; H, 4.49; N, 17.82;
found C, 57.32; H, 4.51; N, 17.81.

Product 6c (86%, R Pr, R2 Me, R3 H). m.p.: >250�C
(decomp.); 1H NMR (400 MHz, DMSO): d ¼ 0.80 (t, J ¼ 6.8
Hz,3H), 1.54 (m, 2H), 2.50 (s, 3H), 3.83 (t, J ¼ 6.8 Hz,2H),
6.67 (s, 1H), 7.46 (t, J ¼ 7.8 Hz, 1H), 7.53 (d, J ¼ 8 Hz, 1H),

7.67 (t, J ¼ 7.8 Hz, 1H), 8.49 (d, J ¼ 7.8 Hz, 1H), 9.61 (s,
1H); MS (CI): 329(MþH)þ; Anal. calcd. C, 58.52; H, 4.91; N,
17.06; found C, 58.53; H, 4.93; N, 17.07.

Product 6d (75%, R Bu, R2 Me, R3 H). m.p.: >250�C
(decomp.); 1H NMR (400 MHz, DMSO): d ¼ 0.83 (t, J ¼ 6.8

Hz,3H), 1.22 (m, 2H), 1.50 (m, 2H), 2.54 (s, 3H), 3.86 (t, J ¼
6.8 Hz, 2H), 6.67 (s, 1H), 7.46 (t, J ¼ 7.8 Hz, 1H), 7.52 (d, J
¼ 7.8 Hz, 1H), 7.67 (t, J ¼ 7.8 Hz, 1H), 8.49 (d, J ¼ 7.8 Hz,
1H), 9.61 (s, 1H); MS (CI): 343(MþH)þ; Anal. calcd. C,

59.63; H, 5.30; N, 16.36; found C, 59.64; H, 5.33; N, 16.36.
Product 6e (78%, R Bn, R2 Me, R3 H). m.p.: >250�C

(decomp.); 1H NMR (400 MHz, DMSO): d ¼ 2.55 (s, 3H),
5.08 (s, 2H), 6.65 (s, 1H), 7.12–7.15 (m, 5H), 7.41–7.45 (m,
2H), 7.59 (t, J ¼ 7.8 Hz, 1H), 8.43 (d, J ¼ 7.8 Hz, 1H), 9.63

(s, 1H); MS (CI): 377(MþH)þ; Anal. calcd. C, 63.81; H, 4.28;
N, 14.88; found C, 63.83; H, 4.29; N, 14.90.

Product 6f (63%, R Me, R2 Me, R3 m-Cl-Ph). m.p.:
219–220�C; 1H NMR (400 MHz, DMSO): d ¼ 2.68 (s, 3H),
3.41 (s, 3H), 7.34 (d, J ¼ 7.8 Hz, 1H), 7.44–7.52 (m, 3H),

7.68–7.74 (m, 2H), 7.83 (s, 1H), 8.48 (d, J ¼ 8 Hz, 1H), 9.75
(s, 1H). 13C NMR (100 MHz, DMSO): d ¼ 13.99, 15.16,
19.84, 30.18, 49.53, 108.72, 119.39, 123.53, 125.62, 126.74,
127.44, 127.72, 128.62, 131.18, 133.18, 140.62, 145.83,
147.95, 156.77; MS (CI): 411(MþH)þ; Anal. calcd. C, 58.46;
H, 3.68; N, 13.64; found C, 58.48; H, 3.70; N, 13.65.

Product 6g (59%, R Et, R2 Me, R3 m-Cl-Ph). m.p.: 232–
233�C; 1H NMR (400 MHz, DMSO): d ¼ 1.28 (t, J ¼ 6.7 Hz,
3H), 2.62 (s, 3H), 3.93 (q, J ¼ 6.7 Hz, 2H), 7.36 (d, J ¼ 7.8

Hz, 1H), 7.42–7.53 (m, 3H), 7.68–7.75 (m, 2H), 7.82 (s, 1H),

Scheme 4

Figure 3. X-ray structure of compound 6a.

Scheme 3
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8.51 (d, J ¼ 7.8 Hz, 1H), 9.73 (s, 1H). 13C NMR (100 MHz,
DMSO): d ¼ 15.04, 30.24, 53.22, 118.86, 123.72, 126.07,
126.88, 127.36, 128.49, 129.67, 132.96, 133.86, 136.63,
140.36, 147.37, 149.14, 159.63; MS (CI): 425(MþH)þ; Anal.
calcd. C, 59.36; H, 4.03; N, 13.19; found C, 59.36; H, 4.05;
N, 13.23.

Product 6h (67%, R Pr, R2 Me, R3 m-Cl-Ph). m.p.:
>250�C; 1H NMR (400 MHz, DMSO): d ¼ 0.86 (t, J ¼ 6.8
Hz, 3H), 1.65 (m, J ¼ 6.8 Hz, 2H), 2.72 (s, 3H), 4.03 (t, J ¼
6.8 Hz, 2H), 7.35 (d, J ¼ 7.8 Hz, 1H), 7.49 (t, J ¼ 7.8 Hz,
1H), 7.59 (t, J ¼ 7.8 Hz, 1H), 7.66 (d, J ¼ 8 Hz, 1H), 7.74 (d,
J ¼ 7.8 Hz, 1H), 7.77 (s, 1H), 7.86 (t, J ¼ 7.8 Hz, 1H), 8.92
(s, 1H), 9.74 (d, J ¼ 8 Hz, 1H); MS (CI): 439.5(MþH)þ;
Anal. calcd. C, 60.20; H, 4.36; N, 12.76; found C, 60.23; H,

4.39; N, 12.77.
Product 6i (61%, R Bu, R2 Me, R3 m-Cl-Ph). m.p.:

>250�C; 1H NMR (400 MHz, DMSO): d ¼ 0.84 (t, J ¼ 6.8
Hz, 3H), 1.23 (m, 2H), 1.50 (m, 2H), 2.68 (t, J ¼ 7.8 Hz, 2H),

3.89 (s, 3H), 7.35–7.85 (m, 7H), 8.48 (d, J ¼ 7.8 Hz, 1H),
9.71 (s, 1H); MS (CI): 453.5(MþH)þ; Anal. calcd. C, 60.99;
H, 4.67; N, 12.37; found C, 61.04; H, 4.69; N, 12.36.

Product 6j (60%, R Bn, R2 Me, R3 m-Cl-Ph). m.p.:
>250�C; 1H NMR (400 MHz, DMSO): d ¼ 2.69 (s, 3H), 5.09

(s, 2H), 7.16 (s, 5H), 7.34 (d, J ¼ 7.8 Hz, 1H), 7.41–7.46 (m,
2H), 7.50 (t, J ¼ 7.8 Hz, 1H), 7.59 (t, J ¼ 8 Hz, 1H), 7.72 (d,
J ¼ 7.8 Hz, 1H), 7.82 (s, 1H), 8.42 (d, J ¼ 8 Hz, 1H), 9.72 (s,
1H); MS (CI): 487.5(MþH)þ; Anal.calcd. C, 64.13; H, 3.93;
N, 11.51; found C, 64.15; H, 3.97; N, 11.54.

Product 6k (79%, R Me, R2 H, R3 CO2Et). m.p.:
>250�C (decomp.); 1H NMR (400 MHz, DMSO): d ¼ 1.23 (t,
J ¼ 6.8 Hz, 3H), 3.46 (s, 3H), 3.89 (q, J ¼ 6.7 Hz, 2H), 7.37
(t, J ¼ 7.8 Hz, 1H), 7.56 (d, J ¼ 7.8 Hz, 1H), 7.74 (t, J ¼ 7.8
Hz, 1H), 7.86 (s, 1H), 8.49 (d, J ¼ 7.8 Hz, 1H), 9.75 (s, 1H);

13C NMR (100 MHz, DMSO): d ¼ 15.03, 34.80, 61.02,
117.69, 122.04, 124.47, 126.27, 133.34, 134.08, 141.87,
147.31, 149.32, 159.68; MS (CI): 359(MþH)þ; Anal. calcd. C,
53.62; H, 3.94; N, 15.63; found C, 53.64; H, 3.94; N, 15.62.

Product 6l (82%, R Et, R2 H, R3 CO2Et). m.p.: >250�C
(decomp.); 1H NMR (400 MHz, DMSO): d ¼ 1.27 (t, J ¼ 6.8

Hz, 3H), 1.46 (t, J ¼ 6.8 Hz, 3H), 3.67 (q, J ¼ 6.8 Hz,2H),
3.89 (q, J ¼ 6.8 Hz, 2H), 7.35 (t, J ¼ 7.8 Hz, 1H), 7.86 (d, J
¼ 7.8 Hz, 1H), 7.77 (t, J ¼ 7.8 Hz, 1H), 7.89 (s, 1H), 8.43 (d,
J ¼ 7.8 Hz, 1H), 9.78 (s, 1H). 13C NMR (100 MHz, DMSO):

d ¼ 14.28, 15.02, 34.78, 60.44, 108.55, 118.29, 122.04,
124.36, 127.15, 128.55, 131.16, 133.69, 134.27, 141.98,
145.86, 147.87, 156.98; MS (CI): 373(MþH)þ; Anal. calcd. C,
54.83; H, 4.33; N, 15.04; found C, 54.85; H, 4.36; N, 15.05.

7-Alkyl-7H-[1,2,4]triazolo[30,40:2,3]pyrimido[5,4-c][2,1]
benzothiazine-6,6-dioxides (7a–c); general procedure. The
mixture of the b-chloroaldehyde 3 (1 mmol) with the amino-
triazole 4g (0.1 g, 1.2 mmol) was dissolved in 2 mL of dry
DMF. The reaction mixture was heated for 2.5 h at 80�C. The
mixture was cooled to room temperature; solid product was fil-

tered off and washed with ethanol. The pure product was
obtained by crystallization from DMF (52–57%).

Product 7a (54%, R Me). 1H NMR (400 MHz, DMSO): d
¼ 3.51 (s, 3H), 7.62 (t, J ¼ 7.8 Hz, 1H), 7.73 (d, J ¼ 7.8 Hz,

1H), 7.90 (t, J ¼ 7.8 Hz, 1H), 8.60 (d, J ¼ 7.8 Hz, 1H), 9.06
(s, 1H), 10.04 (s, 1H); MS (CI): 288(MþH)þ; Anal. calcd. C,
50.17; H, 3.16; N, 24.38; found C, 50.19; H, 3.16; N, 24.39.

Product 7b (52%, R Et). 1H NMR (400 MHz, DMSO): d
¼ 1.28 (t, J ¼ 6.8 Hz, 3H), 4.09 (q, J ¼ 6.8 Hz, 2H), 7.61 (t,

J ¼ 7.8 Hz, 1H), 7.79 (d, J ¼ 7.8 Hz, 1H), 7.88 (t, J ¼ 8 Hz,
1H), 8.60 (d, J ¼ 8 Hz, 1H), 9.04 (s, 1H), 10.02 (s, 1H); MS
(CI): 302(MþH)þ; Anal. calcd. C, 51.82; H, 3.68; N, 23.24;
found C, 51.82; H, 3.67; N, 23.27.

Product 7c (57%, R Pr). 1H NMR (400 MHz, DMSO): d
¼ 0.86 (t, J ¼ 6.8 Hz, 3H), 1.67 (m, 2H), 4.04 (t, J ¼ 6.8 Hz,
2H), 7.60 (t, J ¼ 7.8 Hz, 1H), 7.77 (d, J ¼ 7.8 Hz, 1H), 7.89
(t, J ¼ 7.8 Hz, 1H), 8.89 (d, J ¼ 7.8 Hz, 1H), 9.07 (s, 1H),
10.04 (s, 1H); MS (CI): 317(MþH)þ; Anal. calcd. C, 53.32;
H, 4.16; N, 22.21; found C, 53.33; H, 4.13; N, 22.22.

5-Alkyl-5H-benzimidazo[20,10:2,3]pyrimido[5,4-c][2,1] benzo-

thiazin-6,6-dioxides (9a,b); general procedure. The mixture of
the chloroaldehyde 3 (1 mmol) with the aminobenzoimidazole
4h (0.16 g, 1.2 mmol) was dissolved in 3 mL of dry DMF.

The reaction mixture was heated for 2 h at 50�C, 2 h at 70�C,
and 1 h at 100�C. The mixture was cooled to room

Scheme 7Scheme 6

Scheme 5
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temperature; solid product was filtered off and washed with
ethanol. The pure product was obtained by crystallization from
DMF (61–63%).

Product 9a (61%, R Et). m.p.: >250�C (decomp.); 1H
NMR (400 MHz, TFA): d ¼ 1.49 (t, J ¼ 6.8 Hz, 3H), 4.29 (q,

J ¼ 6.8 Hz, 2H), 7.70–7.75 (m, 2H), 7.89 (d, J ¼ 7.8 Hz, 1H),
8.02 (t, J ¼ 7.8 Hz, 1H), 8.12 (m, 2H), 8.24 (d, J ¼ 8 Hz,
1H), 8.53 (d, J ¼ 8 Hz, 1H), 9.57 (s, 1H). 13C NMR (100
MHz, DMSO): d ¼ 14.63, 49.34, 115.62, 117.19, 120.01,
121.16, 122.76, 123.67, 125.28, 128.48, 128.79, 135.64,

139.95, 143.84, 145.89, 148.43, 151.79; MS (CI):
351(MþH)þ; Anal. calcd. C, 61.70; H, 4.03; N, 15.99; found
C, 61.72; H, 4.04; N, 15.99.

Product 9b (63%, R Pr). m.p.: >250�C (decomp.); 1H
NMR (400 MHz, TFA): d ¼ 0.98 (t, J ¼ 6.8 Hz, 3H), 1.90

(m, 2H), 4.16 (q, J ¼ 6.8 Hz, 2H), 7.71–7.77 (m, 2H), 7.86 (d,
J ¼ 7.8 Hz, 1H), 8.10 (t, J ¼ 7.8 Hz, 1H), 8.15 (m, 2H), 8.27
(d, J ¼ 8 Hz, 1H), 8.50 (d, J ¼ 7.8 Hz, 1H), 9.58 (s, 1H). 13C
NMR (100 MHz, DMSO): d ¼ 11.62, 21.93, 49.74, 116.63,

118.18, 120.21, 121.15, 122.34, 123.92, 125.20, 128.50,
128.76, 135.61, 139.89, 143.87, 145.88, 148.20, 151.78; MS
(CI): 365(MþH)þ; Anal. calcd. C, 62.62; H, 4.43; N, 15.37;
found C, 62.65; H, 4.45; N, 15.39.

5-Alkyl-14-oxo-5,14-dihydroquinazolino[20,30:2,3]pyrimid-

o[5,4-c][2,1]benzothiazin-6,6-dioxides (10a–c); general

procedure. The mixture of 2-amino-quinazolin-4-one 4i (0.21
g, 1.3 mmol) and a catalytic amount of triethylamine in 2 mL
of dry DMF was heated to 100�C. To the resulting solution
chloroaldehyde 3 (1 mmol) was added in portions at 80�C.
The reaction mixture was heated for 10 h at reflux and then
cooled to room temperature. Solid product was filtered off and
washed with ethanol. The pure product was obtained by crys-
tallization from DMF (56–59%).

Product 10a (58%, R Me). m.p.: 206–207�C; 1H NMR

(400 MHz, TFA): d ¼ 3.98 (s, 3H), 7.12 (m, 2H), 7.78 (m,
2H), 7.89 (t, J ¼ 8 Hz, 1H), 8.08 (t, J ¼ 8 Hz, 1H), 8.46 (d, J
¼ 8 Hz, 1H), 8.65 (t, J ¼ 7.8 Hz, 1H), 9.35 (s, 1H)

13C NMR (100 MHz, TFA): d ¼ 50.01, 108.65, 118.86,
119.47, 123.58, 125.89, 126.87, 127.35, 129.08, 130.43,
131.24, 133.41, 135.64, 140.46, 145.79, 147.97, 156.92,
159.61; MS (CI): 365(MþH)þ; Anal. calcd. C, 59.33; H, 3.32;
N, 15.38; found C, 59.35; H, 3.36; N, 15.41.

Product 10b (59%, R Et). m.p.: 234�C; 1H NMR (400
MHz, TFA): d ¼ 1.37 (t, J ¼ 6.8 Hz, 3H), 4.24 (q, J ¼ 6.8 Hz,
2H), 7.63 (m, 2H), 7.78 (m, 2H), 7.87 (t, J ¼ 7.8 Hz, 1H), 8.11
(t, J ¼ 7.8 Hz, 1H), 8.48 (d, J ¼ 7.8 Hz, 1H), 8.67 (t, J ¼ 7.8
Hz, 1H), 9.38 (s, 1H). 13C NMR (100 MHz, TFA): d ¼ 15.09,

54.02, 118.67, 124.01, 126.12, 126.87, 127.43, 128.66, 129.54,
133.04, 135.61, 137.76, 140.72, 142.85, 144.50, 146.08, 147.76,
149.34, 159.76; MS (CI): 379(MþH)þ; Anal. calcd. C, 60.31;
H, 3.73; N, 14.81; found C, 60.34; H, 3.75; N, 14.81.

Product 10c (56%, R Pr). m.p.: >250�C (decomp); 1H

NMR (400 MHz, TFA): d ¼ 0.91 (t, J ¼ 6.8 Hz, 3H), 1.77
(m, 2H), 4.14 (q, J ¼ 6.8 Hz, 2H), 7.13 (m, 2H), 7.77 (m,
2H), 7.85 (t, J ¼ 7.8 Hz, 1H), 8.10 (t, J ¼ 7.8 Hz, 1H), 8.48
(d, J ¼ 7.8 Hz, 1H), 8.66 (t, J ¼ 7.8 Hz, 1H), 9.37 (s, 1H).
13C NMR (100 MHz, TFA): d ¼ 15.04, 38.44, 53.22, 118.86,
123.69, 126.06, 126.85, 127.37, 128.49, 132.94, 135.63,
137.76, 140.37, 142.58, 144.51, 146.03, 147.36, 149.14,
150.05, 159.62; MS (CI): 393(MþH)þ; Anal. calcd. C, 61.21;
H, 4.11; N, 14.28; found C, 61.22; H, 4.14; N, 14.31.
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4-Bromomethylcoumarins (1) reacted with sodium azide in aqueous acetone to give 4-azidomethyl-
coumarins (2), which underwent 1,3-dipolar cycloaddition with acetylenic dipolarophiles to give tria-
zoles (3). These triazoles (3) have been found to exhibit interesting variations in the chemical shifts of
C3AH and C4-methylene protons. Protonation studies indicate that the shielding effect of the C3AH of

coumarin is due to p-electrons of the triazole ring, further supported by diffraction and computational
studies.

J. Heterocyclic Chem., 47, 91 (2010).

INTRODUCTION

Organic azides are an important class of 1,3-dipoles,

which have been recently recognized as crucial func-

tional groups in click chemistry [1]. The exergonic reac-

tion of azides with acetylenic dipolarophiles has resulted

in one of the best synthetic routes to 1,2,3-triazoles [2].

This single-step transformation has been investigated for

its regioselectivity in aqueous systems [3], in ionic

liquids [4], in copper (I) catalysis [5], and by the solid-

phase approach [6]. In view of the wide range of biolog-

ical activities of 1,2,3-triazoles [7,8] and in continuation

of our study on biologically active and fluorescent 4-

substituted coumarins [9,10], it was thought of substan-

tial intellectual appeal to link the 1,2,3-triazole moiety

at the allylic position with respect to the biogenetically

important C3AC4 double bond of coumarin. There are

very few reports on pyranone-substituted 1,3 dipoles

except for the reactions of coumarin 4-nitrile oxides

[11].

RESULTS AND DISCUSSION

The required dipolar azide intermediates (2) were syn-

thesized by the reaction of sodium azide with various 4-

bromomethylcoumarins (1) [12] in aqueous acetone at

room temperature and were quite stable even above

100�C. The first acetylenic dipolarophile used in

this investigation was dimethylacetylenedicarboxylate

(DMAD), giving rise to triazolomethylcoumarins (3) in

refluxing xylene (Scheme 1). In the 1H NMR spectrum

of the azide, (2a, R1 ¼ 6-CH3) as expected, the

C4ACH2 protons linked to the azido group were

observed at 4.57 ppm and the C3AH of coumarin,

appeared as a singlet at 6.52 ppm. The 1H NMR of

DMAD adduct 3a showed two interesting features such

as (i) C4ACH2 protons showed a downfield shift and

were observed at 6.05 ppm when compared with 4.56

ppm observed in the case of 4-anilinomethylcoumarins

or 5.20 ppm observed in the case of 4-phenoxymethyl-

coumarins. (ii) The C3AH of coumarin in the DMAD
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adduct experienced an upfield shift and was observed as

a singlet at 5.60 ppm, as against 6.60–6.70 ppm in the

case of both 4-anilinomethyl or 4-phenoxymethyl cou-

marins [13,14]. To the best of our knowledge, there is

only one report in the literature on this type of shielding

effect of coumarin C3AH in 7-methoxy-4-platinomethyl-

coumarin complex coordinated with 1,10-phenanthroline

[15]. This rare type of shielding effect of coumarin

C3AH and simultaneous pronounced deshielding of the

C4-methylene protons were due to the triazole on the

C4ACH2 group, which has been consistently observed in

all the cycloaddition adducts of the azides and DMAD

(Table 1). It is interesting to note that benzylic azides

have also been reported to undergo similar dipolar

cycloaddition reaction [16], but no effects on the chemi-

cal shifts of the ortho protons have been observed. The

chemical shift for the methylene protons in p-hydroxy-
benzyl azide and DMAD adduct is around 5.60 ppm,

whereas the aromatic ortho protons were found to reso-

nate at 7.11 ppm [17].

Scheme 1. Synthesis of triazolomethylcoumarins from click chemistry.

Table 1

Chemical shift values of C4ACH2 and C3AH in azides (2) and cycloadducts (3) (CDCl3).

Entry R

C4ACH2 C3AH

Azide (2) DMAD adduct (3) Azide (2) DMAD adduct (3)

a 6-CH3 4.57 6.05 6.52 5.60

b 7-CH3 4.56 6.03 6.47 5.67

c 5,6-benzo 4.96 6.54 6.71 5.46

d 7,8-benzo 4.63 6.10 6.57 5.78

e 6-OCH3 4.57 6.01 6.53 5.80

f 7-OCH3 4.61 6.08 6.53 5.89

g 6-Cl 4.55 6.01 6.58 5.77

h 7-Cl 4.54 6.06 6.56 5.81
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Effect of substituents. The possible role played by

the two ester groups in this observation was verified by

using other dipolarophiles such as acetylene, phenylace-

tylene, and diphenylacetylene in this reaction with azide

2a (Fig. 1). This led to the formation of adducts 3i, 3j,

and 3k, respectively (Scheme 1). In all these cases, sim-

ilar trend has been observed. Hence, the origin of this

effect lies in the triazole ring rather than the

substituents.

Temperature effect. To understand the nature of this

phenomenon, we recorded the temperature-dependent

NMR for one of the DMAD adducts (3a) at various

temperatures. Up to a temperature of 393 K, there was a

regular decrease in the chemical shift values of C4-

methylene protons from 6.1790 to 6.1090 d ppm. The

C3AH protons showed a slight increase from 5.638 to

5.790 ppm (Table 2). This behavior indicated the ab-

sence of any intramolecular hydrogen bonding between

C3AH and triazole nitrogen via a six-membered ring.

Protonation behavior. Qualitative protonation stud-

ies were performed by adding two drops of trifluoroace-

tic acid (CF3CO2H) in CDCl3, which resulted in signifi-

cant changes in the chemical shifts of C3AH and

C4ACH2 protons. In the case of 3a, the C3AH proton

was further shifted downfield to 6.01 ppm from 5.60

ppm and C4ACH2 protons were also deshielded to 6.30

ppm from 6.05 ppm. This trend was observed for all the

substituted cycloadducts (3) (Table 3). In the case of

acetylene adduct 3i, the trend was also similar, whereas

the C4ACH2 protons showed downfield shift from 5.77

to 6.16 ppm and the C3AH from 5.94 to 6.41 ppm.

Probable structures of the protonated species 5 and 6

(Scheme 2) indicate that N1 of the triazole ring can be

quaternized and inductively withdraw the electron den-

sity at C4ACH2, which would cause deshielding effect.

However, the simultaneous deshielding effect of

C3AH under this condition strongly supports an argu-

ment that the C3AH proton falls in the shielding zone

of the triazole moiety, which is perturbed due to proto-

nation. Further, the higher deshielding of the methylene

protons was observed, which can also be explained in

Figure 1. ORTEP diagram of triazole adduct 3i. [Color figure can be

viewed in the online issue, which is available at www.interscience.

wiley.com.]

Table 2

Temperature dependence of chemical shifts of C4ACH2 and C3AH of

(3a) in DMSO-d6.

Temperature (K)

Chemical shifts (d ppm)

C4ACH2 C3AH

303.1 6.1790 5.638

313.1 6.1710 5.654

323.1 6.1645 5.670

333.1 6.1565 5.689

343.1 6.1475 5.706

353.1 6.1405 5.725

373.1 6.1245 5.758

393.1 6.1090 5.790

Table 3

Chemical shifts of C4ACH2 and C3AH upon protonation (CDCl3 þ TFA) in DMAD adducts (3a–3h).

Compound R

C4ACH2 C3AH

CDCl3 CDCl3 þ TFA CDCl3 CDCl3 þ TFA

3a 6-CH3 6.05 6.30 5.60 6.01

3b 7-CH3 6.03 6.21 5.67 5.94

3c 5,6-benzo 6.54 6.73 5.46 5.87

3d 7,8-benzo 6.10 6.33 5.78 6.06

3e 6-OCH3 6.01 6.21 5.85 6.09

3f 7-OCH3 6.08 6.29 5.89 6.02

3g 6-Cl 5.94 6.19 5.77 6.16

3h 7-Cl 6.06 6.17 5.81 6.00
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terms of enhanced contribution of the dipolar form 4 to

the ground-state resonance of compound 3.

Diffraction studies. We have performed a single

crystal analysis of the acetylene adduct 3i. The ORTEP

diagram (Fig. 1) clearly shows that the planar triazole

ring is oriented at an angle of 78.88� with respect to the

coumarin ring. This supports our argument that the

shielding of the C3AH is due to the triazole ring and

not because of any substituents.

Computational support. We have also performed

the geometry optimization of the triazoles 3a and 3k

molecules, which are shown in the Figure 2 using the

Gaussian 03 program [18]. The minimization was per-

formed according to the density functional theory at the

B3LYP method with standard Gaussian split-valence 6-

31G (d,p) basis set. The two structures clearly revealed

the relative orientations of the triazole ring with respect

to the C3 proton of the coumarin (Fig. 2). The aniso-

tropic effect observed on the C3AH of coumarin is due

to the angularly oriented triazole ring, the p-electron
cloud of which will have a shielding effect.

CONCLUSIONS

The unusual anisotropic effects observed in the 4-tria-

zolomethyl coumarins synthesized from 4-azidomethyl-

coumarins 2 and a variety of acetylenic dipolarophiles

are due to the angularly oriented triazole, which has

been shown by NMR, X-ray diffraction, and computa-

tional studies.

Scheme 2. Schematic representation of protonation behavior.

Figure 2. Optimized geometries of compounds 3a and 3k. [Color figure

can be viewed in the online issue, which is available at www.interscience.

wiley.com.]

Table 4

Synthesis of 4-azidomethyl-chromen-2-ones (2a–2h)and 1-(2-oxo-2H-chromen-4-ylmethyl)-1H-[1,2,3]triazoles (3a–3k).

Entry Product R1 R2 R3 Melting point (�C) Yield (%)

1 2a 6-CH3 – – 110 63

2 2b 7-CH3 – – 104 60

3 2c 5,6-Benzo – – 146 65

4 2d 7,8-Benzo – – 131 64

5 2e 6-OCH3 – – 106 62

6 2f 7-OCH3 – – 92 59

7 2g 6-Cl – – 118 66

8 2h 7-Cl – – 102 65

9 3a 6-CH3 COOCH3 COOCH3 192 76

10 3b 7-CH3 COOCH3 COOCH3 151 75

11 3c 5,6-Benzo COOCH3 COOCH3 180 78

12 3d 7,8-Benzo COOCH3 COOCH3 226 79

13 3e 6-OCH3 COOCH3 COOCH3 194 70

14 3f 7-OCH3 COOCH3 COOCH3 182 69

15 3g 6-Cl COOCH3 COOCH3 209 72

16 3h 7-Cl COOCH3 COOCH3 194 70

17 3i 6-CH3 H H 199 69

18 3j 6-CH3 H Ph 168 71

19 3k 6-CH3 Ph Ph 170 67
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EXPERIMENTAL

Melting points were determined by open capillary method
and are uncorrected. The elemental analysis was performed
using Heraus CHN rapid analyzer. Analytical TLC was per-
formed on Merck precoated 60 F254 silica gel plates. IR spec-
tra (KBr disc) were recorded on a Nicolet-5700 FTIR spectro-
photometer. 1H and 13C NMR spectra were recorded on Bruker
300 MHz spectrometer using CDCl3 as a solvent and tetrame-
thylsilane as an internal standard. The chemical shifts are
expressed in d ppm scale down field from tetramethylsilane
and proton signals are indicated as s ¼ singlet, d ¼ doublet, t
¼ triplet and m ¼ multiplet. EI 70 EV and AUTOSPEC elec-
tron impact mass spectrometer was used to record mass
spectra.

Preparation of substituted 4-bromomethylcoumarins (1a–

1h). The required substituted 4-bromomethylcoumarins 1 [14]
have been synthesized by the Pechmann cyclization of various
phenols with 4-bromoethylacetoacetate.

General procedure for the preparation of 4-azidomethyl-

chromen-2-ones (2a–2h). 4-Bromo-methylcoumarin 1 (0.01
mol) was taken in acetone (20 mL) in a round bottom flask.
To this, sodium azide (0.012 mol) in 3 mL of water was added
dropwise with stirring. The stirring was continued for 10 h
(reaction was monitored by TLC). Then, the reaction mixture

was poured to ice cold water. The separated solid was filtered
and recrystallized using suitable solvent (Table 4).

4-Azidomethyl-6-methyl-chromen-2-one (2a). Colorless
solid (ethanol), mp. 110�C, yield 63%; IR (KBr, m in cm�1):

1722 (lactone C¼¼O), 2109 (N3);
1H NMR (300 MHz, CDCl3):

d 2.44 (s, 3H, C6ACH3), 4.57 (s, 2H, CH2AN3), 6.52 (s, 1H,
C3AH), 7.30 (s, 1H, C5AH), 7.32 (d, 1H, C7AH, J ¼ 7.9
Hz), 7.40 (d, 1H, C8AH, J ¼ 8.3 Hz); LCMS m/z: 216 [M þ
1]. Anal. Calcd. for C11H9N3O2; C, 61.39; H, 4.22; N, 19.53;

Found: C, 61.36; H, 4.10; N, 19.51.
4-Azidomethyl-7-methyl-chromen-2-one (2b). Colorless

solid (petroleum ether þ benzene), mp. 104�C, yield 60%; IR
(KBr, m in cm�1): 1732 (lactone C¼¼O), 2098 (N3);

1H NMR
(300 MHz, CDCl3): d 2.47 (s, 3H, C7ACH3), 4.56 (s, 2H,

CH2AN3), 6.47 (s, 1H, C3AH), 7.27 (s, 1H, C8AH), 7.13 (d,
1H, C6AH, J ¼ 8.0 Hz), 7.41 (d, 1H, C5AH, J ¼ 8.0 Hz);
LCMS m/z: 216 [M þ 1]. Anal. Calcd. for C11H9N3O2; C,
61.39; H, 4.22; N, 19.53; Found: C, 61.32; H, 4.08; N, 19.47.

1-Azidomethyl-benzo[f]chromen-3-one (2c). Colorless solid

(ethanol), mp. 146�C, yield 65%; IR (KBr, m in cm�1): 1727
(lactone C¼¼O), 2099 (N3);

1H NMR (300 MHz, CDCl3): d
4.96 (s, 2H, CH2AN3), 6.71 (s, 1H, C3AH), 7.50 (d, 1H,
ArAH, J ¼ 8.8 Hz), 7.58 (t, 1H, ArAH, J ¼ 6.6 Hz), 7.69 (t,
1H, ArAH, J ¼ 6.6 Hz), 7.94 (d, 1H, C7AH, J ¼ 8.1 Hz),

8.02 (d, 1H, ArAH, J ¼ 8.9 Hz), 8.25 (d, 1H, C8AH, J ¼ 8.0
Hz). Anal. Calcd. for C14H9N3O2; C, 66.93; H, 3.61; N, 16.73;
Found: C, 66.90; H, 3.54; N, 16.70.

4-Azidomethyl-benzo[h]chromen-2-one (2d). Colorless solid

(ethanol), mp. 131�C, yield 64%; IR (KBr, m in cm�1): 1716
(lactone C¼¼O), 2115 (N3);

1H NMR (300 MHz, CDCl3): d
4.63 (s, 2H, CH2AN3), 6.57 (s, 1H, C3AH), 7.26–8.54 (m,
6H, ArAH). Anal. Calcd. for C14H9N3O2; C, 66.93; H, 3.61;
N, 16.73; Found: C, 66.87; H, 3.53; N, 16.66.

4-Azidomethyl-6-methoxy-chromen-2-one (2e). Colorless
solid (petroleum ether), mp. 106�C, yield 62%; IR (KBr, m in
cm�1): 1710 (lactone C¼¼O), 2115 (N3);

1H NMR (300 MHz,
CDCl3): d 3.90 (s, 3H, C6AOCH3), 4.57 (s, 2H, CH2AN3),

6.53 (s, 1H, C3AH), 6.96 (d, 1H, C7AH, J ¼ 8.1 Hz), 7.26
(d, 1H, C8AH, J ¼ 8.1 Hz), 7.40 (s, 1H, C5AH). Anal. Calcd.
for C11H9N3O3; C, 57.14; H, 3.92; N, 18.17; Found: C, 57.11;
H, 3.83; N, 18.06.

4-Azidomethyl-7-methoxy-chromen-2-one (2f). Colorless
solid (petroleum ether), mp. 92�C, yield 59%; IR (KBr, m in
cm�1): 1712 (lactone C¼¼O), 2116 (N3);

1H NMR (300 MHz,
CDCl3): d 3.93 (s, 3H, C7AOCH3), 4.61 (s, 2H, CH2AN3),
6.53 (s, 1H, C3AH), 6.55–7.44 (m, 3H, ArAH). Anal. Calcd.
for C11H9N3O3; C, 57.14; H, 3.92; N, 18.17; Found: C, 57.09;
H, 3.86; N, 18.02.

4-Azidomethyl-6-chloro-chromen-2-one (2g). Colorless solid
(petroleum ether), mp. 118�C, yield 66%; IR (KBr, m in
cm�1): 1720 (lactone C¼¼O), 2121 (N3);

1H NMR (300 MHz,
CDCl3): d 4.55 (s, 2H, CH2AN3), 6.58 (s, 1H, C3AH), 7.32
(d, 1H, C7AH, J ¼ 8.2 Hz), 7.54 (d, 1H, C8AH, J ¼ 8.2 Hz),
7.70 (s, 1H, C5AH); LCMS m/z: 237 [M þ 2]. Anal. Calcd.
for C10H6ClN3O2; C, 50.97; H, 2.57; N, 15.05; Found: C,
50.82; H, 2.54; N, 15.01.

4-Azidomethyl-7-chloro-chromen-2-one (2h). Colorless solid
(petroleum ether), mp. 102�C, yield 65%; IR (KBr, m in
cm�1): 1710 (lactone C¼¼O), 2120 (N3);

1H NMR (300 MHz,
CDCl3): d 4.54 (s, 2H, CH2AN3), 6.56 (s, 1H, C3AH), 7.21
(d, 1H, C6AH, J ¼ 8.1 Hz), 7.41 (s, 1H, C8AH), 7.71 (d, 1H,
C5AH, J ¼ 7.9 Hz). Anal. Calcd. for C10H6ClN3O2; C, 50.97;
H, 2.57; N, 15.05; Found: C, 50.91; H, 2.52; N, 15.00.

General procedure for the preparation of 1-(2-oxo-2H-

chromen-4-ylmethyl)-1H-[1,2,3]triazole-4,5-dicaboxylic acid

dimethyl ester (3a–3h). Mixture of 4-azidomethylcoumarin 2

(0.01 mol) and DMAD (0.01 mol) was taken in a dry xylene
(5 mL) in a round bottom flask. The mixture was refluxed in
an oil bath at 130�C under dry conditions for 8 h (reaction

was monitored by TLC) and then cooled. The separated solid
was collected by filtration and recrystallized using suitable
solvent.

1-(6-Methyl-2-oxo-2H-chromen-4-ylmethyl)-1H-[1,2,3]tri-

azole-4,5-dicaboxylic acid dimethyl ester (3a). Colorless

solid (ethanol), mp. 192�C, yield 76%; IR (KBr, m in cm�1):
1722 (lactone C¼¼O), 1722 (ester C¼¼O); 1H NMR (300 MHz,
CDCl3): d 2.46 (s, 3H, C6ACH3), 3.95 (s, 3H, ACOOCH3),
4.02 (s, 3H, ACOOCH3), 5.60 (s, 1H, C3AH), 6.05 (s, 2H,
C4ACH2), 7.36 (d, 1H, C7AH, J ¼ 8.4 Hz), 7.51 (d, 1H,

C8AH, J ¼ 8.4 Hz), 7.67 (s, 1H, C5AH); 13C NMR (75 MHz,
CDCl3): 22, 50, 53, 54, 114, 117, 118, 124, 130, 134, 135,
141, 148, 152, 158, 161, 162; LCMS m/z: 358 [M þ 1]. Anal.
Calcd. for C17H15N3O6; C, 57.14; H, 4.23; N, 11.76; Found:
C, 57.18; H, 4.17; N, 11.69.

1-(7-Methyl-2-oxo-2H-chromen-4-ylmethyl)-1H-[1,2,3]tri-

azole-4,5-dicaboxylic acid dimethyl ester (3b). Colorless
solid (benzene), mp. 151�C, yield 75%; IR (KBr, m in cm�1):
1722 (lactone C¼¼O), 1754 (ester C¼¼O); 1H NMR (300 MHz,

CDCl3): d 2.48 (s, 3H, C7ACH3), 3.94 (s, 3H, ACOOCH3),
4.01 (s, 3H, ACOOCH3), 5.67 (s, 1H, C3AH), 6.03 (s, 2H,
C4ACH2), 7.17 (d, 1H, C6AH, J ¼ 7.2 Hz), 7.37 (s, 1H,
C8AH), 7.57 (d, 1H, C5AH, J ¼ 7.1 Hz); LCMS m/z: 358 [M
þ 1]. Anal. Calcd. for C17H15N3O6; C, 57.14; H, 4.23; N,

11.76; Found: C, 57.19; H, 4.16; N, 11.72.
1-(3-Oxo-3H-benzo[f]chromen-1-ylmethyl)-1H-[1,2,3]tria-

zole-4,5-dicaboxylic acid dimethyl ester (3c). Colorless solid
(ethanol), mp. 180�C, yield 78%; IR (KBr, m in cm�1): 1731
(lactone C¼¼O), 1731 (ester C¼¼O); 1H NMR (300 MHz,

CDCl3): d 3.85 (s, 3H, ACOOCH3), 4.03 (s, 3H, ACOOCH3),
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5.46 (s, 1H, C3AH), 6.54 (s, 2H, C4ACH2), 7.52 (d, 1H, J ¼
8.9 Hz), 7.62 (t, 1H, J ¼ 7.3 Hz), 7.72 (t, 1H, J ¼ 7.5 Hz),
8.00 (d, 1H, C7AH, J ¼ 8.0 Hz), 8.07 (d, 1H, J ¼ 8.9 Hz),
8.19 (d, 1H, C8AH, J ¼ 8.0 Hz). Anal. Calcd. for
C20H15N3O6; C, 61.07; H, 3.84; N, 10.68; Found: C, 61.01;

H, 3.79; N, 10.60.
1-(2-Oxo-2H-benzo[h]chromen-4-ylmethyl)-1H-[1,2,3]tria-

zole-4,5-dicaboxylic acid dimethyl ester (3d). Colorless solid
(ethanol þ dioxane), mp. 226�C, yield 79%; IR (KBr, m in
cm�1): 1711 (lactone C¼¼O), 1738 (ester C¼¼O); 1H NMR

(300 MHz, CDCl3): d 3.94 (s, 3H, ACOOCH3), 4.01 (s, 3H,
ACOOCH3), 5.78 (s, 1H, C3AH), 6.10 (s, 2H, C4ACH2),
7.20–8.54 (m, 6H, ArAH). Anal. Calcd. for C20H15N3O6; C,
61.07; H, 3.84; N, 10.68; Found: C, 61.04; H, 3.80; N, 10.63.

1-(6-Methoxy-2-oxo-2H-chromen-4-ylmethyl)-1H-[1,2,3]

triazole-4,5-dicaboxylic acid dimethyl ester (3e). Colorless
solid (ethanol þ dioxane), mp. 194�C, yield 70%; IR (KBr, m
in cm�1): 1720 (lactone C¼¼O), 1744 (ester C¼¼O); 1H NMR
(300 MHz, CDCl3): d 3.87 (s, 3H, C6AOCH3), 3.93 (s, 3H,

ACOOCH3), 4.00 (s, 3H, ACOOCH3), 5.85 (s, 1H, C3AH),
6.01 (s, 2H, C4ACH2), 7.16–7.34 (m, 3H, ArAH). Anal.
Calcd. for C17H15N3O7; C, 54.69; H, 4.05; N, 11.26; Found:
C, 54.62; H, 4.17; N, 11.25.

1-(7-Methoxy-2-oxo-2H-chromen-4-ylmethyl)-1H-[1,2,3]

triazole-4,5-dicaboxylic acid dimethyl ester (3f). Colorless
solid (ethanol þ dioxane), mp. 182�C, yield 69%; IR (KBr, m
in cm�1): 1722 (lactone C¼¼O), 1742 (ester C¼¼O); 1H NMR
(300 MHz, CDCl3): d 3.89 (s, 3H, C7AOCH3), 3.96 (s, 3H,
ACOOCH3), 4.01 (s, 3H, ACOOCH3), 5.89 (s, 1H, C3AH),

6.08 (s, 2H, C4ACH2), 7.21–7.92 (m, 3H, ArAH). Anal.
Calcd. for C17H15N3O7; C, 54.69; H, 4.05; N, 11.26; Found:
C, 54.60; H, 4.13; N, 11.21.

1-(6-Chloro-2-oxo-2H-chromen-4-ylmethyl)-1H-[1,2,3]tri-

azole-4,5-dicaboxylic acid dimethyl ester (3g). Colorless

solid (ethanol), mp. 209�C, yield 72%; IR (KBr, m in cm�1):
1726 (lactone C¼¼O), 1726 (ester C¼¼O); 1H NMR (300 MHz,
CDCl3): d 3.96 (s, 3H, ACOOCH3), 4.02 (s, 3H, ACOOCH3),
5.77 (s, 1H, C3AH), 6.01 (s, 2H, C4ACH2), 7.35 (d, 1H,

C7AH, J ¼ 8.8 Hz), 7.57 (d, 1H, C8AH, J ¼ 8.7 Hz), 7.70 (s,
1H, C5AH); LCMS m/z: 379 [M þ 2]. Anal. Calcd. for
C16H12ClN3O6; C, 50.87; H, 3.20; N, 11.12; Found: C, 50.79;
H, 3.15; N, 11.05.

1-(7-Chloro-2-oxo-2H-chromen-4-ylmethyl)-1H-[1,2,3]tri-

azole-4,5-dicaboxylic acid dimethyl ester (3h). Colorless
solid (ethanol), mp. 194�C, yield 70%; IR (KBr, m in cm�1):
1721 (lactone C¼¼O), 1754 (ester C¼¼O); 1H NMR (300 MHz,
CDCl3): d 3.90 (s, 3H, ACOOCH3), 4.04 (s, 3H, ACOOCH3),
5.81 (s, 1H, C3AH), 6.06 (s, 2H, C4ACH2), 7.72–7.64 (m,

3H, ArAH). Anal. Calcd. for C16H12ClN3O6; C, 50.87; H,
3.20; N, 11.12; Found: C, 50.75; H, 3.12; N, 11.09.

Preparation of 6-methyl-4-[1,2,3]triazol-1ylmethyl-chro-

men-2-one (3i). To the 4-azido-methylcoumarin 2a (0.01 mol)
in a dry xylene (15 mL), dry acetylene gas was passed for 30

min and then the flask was sealed and heated in an oil bath at
130�C for 10 h (reaction was monitored by TLC). The flask
was cooled, and the separated solid was filtered and recrystal-
lized from alcohol. Colorless solid (ethanol), mp. 199�C, yield
69%; IR (KBr, m in cm�1): 1720 (lactone C¼¼O); 1H NMR
(300 MHz, CDCl3): d 2.42 (s, 3H, C6ACH3), 5.77 (s, 2H,
C4ACH2), 5.94 (s, 1H, C3AH), 7.28 (d, 1H, C7AH, J ¼ 8.7
Hz), 7.36 (s, 1H, C5AH), 7.40 (d, 1H, C8AH, J ¼ 8.6 Hz),

7.66 (d, 1H, triazole), 7.82 (d, 1H, triazole); LCMS m/z: 242
[M þ 1]. Anal. Calcd. for C13H11N3O2; C, 64.72; H, 4.60; N,
17.42; Found: C, 64.68; H, 4.58; N, 17.40.

Preparation of 6-methyl-4-(4-phenyl-[1,2,3]triazol-1-
ylmethyl)-chromen-2-one (3j). Mixture of 4-azidomethyl-

coumarin 2a (0.01 mol) and phenyl acetylene (0.01 mol) was
taken in a dry xylene (5 mL) in a dry round bottom flask. The
mixture was refluxed in an oil bath at 130�C under dry condi-
tions for 10 h (reaction was monitored by TLC) and cooled.
The separated solid was filtered and recrystallized from alco-

hol.Colorless solid (ethanol), mp. 168�C, yield 71%; IR (KBr,
m in cm�1): 1738 (lactone C¼¼O); 1H NMR (300 MHz,
CDCl3): d 2.43 (s, 3H, C6ACH3), 5.77 (s, 2H, C4ACH2), 6.10
(s, 1H, C3AH), 7.28–7.84 (m, 9H, ArAH); LCMS m/z: 318
[M þ 1]. Anal. Calcd. for C19H15N3O2; C, 71.91; H, 4.76; N,

13.24; Found: C, 71.80; H, 4.72; N, 13.18.
Preparation of 4-(4,5-diphenyl-[1,2,3]triazol-1-ylmethyl)-6-

methyl-chromen-2-one (3k). Mixture of 4-azidomethylcou-
marin 2a (0.01 mol) and diphenylacetylene (0.01 mol) was

taken in a dry xylene (5 mL) in a dry round bottom flask. The
mixture was refluxed in an oil bath at 130�C under dry condi-
tions for 10 h (reaction was monitored by TLC) and cooled.
The separated solid was filtered and recrystallized from
alcohol.

Colorless solid (ethanol), mp. 170�C, yield 67%; IR (KBr, m
in cm�1): 1732 (lactone C¼¼O); 1H NMR (300 MHz, CDCl3):
d 2.39 (s, 3H, C6ACH3), 5.58 (s, 2H, C4ACH2), 5.70 (s, 1H,
C3AH), 7.24–7.58 (m, 13H, ArAH); LCMS m/z: 394 [M þ
1]. Anal. Calcd. for C25H19N3O2; C, 76.32; H, 4.87; N, 10.68;

Found: C, 76.26; H, 4.84; N, 10.65.
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Treatment of 1-(2-azidoarylmethyl)-1H-benzotriazoles (6) with n-BuLi (2.5 equiv.) in THF at �78�C,
followed by an addition of alkyl halides such as allyl, benzyl, and ethyl bromides with stirring for 2 h
at room temperature afforded 2-(dialkylamino)-3-(benzotriazol-1-yl)-2H-indazoles (8), 3-(benzotriazol-
1-yl)-2H-indazoles (9), 2-[(benzotriazol-1-yl)methyl]arylamine (10), and 2-[(benzotriazol-1-yl)(alkyl)
methyl]arylamine (11).

J. Heterocyclic Chem., 47, 98 (2010).

INTRODUCTION

Benzotriazole has received a great amount of atten-

tion over the last three decades owing to the potential

utility as a synthetic auxiliary for the synthesis of a

diverse class of organic compounds [1]. Recently, we

reported the reactions of 3-(benzotriazol-1-yl)-2,3-disub-

stituted propenyl phenyl sulfoxides 3 [2], prepared from

1-(arylmethyl)-1H-benzotriazoles 2a and 1-aryl-2-chlor-

oethanone in five steps, with trifluoroacetic anhydride

(TFAA) yielding triazapentalenes 4 via a Pummerer-

type intramolecular nucleophilic attack of N-2 of the

benzotriazole moiety [2a] (Scheme 1).

In connection with the exploration of the synthetic

utility of 1, the introduction of an alkyl group at the

benzylic position of 1-(2-azidoarylmethyl)-1H-benzotria-

zoles 6 (R2 ¼ 2-N3) was attempted simply because the

azido group may be utilized as a precursor for genera-

tion of nitrene [3]. Nitrene is known as a useful reactive

species for the synthesis of nitrogen-containing hetero-

cyclic compounds via insertion or addition reactions.

One can envisage the reaction of a benzylic carbanion,

generated from compounds 6 by a strong base, with

alkyl halides. However, a problem to be encountered

with this methodology is to overcome the possible reac-

tion of the azido group with the strong base. A search

through the literature showed that simple alkyl azides

reacted with both Grignard reagents in diethyl ether at

0�C or alkyllithiums in n-pentane to give alkyltriazenes

[4]. The latter reactions in ether did not occur. The reac-

tion leading to triazenes was sensitive to the solvents.

Furthermore, to the best of our knowledge, there has

been no report on the reactions of aryl azides with both

Grignard reagents and alkyllithiums. Compounds 6 are

insoluble in n-pentane at room temperature. Conse-

quently, it was necessary to obtain information on the

reactivity of aryl azides including 6 toward various

bases. The results obtained from our examination are

described herein.

RESULTS AND DISCUSSION

2-Azidobenzyl bromides 5 (R2 ¼ 2-N3, X ¼ Br), pre-

cursors of 1-(2-azidoarylmethyl)-1H-benzotriazoles 6a-

b, 6d-e, and 6g, were prepared by diazotization of o-to-
luidine derivatives, followed by bromination of the

methyl group using NBS in the presence of benzoyl per-

oxide [5b]. On the other hand, 2-azidobenzyl chloride 5

(R2 ¼ 2-N3, X ¼ Cl), precursors of compounds 6c and

6f, were prepared by diazotization of 2-aminobenzyl

alcohols, followed by chlorination using SOCl2 in

CH2Cl2. Treatment of 5 with benzotriazoles 1a-b in the

presence of NaOEt in absolute ethanol [6] gave a mix-

ture of 6 and 2-(2-azidoarylmethyl)-2H-benzotriazoles 7

which were separated by chromatography (Scheme 2).
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Yields of compounds 6 and 7 are summarized in

Table 1.

Treatment of 6a with n-BuLi (1.1 equiv.) in THF at

�78�C, followed by addition of allyl bromide (1.1

equiv.) with stirring for 1 h did not reveal any new spots

except for those of the starting materials on TLC. How-

ever, after being stirred at room temperature for 2 h,

TLC of the reaction mixture showed four spots includ-

ing that corresponding to 6a (Rf ¼ 0.71, EtOAc:n-hex-
ane ¼ 1:4). Chromatography of the reaction mixture

(silica gel, 70–230 mesh) gave two 2H-indazole deriva-

tives 8a (R ¼ R1 ¼ H) (25%), 9a (R ¼ R1 ¼ H) (21%),

2-[(benzotriazol-1-yl)methyl]phenylamine (10a) (R ¼ R1

¼ H) (25%) and 2-[1-(benzotriazol-1-yl)-3-butenyl]phe-

nylamine (11a) (R ¼ R1 ¼ H) (0%) together with

unreacted 6a (24%) containing a minute amount of 1-

[(2-azidophenyl)(allyl)methyl]-1H-benzotriazole (12a)

(Scheme 3). The yield of each product was variable

depending on the concentrations of n-BuLi and allyl

bromide. The results are summarized in Table 2.

Table 2 shows that compounds 9a and 10a were

formed without allyl bromide and a considerable amount

of 6a (40%) remained unreacted when 1.0 molar equiv.

of n-BuLi was employed (entry 1). The result is incon-

sistent with the formation of dialkyltriazenes from anal-

ogous reactions involving simple alkyl azides and alkyl-

lithiums in n-pentane [4a]. However, the reaction of 6a

with MeMgBr in THF for 1 h at 0�C, and subsequently

at room temperature for 2 h, gave methyltriazene 13

(91%) as expected. The 1H NMR (300 MHz, CDCl3)

spectrum showed a singlet at 3.24 ppm, corresponding

to the structure of 13.

On addition of allyl bromide (1.1 equiv.), compound 8a

was obtained in 20% yield at the expense of 6a and 10a

(entry 2). The amounts of recovered 6a as well as 8a

were decreased somewhat by two-fold increase of the

concentration of n-BuLi only (entry 3). When the con-

centrations of n-BuLi and allyl bromide were increased

two-fold, respectively (entry 4), the yield of 8a

increased to 38% at the expense of 9a and 6a. However,

further increase in the concentration of n-BuLi (4.0

equiv.) while maintaining the same concentration of

Scheme 1

Scheme 2. Reagents and conditions: For X ¼ Br, (i) 1a (or 1b),

NaOEt, absolute EtOH, rt, 12 h; For X ¼ Cl, (i) 1a, NaOEt, absolute

EtOH, reflux, 5 h.

Table 1

Yields of compounds 6 and 7.

Compd R R1 R2 X Compd

Yielda

(%)

6 7

1a H H 2-N3 Br a 50 19

1a H 5-MeO 2-N3 Br b 44 19

1a H 3-Me 2-N3 Cl c 55 16

1a H 5-Br 2-N3 Br d 47 22

1a H 4-Cl 2-N3 Br e 51 26

1a H 5-Cl 2-N3 Cl f 48 23

1a H 5-NO2 2-N3 Br g 42 18

1a H H 4-N3 Br h 47 20

1b Cl H 2-N3 Br i 44b 19

a Isolated yields.
b Total yield of 1-(2-azidobenzyl)-5-chloro-1H-benzotriazole (6i0) and

1-(2-azidobenzyl)-6-chloro-1H-benzotriazole (6i).

Scheme 3
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allyl bromide (2.2 equiv.), did not affect the yields of

8a and 9a but only reduced the amount of unreacted 6a

by 5% (entry 5). Finally, the amount of unreacted 6a

decreased with increase in the concentration of n-BuLi
and yet the yield of 8a did not exceed 39%. In addition,

the yields of 9a were not much affected by altering the

concentrations of either n-BuLi or allyl bromide.

Since the yields of compound 11a increased with the

concentrations of n-BuLi and allyl bromide (entries 4

and 5) and the sum of the yields of 10a and 11a

appeared nearly constant, 10a, prepared independently

from 6a and NaBH4 [7], was treated with allyl bromide

(2.5 and 3.0 equiv.) in the presence of n-BuLi (2.5 and

3.0 equiv.) in THF for 1 h at 0�C, and subsequently at

room temperature for 2 h to observe if compound 11a is

formed via compound 10a. From the reactions were

obtained 11a (0 and 3%), allyl[2-{(benzotriazol-1-yl)me-

thyl}phenyl]amine (14) (38 and 16%), diallyl[2-{(benzo-

triazol-1-yl)methyl}phenyl]amine (15) (33 and 41%),

and allyl[2-{1-(benzotriazol-1-yl)-3-butenyl}phenyl]-

amine (16) (5 and 17%), respectively (Scheme 4). Com-

pounds 14–16 were not detected in the reaction of 6a

under similar conditions but compound 11a was

observed (Scheme 4).

The result indicates that a small portion of compound

11a may be formed via 10a. For optimization of the

reaction conditions, the reactions of 6a (1.25 mmol)

with allyl bromide were carried out in the presence of

various bases under the same foregoing conditions. The

results are summarized in Table 3.

Table 3 showed that not only a considerable amount

of 6a was used up to give unidentifiable mixtures but

also a large quantity of unreacted 6a was recovered.

Consequently, n-BuLi was employed as a base for reac-

tions of other compounds 6. Yields of 8–11 and

unreacted 6 are summarized in Table 4.

The structure of 8 was determined on the basis of the

X-ray crystal structure of 8g (Fig. 1).

The structures of 9 were determined on the basis of

spectroscopic and analytical data. In particular, the

HMBC spectrum of 9a shows that the N2-H proton cor-

relates with C3a and C7a carbon atoms, which clearly

indicates that the compound is 2H-indazole derivative

[8] rather than 1H-indazole derivative.

To obtain mechanistic information, 6h was subjected

to the same foregoing conditions (Scheme 5). From the

reaction were obtained allylated compound 19 (4%) and

amino compound 20 (45%) together with unreacted 6h

(28%). The result indicated that reduction of the azido

group yielding amino group occurs readily compared

with allylation at the benzylic position.

Although there exist plentiful examples of the direct

conversion of an azido group to an amino group [9], n-
BuLi-mediated the same type of conversion has seldom

appeared in the literature [10]. We have found that treat-

ment of simple aryl azides with n-BuLi (2.0 equiv.)

under the same foregoing conditions gave arylamine as

Scheme 4

Table 2

Yields of compounds 8a-11a at the different concentrations of n-BuLi and allyl bromide when [6a] ¼ 1.40 mmol.

Entry n-BuLi (equiv.) Allyl bromide (equiv.)

Yielda (%)

8a 9a 10a 11a Unreacted (6a)

1 1.0 0 0 24 37 0 40

2 1.1 1.1 20 21 25 0 24b

3 2.0 1.1 15 17 28 0 18b

4 2.5 2.2 38 15 5 18 13b

5 4.0 2.2 39 13 0 25 5b

a Isolated yields.
b Yields on the basis of the 1H NMR intensities of a mixture of 6a and 12a.
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major compounds (Scheme 6). Product yields are sum-

marized in Table 5.

The formation of 19 coupled with 12c as minor

product indicates that alkylation at the benzylic posi-

tion occurs under the conditions where the azido group

is intact. Of course, compounds analogous to 8 and 9

cannot be formed from the reaction of 6h. Interest-

ingly, the reaction of 6a with a mixture of an equal

Table 4

Yields of compounds 8a, 9a, 10a, and unreacted 6a.

Reactant Product, Yielda (%)

Compd (R) R3 Compd 8 (R1) 9 (R1) 10 (R1) 11 (R1) 6 (R1)

6a (H) CH2CH¼CH2 a 38 (H) 14 (H) 2 (H) 19 (H) 3 (H)

6a (H) Et b 25 (H) 13 (H) 21 (H) 0 (H) trace (H)

6a (H) CH2CH2CH¼CH2 c 0 (0)b (H) 16 (21)b (H) 20 (14)b (H) 4 (0)b,c 0 (4)b (H)

6a (H) Bn d 31 (H) 16 (H) 5 (H) 6 (H) 4 (H)

6a (H) n-Bu e 0 (H) 18 (H) 0 (H) 13d (H) 0 (H)

6a (H) tert-Bu f 0 (H) 21 (H) 14 (H) 0 (H) 31 (H)

6b (H) CH2CH¼CH2 g 24 (5-MeO) 19 (5-MeO) 8 (4-MeO) 3e (4-MeO) 3 (5-MeO)

6c (H) CH2CH¼CH2 h 34 (7-Me) 13 (7-Me) 10 (6-Me) 5e (6-Me) trace (3-Me)

6d (H) CH2CH¼CH2 i 26 (5-Br) 14 (5-Br) 7 (4-Br) 4e (4-Br) 2 (5-Br)

6e (H) CH2CH¼CH2 j 26 (6-Cl) 16 (6-Cl) 5 (5-Cl) 6e (5-Cl) 2 (4-Cl)

6f (H) CH2CH¼CH2 k 28 (5-Cl) 17 (5-Cl) 2 (4-Cl) 8e (4-Cl) 4 (5-Cl)

6g (H) CH2CH¼CH2
f

6i (Cl) CH2CH¼CH2 l 30 (H) 12 (H) 6 (H) 0 (H) 2 (H)

a Isolated yields.
b All data were obtained when alkyl bromides (X ¼ Br) were used. Number in the parenthesis represents yields when iodide was used.
cWhen CH2¼¼CHCH2CH2Br was used, compounds 12c (R ¼ R1 ¼ H, R3 ¼ CH2CH2CH¼¼CH2) and 17 were additionally isolated in 18 and 3%

yields, respectively, whereas only 12c was additionally isolated in 13% yield when CH2¼¼CHCH2CH2I was used.
dWhen n-BuBr was used, compound 18 was additionally isolated in 11% yield.
e Yields calculated on the basis of the intensities of the 1H NMR spectra of a mixture of 10 and 11.
f Unidentifiable complex mixtures were obtained when R1 ¼ 5-NO2.

Table 3

Yields of compounds 8a, 9a, 10a, and unreacted 6a.

Base (equiv.) Conditiona

Yieldb (%)

8a 9a 10a 6a

tert-BuLi (1.5) c g

NaH (1.5) d 0 0 trace 82

NaNH2 (1.5)
c 0 0 0 75

n-BuLi (1.5) c,e 15 12 25 21

KN(SiMe3)2 (1.5)
c 5 0 0 81

LDA (1.5) c,f 6 8 15 41

LDA (1.2) c 9 15 13 33

aAllyl bromide (1.5 equiv.) was used.
b Isolated yields.
c�78�C (1 h) ! rt (2 h), THF.
d rt (5 h), THF.
e n-BuLi, followed by tert-BuOK (1.0 equiv.) was added.
f LDA, followed by TMEDA (1.0 equiv.) was added.
g Unidentifiable complex mixture.

Figure 1. ORTEP drawing of 8g. [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.]
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molar amount of allyl bromide (1.2 equiv.) and benzyl

bromide (1.2 equiv.) under the same foregoing condi-

tions showed four spots on TLC (silica gel, EtOAc:n-
hexane ¼ 1:4), corresponding to 8d (Rf ¼ 0.79), a mix-

ture of 8a and 23 (Rf ¼ 0.70), 9a (Rf ¼ 0.42), and 10a

(Rf ¼ 0.27) along with a weak spot having a long tail

(Scheme 7).

An attempt at separation of the mixture of 8a and 23

was unsuccessful. However, FAB MS shows mass num-

ber (m/z) 331 (Mþ þ 1) and 381 (Mþ þ 1), correspond-

ing to the molecular weight of 8a and 23 plus one,

respectively. The formation of 23 suggests that the R3

of compounds 8 is introduced in a stepwise manner.

The formation of compound 8a may be initiated by

deprotonation of benzylic hydrogen to give a carbanion

24, followed by an intramolecular nucleophilic attack of

the carbanion on the tetravalent nitrogen atom of an azido

group, leading to a five-membered intermediate 25 with a

negative charge on each nitrogen atom (Scheme 8).

Monoalkylation of 25 gives 1,3-dipolar intermediate

26a, which is stabilized by a resonance form 26b. Sub-

sequent allylation, followed by deprotonation would

give 8a. In the meantime, a nucleophilic attack of n-
butyl carbanion on an azido group gives 1-n-butyl-3-
phenyltriazene 27a [4], which may be stabilized by a

resonance form 27b. Intramolecular proton transfer of

27a would generate a carbanion 28. Protonation of 28,

followed by decomposition would give 10a or 17 [11].

Alternatively, compounds 10a and 17 can be formed

from intermediate 27 via the same protonation and

decomposition processes. In contrast, intramolecular

nucleophilic attack of the benzylic carbanion 29, a tau-

tomer of 28, on the trivalent nitrogen concomitant with

displacing the n-butylamide ion would lead to 30, a tau-

tomer of 9a and 31. However, we obtained 9a as a sin-

gle compound. It has been reported that 1H-indazoles
are thermodynamically more stable than 2H-indazoles

[12] and that the equilibrium position between tautomers

is dependent on the solvent polarity. However, molecu-

lar mechanics calculations show that 8g (E ¼ 35.75

kcal/mol) is more stable than its 1H-isomer (E ¼ 38.54

kcal/mol) by 2.79 kcal/mol [13]. Similarly, 2H-indazole
9a (E ¼ 29.75 kcal/mol) is more stable than its 1H-in-
dazole isomer (E ¼ 33.70 kcal/mol) by 3.95 kcal/mol.

This tendency is consistent with the experimental

results. Further study is necessary to delineate why 2H-8
and 2H-9 are more stable than 1H-8 and 1H-9, respec-
tively. A nucleophilic attack of the carbanion 24 on allyl

bromide would give 12a, analogous to 19. A similar

reaction of 12a as shown in the formation of 10a from

27a would give 11a.

CONCLUSION

In summary, when 1-(2-azidoarylmethyl)-1H-benzo-
triazoles (6) was treated with n-BuLi in THF at �78�C,
followed by an addition of alkyl halides, i.e., allyl, ben-
zyl, ethyl bromides, TLC did not exhibit any new spots.

On the other hand, four new spots corresponding to 2H-
indazole derivatives 8 and 9, which to the best of our

knowledge had not been previously reported in the reac-

tions of azido compounds, together with some weak

spots, were observed at room temperature. Compounds

8 are envisaged to be formed by a nucleophilic attack of

benzylic carbanion on the azido group, followed by dis-

placement of halides twice in stepwise manner by the

SN2 mechanism. Compounds 9 would be formed by a

nucleophilic attack of benzylic carbanion on triazenes.

The formation of compounds 10 and 11 may be

Scheme 5

Scheme 6

Table 5

Yields of compounds 21 and 22.

Compd R4 R5

Yielda (%)

21 22

a H Me 69 8

b Me H 76 6

c Et H 69 8

d Bz H 72 7

a Isolated yields.
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Scheme 7. Reaction of 6a with the mixture of an equal molar amount of allyl bromide and benzyl bromide.

Scheme 8. Proposed mechanism of formation to the compounds 8, 9, 10, 11, and 17.
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explained in terms of decomposition of triazene, which

has been reported in the literature [5].

EXPERIMENTAL

The 1H NMR spectra was recorded at 300 MHz, unless oth-
erwise stated in CDCl3 solution containing tetramethylsilane as

internal standard: J values are given in hertz (Hz). The 13C
NMR spectra were recorded at 75 MHz, unless otherwise
stated in CDCl3 solution. IR spectra were recorded in KBr or
thin-film samples on KBr plates. Mass spectra were obtained
by electron impact at 70 eV. Elemental analyses were deter-

mined by the National Center for Inter-University Research
Facilities, Seoul National University. Column chromatography
was performed using silica gel (Merck, 70-230 mesh ASTM).
Mps were determined on a Fisher–Johns melting-point appara-

tus and are uncorrected.
General procedure for the synthesis of 2-azidoarylmethyl

halides 5

2-Azidoarylmethyl bromides 5a-b, 5d-e, and 5g-h. To a
stirred solution of arylamine (32.80 mmol) in concentrated

H2SO4 (6 mL) was added NaNO2 (39.36 mmol) at 0�C. The
mixture was stirred for 30 min, followed by addition of NaN3

(55.76 mmol), which was additionally stirred for 24 h. Work-
up according to the literature procedure [5a] gave substituted
2-azidotoluenes. A mixture of 2-azidotoluene, N-bromosuccini-

mide (NBS) (1.05 equiv.) and benzoyl peroxide (0.05 equiv.)
in benzene (60 mL) was heated at reflux for 24 h [5b]. Usual
work-up of the reaction mixture gave 5a-b (73, 87%), 5d-e

(79, 64%), and 5g (89%), respectively. Similarly, 4-azidoben-
zyl bromide (5h) was prepared from 4-azidotoluene in 90%

yield.
2-Azidoarylmethyl chlorides 5c and 5f. To a stirred solu-

tion of substituted 2-aminoarylmethyl alcohols (32.80 mmol)

in concentrated H2SO4 (6 mL) was added NaNO2 (39.36

mmol) at 0�C for 30 min, followed by addition of NaN3

(55.76 mmol). The mixture was additionally stirred for 24 h,

followed by usual work-up gave substituted 2-azidoaryl-

methyl alcohol. Treatment of 2-azidoarylmethyl alcohols

with thionyl chloride [5c] (1.2 equiv.) at 0�C for 3 h gave 5c

(63%) and 5f (62%).

General procedure for the synthesis of 1-(2-azidoaryl-

methyl)-1H-benzotriazoles 6 and 2-(2-azidoarylmethyl)-2H-

benzotriazoles 7. To a stirred solution of sodium (5.65–8.82

mmol) in absolute ethanol (20 mL) was added a solution of

benzotriazole (1a) (5.38–8.40 mmol) in absolute ethanol

(30 mL). The mixture was stirred for 20 min, followed by

addition of 5 (5.65–8.82 mmol), which was heated for 3.5 h at

reflux. Work-up according to the literature procedure [6] gave

compounds 6 and 7. Yields are listed in Table 1.

1-(2-Azidophenylmethyl)-1H-benzotriazole 6a. Mp 97–99�C
(from EtOAc–n-hexane) (Found: C, 62.3; H, 3.95; N, 33.7.
Calc. for C13H10N6: C, 62.4; H, 4.0; N, 33.6%); mmax (KBr)/
cm�1 3040, 2944, 2112, 1572, 1480, 1441, 1302, 1278, 1216,

1152, 1073, 752, 739, and 523; 1H NMR d 5.83 (2H, s, CH2),
7.05–7.16 (2H, m, ArH), 7.22 (1H, d, J 8.0, ArH), 7.34–7.41
(2H, m, ArH), 7.46 (1H, dd, J 8.3 and 1.0, ArH), 7.53 (1H, d,
J 7.2, ArH) and 8.08 (1H, d, J 8.3, ArH); 13C NMR d 47.4,

110.2, 118.7, 120.4, 124.3, 125.6, 126.3, 126.4, 127.8, 130.3,
133.3, 138.3, and 146.5.

2-(2-Azidophenylmethyl)-2H-benzotriazole 7a. Mp 114–
116�C (from EtOAc–n-hexane) (Found: C, 62.35; H, 3.9; N,
33.7. Calc. for C13H10N6: C, 62.4; H, 4.0; N, 33.6%); mmax

(KBr)/cm�1 3056, 2936, 2104, 1577, 1489, 1444, 1283, 1158,
1084, 851, 745, and 530; 1H NMR d 5.86 (2H, s, CH2), 7.05
(1H, t, J 7.5, ArH), 7.12 (1H, d, J 7.5, ArH), 7.21 (1H, d, J
7.6, ArH), 7.28 (1H, d, J 7.7, ArH), 7.33 (2H, dd, J 6.6 and
3.1, ArH), and 7.86 (2H, dd, J 6.6 and 3.1, ArH); 13C NMR d
55.6, 118.6, 118.7, 125.4, 126.2, 126.8, 130.4, 130.9, 138.7,
and 144.7.

1-[(2-Azido-5-methoxy)phenylmethyl]-1H-benzotriazole 6b. Mp
89–91�C (from EtOAc–n-hexane) (Found: C, 56.1; H, 4.3; N,
30.1. Calc. for C14H12N6O: C, 56.0; H, 4.3; N, 30.0%); mmax

(KBr)/cm�1 3056, 2930, 2824, 2108, 1603, 1494, 1446, 1424,
1281, 1236, 1155, 1078, 1032, 811, 744, and 521; 1H NMR d
3.67 (3H, s, OCH3), 5.77 (2H, s, CH2), 6.67 (1H, d, J 2.8, 1H,
ArH), 6.88 (1H, dd, J 8.8 and 2.8, ArH), 7.12 (1H, d, J 8.8,
ArH), 7.36 (1H, t, J 7.1, ArH), 7.45 (1H, t, J 6.8, ArH), 7.55
(1H, d, J 8.3, ArH), and 8.06 (1H, J 8.3 Hz, ArH); 13C NMR
d 47.3, 56.0, 110.3, 115.4, 116.0, 119.8, 120.4, 124.4, 127.4,
127.9, 130.4, 133.2, 146.5, and 157.4.

2-[(2-Azido-5-methoxy)phenylmethyl]-2H-benzotriazole 7b. Mp
102–104�C (from EtOAc–n-hexane) (Found: C, 56.2; H, 4.3;
N, 29.9. Calc. for C14H12N6O: C, 56.0; H, 4.3; N, 30.0%);
mmax (KBr)/cm�1 3048, 2936, 2824, 2112, 1603, 1556, 1489,
1454, 1424, 1281, 1236, 1161, 1030, 841, 746, 624, and 521;
1H NMR d 3.71 (3H, s, OCH3), 5.85 (2H, s, CH2), 6.79 (1H,
d, J 2.9, ArH), 6.90 (1H, dd, J 8.8 and 2.9, ArH), 7.11 (1H, d,
J 8.8, ArH), 7.37 (2H, dd, J 6.6 and 3.1, ArH), and 7.88 (2H,
dd, J 6.6 and 3.1, ArH); 13C NMR d 55.6, 56.0, 115.9, 116.2,
118.6, 119.8, 126.9, 127.1, 131.0, 144.9, and 157.3.

1-[(2-Azido-3-methyl)phenylmethyl]-1H-benzotriazole 6c. Mp
54–56�C (from EtOAc–n-hexane) (Found: C, 63.55; H, 4.5; N,
31.9. Calc. for C14H12N6: C, 63.6; H, 4.6; N, 31.8%); mmax

(KBr)/cm�1 3048, 2936, 2104, 1606, 1585, 1454, 1427, 1340,
1286, 1220, 1153, 1084, 774, 740, and 520; 1H NMR d 2.42
(3H, s, CH3), 5.86 (2H, s, CH2), 6.91 (1H, d, J 7.1, ArH), 6.99
(1H, t, J 7.6, ArH), 7.10 (1H, d, J 7.4, ArH), 7.32 (1H, dt, J
1.3 and 6.7, ArH), 7.37–7.49 (2H, m, ArH), and 8.04 (1H, d, J
8.3, ArH); 13C NMR d 18.3, 48.6, 110.1, 120.3, 124.3, 126.7,
127.7, 127.8, 128.8, 132.3, 133.3, 133.5, 136.5, and 146.5.

2-[(2-Azido-3-methyl)phenylmethyl]-2H-benzotriazole 7c. Vis-
cous liquid (Found: C, 63.5; H, 4.5; N, 31.95. Calc. for

C14H12N6: C, 63.6; H, 4.6; N, 31.8%); mmax (KBr)/cm�1 3040,
2948, 2110, 1607, 1585, 1454, 1420, 1342, 1286, 1221, 1150,
1084, 845, 746, and 521; 1H NMR d 2.48 (3H, s, CH3), 5.99
(2H, s, CH2), 7.06–7.11 (2H, m, ArH), 7.15–7.19 (1H, m,
ArH), 7.38 (2H, dd, J 6.6 and 3.1, ArH), and 7.89 (2H, dd, J
6.6 and 3.1, ArH); 13C NMR d 18.5, 56.9, 118.6, 126.7, 126.8,
128.5, 128.8, 132.5, 133.6, 137.2, and 145.0.

1-[(2-Azido-5-bromo)phenylmethyl]-1H-benzotriazole 6d. Mp
84–86�C (from EtOAc–n-hexane) (Found: C, 47.3; H, 2.8; N,
25.45. Calc. for C13H9BrN6: C, 47.4; H, 2.8; N, 25.5%); mmax

(KBr)/cm�1 3056, 2948, 2110, 1574, 1482, 1441, 1302, 1288,

1217, 1154, 1073, 752, 740, and 521; 1H NMR d 5.77 (2H, s,

CH2), 7.09 (1H. d, J 8.5, ArH), 7.27 (1H, d, J ¼ 2.1, ArH),

7.37–7.43 (1H, m, ArH), 7.46–7.56 (3H, m, ArH), and 8.10

(1H, d, J 8.3, ArH); 13C NMR d 46.8, 109.9, 118.5, 120.3,

120.6, 124.5, 128.1, 133.2, 133.3, 137.5, and 146.5.

2-[(2-Azido-5-bromo)phenylmethyl]-2H-benzotriazole 7d. Mp
94–96�C (from EtOAc–n-hexane) (Found: C, 47.25; H, 2.9; N,
25.5. Calc. for C13H9BrN6: C, 47.4; H, 2.8; N, 25.5%); mmax
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(KBr)/cm�1 3056, 2942, 2110, 1575, 1480, 1444, 1302, 1289,

1218, 1156, 1074, 754, 739, and 521; 1H NMR d 5.85 (2H, s,

CH2), 7.09 (1H. d, J 8.6, ArH), 7.38 (1H, d, J ¼ 2.2, ArH),

7.42 (2H, dd, 6.6 and 3.1, ArH), 7.50 (1H, dd, 8.5 and 2.2,

ArH), and 7.90 (2H, dd, 6.6 and 3.1, ArH); 13C NMR d 55.1,

118.3, 118.6, 120.3, 127.1, 127.9, 133.5, 133.7, 138.0, and

145.0.

1-[(2-Azido-4-chloro)phenylmethyl]-1H-benzotriazole 6e. Mp
72–74�C (from EtOAc–n-hexane) (Found: C, 54.9; H, 3.1; N,
29.4. Calc. for C13H9ClN6: C, 54.8; H, 3.2; N, 29.5%); mmax

(KBr)/cm�1 3048, 2952, 2112, 1572, 1480, 1444, 1302, 1278,

1210, 1160, 1074, 756, and 516; 1H NMR d 5.77 (2H, s,

CH2), 7.06 (2H, s, ArH), 7.20 (1H, s, ArH), 7.37–7.42 (1H, m,

ArH), 7.45–7.54 (2H, m, ArH), and 8.08 (1H, d, J 8.3, ArH);
13C NMR d 46.8, 110.0, 118.9, 120.5, 124.5, 124.8, 125.9,

128.0, 131.4, 133.2, 135.9, 139.6, and 146.5.

2-[(2-Azido-4-chloro)phenylmethyl]-2H-benzotriazole 7e. Mp
80–82�C (from EtOAc–n-hexane) (Found: C, 54.8; H, 3.15; N,
29.3. Calc. for C13H9ClN6: C, 54.8; H, 3.2; N, 29.5%); mmax

(KBr)/cm�1 3048, 2947, 2112, 1575, 1489, 1441, 1302, 1268,
1211, 1160, 1084, 756, 642, and 516; 1H NMR d 5.85 (2H, s,
CH2), 7.10 (1H, dd, J 8.2 and 1.9, ArH), 7.20 (1H, d, J 1.9,
ArH), 7.21 (1H, d, J 8.2, ArH), 7.41 (2H, dd, J 6.6 and 3.1,
ArH), and 7.88 (2H, dd, J 6.6 and 3.1, ArH); 13C NMR d
55.1, 118.5, 119.0, 124.6, 125.8, 127.0, 123.1, 136.2, 140.1,
and 145.0.

1-[(2-Azido-5-chloro)phenylmethyl]-1H-benzotriazole 6f. Mp
97–99�C (from EtOAc–n-hexane) (Found: C, 54.7; H, 3.2; N,
29.6. Calc. for C13H9ClN6: C, 54.8; H, 3.2; N, 29.5%); mmax

(KBr)/cm�1 3052, 2952, 2829, 2110, 1576, 1442, 1306, 1281,

1224, 1156, 1077, 904, 742, and 520; 1H NMR d 5.77 (2H, s,
CH2), 7.11 (1H, s, ArH), 7.15 (1H, dd, J 8.6 and 2.7, ArH),
7.32–7.43 (2H, m, ArH), 7.47–7.54 (2H, m, ArH), and 8.09
(1H, d, J 7.7, ArH); 13C NMR d 46.9, 109.9, 119.9, 120.6,
124.5, 128.0, 128.1, 130.2, 130.4, 131.1, 133.2, 136.9, and

146.5.
2-[(2-Azido-5-chloro)phenylmethyl]-2H-benzotriazole 7f. Mp

113–115�C (from EtOAc–n-hexane) (Found: C, 54.8; H, 3.1;
N, 29.65. Calc. for C13H9ClN6: C, 54.8; H, 3.2; N, 29.5%);
mmax (KBr)/cm�1 3054, 2952, 2828, 2112, 1580, 1444, 1307,

1281, 1224, 1156, 1078, 905, 746, and 516; 1H NMR d 5.82
(2H, s, CH2), 7.06 (1H, d, J 8.6, ArH), 7.19 (1H, d, J 2.4,
ArH), 7.28 (1H, dd, J 8.6 and 2.4, ArH), 7.36 (2H, dd, J 6.6
and 3.1, ArH), and 7.87 (2H, dd, J 6.6 and 3.1, ArH); 13C

NMR d 55.1, 118.6, 119.9, 127.0, 127.7, 130.4, 130.7, 130.8,
137.3, and 145.0.

1-[(2-Azido-5-nitro)phenylmethyl]-1H-benzotriazole 6g. Mp
144–146�C (from EtOAc–n-hexane) (Found: C, 52.9; H, 3.1;

N, 10.7. Calc. for C13H9N7O2: C, 52.85; H, 3.1; N, 10.8%);

mmax (KBr)/cm�1 3064, 3024, 2112, 1603, 1574, 1504, 1476,

1331, 1281, 1214, 1148, 1081, 824, 768, 736, and 526; 1H

NMR d 5.84 (2H, s, CH2), 7.34 (1H, d, J 8.8, ArH), 7.37–7.43

(1H, m, ArH), 7.48–7.56 (2H, m, ArH), 8.03 (1H, d, J 2.5,

ArH), 8.09 (1H, d, J 8.3, ArH), and 8.24 (1H, dd, J 8.8 and

2.6, ArH); 13C NMR d 46.9, 109.6, 119.2, 120.7, 124.7, 125.8,

126.0, 127.5, 128.3, 133.2, 145.0, 145.1, and 146.4.

2-[(2-Azido-5-nitro)phenylmethyl]-2H-benzotriazole 7g. Mp
171–173�C (from EtOAc–n-hexane) (Found: C, 53.0; H, 3.2;

N, 10.7. Calc. for C13H9N7O2: C, 52.85; H, 3.1; N, 10.8%);
mmax (KBr)/cm�1 3058, 3026, 2112, 1605, 1578, 1506, 1476,
1334, 1280, 1148, 1080, 824, 768, 624, and 526; 1H NMR d

5.94 (2H, s, CH2), 7.34 (1H, d, J 8.8, ArH), 7.42 (2H, dd, J
6.6 and 3.1, ArH), 7.88 (2H, dd, 6.6 and 3.1, ArH), 8.17 (1H,
d, J 2.5, ArH), and 8.28 (1H, dd, J 8.8 and 2.5, ArH); 13C
NMR d 55.0, 118.6, 119.2, 125.9, 126.7, 127.1, 127.2, 144.9,
145.1, and 145.4.

1-(4-Azidophenylmethyl)-1H-benzotriazole 6h. Mp 90–92�C
(from EtOAc–n-hexane) (Found: C, 62.5; H, 4.0; N, 33.7.

Calc. for C13H10N6: C, 62.4; H, 4.0; N, 33.6%); mmax (KBr)/

cm�1 3048, 2944, 2112, 1600, 1571, 1494, 1438, 1297, 1214,

1147, 1081, 822, 776, 758, 740, and 524; 1H NMR d 5.83

(2H, s, CH2), 7.00 (2H, d, J 8.5, ArH), 7.29 (2H, d, J 8.5,

ArH), 7.33–7.46 (3H, m, ArH), and 8.08 (1H, d, J 9.0, ArH);
13C NMR d 52.0, 109.9, 120.0, 120.6, 124.4, 127.9, 129.6,

131.8, 133.1, 140.8, and 146.8.

2-(4-Azidophenylmethyl)-2H-benzotriazole 7h. Mp 108–

110�C (from EtOAc–n-hexane) (Found: C, 62.45; H, 3.9; N,

33.7. Calc. for C13H10N6: C, 62.4; H, 4.0; N, 33.6%); mmax

(KBr)/cm�1 3048, 2924, 2110, 1601, 1573, 1495, 1438, 1280,

1210, 1147, 1081, 822, 774, 740, and 518; 1H NMR d 5.87

(2H, s, CH2), 7.01 (2H, d, J 8.4, ArH), 7.30 (2H, d, J 8.4,

ArH), 7.38 (2H, dd, J 6.6 and 3.1, ArH), and 7.89 (2H, dd, J
6.6 and 3.1, ArH); 13C NMR d 58.4, 111.4, 120.2, 124.5,

126.6, 130.3, 138.7, and 146.1.

Reaction of 5-chlorobenzotriazole (1b) with 2-azidoben-

zyl bromide (5a). In accordance with the aforementioned gen-
eral procedure, 5a (1770 mg, 8.34 mmol) was added to a mix-
ture of 1b (1220 mg, 7.94 mmol) and Na (183 mg, 8.34
mmol) in absolute ethanol (50 mL). The mixture was stirred

for 12 h at room temperature. After removal of the solvent in
vacuo, the residue was chromatographed on a silica gel (3.0 �
15 cm2) using a mixture of EtOAc and n-hexane (1:5) to give
2-(2-azidophenylmethyl)-2H-(5-chlorobenzotriazole) (7i) (407
mg, 18%), a mixture of 1-(2-azidophenylmethyl)-6-chloro-1H-
benzotriazole (6i) and 1-(2-azidophenylmethyl)-5-chloro-1H-
benzotriazole (6i0) (995 mg, 44%) and unreacted 1b. The mix-
ture of 6i and 6i0 (1:1 based on the 1H NMR signal of CH2)
was separated by the repeated recrystallization using a mixture
of EtOAc and n-hexane (1:15) to give 6i and 6i0 as solids.

6i. Mp 77–79�C (from EtOAc–n-hexane) (Found: C, 54.7;
H, 3.1; N, 29.5. Calc. for C13H9ClN6: C, 54.8; H, 3.2; N,
29.5%); mmax (KBr)/cm

�1 3056, 2952, 2848, 2112, 1575, 1481,
1440, 1302, 1278, 1206, 1155, 1074, 740, and 518; 1H NMR d
5.78 (2H, s, CH2), 7.07–7.17 (2H, m, ArH), 7.27 (1H, d, J 8.0,

ArH), 7.33 (1H, dd, J 8.7 and 1.5, ArH), 7.40 (1H, td, J 7.5
and 2.0, ArH), 7.53 (1H, d, J 1.7, ArH), and 7.99 (1H, d, J
8.8, ArH); 13C NMR d 47.6, 110.1, 118.8, 121.4, 125.6, 125.7,
125.8, 130.4, 130.6, 133.9, 134.3, 138.4, and 145.1.

6i0. Mp 116–118�C (from EtOAc–n-hexane) (Found: C,
54.9; H, 3.0; N, 29.4. Calc. for C13H9ClN6: C, 54.8; H, 3.2; N,
29.5%); mmax (KBr)/cm

�1 3048, 2954, 2110, 1572, 1488, 1444,
1302, 1278, 1201, 1160, 1074, 756, 642, and 516; 1H NMR d
5.80 (2H, s, CH2), 7.10–7.18 (2H, m, ArH), 7.22 (1H, d, J 7.9,

ArH), 7.39 (1H, d, J 1.4, ArH), 7.42 (1H, d, J 1.7, ArH), 7.46
(1H, s, ArH), and 8.04 (1H, d, J 1.7, ArH); 13C NMR d 47.7,
111.3, 118.8, 119.7, 125.7, 128.8, 130.3, 130.4, 130.5, 130.6,
131.9, 138.4, and 147.1.

7i. Mp 102–104�C (from EtOAc–n-hexane) (Found: C,

54.9; H, 3.1; N, 29.3. Calc. for C13H9ClN6: C, 54.8; H, 3.2; N,

29.5%); mmax (KBr)/cm
�1 3050, 2952, 2112, 1574, 1480, 1441,

1308, 1280, 1200, 1157, 1065, 756, 648, and 520; 1H NMR d
5.88 (2H, s, CH2), 7.14 (1H, td, J 7.7 and 1.5, ArH), 7.34 (1H,

January 2010 105n-Butyllithium-Mediated Reactions of 1-(2-Azidoarylmethyl)-1H-benzotriazoles with
Alkyl Halides

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



dd, J 9.1 and 1.9, ArH), 7.42 (1H, td, J 8.0 and 1.5, ArH),

7.82 (1H, d, J 1.9, ArH), and 7.88 (1H, d, J 1.6, ArH); 13C

NMR d 55.9, 117.6, 118.8, 119.8, 125.5, 125.7, 128.4, 130.7,

131.0, 132.7, 138.9, 143.4, and 145.2.
General procedure for the reactions of 6 with alkyl hal-

ides in the presence of n-BuLi. To a solution of 6 (1.80

mmol) in THF (40 mL) at –78�C were added n-BuLi (2.5M in
n-hexane, 4.50 mmol) and alkyl halide (4.50 mmol), which
was stirred for 1 h. The mixture was additionally stirred for 2
h at room temperature, quenched by addition of water (30 mL)
and extracted with CH2Cl2 (20 mL � 3). The combined

extract was dried over MgSO4. Evaporation of the solvent in
vacuo gave a residue, which was chromatographed on a silica

gel (2.5 � 13 cm2) using a mixture of EtOAc and n-hexane
(1:6) to give 2-(N,N-dialkylamino)-3-(benzotriazol-1-yl)-2H-
indazoles 8, 3-(benzotriazol-1-yl)-2H-indazole 9, 2-[(benzotria-

zol-1-yl)methyl]arylamines 10, 2-[(benzotriazol-1-yl)(alkyl)me-

thyl]arylamines 11, and unreacted 6.

Reaction of 6a with allyl bromide. In accordance with the

aforementioned general procedure, a mixture of 6a (350 mg,

1.40 mmol), allyl bromide (423 mg, 3.50 mmol), and n-BuLi
(3.50 mmol) was stirred. Chromatography of the reaction

mixture gave 2-(N,N-diallylamino)-3-(benzotriazol-1-yl)-2H-
indazole (8a) (176 mg, 38%), 3-(benzotriazol-1-yl)-2H-inda-
zole (9a) (46 mg, 14%), 2-[(benzotriazol-1-yl)methyl]phenyl-

amine (10a) (6 mg, 2%), 2-[1-(benzotriazol-1-yl)-3-butenyl]-

phenylamine (11a) (70 mg, 19%), and unreacted 6a (11 mg,

3%).

8a. Mp 89–91�C (from n-hexane) (Found: C, 68.95; H, 5.5;
N, 25.4. Calc. for C19H18N6: C, 69.1; H, 5.5; N, 25.4%); mmax

(KBr)/cm�1 3056, 2912, 2848, 1630, 1601, 1555, 1523, 1440,
1398, 1371, 1280, 1227, 1200, 1166, 1033, 990, 924, 836,
740, and 516; 1H NMR d 3.86 (4H, d, J 6.6, CH2), 4.96 (2H,

J 17.4, ¼¼CH2), 5.01 (2H, d, J 24.7, ¼¼CH2), 5.49–5.65 (2H,
m, ¼¼CH), 7.08–7.16 (1H, m, ArH), 7.23–7.31 (2H, m, ArH),
7.33–7.41 (1H, m, ArH), 7.43–7.57 (2H, m, ArH), 7.79 (1H, d,
J 8.9, ArH), and 8.20 (1H, d, J 7.9, ArH); 13C NMR d 60.8,
110.4, 115.7, 118.7, 118.8, 120.5, 120.7, 124.3, 125.0, 127.4,
129.1, 132.8, 135.1, 145.4, and 145.7.

9a. Mp 219–220�C (CH2Cl2–n-hexane) (Found: C, 66.3; H,
3.8; N, 29.8. Calc. for C13H9N5: C, 66.4; H, 3.9; N, 29.8%);
mmax (KBr)/cm�1 3136, 3040, 2928, 2880, 1609, 1523, 1488,
1436, 1385, 1342, 1273, 1244, 1166, 1094, 1003, 984, 918,

892, and 737; 1H NMR d (DMSO) 7.34 (1H, t, J 7.8, ArH),
7.52–7.62 (2H, m, ArH), 7.66–7.79 (2H, m, ArH), 8.25 (2H, d,
J 8.3, ArH), 8.37 (1H, d, J 8.4, ArH), and 13.6 (1H, s, NH);
13C NMR d (DMSO) 111.8, 113.7, 115.0, 120.5, 121.8, 122.9,

126.2, 128.8, 130.0, 132.1, 140.3, 142.1, and 145.9.
10a. Mp 111–113�C (from EtOAc–n-hexane) (Found: C,

69.5; H, 5.3; N, 25.05. Calc. for C13H12N4: C, 69.6; H, 5.4; N,
25.0%); mmax (KBr)/cm

�1 3352, 3232, 3056, 2912, 1627, 1601,
1577, 1488, 1446, 1299, 1262, 1219, 1152, 1006, 740, and

521; 1H NMR d 4.32 (2H, s, NH2), 5.74 (2H, s, CH2), 6.67
(1H, d, J 7.9, ArH), 6.77 (1H, t, J 7.5, ArH), 7.14 (1H, t, J
7.8, ArH), 7.29–7.36 (2H, m, ArH), 7.42 (1H, t, J 6.8, ArH),
7.53 (1H, d, J 8.3, ArH), and 8.04 (1H, d, J 8.3, ArH); 13C
NMR d 50.6, 110.4, 117.2, 118.7, 118.9, 120.4, 124.5, 126.3,

128.0, 130.7, 131.1, 133.1, and 146.5.
11a. Viscous liquid (Found: C, 72.6; H, 6.0; N, 21.35. Calc.

for C16H16N4: C, 72.7; H, 6.1; N, 21.2%); mmax (film)/cm�1

3432, 3344, 3224, 3056, 2920, 1624, 1486, 1446, 1304, 1265,

1228, 1153, 996, 918, 740, and 520; 1H NMR d 3.24–3.31
(1H, m, CH2), 3.40–3.51 (1H, m, CH2), 4.02 (2H, s, NH2),
5.02 (1H, d, J 14.3, ¼¼CH2), 5.07 (1H, d, J 20.6, ¼¼CH2),
5.68–5.82 (1H, m, ¼¼CH), 6.09 (1H, dd, J 9.2 and 6.5, CH),
6.65 (1H, d, J 8.0, ArH), 6.84 (1H, t, J ¼ 7.6, ArH), 7.14 (1H,

dt, J 1.4 and 7.7, ArH), 7.28–7.39 (2H, m, ArH), 7.41–7.48
(2H, m, ArH), and 8.05 (1H, d, J ¼ 7.4, ArH); 13C NMR d
36.5, 60.8, 110.8, 117.6, 118.8, 119.2, 120.5, 124.4, 127.7,
128.0, 130.1, 132.6, 133.6, 145.8, and 147.0.

Reaction of 6a with ethyl bromide. In accordance with the
aforementioned general procedure, a mixture of 6a (500 mg,
2.00 mmol), ethyl bromide (545 mg, 5.00 mmol), and n-BuLi
(5.00 mmol) was stirred. Chromatography of the reaction mix-
ture gave 2-(N,N-diethylamino)-3-(benzotriazol-1-yl)-2H-inda-
zole (8b) (153 mg, 25%), 9a (66 mg, 13%), and 10a (94 mg,
21%).

8b. Viscous liquid (Found: C, 66.7; H, 6.1; N, 27.25. Calc.

for C17H18N6: C, 66.65; H, 5.9; N, 27.4%); mmax (film)/cm�1

3048, 2960, 2856, 1606, 1526, 1444, 1371, 1275, 1206, 1081,
1038, 1000, 966, 938, and 739; 1H NMR d 0.83 (6H, t, J 7.1,
CH3), 3.27 (4H, d, J 6.2, CH2), 7.15–7.21 (1H, m, ArH), 7.30
(2H, d, J 8.5, ArH), 7.42–7.56 (3H, m, ArH), 7.83 (1H, d, J
8.9, ArH), and 8.23 (1H, d, J 7.8, ArH); 13C NMR d (DMSO)
12.6, 52.7, 110.1, 115.9, 118.6, 118,8, 120.8, 124.3, 124.9,
127.5, 129.2, 135.3, 145.6, and 145.7.

Reaction of 6a with 4-bromo-1-butene. In accordance with
the aforementioned general procedure, a mixture of 6a (400

mg, 1.60 mmol), 4-bromo-1-butene (540 mg, 4.00 mmol), and
n-BuLi (4.00 mmol) was stirred for 1 h at �78�C and 2 h at
room temperature. Chromatography of the reaction mixture
gave 9a (31 mg, 16%), 10a (72 mg, 20%), 2-[1-(benzotriazol-
1-yl)-4-pentenyl]phenylamine (11c) (18 mg, 4%), 1-[1-(2-azi-

dophenyl)-4-pentenyl]-1H-benzotriazole (12c) (88 mg, 18%),
[2-{1-(benzotriazol-1-yl)-4-pentenyl}phenyl]butylamine (17)
(14 mg, 3%).

11c. Viscous liquid (Found: C, 73.6; H, 6.4; N, 19.9. Calc.
for C17H18N4: C, 73.35; H, 6.5; N, 20.1%); mmax (film)/cm�1

3434, 3226, 3048, 2924, 1604, 1487, 1441, 1308, 1272, 1220,
1154, 996, 740, and 520; 1H NMR d 1.97–2.21 (2H, m,
CHCH2CH2), 1.38–1.50 (1H, m, CHCH2CH2), 2.89–3.01 (1H,
m, CHCH2CH2), 4.95 (1H, d, J 17.1, ¼¼CH2), 5.03 (1H, d, J
10.1, ¼¼CH2), 5.76–5.89 (1H, m, ¼¼CH), 6.20 (1H, dd, J 9.4
and 5.7, CH), 7.10 (1H, dt, J 1.0 and 7.3, ArH), 7.18 (1H, dd,
J 8.0 and 1.0, ArH), 7.25–7.38 (2H, m, ArH), 7.42–7.51 (2H,
m, ArH), 7.57 (1H, d, J 8.3, ArH), and 8.07 (1H, d, J 8.3,
ArH); 13C NMR d 30.9, 34.3, 56.1, 110.2, 116.5, 118.4, 120.3,
124.4, 125.9, 127.6, 128.6, 129.9, 131.1, 133.7, 137.1, 137.4,
and 146.2.

12c. Viscous liquid (Found: C, 67.2; H, 5.2; N, 27.4. Calc.
for C17H16N6: C, 67.1; H, 5.3; N, 27.6%); mmax (film)/cm�1

3056, 2928, 2848, 2112, 1675, 1632, 1601, 1483, 1443, 1264,
1211, 1153, 1070, 993, 910, 743, 696, and 523; 1H NMR d
2.03–2.15 (2H, m, CHCH2CH2), 2.50–2.62 (1H, m,
CHCH2CH2), 2.88–3.01 (1H, m, CHCH2CH2), 4.98 (1H, d, J
17.0, ¼¼CH2), 5.04 (1H, d, J 10.2, ¼¼CH2), 5.75–5.91 (2H, m,
¼¼CH and CH), 7.25–7.40 (7H, m, ArH), and 8.07 (1H, d, J
8.0, ArH); 13C NMR d 30.9, 34.3, 63.0, 110.2, 116.7, 120.4,

124.3, 127.3, 127.6, 128.7, 129.3, 133.3, 137.2, 139.6, and
146.6.

17. Viscous liquid (Found: C, 75.5; H, 7.65; N, 16.8. Calc.
for C21H26N4: C, 75.4; H, 7.8; N, 16.75%); mmax (film)/cm�1

3264, 3056, 2936, 2856, 1630, 1603, 1475, 1440, 1392, 1198,
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993, 910, 740, and 518; 1H NMR d 1.03 (3H, t, J 7.3, CH3),
1.45–1.57 (2H, m, NCH2CH2CH2CH3), 1.69–1.72 (2H, m,
NCH2CH2CH2CH3), 2.01–2.14 (2H, m, CHCH2CH2), 2.48–
2.59 (1H, m, CHCH2CH2), 2.91–3.06 (1H, m, CHCH2CH2),
3.76 (2H, t, J 7.1, NCH2), 4.93 (1H, d, J 17.7, ¼¼CH2), 4.98
(1H, d, J 10.5, ¼¼CH2), 5.73–5.90 (2H, m, ¼¼CH and CH),
6.82 (1H, t, J ¼ 7.2, NH), 7.13 (1H, t, J 6.9, ArH), 7.23 (1H,
t, J 7.4, ArH), 7.29–7.51 (5H, m, ArH), and 8.06 (1H, d, J 7.7,
ArH); 13C NMR d 14.3, 20.9, 31.1, 33.0, 34.5, 44.6, 56.3,
110.6, 116.1, 120.1, 124.3, 127.0, 127.2, 127.3, 128.0, 129.0,
129.4, 133.8, 137.7, and 146.3.

Reaction of 6a with 4-iodo-1-butene. In accordance with
the aforementioned general procedure, a mixture of 6a (350
mg, 1.40 mmol), 4-iodo-1-butene (644 mg, 3.50 mmol), and n-
BuLi (3.50 mmol) was stirred for 1 h at �78�C and 2 h at
room temperature. Chromatography of the reaction mixture
gave 9a (68 mg, 21%), 10a (44 mg, 14%), 12c (55 mg, 13%),
and unreacted 6a (14 mg, 4%).

Reaction of 6a with benzyl bromide. In accordance with
the aforementioned general procedure, a mixture of 6a (320
mg, 1.28 mmol), benzyl bromide (547 mg, 3.20 mmol), and n-
BuLi (3.20 mmol) was stirred. Chromatography of the reaction
mixture gave 2-(N,N-dibenzylamino)-3-(benzotriazol-1-yl)-2H-
indazole (8d) (171 mg, 31%), 9a (48 mg, 16%), 10a (14 mg,
5%), 2-[{1-(benzotriazol-1-yl)-2-phenyl}ethyl]phenylamine
(11d) (24 mg, 6%), and unreacted 6a (13 mg, 4%).

8d. Mp 115–117�C (from EtOAc–n-hexane) (Found: C,
75.25; H, 5.0; N, 19.6. Calc. for C27H22N6: C, 75.3; H, 5.15;

N, 19.5%); mmax (KBr)/cm�1 3040, 2912, 2848, 1628, 1595,
1555, 1524, 1486, 1446, 1396, 1372, 1278, 1227, 1198, 1166,
1030, 904, 739, 694, and 520; 1H NMR d 4.49 (4H, s, CH2),
6.52 (1H, d, J 8.3, ArH), 6.99–7.21 (11H, m, ArH), 7.29–7.36
(2H, m, ArH), 7.41–7.47 (2H, m, ArH), 7.89 (1H, d, J 8.9,

ArH), 8.22 (1H, d, J 8.3, ArH); 13C NMR d 61.5, 110.4,
114.9, 118.7, 118.8, 120.3, 124.1, 124.8, 127.5, 128.2, 128.7,
129.6, 134.5, 136.2, 145.4, and 145.5.

11d. Viscous liquid (mixed with 10a); 1H NMR d 4.28 (2H,

s, NH2), 4.50 (2H, d, J 5.0, CH2), 6.18 (1H, dd, J 8.2 and 4.9,
CH), 6.53 (1H, d, J 8.3, ArH), 7.09–7.46 (10H, m, ArH), 8.06
(1H, d, J 8.3, ArH), and 8.43 (1H, d, J 8.3, ArH).

Reaction of 6a with n-butyl bromide. In accordance with
the aforementioned general procedure, a mixture of 6a (350
mg, 1.40 mmol), n-butyl bromide (480 mg, 3.50 mmol), and
n-BuLi (3.50 mmol) was stirred. Chromatography of the reac-
tion mixture gave 9a (59 mg, 18%), 2-[1-(benzotriazol-1-
yl)pentyl]phenylamine (11e) (51 mg, 13%), [2-{1-(benzotria-
zol-1-yl)pentyl}phenyl]butylamine (18) (50 mg, 11%).

11e. Viscous liquid (Found: C, 72.6; H, 7.3; N, 19.9. Calc.
for C17H20N4: C, 72.8; H, 7.2; N, 20.0%); mmax (film)/cm�1

3048, 2928, 2856, 1600, 1577, 1483, 1448, 1368, 1264, 1214,
1155, 774, 739, 694, and 518; 1H NMR d 0.89 (3H, t, J 7.2,
CH3), 1.24–1.37 (4H, m, CH2CH2CH2CH3), 2.45–2.56 (1H, m,

CHCH2), 2.74–2.87 (1H, m, CHCH2), 4.05 (2H, s, NH2), 5.80
(1H, dd, J 9.0 and 6.5, CH), 7.29–7.40 (7H, m, ArH), and 8.07
(d, J 8.0, ArH); 13C NMR d 14.3, 22.7, 29.2, 34.9, 64.2,
110.3, 120.4, 124.3, 126.3, 127.3, 127.5, 128.6, 128.8, 129.3,

133.2, 139.8, and 146.6.
18. Viscous liquid (Found: C, 67.2; H, 5.2; N, 27.4. Calc.

for C21H28N4: C, 67.1; H, 5.3; N, 27.6%); mmax (film)/cm�1

3385, 3056, 2928, 2850, 1601, 1578, 1473, 1446, 1392, 1193,
1153, 1086, 774, 740, and 521; 1H NMR d 0.88 (3H, t, J 6.8,

CHCH2CH2CH2CH3), 1.02 (3H, t, J 7.3, NCH2CH2CH2CH3),

1.27–1.44 (4H, m, CHCH2CH2CH2CH3), 1.45–1.56 (2H, m,
NCH2CH2CH2CH3), 1.69–180 (2H, m, NCH2CH2CH2CH3),
2.40–2.51 (1H, m, CHCH2CH2CH2CH3), 2.77–2.90 (1H, m,
CHCH2CH2CH2CH3), 3.76 (2H, dt, J 3.4 and 7.0, NCH2),
6.72 (1H, t, J 6.9, NH), 7.12 (1H, dt, J 1.1 and 7.4, ArH), 7.24

(1H, dt, J 1.4 and 7.9, ArH), 7.31–7.49 (5H, m, ArH), and
8.05 (1H, d, J 7.3, ArH); 13C NMR d 14.2, 14.3, 20.7, 22.7,
29.2, 32.1, 35.1, 44.0, 57.3, 110.5, 117.2, 120.1, 124.1, 127.0,
127.1, 127.3, 128.9, 133.8, and 146.3.

Reaction of 6a with tert-butyl bromide. In accordance

with the aforementioned general procedure, a mixture of 6a

(350 mg, 1.40 mmol), tert-butyl bromide (480 mg, 3.50

mmol), and n-BuLi (3.50 mmol) was stirred. Chromatography

of the reaction mixture gave 9a (69 mg, 21%), 10a (60 mg,

14%), and unreacted 6a (109 mg, 31%).

Reaction of 6b with allyl bromide. In accordance with the

aforementioned general procedure, a mixture of 6b (400 mg,

1.43 mmol), allyl bromide (432 mg, 3.58 mmol), and n-BuLi
(3.58 mmol) was stirred. Chromatography of the reaction

mixture gave 2-(N,N-dibenzylamino)-3-(benzotriazol-1-yl)-5-

methoxy-2H-indazole (8g) (124 mg, 24%), 3-(benzotriazol-1-

yl)-5-methoxy-2H-indazole (9g) (72 mg, 19%), [2-(benzotria-

zol-1-yl)methyl-4-methoxy]phenylamine (10g) (29 mg. 8%), [2-

{1-(benzotriazol-1-yl)-3-butenyl}-4-methoxy]phenylamine (11g)

(13 mg, 3%), and unreacted 6b (12 mg, 3%).

8g. Mp 151–153�C (from EtOAc–n-hexane) (Found: C,
66.7; H, 5.5; N, 23.3. Calc. for C20H20N6O: C, 66.65; H, 5.6;

N, 23.3%); mmax (KBr)/cm�1 3064, 2936, 2848, 1638, 1600,
1558, 1499, 1446, 1278, 1212, 1036, 926, 809, 742, and 521;
1H NMR d 3.69 (3H, s, OCH3), 3.83 (4H, d, J 7.6, CH2), 4.99
(2H, d, J 10.1, ¼¼CH2), 5.04 (2H, d, J 17.2, ¼¼CH2), 5.47–5.62
(2H, m, ¼¼CH), 6.43 (1H, d, J 2.2, ArH), 7.09 (1H, dd, J 9.4,

2.4, ArH), 7.32 (1H, d, J 6.7, ArH), 7.46–7.59 (2H, m, ArH),
7.69 (1H, d, J 9.4, ArH), and 8.23 (1H, d, J 8.1, ArH); 13C
NMR d 55.8, 60.8, 110.5, 116.0, 120.3, 120.4, 120.8, 122.7,
124.9, 126.3, 128.9, 132.9, 135.2, 141.9, and 145.7.

Crystal data for 8g. C20H20N6O, M ¼ 360.42, triclinic, a ¼
8.009(3), b ¼ 8.019(2), c ¼ 14.760(8) Å, a ¼ 81.91(5), b ¼
82.16(4), c ¼ 96.01(3)�, U ¼ 928.5(7) Å3, T ¼ 293(2) K,
space group P-1, Z ¼ 2, l(Mo-Ka) ¼ 0.085 mm�1, k ¼
0.71070 Å, 3266 reflections measured, 3265 unique (Rint ¼
0.0029) which were used in all calculations. The final wR(F2)
was 0.1110. CCDC 212914.

9g. Mp 234–236�C (from CH2Cl2–n-hexane) (Found: C,
63.4; H, 4.0; N, 26.3. Calc. for C14H11N5O: C, 63.4; H, 4.2;
N, 26.4%); mmax (KBr)/cm�1 3130, 3048, 2928, 1632, 1609,

1525, 1478, 1431, 1386, 1344, 1273, 1167, 1094, 984, 918,

892, and 740; 1H NMR d (DMSO) 3.85 (3H, s, OCH3), 7.19

(1H, dd, J 9.1 and 2.2, ArH), 7.54–7.63 (3H, m, ArH), 7.73

(1H, t, J 7.3, ArH), 8.24 (1H, d, J 8.3, ArH), 8.32 (1H, d, J
8.3, ArH), and 13.5 (1H, s, NH); 13C NMR d (DMSO) 56.3,

100.0, 113.0, 113.7, 115.2, 120.4, 121.2, 126.1, 129.9, 132.1,

138.0, 139.7, 145.8, and 155.9.

10g. Viscous liquid (mixed with 11g); 1H NMR d 3.65 (3H,
s, OCH3), 4.29 (2H, s, NH2), 5.78 (2H, s, CH2), 6.65 (1H, d, J
2.9, ArH), 6.84 (1H, d, J 8.9, ArH), 7.31–7.58 (4H, m, ArH),
and 8.08 (1H, d, J 8.3, ArH).

11g. Viscous liquid (mixed with 10g); 1H NMR d 3.20–3.29

(1H, m, CH2), 3.36–3.48 (1H, m, CH2), 3.62 (3H, s, OCH3),

4.10 (2H, s, NH2), 5.04 (1H, d, J 11.7, ¼¼CH2), 5.11 (1H, d, J
19.1, ¼¼CH2), 5.61–5.77 (1H, m, ¼¼CH), 6.10 (1H, dd, J 9.3
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and 6.1, CH), 6.58 (1H, d, J 8.8, ArH), 7.10–7.59 (m, 5H,

ArH), and 8.11 (1H, d, J 8.2, ArH).

Reaction of 1-[(2-azido-3-methyl)phenylmethyl]benzotria-

zole (6c) with allyl bromide. In accordance with the afore-

mentioned general procedure, a mixture of 6c (350 mg,

1.32 mmol), allyl bromide (399 mg, 3.30 mmol), and n-BuLi
(3.30 mmol) was stirred. Chromatography of the reaction

mixture gave 2-(N,N-dibenzylamino)-3-(benzotriazol-1-yl)-7-

methyl-2H-indazole (8h) (168 mg, 34%), 3-(benzotriazol-1-yl)-

7-methyl-2H-indazole (9h) (43 mg, 13%), [2-(benzotriazol-1-

yl)methyl-6-methyl]phenylamine (10h) (32 mg, 10%), [2-{1-

(benzotriazol-1-yl)-3-butenyl}-6-methyl]phenylamine (11h) (18

mg, 5%).

8h. Mp 123–125�C (from EtOAc–n-hexane) (Found: C,
69.6; H, 5.9; N, 24.5. Calc. for C20H20N6: C, 69.75; H, 5.85;
N, 24.4%); mmax (KBr)/cm�1 3056, 2904, 2840, 1627, 1604,

1547, 1505, 1443, 1371, 1280, 1233, 1168, 1038, 990, 924,
864, 747, and 521; 1H NMR d 2.71 (3H, s, CH3), 3.89 (4H, d,
J 6.6, CH2), 4.97 (2H, d, J 10.1, ¼¼CH2), 5.05 (2H, d, J 17.1,
¼¼CH2), 5.52–5.66 (2H, m, ¼¼CH), 7.01–7.17 (3H, m, ArH),
7.31 (1H, d, J 7.8, ArH), 7.47–7.58 (2H, m, ArH), and 8.22

(1H, d, J 7.9, ArH); 13C NMR d 17.2, 60.7, 110.5, 115.6,
116.0, 120.2, 120.7, 124.5, 124.9, 126.2, 128.9, 129.0, 133.1,
135.2, 145.6, and 145.7.

9h. Mp 210–212�C (from CH2Cl2–n-hexane) (Found: C,
67.6; H, 4.6; N, 28.0. Calc. for C14H11N5: C, 67.5; H, 4.45; N,

28.1%); mmax (KBr)/cm
�1 3144, 3056, 2928, 1606, 1516, 1440,

1344, 1270, 1246, 1176, 1153, 1097, 1035, 852, 779, 737, and
521; 1H NMR d (DMSO) 2.61 (3H, s, CH3), 7.23 (1H, t, J
7.9, ArH), 7.32 (1H, d, J 6.8, ArH), 7.58 (1H, t, J 7.9, ArH),

7.76 (1H, t, J 7.8, ArH), 8.05 (1H, d, J 8.1, ArH), 8.25 (1H, d,
J 8.3, ArH), 8.35 (1H, d, J 8.3, ArH), and 13.7 (1H, s, NH);
13C NMR d (DMSO) 17.4, 113.7, 114.9, 119.1, 120.5, 121.7,
123.2, 126.1, 128.4, 130.0, 132.1, 140.5, 142.2, and 145.9.

10h. Viscous liquid (mixed with 11h); 1H NMR d 2.14 (3H,

s, CH3), 4.28 (2H, s, NH2), 5.79 (2H, s, CH2), 6.73 (1H, t, J
7.5, ArH), 7.08 (1H, d, J 7.2, ArH), 7.24–7.61 (4H, m, ArH),
and 8.06 (1H, d, J 8.3, ArH).

11h. Viscous liquid (mixed with 10h); 1H NMR d 2.19 (3H,
s, CH3), 4.06 (2H, s, NH2), 3.21–3.30 (1H, m, CH2), 3.39–

3.50 (1H, m, CH2), 5.04 (1H, d, J 11.3, ¼¼CH2), 5.11 (1H, d, J
18.7, ¼¼CH2), 5.65–5.79 (1H, m, ¼¼CH), 6.10 (1H, dd, J 9.2
and 6.5, CH), 6.72 (1H, t, J 7.5, ArH), 7.07 (1H, d, J 7.6,
ArH), 7.18–7.54 (4H, m, ArH), and 8.05 (1H, d, J 8.3, ArH).

Reaction of 1-[(2-azido-5-bromo)phenylmethyl]benzotria-

zole (6d) with allyl bromide. In accordance with the afore-

mentioned general procedure, a mixture of 6d (300 mg, 0.91

mmol), allyl bromide (276 mg, 2.28 mmol), and n-BuLi
(2.28 mmol) was stirred. Chromatography of the reaction

mixture gave 2-(N,N-dibenzylamino)-3-(benzotriazol-1-yl)-5-

bromo- 2H-indazole (8i) (97 mg, 26%), 3-(benzotriazol-1-yl)-5-

bromo-2H- indazole (9i) (40 mg, 14%), [2-(benzotriazol-1-yl)

methyl-4-bromo]phenylamine (10i) (19 mg, 7%), [2-{1-(benzo-

triazol-1-yl)-3-butenyl}-4-bromo]phenylamine (11i) (12 mg,

4%), and unreacted 6d (6 mg, 2%).

8i. Viscous liquid (Found: C, 55.6; H, 4.35, N, 20.0. Calc.

for C19H17BrN6: C, 55.8; H, 4.2; N, 20.5%); mmax (film)/cm�1

3064, 2936, 2856, 1632, 1603, 1582, 1558, 1516, 1444, 1384,

1278, 1196, 1092, 990, 924, 739, and 518; 1H NMR d 3.85

(4H, d, J 6.8, CH2), 4.99 (2H, d, J 10.8, ¼¼CH2), 5.04 (2H, d,

J 17.7, ¼¼CH2), 5.50–5.65 (2H, m, ¼¼CH), 7.27–7.35 (2H, m,

ArH), 7.48 (1H, s, ArH), 7.52 (1H, d, J 7.7, ArH), 7.57 (1H,

d, J ¼ 8.8, ArH), and 8.23 (1H, d, J 8.1, ArH); 13C NMR d
60.8, 110.2, 116.8, 118.0, 120.6, 120.7, 120.8, 120.9, 124.6,

129.3, 131.3, 132.6, 135.0, 143.7, and 145.7.

9i. Mp 260–262�C (from CH2Cl2–n-hexane) (Found: C,
49.6; H, 2.6; N, 22.35. Calc. for C13H8BrN5: C, 49.7; H, 2.6;

N, 22.3%); mmax (KBr)/cm�1 3140, 3056, 2930, 2889, 1612,
1541, 146, 1381, 1339, 1241, 1165, 1089, 984, 918, 892, 737,
and 642; 1H NMR d (DMSO) 7.59 (1H, t, J 7.4, ArH), 7.66–
7.72 (2H, m, ArH), 7.77 (1H, t, J 7.3, ArH), 8.26 (1H, d, J
8.3, ArH), 8.36 (1H, d, J 8.3, ArH), 8.42 (1H, s, ArH), and

13.8 (1H, s, NH); 13C NMR d (DMSO) 113.7, 114.0, 115.0,
116.3, 120.6, 124.0, 126.3, 130.2, 131.6, 131.9, 140.8, and 145.9.

10i. Viscous liquid (mixed with 11i); 1H NMR d 4.32 (2H,
br, NH2), 5.77 (2H, s, CH2), 7.10–7.62 (6H, m, ArH), and
8.11 (1H, d, J 8.3, ArH).

11i. Viscous liquid (mixed with 10i); 1H NMR d 3.21–3.30
(1H, m, CH2), 3.35–3.49 (1H, m, CH2), 4.25 (2H, br, NH2),
5.01 (1H, d, J 10.8, ¼¼CH2), 5.07 (1H, d, J 18.2, ¼¼CH2),
5.65–5.81 (1H, m, ¼¼CH), 6.60 (1H, dd, J 9.1 and 6.0, CH),
7.10–7.62 (6H, m, ArH), and 8.17 (1H, d, J 8.2, ArH).

Reaction of 1-[(2-azido-4-chloro)phenylmethyl]benzotria-

zole (6e) with allyl bromide. In accordance with the afore-
mentioned general procedure, a mixture of 6e (480 mg, 1.69
mmol), allyl bromide (512 mg, 4.23 mmol), and n-BuLi (4.23
mmol) was stirred. Chromatography of the reaction mixture
gave 2-(N,N-dibenzylamino)-3-(benzotriazol-1-yl)-6-chloro-2H-
indazole (8j) (160 mg, 26%), 3-(benzotriazol-1-yl)-6-chloro-
2H-indazole (9j) (73 mg, 16%), [2-(benzotriazol-1-yl)methyl-
5-chloro]phenylamine (10j) (22 mg, 5%), [2-{1-(benzotriazol-

1-yl)-3-butenyl}-5-chloro]phenylamine (11j) (30 mg, 6%), and
unreacted 6e (10 mg, 2%).

8j. Mp 80–82�C (from CH2Cl2–n-hexane) (Found: C, 62.5;
H, 4.6; N, 23.2. Calc. for C19H17ClN6: C, 62.55; H, 4.7; N,
23.0%); mmax (KBr)/cm

�1 3064, 2908, 2848, 1630, 1608, 1518,
1473, 1443, 1374, 1280, 1195, 1163, 1043, 992, 928, 851,
744, and 520; 1H NMR d 3.85 (4H, d, J 6.7, CH2), 4.98 (2H,
d, J 10.1, ¼¼CH2), 5.04 (2H, d, J 17.1, ¼¼CH2), 5.48–5.62 (2H,
m, ¼¼CH), 7.12 (1H, dd, J 8.9, 1.7, ArH), 7.22–7.31 (2H, m,
ArH), 7.48–7.60 (2H, m, ArH), 7.80 (1H, d, J 1.3, ArH), and
8.23 (1H, d, J 8.1, ArH); 13C NMR d 60.8, 110.3, 114.0,

117.8, 120.1, 120.7, 120.9, 125.1, 125.8, 125.9, 129.3, 132.6,
133.6, 135.0, 145.4, and 145.7.

9j. Mp 172–174�C (from CH2Cl2–n-hexane) (Found: C,
57.8; H, 3.1; N, 26.1. Calc. for C13H8ClN5: C, 57.9; H, 3.0; N,
26.0%); mmax (KBr)/cm

�1 3156, 3052, 2908, 2850, 1639, 1608,
1523, 1478, 1436, 1375, 1278, 1244, 1196, 1049, 984, 918,
852, 738, and 516; 1H NMR d (DMSO) 7.35 (1H, d, J ¼ 8.7,
ArH), 7.59 (1H, t, J 7.8, ArH), 7.75 (1H, d, J 7.6, ArH), 7.79
(1H, s, ArH), 8.25 (1H, d, J 5.9, ArH), 8.28 (1H, d, J 6.3,
ArH), 8.36 (1H, d, J 8.4, ArH), and 13.7 (1H, s, NH); 13C
NMR d (DMSO) 111.3, 113.7, 120.5, 123.6, 123.7, 126.2,
126.3, 130.2, 131.9, 133.8, 142.3, and 145.9

10j. Viscous liquid (mixed with 11j); 1H NMR d 4.27 (2H,
s, NH2), 5.77 (2H, s, CH2), 7.06 (1H, d, J 8.5, ArH), 7.21–7.42
(4H, m, ArH), 7.48 (1H, s, ArH), and 8.06 (1H, d, J 7.9, ArH).

11j. Viscous liquid (mixed with 10j); 1H NMR d 3.19–3.30
(1H, m, CH2), 3.35–3.49 (1H, m, CH2), 4.17 (2H, s, NH2),
5.01 (1H, d, J 10.7, ¼¼CH2), 5.06 (1H, d, J 18.9, ¼¼CH2),
5.63–5.80 (1H, m, ¼¼CH), 6.02 (1H, dd, J 9.1 and 6.6, CH),

6.64 (1H, d, J 2.0, ArH), 6.78 (1H, dd, J 8.3 and 2.0, ArH),
7.31–7.43 (4H, m, ArH), and 8.04 (1H, d, J 7.7, ArH).
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Reaction of 1-[(2-azido-5-chloro)phenylmethyl]benzotria-

zole (6f) with allyl bromide. In accordance with the afore-
mentioned general procedure, a mixture of 6f (350 mg, 1.23

mmol), allyl bromide (377 mg, 3.08 mmol), and n-BuLi (3.08
mmol) was stirred. Chromatography of the reaction mixture
gave 2-(N,N-dibenzylamino)-3-(benzotriazol-1-yl)-5-chloro-2H-
indazole (8k) (126 mg, 28%), 3-(benzotriazol-1-yl)-5-chloro-
2H-indazole (9k) (56 mg, 17%), [2-(benzotriazol-1-yl)methyl-

4-chloro]phenylamine (10k) (6 mg, 2%), [2-{1-(benzotriazol-1-
yl)-3-butenyl}-4-chloro]phenylamine (11k) (29 mg, 8%), and
unreacted 6f (14 mg, 4%).

8k. Mp 102–104�C (from CH2Cl2–n-hexane) (Found: C,
62.6; H, 4.8; N, 22.9. Calc. for C19H17ClN6: C, 62.55; H, 4.7;

N, 23.0%); mmax (KBr)/cm�1 3053, 2910, 2848, 1627, 1600,
1520, 1445, 1380, 1284, 1159, 1045, 996, 924, 849, 742, and
521; 1H NMR d 3.85 (4H, d, J 6.7, CH2), 4.99 (2H, d, J ¼
12.7, ¼¼CH2), 5.04 (2H, d, J 18.0, ¼¼CH2), 5.48–5.63 (2H, m,
¼¼CH), 7.27–7.36 (3H, m, ArH), 7.46–7.61 (2H, m, ArH), 7.75

(1H, d, J 9.1, ArH), and 8.23 (1H, d, J 8.1, ArH); 13C NMR d
110.2, 116.1, 117.4, 120.5, 120.7, 120.9, 125.1, 129.0, 129.3,
130.2, 132.6, 135.2, 143.7, and 145.7.

9k. Mp 198–200�C (from CH2Cl2–n-hexane) (Found: C,

57.8; H, 2.9; N, 26.0. Calc. for C13H8ClN5: C, 57.9; H, 3.0; N,
26.0%); mmax (KBr)/cm

�1 3144, 3054, 2918, 2838, 1630, 1609,
1523, 1450, 1385, 1340, 1278, 1167, 1039, 994, 928, 837,
737, and 516; 1H NMR d (DMSO) 7.55 (1H, t, J 2.6, ArH),
7.58 (1H, d, J 2.2, ArH), 7.75 (2H, d, J 9.1, ArH), 8.25 (1H,

d, J 5.7, ArH), 8.26 (1H, d, J 4.3, ArH), 8.36 (1H, d, J 8.3,
ArH), and 13.8 (1H, s, NH); 13C NMR d (DMSO) 111.7,
113.5, 121.0, 123.7, 123.8, 126.5, 126.6, 130.1, 132.0, 133.9,
142.5, and 145.9.

10k. Viscous liquid (mixed with 11k); 1H NMR d 4.35 (2H, s,

NH2), 5.70 (2H, s, CH2), 6.61 (1H, d, J 8.5, ArH), 7.11 (1H, d, J
8.4, ArH), 7.28–7.54 (4H, m, ArH), and 8.12 (1H, d, J 8.1, ArH).

11k. Viscous liquid (mixed with 10k); 1H NMR d 3.21–3.29
(1H, m, CH2), 3.39–3.50 (1H, m, CH2), 4.05 (2H, s, NH2),
5.02 (1H, d, J 11.6, ¼¼CH2), 5.08 (1H, d, J 17.1, ¼¼CH2),

5.66–5.81 (1H, m, ¼¼CH), 6.01 (1H, dd, J 9.2 and 6.1, CH),
6.58 (1H, d, J 8.6, ArH), 7.09 (1H, d, J 8.5, ArH), 7.31–7.59
(4H, m, ArH), and 8.06 (1H, d, J 8.2, ArH).

Reaction of 1-[(2-azido-5-nitro)phenylmethyl]benzotria-

zole (6g) with allyl bromide. In accordance with the afore-

mentioned general procedure, a mixture of 6g (300 mg,
1.02 mmol), allyl bromide (308 mg, 2.55 mmol), and n-BuLi
(2.55 mmol) was stirred to give very complex mixtures, which
were unidentifiable.

Reaction of 1-(4-azidophenylmethyl)benzotriazole (6h)

with allyl bromide. In accordance with the aforementioned
general procedure, 6h (500 mg, 2.00 mmol) was treated with
n-BuLi (4.00 mmol), followed by addition of allyl bromide
(484 mg, 4.00 mmol). Chromatography of the reaction mixture
gave 1-[{(4-azidophenyl)(allyl)}methyl]-1H-benzotriazole (19)
(23 mg, 4%), 4-[(benzotriazol-1-yl)methyl]phenylamine (20)
(202 mg, 45%), and unreacted 6h (140 mg, 28%).

19. Viscous liquid (Found: C, 66.4; H, 4.8; N, 29.0. Calc.
for C16H14N4: C, 66.2; H, 4.9; N, 28.95%); mmax (film)/cm�1

3056, 2920, 2848, 2112, 1683, 1595, 1500, 1443, 1276, 1224,
1155, 1064, 992, 916, 824, 744, and 529; 1H NMR d 3.17–
3.28 (1H, m, CH2), 3.46–3.58 (1H, m, CH2), 5.04 (1H, d, J
10.2, ¼¼CH2), 5.13 (d, J 18.4, ¼¼CH2), 5.65–5.77 (1H, m,
¼¼CH), 5.83 (1H, dd, J 8.8, 6.7, CH), 7.00 (2H, d, J 8.6, ArH),
7.34–7.50 (5H, m, ArH), and 8.07 (1H, d, J 7.8, ArH).

20. Mp 128–130�C (from EtOAc–n-hexane) (Found: C,
69.7; H, 5.3; N, 25.1. Calc. for C13H12N4: C, 69.6; H, 5.4; N,
25.0%); mmax (KBr)/cm

�1 3448, 3336, 3040, 2920, 1611, 1507,

1436, 1283, 1216, 1176, 1126, 1076, 830, 776, 736, and 518;
1H NMR d 3.76 (2H, s, NH2), 5.73 (2H, s, CH2), 6.61 (2H, d,

J 8.4, ArH), 7.13 (2H, d, J 10.1, ArH), 7.33–7.42 (3H, m,

ArH), and 8.04 (1H, d, J 8.1, ArH); 13C NMR d 52.6, 110.4,

115.6, 120.3, 124.2, 124.6, 127.6, 129.5, 133.4, 146.7, and 147.2.

Reaction of 1-(2-azidophenylmethyl)-6-chloro-1H-benzo-

triazole (6i) with allyl bromide. In accordance with the afore-

mentioned general procedure, a mixture of 6i (199 mg, 0.70

mmol), allyl bromide (212 mg, 1.75 mmol), and n-BuLi (1.75
mmol) was stirred. Chromatography of the reaction mixture

gave 2-(N,N-diallylamino)-3-(6-chlorobenzotriazol-1-yl)-2H-in-
dazole (8l) (77 mg, 30%), 3-(6-chlorobenzotriazol-1-yl)-2H-in-
dazole (9l) (23 mg, 12%), 2-[(6-chlorobenzotriazol-1-yl)methyl]-

phenylamine (10l) (11 mg, 6%), and unreacted 6i (4 mg, 2%).

8l. Viscous liquid (Found: C, 62.6; H, 4.6; N, 23.15. Calc.

for C19H17ClN6: C, 62.55; H, 4.7; N, 23.0%); mmax (film)/cm�1

3056, 2906, 2865, 1631, 1608, 1518, 1473, 1444, 1374, 1280,

1166, 1043, 992, 928, 851, 744, and 522; 1H NMR d 3.87

(4H, d, J 6.3, CH2), 5.01 (2H, d, J 9.0, ¼¼CH2), 5.06 (2H, d, J
15.9, ¼¼CH2), 5.49–5.64 (2H, m, ¼¼CH), 7.22 (1H, d, J 6.7,

ArH), 7.29–7.34 (2H, m, ArH), 7.42–7.49 (2H, m, ArH), 7.82

(1H, d, J 8.9, ArH), and 8.15 (1H, d, J 8.8, ArH); 13C NMR d
60.9, 110.5, 115.7, 118.5, 118.9, 120.8, 121.7, 124.6, 126.2,

127.6, 132.7, 135.7, 144.3 and 145.4.

9l. Mp 215–217�C (from CH2Cl2–n-hexane) (Found: C,
57.95; H, 3.1; N, 26.0. Calc. for C13H8ClN5: C, 57.9; H, 3.0;
N, 26.0%); mmax (KBr)/cm�1 3124, 3058, 2920, 2846, 1627,
1600, 1523, 1456, 1385, 1340, 1278, 1175, 1039, 994, 928, 837,
737, 694, and 516; 1H NMR d (DMSO) 7.35 (1H, dd, J 7.7 and

6.6, ArH), 7.56 (1H, dt, J 1.0 and 6.9, ArH), 7.61 (1H, dd, J 8.9
and 1.9, ArH), 7.70 (1H, d, J 8.5, ArH), 8.24 (1H, d, J 8.3, ArH),
8.29 (1H, d, J 8.8, ArH), 8.39 (1H, d, J 1.7, ArH), and 13.6 (s, 1H,
NH); 13C NMR d (DMSO) 111.8, 113.3, 114.8, 121.7, 122.1,

123.1, 126.9, 128.9, 132.6, 134.9, 140.0, 142.1, and 144.6.
10l. Mp 87–89�C (from CH2Cl2–n-hexane) (Found: C, 60.5;

H, 4.1; N, 21.6. Calc. for C13H11ClN4: C, 60.35; H, 4.3; N,
21.7%); mmax (KBr)/cm

�1 3348, 3231, 3042, 2950, 2856, 1601,
1580, 1441, 1281, 1154, 1072, 906, 742, and 521; 1H NMR d
4.29 (2H, s, NH2), 5.77 (2H, s, CH2), 7.10–7.19 (2H, m, ArH),
7.28 (1H, d, J 8.0, ArH), 7.31 (1H, d, J 8.7, ArH), 7.42–7.52
(2H, m, ArH), and 8.17 (1H, d, J 8.8, ArH); 13C NMR d 50.6,
110.1, 118.8, 121.4, 125.6, 125.7, 125.8, 130.4, 130.6, 133.9,
134.3, 138.4, and 145.1.

Reaction of 6a with a mixture of allyl bromide and ben-

zyl bromide. In accordance with the aforementioned general
procedure, a mixture of 6a (330 mg, 1.32 mmol), allyl bro-
mide (191 mg, 1.58 mmol), benzyl bromide (270 mg, 1.58
mmol), and n-BuLi (3.30 mmol) in THF was stirred for 1 h at
�78�C to room temperature for 2 h. TLC (silica gel, EtOAc:
n-hexane ¼ 1:4) showed four major spots (Rf ¼ 0.79, 0.70,
0.42, and 0.27). The mixture was chromatographed on a silica
gel (2.5 � 13 cm2). Elution with EtOAc and n-hexane (1:6)
gave 8a (40 mg, 7%), a mixture of compounds (114 mg), 9a
(37 mg, 12 %), and 10a (29 mg, 10%). Separation of the mix-
ture has been unsuccessful. However, the 1H NMR spectrum
of the mixture indicated that the mixture consisted of 8a (39
mg, 9%) and 2-(N-allyl-N-benzylamino)-3-(benzotriazol-1-yl)-
2H-indazole (23) (75 mg, 15%). FAB MS showed mass
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number (m/z) 331 and 381, which corresponding to the molec-
ular weights of 8a plus 1 and 23 plus 1, respectively.

23. Viscous liquid (mixed with 8a); mmax (KBr)/cm�1 3056,

2924, 2840, 1628, 1600, 1554, 1523, 1444, 1370, 1226, 1160,
990, 942, 830, 740, and 520; 1H NMR d 3.97 (1H, d, J 4.6,
CH2CH¼¼CH2), 4.09 (2H, s, CH2Ph), 5.06 (1H, d, J 16.9,
¼¼CH2), 5.14 (1H, d, J 17.2, ¼¼CH2), 5.71–5.87 (1H, m,
¼¼CH), 6.77–6.97 (4H, m, ArH), 7.01–7.25 (3H, m, ArH),

7.30–7.51 (4H, m, ArH), 7.85 (1H, d, J 8.7, ArH), and 8.21
(1H, d, J 8.3, ArH); 13C NMR d 61.1, 61.6, 110.4, 118.7,
120.5, 124.2, 124.8, 127.5, 128.1, 128.6, 128.7, 128.9, 129.5,
129.6, 132.8, 134.7, 135.9, 145.4, and 145.5.

Reaction of 6a with allyl bromide in the presence of vari-

ous bases. In accordance with the aforementioned general proce-
dure, 6a (200 mg, 1.25 mmol) was treated with bases such as
tert-BuLi (1.88 mmol), NaNH2 (1.88 mmol), KN(SiMe3)2 (1.88
mmol), LDA (1.88 mmol) followed by TMEDA (145 mg, 1.25

mmol), and n-BuLi (1.88 mmol) followed by tert-BuOK (140mg,
1.25 mmol) in THF (25 mL) for 1 h at �78�C and then 2 h at
room temperature. The only exception was the reaction with NaH
(1.88 mmol) for 5 h at room temperature. The reaction was
quenched by addition of water (30 mL). The mixture was

extracted with CH2Cl2 (20 mL � 3). The combined extract was
dried over MgSO4. Chromatography (2.5 � 10 cm2, EtOAc:n-
hexane ¼ 1:5) of the residue gave unreacted 6a and 8a-10a,
depending on the bases. The results are summarized in Table 3.

General procedure for the reactions of simple aryl azides

with n-BuLi. To a stirred solution of aryl azides (4.88 mmol)

in THF (25 mL) for 1 h at �78�C was added n-BuLi (9.76
mmol). The mixture was stirred for 2 h at room temperature

and worked up as usual. Chromatography of the residue using

a mixture of EtOAc and n-hexane (1:10) gave alkyl aryl

amines 22, aryl amines 22, and unreacted aryl azides.

Reaction with p-azidotoluene. In accordance with the
aforementioned general procedure, p-azidotoluene (540 mg,

4.06 mmol) was treated with n-BuLi (8.12 mmol) to give p-to-
luidine (21a) (300 mg, 69%), N-butyl-p-toluidine [14] (22a)
(53 mg, 8%) and unreacted o-azidotoluene (5 mg, 1%).

Reaction with o-azidotoluene. In accordance with the

aforementioned general procedure, o-azidotoluene (650 mg,
4.88 mmol) was treated with n-BuLi (9.76 mmol) to give o-to-
luidine (21b) (397 mg, 76%), N-butyl-o-toluidine [14] (22b)
(48 mg, 6%) and unreacted o-azidotoluene (13 mg, 2%).

Reaction with o-azidoethylbenzene. In accordance with the

aforementioned general procedure, o-azidoethylbenzene (520
mg, 3.53 mmol) was treated with n-BuLi (7.06 mmol) to give
o-ethylamine (21c) (295 mg, 69%) and N-butyl-2-ethylphenyl
amine [15] (22c) (50 mg, 8%).

Reaction with 2-azidodiphenylmethane. In accordance

with the aforementioned general procedure, 2-azidodiphenyl-

methane (500 mg, 2.39 mmol) was treated with n-BuLi (4.78
mmol) to give o-(n-butylamino)diphenylmethane [16] (22d)

(40 mg, 7%) and 2-benzylaniline [17] (21d) (315 mg, 72%).

Reaction of 6a with methylmagnesium bromide. To a so-

lution of methylmagnesium bromide (250 mg, 2.10 mmol) in

THF (15 mL) at 0�C was added 6a (350 mg, 1.40 mmol). The

mixture was stirred for 1 h at 0�C and then at room tempera-

ture for 2 h. The mixture was worked up as usual and chroma-

tographed on a silica gel (2.5 � 5 cm2) using a mixture of

EtOAc and n-hexane (1:1) to give 2-[(benzotriazol-1-yl)me-

thyl]phenyl methyltriazene (13) (338 mg, 91%). Mp 133–

135�C (from CH2Cl2–n-hexane) (Found: C, 63.0; H, 5.3; N,

31.65. Calc. for C14H14N6: C, 63.1; H, 5.3; N, 31.6%); mmax

(KBr)/cm�1 3263, 3066, 3003, 2954, 1431, 1371, 1220, 1077,

943, 746, 718, and 531; 1H NMR d 3.24 (3H, s, CH3), 6.16

(2H, s, CH2), 7.07–7.07 (2H, m, ArH), 7.25–7.38 (3H, m,

ArH), 7.42–7.51 (2H, m, ArH), 8.05 (1H, d, J 7.1, ArH), and

8.36 (1H, s, NH); 13C NMR d 48.4, 110.7, 120.2, 124.2,

126.7, 127.5, 129.4, 129.6, 133.4, and 146.6.

Preparation of 1-(2-aminophenylmethyl)benzotriazole

10a. In accordance with the literature procedure [7], a solution
of 1-(2-azidophenylmethyl)benzotriazole (6a) (250 mg, 1.00
mmol) in a mixture of THF (30 mL) and MeOH (0.3 mL) was
treated with NaBH4 (12 mg, 0.30 mmol). The mixture was

heated at reflux for 2 h. Work-up gave 10a (202 mg, 90%).
Reaction of 10a with allyl bromide in the presence of n-

BuLi. To a stirred solution of 10a (202 mg, 0.90 mmol) in THF
(25 mL) at �78�C was added n-BuLi (2.25 mmol) and allyl bro-
mide (272 mg, 2.25 mmol). After being stirred for 2 h at room

temperature, the mixture was worked up as usual. Chromatogra-
phy (2.5 � 13 cm2) using a mixture of EtOAc and n-hexane
(1:4) as an eluent gave allyl[2-{1-(benzotriazol-1-yl)-3-butenyl}-
phenyl]amine (16) (14 mg, 5%), diallyl[2-{(benzotriazol-1-

yl)methyl}phenyl]amine (15) (89 mg, 33%), allyl[2-{(benzotria-
zol-1-yl)methyl}phenyl]amine (14) (90 mg, 38%).

14. Viscous liquid (Found: C, 72.65; H, 5.9; N, 21.4. Calc.
for C16H16N4: C, 72.7; H, 6.1; N, 21.2%); mmax (film)/cm�1

3260, 3054, 2928, 2865, 1603, 1480, 1446, 1316, 1228, 1156,

994, 742, and 526; 1H NMR d 3.78 (2H, s, NCH2), 4.95 (1H,
s, NH), 5.14 (1H, d, J 11.8, ¼¼CH2), 5.19 (1H, d, J 17.6,
¼¼CH2), 5.78 (2H, s, CH2), 5.83–5.98 (1H, m, ¼¼CH), 6.65
(1H, d, J 8.2, ArH), 6.76 (1H, t, J 7.4, ArH), 7.25 (1H, t, J
7.6, ArH), 7.32–7.46 (3H, m, ArH), 7.54 (1H, d, J 7.4, ArH),

and 8.05 (1H, d, J 7.6, ArH); 13C NMR d 46.4, 51.1, 110.5,
112.2, 116.6, 117.1, 118.6, 120.5, 124.4, 127.9, 130.8, 131.2,
133.2, 135.0, 146.7, and 147.4.

15. Viscous liquid (Found: C, 75.2; H, 6.5; N, 18.25. Calc.
for C19H20N4: C, 75.0; H, 6.6; N, 18.4%); mmax (film)/cm�1

3056, 3001, 2948, 2920, 1608, 1511, 1490, 1442, 1248, 1110,
996, 910, 740, 694, and 516; 1H NMR d 3.65 (4H, d, J 6.3,
NCH2), 5.17 (2H, d, J 11.5, ¼¼CH2), 5.23 (2H, d, J 17.2,
¼¼CH2), 5.83–5.92 (2H, m, CH), 6.02 (2H, s, CH2), 6.87 (1H,

d, J 8.2, ArH), 7.01 (1H, t, J 7.4, ArH), 7.22–7.43 (6H, m,
ArH), and 8.08 (1H, d, J 8.2, ArH).

16. Viscous liquid (Found: C, 74.9; H, 6.5; N, 18.6. Calc.
for C19H20N4: C, 75.0; H, 6.6; N, 18.4%); mmax (film)/cm�1

3271, 3048, 2920, 1624, 1489, 1445, 1300, 1256, 1221, 1154,

996, 740, and 521; 1H NMR d 3.25–3.34 (1H, m,
CHCH2CH¼¼CH2), 3.45–3.56 (1H, m, CHCH2CH¼¼CH2), 3.69
(2H, s, NHCH2CH¼¼CH2), 4.54 (1H, s, NH), 4.98–5.14 (4H,
m, CHCH2CH¼¼CH2 and NHCH2CH¼¼CH2), 5.68–5.89 (2H,
m, CHCH2CH¼¼CH2 and NHCH2CH¼¼CH2), 6.14 (1H, dd, J
9.4 and 6.2, CH), 6.63 (1H, d, J 8.2, ArH), 6.82 (1H, t, J 7.5,
ArH), 7.23 (1H, t, J 8.4, ArH), 7.28–7.36 (2H, m, ArH), 7.42–
7.46 (1H, m, ArH), 7.52 (1H, d, J 7.7, ArH), and 8.04 (1H, d,
J 7.2, ArH); 13C NMR d 36.5, 46.4, 60.8, 110.9, 112.5, 116.5,
117.3, 119.1, 120.5, 121.1, 124.4, 127.7, 127.9, 130.3, 132.5,

133.7, 134.9, 146.8, and 147.1.
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A study on the acid catalyzed halogen dance (ACHD) on deactivated bromopyrroles is reported. A
different behavior is observed when considering singly deactivated pyrrole alkylcarboxamides, or doubly
deactivated pyrroleketo-lactams (aldisines). Although less electron deficient pyrrole alkylcarboxamides
suffer from ACHD, the double deactivation on keto-lactams disfavors pyrrole ring protonation thus pre-
venting halogen scrambling. The mechanism involved in the rearrangement is hypothesized.
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INTRODUCTION

The first example of the well-known Halogen Dance

(HD, also named halogen scrambling, halogen migra-

tion, halogen isomerization, halogen shift) reaction dates

back to 1951, when Vaitiekunas isolated tetrabromothio-

phene instead of 2-ethynylthiophene by treating 2-bro-

mothiophene with sodium acetylide in liquid ammonia

[1]. The reaction was induced by the presence of the

base and since then it has been largely investigated.

Currently, the base catalyzed halogen dance (BCHD) is

considered a useful tool for the introduction of halogen

on aromatic and heteroaromatic substrates in positions

that could be hardly reached with other methods. A

recently published review thoroughly describes BCHD

with elucidations of the mechanism and description of

the factors that influence the reaction [2]. Among all the

heteroaromatic substrates, no examples on pyrrole have

been reported.

What is known in the literature referring to pyrroles

solely deals with the effect of acids on substituents in

the 2 position of the ring. In this context, acyl [3] and

sulfinyl [4] moieties as well as halogens (bromine and

chlorine) [5] have been considered. Rearrangement of

2-acylpyrroles aimed at the synthesis of 3-acyl isomers

has been studied in the presence of strong acids (PPA,

TFA). A [1,2]-acyl shift was hypothesized to rational-

ize the formation of the products [3(b)], as it was

previously postulated for the isomerization of 2-acety-

lindoles [6]. Rearrangement as side-reaction, on the

contrary, was observed in the sulfinylation of pyrroles

with sulfinylchlorides: 2-sulfinylpyrroles were contami-

nated by 3-sulfinyl isomers, likely coming from an

acid-catalyzed migration of the substituent in 2-position

due to HCl released during the reaction [4]. Moreover,

PPA-mediated cyclization of 3-(2-pyrrolyl)propionic

acids afforded the expected products along with unde-

sired regioisomers arising from both alkyl and acyl

migration [3(a)]. Complex reaction mixtures were also

obtained when pyrrole was treated with molecular bro-

mine: beside the expected 2-bromopyrrole, products

deriving from both isomerization and disproportionation

of the brominated substrate were detected [5(a)]. The

mechanism of bromine isomerization and disproportio-

nation of N-benzyl-2-bromopyrrole in the presence of

TFA has been recently investigated by Park et al., who
suggested a 1,3-bromine shift to explain rearrangement

on the corresponding N-benzyl-2-bromo-5-deuterio pyr-

role [5(c)].

Thus, if on one hand halogen dance may be useful

for the insertion of groups in specific positions of aro-

matic and heteroaromatic substrates, on the other hand

it could represent a parasitic reaction when the shift of

the halogen is unwanted. This is the case, for instance,

of 2-bromoaldisine 1 (common name of 2-Bromo-6,7-
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dihydro-1H,5H-pyrrolo[2,3-c]azepine-4,8-dione), envis-

aged as the key-intermediate for the synthesis of some

bromopyrrole alkaloids, such as (Z)-hymenialdisine 2

[7], (Z)-axinohydantoin 3, and (E)-axinohydantoin 4 [8]

(Fig. 1).

The synthesis of 1 was reported for the first time by

Annoura by means of a PPA/P2O5-mediated cyclization

of the corresponding 2-bromopyrrole propionic acid

[7(a)]. The reaction suffered from bromine scrambling,

delivering a 1:1 mixture of hardly separable bromoaldi-

sine regioisomers. Interestingly, this was the first exam-

ple of acid catalyzed halogen dance (ACHD) on deacti-

vated pyrroles.

This side-reaction was later efficiently avoided by

exploiting a Friedel-Craft-type cyclization on the acyl

chloride intermediate in the presence of AlCl3, affording

1 as the sole product in 69% optimized yield [8]. The

same synthetic protocol allowed the preparation of

2,3-dibromoaldisine 6 [9] from the corresponding dibro-

moacid 5 [10] in 85% yield without any bromine rear-

rangement, differently from what previously reported in

the presence of PPA/P2O5 [10] (Scheme 1).

RESULTS AND DISCUSSION

The different reaction outcomes that a protic acid

(PPA/P2O5) versus a Lewis acid (AlCl3) displayed while

performing the synthesis of bromoaldisines 1 and 6,

prompted us to study in more detail the ACHD on vari-

ously deactivated bromopyrroles in a strong acidic

environment.

To this purpose we decided, at first, to confirm the

observations previously published for the synthesis of 2-

bromo (1) and 3-bromoaldisine (8), by using the same

reaction conditions (reagents, temperature, and reaction

time) in the cyclization of 7 and 9 [11] (Scheme 2). As

described, treatment of 7 with PPA/P2O5 at 105�C for

1 h produced a mixture of 1 and 8 in a 43:57 ratio

(measured by 1H NMR). On the contrary, in our hands

regioisomer 9 [12] gave rise to a 15:85 mixture of 1 and

8 under the same conditions, in contrast with the litera-

ture (1:1 ratio as for 7) [7(a)].

In these examples, PPA/P2O5 mediates both cycliza-

tion and scrambling of bromine atom. With the aim of

trying to understand whether halogen dance (HD) took

place before or after cyclization, the same acidic treat-

ment was performed directly on brominated aldisines 1

and 8. 2-Bromoaldisine 1 was synthesized as already

described [8], while 3-bromoaldisine 8 was successfully

isolated from the enriched mixture (15:85) deriving

from 9 (see Scheme 2) by means of preparative HPLC.

The two substrates have then been subjected to PPA/

P2O5 treatment. The results highlighted minor differen-

ces, namely 2-bromoaldisine 1 was not prone at all to

Figure 1. Bromopyrrole alkaloids derived from 2-bromoaldisine 1.

Scheme 1. Lewis acid-mediated synthesis of 6.

Scheme 2. ACHD on bromopyrrolecarboxamides 7 and 9.

Scheme 3. ACHD on aldisines 1 and 8.
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rearrangement, while 3-bromoaldisine 8 produced a

small percentage (2%) of 2-bromoisomer 1 (Scheme 3).

This means that these keto-lactams hardly undergo halo-

gen scrambling and HD occurs before cyclization.

The observations of ACHD on these substrates are

summarized in Table 1.

Intrigued by these outcomes, we decided to evaluate

the effect of PPA/P2O5 on bromopyrroles that: (a) were

singly deactivated, like pyrrole alkylcarboxamides 7 and

9, and (b) could not undergo cyclization, differently

from 7 and 9. Bromopyrrole methylcarboxamides 11

and 13 [11] have been chosen as the suitable substrates

to the purpose, having the same EWG as 7 and 9. Their

synthesis is reported in Scheme 4: treatment of 2-tri-

chloroacetylpyrrole with methylamine and subsequent

bromination of 10 with NBS in THF/MeOH (2:1)

afforded 11 (60% yield over two steps). The direct bro-

mination of the same starting material with Br2 in

CHCl3 and subsequent reaction of intermediate 12 with

methylamine yielded 13 [13] (70% yield over two

steps).

Both bromopyrroles 11 and 13 underwent rearrange-

ment in different ratios, along with disproportionation

that generated des-bromo derivative 10 and 4,5-di-bro-

momethylamide 14 (Scheme 5, Table 2).

As previously mentioned, the amount of the products

has been determined by integrating isolated pyrrole CH

signals in the 1H NMR spectra of the reaction mixtures

[Fig. 2(a,b)].

These results allowed us to make some considerations

about the kinetics/thermodynamics of the ACHD on

deactivated pyrroles compared to cyclization and to

hypothesize a possible mechanism. First, it is evident

that pyrrole alkylcarboxamides (i.e., 7, 9, 11, and 13)

are more prone to halogen rearrangement (Table 1,

Entries 3 and 4; Table 2) than aldisines (Table 1, Entries

1 and 2). Second, scrambling of the halogen is faster

when involving a shift from 2- to 3-position at the pyr-

role ring (Table 1, Entry 3; Table 2, Entry 1) than vice

versa (Table 1, Entry 4; Table 2, Entry 2). The ratio of

2-bromo and 3-bromoaldisine generated from 7 and the

distribution of 2- and 3-regioisomers deriving from 11

(Table 1, Entry 3; Table 2, Entry 1) are the same. This

means that the two mixtures reach the equilibrium dur-

ing the reaction (thermodynamic conditions). Moreover,

considering that aldisines are insensitive to ACHD, it is

fair to assert that, for 7, V2S > V2C, where V2S repre-

sents the velocity of scrambling, and V2C the velocity of

cyclization (Scheme 6).

On the contrary, the same treatment on 9 and 13 did

not spring out analogous results. The ratios of the two

aldisines (products of 9) and of 2- and 3-regioisomers

arising from 13 measured in the experiments are differ-

ent, meaning that these reaction mixtures are under

kinetic conditions. It is possible to postulate that, for 9,

V3C � V3S, meaning that the velocity of cyclization and

of scrambling are competitive (see Table 1, Entry 4).

Furthermore, rearrangement from 2-position of 7 and 11

is faster than from carbon 3 of 9 and 13, that explains

the higher velocity with which 11 and 7 reach the equi-

librium (V2S > V3S, see Table 1, Entries 3 and 4, and

Table 2). Finally, disproportionation on 7 and 9 and on

aldisines 1 and 6 has never been observed, while for 11

and 13 only to a less extent, meaning that this side-reac-

tion is the slowest (VD << VS and VC, being VD ¼ ve-

locity of disproportionation).

Table 1

Results of ACHD on 1, 8, 7, and 9 (105�C, 1 h).

Entry Substrate 1 (%)a 8 (%)a

1 1 100 –

2 8 2 98

3 7 43 57

4 9 15 85

aMeasured by integrating pyrrole CH signal in 1H NMR spectrum.

Scheme 4. Synthesis of pyrrolecarboxamides 11 and 13.

Scheme 5. ACHD on 11 and 13.

Table 2

Results of ACHD on 11 and 13 (105�C, 1 h).

Entry Substrate 11 (%)a 13 (%)a 10 (%)a 14 (%)a

1 11 32 (46)b 38 (54)b 15 15

2 13 25 (34)b 49 (66)b 13 13

aMeasured by integrating isolated pyrrole CH signals in 1H NMR

spectrum.
b In brackets the relative percentage of 11 and 13 is reported.
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A rearrangement mechanism was postulated to

explain ACHD (Scheme 7). In strong acid media, 7 and

11 are subjected to protonation at the 2-position of the

pyrrole affording 7a and 11a, respectively, which

undergo a 1,2-bromine shift toward 9a and 13a, passing

through transient cyclic bromonium intermediate 15.

The same mechanism can be invoked for 9 and 13, that

are protonated at 3-position generating 9a and 13a,

respectively. A cyclic bromonium intermediate has been

hypothesized instead of free Brþ cation because statisti-

cally this would have generated a higher amount of

dibrominated pyrrole from 11 and 13 (see Table 2) and

the presence of dibromo/desbromo aldisines from 7 and

9 (see Table 1).

EXPERIMENTAL

General. Melting points were determined in open glass

capillaries with a Buchi 535 melting point apparatus, and are
uncorrected. NMR spectra (1D 1H and 2D H-C hetero corre-

lated) were recorded at 25�C in DMSO-d6 on a Varian Inova
500 spectrometer equipped with a 5 mm 1H{13C,15N} z-axis-
PFG indirect detection cold probe or at 28�C on a Varian Mer-
cury 300 spectrometer equipped with a 5 mm switchable probe
15N-31P{1H,19F}. Residual solvent signal was used as

Figure 2. 1H NMR analysis of ACHD on 11 (2a: top) and 13 (2b: bottom). [Color figure can be viewed in the online issue, which is available at

www.interscience.wiley.com.]

Scheme 6. Velocity of cyclization versus scrambling.
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reference; chemical shifts and coupling constants are reported,
respectively, in d (ppm) and Hz. ESI(þ) high-resolution mass
spectra (HRMS) were obtained on a Waters Q-Tof Ultima

directly connected with micro HPLC 1100 Agilent [14].

CONCLUSION

In conclusion, a study on the ACHD on deactivated

bromopyrroles has been reported and an hypothetical

mechanism has been suggested. A different behavior

was observed when considering singly deactivated pyr-

role alkylcarboxamides, or doubly deactivated pyrrole-

keto-lactams (aldisines). While less electron deficient

pyrrole alkylcarboxamides suffered from ACHD, the

double deactivation on keto-lactams disfavored protona-

tion thus preventing halogen scrambling. Moreover, in

the carboxamides series, scrambling was faster when

bromine atom was in the 2-position rather than on 3-car-

bon. In addition, during the conversion of pyrrole alkyl-

carboxamides 7 and 9 into aldisines, cyclization

occurred, respectively, after scrambling and at a compet-

itive velocity.

EXPERIMENTAL

General procedure for ACHD. P2O5 (2 eq) and PPA (28
eq) were mechanically stirred and heated at 120�C for 50 min,
to obtain a clear solution. The substrate was then added and
the mixture was heated at 105�C for 1 h. The mixture was

poured into ice water and stirred for 1 h. The solid was filtered
off, washed with water, and dried. A second aliquot of reaction
mixture was recovered from the aqueous phase as follow: the
water solution was cooled, neutralized with concentrated
sodium hydroxide, and extracted with CH2Cl2. The organic

phase was dried over anhydrous Na2SO4, concentrated, and
combined with the solid.

2,3-Dibromo-6,7-dihydro-1H,5H-pyrrolo[2,3-c]azepine-

4,8-dione (6). To a suspension of 5 (414 mg, 1.21 mmol) in
dry CH2Cl2 (15 mL) oxalyl chloride (0.21 mL, 2.43 mmol)
and DMFcat (0.015 mL) were added. The mixture was stirred

under nitrogen until completion of gas evolution. The solvent
was removed under reduced pressure and the crude was dis-
solved in 1,2-dichloroethane (40 mL). 4-Å molecular sieves
and aluminium trichloride (0.65 g, 4.87 mmol) were subse-

quently added. The red solution was stirred at room tempera-
ture overnight. After removal of the solvent under reduced

pressure, the residue was dissolved in water, made alkaline by
addition of 2N sodium hydroxide and then acidified to pH 2
with conc. HCl. The precipitate was filtered, washed with

water, and dried under vacuum. 6 was isolated as white solid
(334 mg, 85%). mp: 270–272�C. 1H NMR (400 MHz, DMSO-
d6) d ppm 2.76 (m, 2 H) 3.34 (m, 2 H) 8.47 (br. s., 1 H) 13.46
(br. s., 1 H). 13C NMR (125.7 and 75.4 MHz, DMSO-d6) d
36.0, 44.3, 99.0, 110.3, 120.5, 130.6, 161.5, 192.6. HRMS

calcd for C8H7Br2N2O2 [MþHþ] 320.8869 found 320.8853.

3-Bromo-6,7-dihydro-1H,5H-pyrrolo[2,3-c]azepine-4,8-dione

(8). The general procedure for ACHD was performed on 9

(170 mg, 0.65 mmol). One hundred thirty milligram of crude
were purified by prep-HPLC (eluant 0,05% NH3 in H2O/Ace-
tonitrile 95:5 as a mobile phase A and Acetonitrile as mobile

phase B), affording 8 (102 mg, 64%) as a white solid. The
separation was achieved using a rapid gradient increasing 0–
25% B in 15 min followed by a hold at 100% B for 2 min at
a flow rate of 20 mL/min. mp: 248–250�C. 1H NMR (400

MHz, DMSO-d6) d ppm 2.76 (m, 2 H, CH2CO) 3.35 (m, 2 H,
CH2NH) 7.20 (s, 1 H, CHNH) 8.45 (t, J ¼ 5.12 Hz, 1 H,
NHCH2) 12.52 (br. s., 1 H, NH). 13C NMR (125.7 MHz,
DMSO-d6) d 35.6, 44.6, 96.7, 118.9, 124.0, 128.8, 161.5,
193.8, HRMS calcd for C8H8BrN2O2 [MþHþ] 242.9764 found

242.9759.

1H-Pyrrole-2-carboxylic acid methyl amide (10). To a
solution of 2-trichloroacetylpyrrole (2.12 g, 9.98 mmol) in
40 mL of dry CH3CN, a 2M solution of MeNH2 in THF was
added (12.5 mL, 25 mmol). The mixture was stirred under
nitrogen, at room temperature for 48 h, until HPLC revealed

the disappearance of the starting material. The solvent was
removed under reduced pressure to give 10 as white solid. mp:
151–152�C. 1H NMR (400 MHz, DMSO-d6) d ppm 2.72–2.74
(d, 3 H, J ¼ 5 Hz, CH3) 6.06 (dt, J ¼ 3.63, 2.40 Hz, 1 H,

CHCHCH) 6.70 (ddd, J ¼ 3.69, 2.41, 1.46 Hz, 1 H, CHCHC)
6.82 (td, J ¼ 2.69, 1.46 Hz, 1 H, CHCHN) 7.89 (br. s., 1 H,
NHCH3) 11.37 (br. s., 1 H, NH).

5-Bromo-1H-pyrrole-2-carboxylic acid methylamide

(11). To a stirred solution of 10 (500 mg, 4.03 mmol) in dry
MeOH (84 mL) and dry THF (168 mL) at 0�C, N-bromosucci-

nimide (NBS) (323 mg, 1.81 mmol) was added. The cold bath
was removed and the reaction mixture was allowed to warm to
room temperature under stirring. After 3 h, a HPLC control
revealed a 50% conversion of 10–11. The mixture was
recooled to 0�C and more NBS (323 mg, 1.81 mmol) was

added. The ice bath was removed and the reactants were
stirred for further 2 h at room temperature. The solvent was
then removed under vacuum and the residue was purified by
flash chromatography (eluant Et2O/Hexane 2:1) to give 11 in

mixture with 14 as side product. 11 was isolated as white solid
by reverse-phase chromatography (eluant 0.1% trifluoroacetic

Scheme 7. ACHD mechanism hypothesized.

116 Vol 47F. Tutino, G. Papeo, and F. Quartieri

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



acid in H2O/acetonitrile 95/5 as mobile phase A and Acetoni-
trile as mobile phase B) (490 mg, 60%). mp: 173–175�C. 1H
NMR (400 MHz, DMSO-d6) d ppm 2.71 (d, J ¼ 4.64 Hz, 3
H, CH3) 6.11 (dd, J ¼ 3.72, 2.38 Hz, 1 H, CHCHCBr) 6.69
(dd, J ¼ 3.78, 2.69 Hz, 1 H, CHCHC) 7.93 (q, J ¼ 3.99 Hz, 1

H, NHCH3) 12.15 (br. s., 1 H, NH). 13C NMR (125.7 MHz,
DMSO-d6) d 25.0, 102.1, 110.5, 111.2, 128.8, 160.5. HRMS
calcd for C6H8BrN2O [MþHþ] 202.9815 found 202.9821.

4-Bromo-2-(trichloroacetyl)pyrrole (12). 2-(Trichloroace-
tyl)pyrrole (10 g, 0.05 mol) in CHCl3 (50 mL) was treated
with Br2 (9.5 g, 0.06 mol) in CHCl3 (3 mL) at 5�C. The ice

bath was removed and the reactants were stirred for 1 h at
room temperature. The mixture was diluted with CH2Cl2 and
washed with H2O, NaHCO3, and brine. The organic layer was
dried (over Na2SO4) and concentrated under vacuum. The

crude was then crystallized from hexane-CH2Cl2 affording 12

(11.3 g, 70%). 1H NMR (400 MHz, DMSO-d6) d ppm 7.34
(dd, J ¼ 2.68, 1.46 Hz, 1 H, CCHC) 7.56 (dd, J ¼ 3.29, 1.46
Hz, 1 H, CHN) 12.85 (br. s., 1 H).

4-Bromo-1H-pyrrole-2-carboxylic acid methylamide

(13). Compound 12 (575 mg, 1.98 mmol) was treated with a

2M solution of MeNH2 in THF (2.45 mL, 4.95 mmol) deliver-
ing 13 (400 mg, quantitative) as white solid after removal of
the solvent. mp: 178–180�C. 1H NMR (300 MHz, DMSO-d6)
d ppm 2.70 (d, J ¼ 4.69 Hz, 3 H, CH3) 6.75 (dd, J ¼ 2.64,
1.47 Hz, 1 H, CHCBr) 6.92 (dd, J ¼ 2.93, 1.47 Hz, 1 H,

CHN) 8.01 (q, 1 H, NHCH3) 11.75 (br. s., 1 H, NH).
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Nucleophilic attack by substituted hydrazides on C-2, C-3 of 2,3,5,6-tetrachloro-1,4-benzoquinone
and 2,3-dichloro-1,4-naphthoquinone initiates the formation of benzo[e][1,3,4]oxadiazine and benzo- as
well as naphthoxadiazepine derivatives. On the other hand, substituted hydrazides attack 1,4-naphthoqui-

none-2,3-dicarbonitrile to form benzo[f]indazole-4,9-dione derivatives. A rationale for the conversions
observed is presented.

J. Heterocyclic Chem., 47, 118 (2010).

INTRODUCTION

2,3,5,6-Tetrachloro-1,4-benzoquinone (2) and 2,3-

dichloro-1,4-naphthoquinone (3) undergo nucleophilic

substitution of one or two chlorine atoms by primary

amines [1,2], amino acids [3,4], and aziridines [5]. Up to

four nitrogen residues are introduced into 2 and 3 in their

reaction with pyrazole [6], imidazole [7,8], and 1,2,4-tria-

zole [7,9]. Amides and thioamides were added to 3 to

produce two related heterocyclic diones series in excel-

lent yields [10–14]. The reaction of 2 and 3 with N1, N2-

diarylamidines to give benzimidazole and indole deriva-

tives has been reported [15,16]. Heterocyclization of sub-

stituted thiosemicarbazides and dithiobiureas during the

reaction with benzoquinones and naphthoquinones, dif-

ferent successful approach for the synthesis of oxathia-

diazole [17], thiadiazine [17,18], imidazoxadiazole [19],

imidazothiadiazole [20], and indazole [21] derivatives. A

large variety of quinones, including many fused heterocy-

clic rings, have been used as synthetic intermediates in

medicinal [22–25] and dye chemistry [26–29].

RESULTS AND DISCUSSION

We report herein the results of our recent investiga-

tion on the reactions of substituted hydrazides 1a-e with

2,3,5,6-tetrachloro-1,4-benzoquinone (2), 2,3-dichloro-

1,4-naphthoquinone (3) and 1,4-naphthoquinone-2,3-

dicarbonitrile (4).

Equimolar solutions of 1a-e and 2 in DMF upon

standing for 48 hours at room temperature formed the

derivatives of benzoxadiazepine 5a-e as major product

(66–74%) and benzoxadiazine 6a-e as minor product

(17–22%) (Scheme 1).

The structural assignment of 6,8,9-trichloro-7-

hydroxy-2-(substituted)benzo[f][1,3,4]oxadiazepine-5(H)-
one 5a-e are based on the following spectral data: The IR

spectrum showed a broad bands at mmax 3455–3480 and

3280–3335 because of OH and NH, sharp band at 1700–

1710 for carbonyl group and 1620–1630 cm�1 for C¼¼N.

The 1H NMR displayed two broad singlets, one at

d ¼ 7.79–7.86 ppm and the other at d ¼ 9.57–9.62 ppm

because of oxadiazepine-NH and phenolic-OH, respec-

tively. The 13C NMR spectrum showed a signal at d ¼
152.46–152.75 ppm for aromatic quaternary carbon

atom bearing a hydroxyl group [30], the presence of one

carbonyl group at d ¼ 169.73–169.84 ppm and oxadia-

zepinone-C-2 at d ¼ 156.66–156.86 ppm. In the 13C

NMR the absence of characteristic resonance signals of

the carbonyl carbon atoms of chloranil 2 around 182–

184 [31] ppm support the structure 5a-e. The formation

of 5b was further confirmed by mass spectrometry.
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Besides the molecular ion at 362/368, the characteristic

fragment ion patterns of trichloro compounds were

observed. The EI mass spectrum of 5b is characterized

by loss of 111 a.m.u (most likely thiophene carbonyl

group) followed by loss of 28 a.m.u (dinitrogen or car-

bonyl group). The a priori possible isomeric structure

12a-e (Scheme 2) was ruled out on the basis of IR and
13C NMR spectral data.

The structural assignment of 6a-e was supported by

the following spectral data: In its 13C NMR spectrum,

the characteristic absorption signal of two carbonyl car-

bon atoms of chloranil are replaced by signals at d ¼
140.87–141.12 and d¼152.46–153.04 ppm, which are

characteristic of aromatic quaternary carbon bearing ox-

ygen [30]. In addition PhACACl appears at 121.94–

122.32 and 123.14–123.46 [31] ppm. The carbonyl

group attached to N(CH3)2 resonates at d ¼ 171.23–

171.42 [31] ppm. The IR spectrum of 6a-e showed

bands at 3470–3490 and 3290–3315 due to OH and NH,

and strong absorption at 1680–1690 due to carbonyl

group. The 1H NMR spectrum of 6a-e showed signals at

3.36–344, 7.69–7.81, and 9.61–9.74 due to N(CH3)2,

oxadiazine–NH and hydroxyl group, respectively. It is

worthy to note that the mass spectra of compounds 6a-e

show the loss of O¼¼CAN(CH3)2, N2 or CO, as well as

RCO from the molecular ions.

Scheme 2 summarizes the reactions responsible for

the formation of compounds 5 and 6. It shows the inter-

action of 1a-e with chloranil (2) in DMF as a solvent

proceeded in an interesting manner because of the par-

ticipation of DMF in the course of the reaction, as

reported in our earlier publications on the reactions of

hydrazino-1,2,4-triazinoindole [32], amino- and dia-

mino-1,2,4-triazole derivatives [9] and 3,5-diaminopyra-

zoles [6] with chloronated benzoquinones and

naphthoquinones.

Unstable charge-transfer complexes may be formed

during the reaction between chlorinated quinone and

DMF, followed by the formation of anionic cationic rad-

icals 7. Recombination of the radicals afforded the

adduct 8, which gradually split off a molecule of hydro-

gen chloride to form 9. The latter interacted with the hy-

drazide 1 with elimination a molecule of dimethylamine

and another of water in presence of hydrogen protons

(possibly from 1) to afford benzoxadiazepine derivatives

5a-e. On the other hand compound 9 reacted with 1 to

give 6a-e as illustrated in Scheme 2.

Scheme 1

Scheme 2
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2,3-Dichloro-1,4-naphthoquinone 3 was chosen to

compare its reactivity toward the hydrazides 1a-e with

chloranil (2).

It has been described in the literature that 3 resembles

2 in most of its substitution reactions, especially with

compounds containing nucleophilic nitrogen (amines,

amino acids, pyrazoles, imidazoles, etc) [1–7,9]. From

this point of view one might expect that 1a-e should

react with 2 similarly like 3. Earlier, it had been

reported that 1a reacted with 3, ultimately giving 2,3-

di(benzoyl-hydrazinyl)naphthalene-1,4-dione (14) (Sch-

eme 3). We report here the results of recent investiga-

tions on the reaction of 1a-e with 3.

Mixing equimolar amounts of 1a-e and 3 in DMF for

72 hours led to the formation of 2-substituted naph-

tho[2,3-f][1,3,4]oxadiazepine-5,6,11-(4H)-triones 16a-e

(Scheme 3). The IR spectra of 16a-e (in KBr) showed

NH absorption at 3230–3245 cm�1, carbonyl groups at

1705–1725 and 1680–1690, as well as bands characteris-

tic of CAOAC and C¼¼N at 1090 and 1620–1630,

respectively. The 1H NMR spectra of 16a-e clearly

show one broad signal at 7.78–7.84 ppm due to oxadia-

zepine-NH.

Signals around 169.58–169–84 (C-5), 187.39–187.78

(C–6) [31] and 187.33–187.80 (C-11) [31] and 156.78–

156.86 (C-2), in 13C NMR spectra lend further support

to the structure assigned to 16a-e. The EI-mass spectra

need a brief comment for 16a-e, m/z ¼ 213 represent

the derivative of benzindazolyl fragment formed by

release of corresponding RCO from the molecular ion,

which undergo loss of 28 a.m.u (dinitrogen or CO

group).

The present investigation also dealt with the study of

the chemical behavior of hydrazides 1a-e toward 1,4-

naphthoquinone-2,3-dicarbonitrile (4). Substituted ben-

zo[f]indazolediones 17a-e and diacylhydrazines 18a-e

were obtained from the reaction of 1a-e with (4)

(Scheme 4).

Compounds 17a-e exhibited IR absorptions at 3330–

3345 (NH2), 1685–1690 and 1660–1665 (CO). The 1H

NMR spectra of 17a-e clearly showed one broad signal

at 6.67–6.73 ppm because of NH2, besides the aromatic

protons. Signals at 153.29–153.48 (C-3), 100.89–101.46

(C-3a), 139.81–140.11 (C9a), 188.54–188.74 (C-4),

187.75–187.89 (C-9), 165.46–165.73 (CO), 137.86

(indole-C-2) and 99.74 (indole-C-5) in the 13C NMR

spectra of 17a-e lend further supported the structure

assigned to 17a-e. The structure of 17e was evidently

confirmed by mass spectrometrically, besides the molec-

ular ion at m/z ¼ 356 (39%), the characteristic fragment

ion pattern of indole-2-carbonyl at 144 (86), C6H4CO
þ

group at 104 (77), benzoyl cation at 91 (89) and 77

(100) as a base peak. A possible reaction process is

depicted in Scheme 5.

Scheme 3

Scheme 5

Scheme 4
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CONCLUSIONS

In a fairly complex and multistep process, ben-

zo[e][1,3,4]oxadiazine, benzo[f]indazole-4,9-dione and

benzoxadiazepine as well as naphthoxadiazepine deriva-

tives are formed from 1a-e and (2-4) during the nucleo-

philic attack by substituted hydrazides on C-2, C-3 of

2,3,5,6-tetrachloro-1,4-benzoquinone and 2,3-dichloro-

1,4-naphthoquinone. On the other hand, 1,4-naphthoqui-

none-2,3-dicarbonitrile (4) may act as either as a media-

tor or as a building block in heterocyclization of substi-

tuted hydrazides. The results reported here supplement

the rich of substituted hydrazides 1a-e.

EXPERIMENTAL

Mp’s were determined using open glass capillaries on a Gal-

lenkamp melting point apparatus and are uncorrected. The IR
spectra were recorded with a Shimadzu 408 instrument using
potassium bromide pellets. The 1H NMR (400.13 MHz) and
13C NMR (100.6 MHz) spectra were measured in DMSO-d6
using a Bruker AM400 with TMS as an internal standard.

Chemical shifts are expressed as d [ppm], s ¼ singlet, m ¼
multiplet and b ¼ broad. Assignments of carbon resonances
have been supported by DEPT experiments. Mass spectra have
been obtained with Varian MAT CH-7 instrument using elec-
tron impact ionization (70 eV). Elemental analyses have been

determined by the Microanalytical Center, Cairo University,
Egypt. For preparative layer chromatography (plc) 1.0 mm
thick air-dried layers of slurry applied silica gel, Merck Pf254
on 48 cm wide and 20 cm high glass plates were used, zones
were detected by their color and indicator fluorescence

quenching upon exposure to 254 nm light and extracted with
acetone.

Starting materials. Substituted hydrazides 1a-e were pre-
pared according to published procedures, as were 2-thiophene

carbohydrazide (1b), mp 135–137�C (ref. [33] 134–136�C);
furan-2-carbohydrazide (1c), mp 77–79 (ref. [34] 78�C); 2-pyr-
idine carbohydrazide (1d), mp 136–138�C (ref. [35] 137�C);
indole-2-carbohydrazide (1e), mp 243–245�C (ref. [36,37]
246�C) and phenyl carbohydrazide (1a) (Aldrich), 2,3,5,6-tet-

rachloro-1,4-benzoquinone (2) (Aldrich) and 2,3-dichloro-1,4-
naphthoquinone (3) (Aldrich) were used as received. 1,4-Naph-
thoquinone-2,3-dicarbonitrile (4) was prepared from 2,3-
dichloro-1,4-naphthoquinone (3) according to Budni et al [38].

Reaction of substituted hydrazides 1a-e with (2). To a so-

lution of 2 (246 mg, 1 mmol) in dry DMF (15 mL) a solution
of 1a-e (1.0 mmol each) in 5 mL of DMF was added dropwise
over 5 min. at room temperature with stirring and admission
of air. The stirring was continued for 48 h with admission of
air to complete the reaction. The reaction mixture was concen-

trated to drynes. The residue was taken up several times with
cold ethanol (10 mL) and slurry was concentrated again to
remove any residual DMF. The residue was dissolved in ace-
tone (5 mL). This solution in each case was applied to 5 plc-

plates and developed with toluene/ethyl acetate (5:1) for the
run with 1a, toluene/ethyl acetate (4:1) for the runs with 1b-d

and toluene/ethyl acetate (3:1) for the run with 1e to give
numerous colored zones. The two intense of which were

removed and extracted. The fastest migrating one contained
substituted benzo[1,3,4]oxadiazepine 5a-e, the slowest migrat-
ing zone contained substituted benzo-[1,3,4]oxadiazinecarboxa-
mide 6a-e. Extraction of zones with acetone and recrystallized.

6,8,9-Trichloro-7-hydroxy-2-phenylbenzo[f][1,3,4]-oxadia-
zepin-5-(4H)-one (5a). Compound 5a was obtained as reddish
brown crystals (0.264 g, 74%), mp 216–217�C (acetonitrile),
IR: 3460 (OH), 3310 (NH), 1705 (CO), 1625 (C¼¼N), 1596
(ArAC¼¼C), 1085 (CAOAC). 1H NMR: d 7.18–7.53 (m, 5H,
ArAH), 7.84 (br, 1H, oxadiazepineANH), 9.56 (br, 1H, OH);
13C NMR: d 120.71 (C-5a), 122.53, 123.74, 124.17 (C-6, 8
and 9), 126.51, 128.26, 130.14 (ArACH), 134.72 (ArAC),
147.38 (C-9a), 152.56 (C-7), 156.86 (C-2), 169.84 (CO); ms
m/z: 356/362 (Mþ, 42), 322 (26), 286 (34), 250 (21), 194 (26),
158 (11), 105 (67), 77 (100), 65 (49); Anal. Calcd. for

C14H7Cl3N2O3 (357.58): C, 47.02; H, 1.97; Cl, 29.74; N, 7.83.
Found: C, 46.81; H, 2.11; Cl, 29.51; N, 7.64.

6,8,9-Trichloro-7-hydroxy-2-(thiophen-2-yl)benzo[f][1,3,4]-
oxadiazepin-5-(4H)-one (5b). Compound 5b was obtained as

reddish brown crystals (0.258g, 71%), mp 257–259�C (acetoni-
trile). IR: 3470 (OH), 3295 (NH), 1700 (CO), 1630 (C¼¼N),
1585 (ArAC¼¼C), 1090 (CAOAC). 1H NMR: d 7.05–7.38 (m,
3H, thiophene-H), 7.79 (br, 1H, oxadiazepine-NH), 9.62 (br,
1H, OH); 13C NMR: d 120.59 (C-5a), 122.42, 123.55, 123.96

(C-6, 8 and 9), 126.27, 127.69, 127.94 (thiophene-CH), 130.16
(thiophene-C), 148.06 (C-9a), 152.61 (C-7), 156.79 (C-2),
169.76 (CO); ms m/z: 362/368 (Mþ, 34), 328 (18), 292 (27),
218 (41), 111 (100), 107 (53), 82 (46); Anal. Calcd. for
C12H5Cl3N2O3S (363.60): C, 39.64; H, 1.39; Cl, 29.25; N,

7.70. Found C, 39.41; H, 1.51; Cl, 29.47; N, 7.54.
6,8,9-Trichloro-7-hydroxy-2-(furan-2-yl)benzo[f][1,3,4]-

oxadiazepin-5-(4H)-one (5c). Compound 5c was obtained as
reddish brown crystals (0.229 g, 66%), mp 207–208�C (aceto-
nitrile). IR: 3455 (OH), 3335 (NH), 1710 (CO), 1625 (C¼¼N),

1085 (CAOAC); 1H NMR: d 7.11–7.46 (m, 3H, furan-H),
7.82 (br, 1H, oxadiazepine-NH), 9.57 (br, 1H, OH); 13C NMR:
d 120.71 (C-5a), 122.19, 123.64, 123.92 (C-6, 8 and 9),
125.98, 126.11 (furan-CH), 141.57, 142.11 (furan-C-2, C-5),

147.96 (C-9a), 152.75 (C-7), 156.68 (C-2), 169.81 (CO); ms
m/z: 346/352 (Mþ, 38), 312 (25), 276 (16), 220 (31), 184 (27),
95 (100), 67 (71); Anal. Calcd. For C12H5Cl3N2O4 (347.54):
C, 41.47; H, 1.45; Cl, 30.60; N, 8.06. Found C, 41.66; H,
1.56; Cl, 30.38; N, 7.87.

6,8,9-Trichloro-7-hydroxy-2-(pyridin-2-yl)benzo[f][1,3,4]-
oxadiazepin-5-(4H)-one (5d). Compound 5d was obtained as
reddish brown crystals (0.247g, 69%), mp 226–228�C (etha-
nol). IR: 3480 (OH), 3315 (NH), 1705 (CO), 1620 (C¼¼N),
1590 (ArAC¼¼C), 1080 (CAOAC); 1H NMR: d 7.48–8.41 (m,

5H, pyridine-H and oxadiazepine-NH), 9.57 (br, 1H, OH); 13C
NMR: d 121.07 (C-5a), 122.31, 123.62, 123.89 (C-6, 8 and 9),
127.89, 128.75, 130.14 (pyridine-CH), 146.35, 147.11 (pyri-
dine C-2, C-6), 148.22 (C-9a), 152.57 (C-7), 156.85 (C-2),
169.73 (CO); ms m/z: 357/363 (Mþ, 21), 323 (18), 287 (34),

195 (47), 106 (83), 78 (100); Anal. Calcd. for C13H6Cl3N3O3

(358.56): C, 43.55; H, 1.69; Cl, 29.66; N, 11.72. Found C,
43.33; H, 1.78; Cl, 29.43; N, 11.87.

2-(1H-Indole-2-yl)-6,8,9-trichloro-7-hydroxy-benzo[f][1,3,4]-
oxadiazepin-5-(4H)-one (5e). Compound 5e was obtained as
reddish brown crystals (0.265g, 67%), mp 271–273�C (metha-
nol). IR: 3475–3280 (OH, NH’s), 1710 (CO), 1630 (C¼¼N),
1595 (ArAC¼¼C), 1090 (CAOAC); 1H NMR: d 6.64 (s, 1H,
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indole-CH), 7.12–7.68 (m, 4H, ArAH), 7.86 (br, 1H, oxadiaze-
pine-NH), 9.58 (br, 1H, OH), 11.62 (br, 1H, indole-NH); 13C
NMR: d 99.71(indole-CH), 121.98 (C-5a), 121.87, 123.35,
123.92 (C-6, 8 and 9), 127.14, 127.96 (ArACH), 130.55
(indole-C3a), 134.66, 137.12 (indole C-2 and C-7a), 152.46

(C-7), 156.81 (C-2), 169.80 (CO); MS m/z: 395/361 (Mþ, 29),
331 (26), 295 (38), 242 (21), 186 (12), 144 (62), 116 (76), 92
(100), 77 (83), 65 (41); Anal. Calcd. for C16H8Cl3N3O3

(396.61): C, 48.45; H, 2.03; Cl, 26.82; N, 10.59. Found C,
48.64; H, 1.91; Cl, 27.03; N, 10.77.

5,6-Dichloro-7-hydroxy-N,N0-dimethyl-3-phenyl-1H-benzo[e]
[1,3,4]oxadiazine-8-carboxamide (6a). Compound 6a was
obtained as deep red brown crystals (0.062g, 17%), mp 248–
250�C (acetonitrile). IR: 3485 (OH), 3290 (NH), 1690 (CO),
1625 (C¼¼N), 1585 (ArAC¼¼C), 1080 (CAOAC); 1H NMR: d
3.44 (s, 6H, N(CH3)2), 7.24–7.79 (m, 6H, ArAH and oxadia-
zine-NH), 9.67 (br, 1H, OH); 13C: d 36.29 (CH3), 106.83 (C-
8), 122.27, 123.14 (C-5 and C-6), 127.21, 128.54, 130.16 (Ar-
CH), 134.27 (Ar-C), 138.44 (C-8a), 141.11 (C-4a), 152.51 (C-

7), 156.76 (C-3), 171.41 (CO); MS m/z: 365/369 (Mþ, 41),
329 (18), 257 (44), 193 (29), 105 (81), 77 (100), 65 (74);
Anal. Calcd. for C16H13Cl2N3O3 (366.20): C, 52.48; H, 3.58;
Cl, 19.36; N, 11.47. Found C, 52.66; H, 3.45; Cl, 19.59; N,
11.65.

5,6-Dichloro-7-hydroxy-N,N0-dimethyl-3-(thio-phen-2-yl-1H-

benzo[e][1,3,4]oxadiazine-8-carbox-amide (6b). Compound 6b

was obtained as reddish brown crystals (0.067g, 18%), mp
276–278�C (ethanol). IR: 3470 (OH), 3310 (NH), 1685 (CO),
1630 (C¼¼N), 1590 (ArAC¼¼C), 1085 (CAOAC); 1H NMR: d
3.36 (s, 6H, N(CH3)2), 7.11–7.39 (m, 3H, thiophene-H), 7.71
(br, 1H, oxadiazine-NH), 9.70 (br, 1H, OH); 13C: d 36.41
(CH3), 107.12 (C-8), 121.94, 123.32 (C-5 and C-6), 126.22,
127.56, 127.84 (thiophene-CH), 130.12 (thiophene-C), 138.51
(C-8a), 140.97 (C-4a), 152.46 (C-7), 156.81 (C-3), 171.23

(CO); ms m/z: 371/375 (Mþ, 26), 336 (29), 300 (12), 264
(21), 153 (8), 111 (100), 83 (76); Anal. Calcd. for
C14H11Cl2N3O3S (372.23): C, 45.17; H, 2.98; Cl, 19.05; N,
11.29; S, 8.61. Found C, 44.94; H, 3.10; Cl, 18.88; N, 11.41;

S, 8.83.
5,6-Dichloro-7-hydroxy-N,N0-dimethyl-3-(thio-phen-2-yl-1H-

benzo[e][1,3,4]oxadiazine-8-carbox-amide (6c). Compound 6c

was obtained as brown crystals (0.078g, 22%), mp 235–237�C
(ethanol). IR: 3480 (OH), 3300 (NH), 1680 (CO), 1625

(C¼¼N), 1590 (ArAC¼¼C), 1085 (CAOAC); 1Hnmr: d 3.40 (s,
6H, N(CH3)2), 6.95–7.35 (m, 3H, furan-H), 7.69 (br, 1H, oxa-
diazine-NH), 9.67 (br, 1H, OH); 13C: d 36.38 (CH3), 106.91
(C-8), 122.18, 123.27 (C-5 and C-6), 125.96, 126.47 (furan-
CH), 138.36 (C-8a), 141.12 (C-4a), 142.76, 143.63 (furan-C-2

and C-5), 152.64 (C-7), 156.77 (C-3), 171.34 (CO); MS m/z:
355/359 (Mþ, 27), 320 (42), 284 (18), 212 (37), 117 (52), 95
(100), 67 (68); Anal. Calcd. for C14H11Cl2N3O4 (356.16): C,
47.21; H, 3.11; Cl, 19.91; N, 11.80. Found C, 47.44; H, 2.98;
Cl, 20.08; N, 12.02.

5,6-Dichloro-7-hydroxy-N,N0-dimethyl-3-(pyridin-2-yl-1H-

benzo[e][1,3,4]oxadiazine-8-carboxamide (6d). Compound
6d was obtained as brown crystals (0.062g, 17%), mp 261–
263�C (acetonitrile). IR: 3490 (OH), 3315 (NH), 1690 (CO),

1630 (C¼¼N), 1585 (ArAC¼¼C), 1080 (CAOAC); 1H: d 3.38
(s, 6H, N(CH3)2), 7.36A8.48 (m, 5H, pyridine-H and oxadia-
zine-NH), 9.74 (br, 1H, OH); 13C: d 36.44 (CH3), 107.09 (C-
8), 122.28, 123.46 (C-5 and C-6), 127.16, 128.91, 130.28 (pyr-

idine-CH), 138.42 (C-8a), 140.87 (C-4a), 146.42, 147.83 (pyri-
dine-C-2 and C-6), 152.71 (C-7), 156.84 (C-3), 171.42 (CO);
MS m/z: 366/370 (Mþ, 35), 332 (19), 296 (27), 224 (41), 196
(23), 106 (74), 78 (100); Anal. Calcd. for C15H12Cl2N4O3

(367.19): C, 49.07; H, 3.29; Cl, 19.31; N, 15.26. Found C,

48.84; H, 3.41; Cl, 19.07; N, 15.43.
5,6-Dichloro-7-hydroxy-N,N0-dimethyl-3-(pyridin-2-yl-1H-

benzo[e][1,3,4]oxadiazine-8-carboxamide (6e). Compound 6e

was obtained as brown crystals (0.073g, 18%), mp 301–303�C
(methanol). IR: 3485 (OH), 3340-3295 (NH’s), 1690 (CO),

1630 (C¼¼N), 1600 (Ar-C¼¼C), 1085 (CAOAC); 1H NMR: d
3.41 (s, 6H, N(CH3)2), 6.64 (s, 1H, indole-CH), 7.26–7.81 (m,
5H, ArAH and oxadiazine-NH), 9.62 (br, 1H, OH), 11.71 (br,
1H, indole-NH); 13C NMR: d 36.45 (CH3), 98.95 (indole-CH),
106.88 (C-8), 122.32, 123.41 (C-5 and C-6), 126.37, 127.74

(Ar-CH), 130.71 (indole-C-3a), 135.07, 137.36 (indole-C-2 and
C-7a), 138.53 (C-8a), 141.07 (C-4a), 153.04 (C-7), 156.91 (C-
3), 171.26 (CO); MS m/z: 404/408 (Mþ, 25), 370 (32), 334
(12), 262 (46), 234 (19), 144 (56), 91 (76), 77 (100), 65 (85);

Anal. Calcd. for C18H14Cl2N4O3 (405.23): C, 53.35; H, 3.48;
Cl, 17.50; N, 13.83. Found C, 53.17; H, 3.61; Cl, 17.72; N,
14.05.

Reaction of substituted hydrazides 1a-e with (3). A solu-
tion of 1a-e (1.0 mmol) in 15 mL of dry DMF was added

dropwise with stirring to a solution of 3 (1.0 mmol) in 10 mL
of dry DMF. The reaction mixture was stirring for 72 h, during
which time it turned from faint orange into deep red. The pre-
cipitate of substituted naphtho[2,3-f][1,3,4]oxadiazepine-
5,6,11-(4H)-trione 16 was filtered and washed several times

with cold ethanol, and crystallized from suitable solvent.
2-Phenylnaphtho[2,3-f][1,3,4]oxadiazepine-5,6,11-(4H)-tri-

one (16a). Compound 16a was obtained as reddish brown
crystals (0.280g, 88%), mp 289–291�C (acetonitrile). IR: 3230
(NH), 1710, 1685 (CO), 1620 (C¼¼N), 1585 (ArAC¼¼C), 1090

(CAOAC); 1H NMR: d 7.14–7.76 (m, 5H, ArAH), 7.84 (br,
1H, oxadiazepine-NH), 8.04–8.21 (m, 4H, ArAH); 13C NMR:
d 126.49, 128.84, 129.12, 134.61, 136.66 (ArACH), 131.45,
132.45, 132.17, 141.36 (ArAC), 156.86 (C-2), 169.64 (oxadia-

zepine-CO), 187.44, 187.78 (C-6 and C-11); ms m/z: 318
(Mþ, 46), 213 (26), 185 (61), 105 (81), 104 (76), 77 (100), 65
(67); Anal. Calcd. for C18H10N2O4 (318.28): C, 67.92; H,
3.17; N, 8.80. Found C, 68.14; H, 3.06; N, 9.04.

2-(Thiophen-2-yl)naphtho[2,3-f][1,3,4]oxadiaz-epine-5,6,11-
(4H)-trione (16b). Compound 16b was obtained as brown
crystals (0.272 g, 84%), mp 307–309�C (ethanol). IR: 3245
(NH), 1715, 1680 (CO), 1625 (C¼¼N), 1585 (Ar-C¼¼C), 1080
(C-O-C); 1H NMR: d 7.08–7.46 (m, 3H, thiophene-H), 7.80
(br, 1H, oxadiazepine-NH), 8.05–8.19 (m, 4H, ArAH); 13C

NMR: d 126.23, 127.76, 128.33, (thiophene-CH), 129.36,
136.94 (Ar-CH), 131.64, 131.16, 141.19 (ArAC), 156.80 (C-
2), 169.58 (oxadiazepine-CO), 187.39, 187.68 (C-6 and C-11);
ms m/z: 324 (Mþ, 23), 213 (34), 185 (48), 111 (100), 104
(56), 77 (86), 65 (61); Anal. Calcd. for C16H8N2O4S (324.31):

C, 59.26; H, 2.49; N, 8.64; S, 9.89. Found C, 59.09; H, 2.61;
N, 8.43; S, 10.04.

2-(Furan-2-yl)naphtho[2,3-f][1,3,4]oxadiazepine-5,6,11-(4H)-

trione (16c). Compound 16c was obtained as brown crystals

(0.253 g, 82%), mp 274–276�C (ethanol). IR: 3235 (NH),
1710, 1690 (CO), 1620 (C¼¼N), 1590 (ArAC¼¼C), 1085
(CAOAC); 1H: d 6.97–7.38 (m, 3H, furan-H), 7.78 (br, 1H,
oxadiazepine-NH), 8.00–8.22 (m, 4H, ArAH); 13C NMR: d
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126.08, 126.26 (furan-CH), 129.54, 136.89 (ArACH), 131.55,
131.96, 140.87 (ArAC), 141.62, 142.26 (furan-C-2 and C-5),
156.85 (C-2), 169.84 (oxadiazepine-CO), 187.46, 187.72 (C-6
and C-11); ms m/z: 308 (Mþ, 32), 213 (28), 185 (57), 157
(21), 104 (71), 95 (63), 77 (100), 65 (84); Anal. Calcd. for

C16H8N2O5 (308.25): C, 62.34; H, 2.62; N, 9.09. Found C,
62.51; H, 2.77; N, 8.83.

2-(Pyridin-2-yl)naphtho[2,3-f][1,3,4]oxadiazepine-5,6,11-(4H)-

trione (16d). Compound 16d was obtained as brown crystals
(0.255 g, 80%), mp 297-299�C (acetonitrile). IR: 3245 (NH),

1705, 1690 (CO), 1625 (C¼¼N), 1585 (ArAC¼¼C), 1090
(CAOAC); 1H NMR: d 7.36–8.49 (m, 9H, ArAH, pyridine-H
and oxadiazepine-NH); 13C NMR: d 126.54, 128.73 (pyri-
dine-CH), 129.49, 130.37, 136.94 (Ar-CH and pyridine-CH),
131.57 (Ar-C), 146.39, 147.81 (pyridine-C-2 and C-6),

156.82 (C-2), 169.64 (oxadiazepine-CO), 187.51, 187.80 (C-6
and C-11); ms m/z: 319 (Mþ, 28), 213 (41), 185 (64), 157
(22), 106 (88), 104 (73), 77 (100), 65 (56); Anal. Calcd. for
C17H9N3O4 (319.27): C, 63.95; H, 2.84; N, 13.16. Found C,

64.16; H, 2.71; N, 12.98.
2-(1H-Indol-2-yl)naphtho[2,3-f][1,3,4]oxadiaz-epine-5,6,11-

(4H)-trione (16e). Compound 16e was obtained as reddish
brown crystals (0.282 g, 79%), mp 331–333�C (methanol). IR:
3330-3240 (NH’s), 1710, 1685 (CO), 1630 (C¼¼N), 1600

(ArAC¼¼C), 1085 (CAOAC); 1H NMR: d 6.61 (s, 1H, indole-
CH), 7.16–7.64 (m, 4H, ArAH), 7.82 (br, 1H, oxadiazepine-
NH), 8.05–8.27 (m, 4H, ArAH), 11.71 (br, 1H, indole-NH);
13C NMR: d 99.63 (indole-CH), 127.26, 129.41, 136.22,
137.38 (ArACH), 130.26, 131.66, 134.27, 139.26 (ArAC and

indole-C-2), 156.78 (C-2), 169.75 (oxadiazepine-CO), 187.48,
187.73 (C-6 and C-11); ms m/z: 357 (Mþ, 34), 213 (26), 185
(54), 144 (62), 104 (57), 91 (74), 77 (100), 65 (63); Anal.
Calcd. for C20H11N3O4 (357.32): C, 67.23; H, 3.10; N, 11.76.
Found C, 67.06; H, 2.97; N, 11.89.

Reactions of substituted hydrazides 1a-e with (4). A solu-
tion of 1a-e (1.0 mmol) in 15 mL of dry DMF was added
dropwise with stirring to a solution of 1,4-naphthoquinone-
2,3-dicarbonitrile (4) (208 mg, 1.0 mmol) in 10 mL of dry

DMF. The reaction colour changed gradually from green to
purple and latter turns into brown colour. The stirring was
continued for 72 h with admission of air to complete the
reaction. The reaction mixture was concentrated and the resi-
due was then separated by plc using toluene/ethyl acetate

(5:1) for the runs with (1a-d) and toluene/ethyl acetate (3:1)
for the run with (1e) to give numerous zones, two intense of
which were removed and extracted. The fastest migrating one
which quenched all indicator fluorescence upon exposure to
254nm UV-light contained diacylhydrazines 18a-e. The slow-

est migrating zone (which is always characterized by deep
yellow colour) contained substituted benzo[f]- indazolediones
17a-e.

3-Amino-2-benzoyl-2H-benzo[f]indazole-4,9-dione (17a).

Compound 17a was obtained as deep yellow crystals (0.222 g,

70 %), mp 271–273�C (ethanol). IR: 3345 (NH2), 1685, 1660
(CO), 1620 (C¼¼N), 1585 (Ar-C¼¼C); 1H NMR: d 6.71 (br,
2H, NH2), 7.28–7.77 (m, 5H, ArAH), 8.06–8.22 (m, 4H,
ArAH); 13C NMR: d 101.16 (C-3a), 126.52, 128.32, 129.26,

133.12, 136.51 (ArACH), 130.76, 131.44 (Ar-C), 139.86 (C-
9a), 153.46 (C-3), 165.55 (CO), 187.82 (C-9), 188.68 (C-4);
ms m/z: 317 (Mþ, 52), 212 (41), 184 (26), 105 (100), 104
(76), 77 (81), 65 (72); Anal. Calcd. for C18H11N3O3 (317.30):

C, 68.14; H, 3.49; N, 13.24. Found C, 67.88; H, 3.61; N,
13.40.

3-Amino-2-(thiophen-2-carbonyl)-2H-benzo[f]-indazole-
4,9-dione (17b). Compound 17b was obtained as yellow crys-
tals (0.242 g, 75%), mp 295–297�C (acetonitrile). IR: 3335

(NH2), 1690, 1660 (CO), 1625 (C¼¼N), 1590 (Ar-C¼¼C); 1H
NMR: d 6.67 (br, 2H, NH2), 7.14–7.52 (m, 3H, thiophene-H),
8.05–8.19 (m, 4H, ArAH); 13C NMR: d 100.89 (C-3a),
126.72, 129.33, 129.78, 130.12, 136.44 (ArACH and thio-
phene-CH), 131.58, 132.29 (ArAC and thiophene-C), 140.08

(C-9a), 153.36 (C-3), 165.46 (CO), 187.76 (C-9), 188.54 (C-
4); ms m/z: 323 (Mþ, 41), 212 (56), 184 (44), 111 (100), 104
(62), 77 (83), 65 (74); Anal. Calcd. for C16H9N3O3S (323.33):
C, 59.44; H, 2.81; N, 13.00; S, 9.92. Found C, 59.26; H, 2.94;
N, 12.82; S, 10. 13.

3-Amino-2-(furan-2-carbonyl)-2H-benzo[f]-indazole-4,9-
dione (17c). Compound 17c was obtained as yellow crystals
(0.209 g, 68%), mp 259–261�C (ethanol). IR: 3330 (NH2),
1685, 1665 (CO), 1620 (C¼¼N), 1590 (ArAC¼¼C), 1080 (C-

O-C); 1H NMR: d 6.69 (br, 2H, NH2), 7.08–7.46 (m, 3H,
furan-H), 8.08-8.24 (m, 4H, ArAH); 13C NMR: d 101.14 (C-
3a), 126.13, 126.76, 129.41, 136.28 (ArACH and furan-CH),
131.64 (ArAC), 139.90 (C-9a), 147.42, 148.51 (furan-C-2
and C-5), 153.29 (C-3), 165.65 (CO), 187.89 (C-9), 188.74

(C-4). ms m/z: 307 (Mþ, 59), 212 (38), 184 (61), 104 (72),
95 (86), 77 (100), 65 (76); Anal. Calcd. for C16H9N3O4

(307.26): C, 62.54; H, 2.95; N, 13.68. Found C, 62.37; H,
3.10; N, 13.87.

3-Amino-2-picolinoyl-2H-benzo[f]indazole-4,9-dione
(17d).Compound 17d was obtained as yellow crystals (0.229 g,
72%), mp 276-278�C (acetonitrile). IR: 3335 (NH2), 1685,
1660 (CO), 1620 (C¼¼N), 1585 (ArAC¼¼C). 1H NMR: d 6.68
(br, 2H, NH2), 7.56–8.48 (m, 8H, ArAH and pyridine-H). 13C
NMR: d 100.96 (C-3a), 126.43, 128.51, 129.55, 130.12,

136.34 (ArACH and pyridine-CH), 131.59 (ArAC), 139.81 (C-
9a), 147.86, 148.62 (pyridine-C-2, C-6), 153.37 (C-3), 165.55
(CO), 187.75 (C-9), 188.64 (C-4). ms m/z: 318 (Mþ, 62), 212
(53), 184 (67), 106 (100), 104 (76), 77 (83), 65 (64).

C17H10N4O3 (318.29): C, 64.15; H, 3.17; N, 17.60. Found C,
63.96; H, 3.28; N, 17.76.

3-Amino-2-(1H-indole-2-carbonyl)-2H-benzo[f]-indazole-
4,9-dione (17e). Compound 17e was obtained as yellowish
brown crystals (0.235 g, 66%), mp 324–326�C (acetonitrile).

IR: 3340, 3270 (NH2, NH), 1690, 1665 (CO), 1625 (C¼¼N),
1590 (Ar-C¼¼C); 1H NMR: d 6.59 (s, 1H, indole-CH), 6.73
(br, 2H, NH2), 7.28–7.83 (m, 4H, ArAH), 8.05–8.26 (m, 4H,
ArAH), 11.69 (br, 1H, indole-NH); 13C NMR: d 99.74
(indole-C-3), 101.46 (C-3a), 126.46, 127.29, 129.41, 130.29,

136.36 (ArACH), 130.52, 131.64 (ArAC), 137.86 (indole-C-
2), 138.68 (indole-C-7a), 140.11 (C-9a), 153.48 (C-3), 165.73
(CO), 187.75 (C-9), 188.65 (C-4); ms m/z: 356 (Mþ, 39), 212
(26), 184 (55), 144 (86), 104 (77), 91 (89), 77 (100), 65 (62);
Anal. Calcd. for C20H12N4O3 (356.33): C, 67.41; H, 3.39; N,

15.72. Found C, 67.22; H, 3.27; N, 15.89.
N0-Benzoylbenzohydrazide (18a). Yield (0.038g, 16%), mp

239–241oC (ref. [39,40] 237–238�C). 1H NMR: d 7.26–7.40
(m, 3H, ArAH), 7.44–7.64 (m, 4H, ArAH), 7.78–7.83 (m, 3H,

ArAH), 10.68 (br, 2H, NH).
N0-(Thiophene-2-carbonyl)thiophen-2-hydrazide (18b). Yield

(0.035g, 14%), mp 276–278�C (ref. [41,42] 274–277oC). 1H
NMR: d 7.19–7.58 (m, 6H, thiophene-H), 10.62 (br, 2H, NH).
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N0-(Furan-2-carbonyl)furan-2-hydrazide (18c). Yield (0.026g,
12%), mp 240–242�C (ref. [44] 238–239�C). 1H NMR: d
7.05–7.52 (m, 6H, furan-H), 10.66 (br, 2H, NH).

N0-Picolinoylpicolinohydrazide (18d). Yield (0.036mg,
15%), mp 224–226�C (ref. [44] 224–225�C). 1H NMR: d
7.52–8.37 (m, 8H, pyridine-H), 10.65 (br, 2H, NH).

N0-(1H-Indole-2-carbonyl)-1H-indole-2-hydrazide (18e). Yield
(0.035g, 11%), mp 355–357�C (ref. [44] 356.5–357.5�C). 1H

NMR: d 6.62 (s, 2H, indole-CH), 7.30–7.84 (m, 8H, ArAH),
10.66 (br, 2H, NH), 11.67 (br, 2H, indole-NH).
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A simple and efficient synthesis of substituted benzo [1,3] oxazine and benzo [1,3] thiazine deriva-

tives under conventional heating, as well as microwave irradiation is reported. The compounds were
obtained by the reaction of electron rich phenols, formaldehyde, and aromatic amines in methanol.
Reactions which take 12–16 hr under conventional heating were successfully completed within a few
minutes under microwave irradiation (solventless) with moderate to excellent yields.

J. Heterocyclic Chem., 47, 125 (2010).

INTRODUCTION

Development of novel synthetic methods for the con-

struction of new analogs of bioactive heterocyclic com-

pounds represents a major challenge in synthetic organic

and medicinal chemistry. The importance of [1,3]-oxa-

zines and [1,3]-thiazines in biological systems has

attracted great interest because of their medicinal and

pharmacological characteristics [1]. Many compounds

containing [1,3]-oxazine moiety have found wide bio-

logical activities such as being anticancer [2], analgesic

[3], antifungal [3], antitubercular [4], antihypertensive

[5], antithromobotic [6], antiulcer [7], anticonvulsant,

and antibacterial [8]. Moreover, certain kinds of [1,3]-

oxazines are of interest as photochromic compounds [9].

It is well known that the presence of a thiol function

in many enzymes (‘–SH enzymes’) is essential for their

enzyme activity. Likewise, incorporation of a thiol func-

tion in heterocycles, nucleosides or nucleotides has led

to a number of analogues possessing interesting biologi-

cal and therapeutic properties [10–17]. The [1,3]-thia-

zine nucleus is the active core of cephalosporins, which

are among the most widely used b-lactam antibiotics.
Owing to their chemical and biological interest, synthe-

sis of various unsubstituted and substituted 1,3-oxazine

and 1,3-thiazine derivatives is reported as they appear to

be attractive scaffolds for exploiting chemical diversity.

Previously, napth-1, 3-oxazine derivatives have been

reported using 2-napthol and various substituted aryl

and heteroaryl aldehydes in the presence of dry metha-

nolic ammonia [18–20]. In view of the importance of

substituted [1,3]-oxazines and [1,3]-thiazines, we have

initiated a programme for the development of simpler

and more convenient methods for preparing heterocyclic

systems with high efficacy.

RESULTS AND DISCUSSION

Our present study mainly focuses on the synthesis of

various substituted [1,3]-oxazines and [1,3]-thiazines

(Scheme 1) and their relative comparison with micro-

wave assisted synthesis. 1H and 13C NMR spectra show

that the products were obtained in good purity. The sub-

stituents on benzyl ring did not have significant influ-

ence on the reaction time and yields. All reactions

which take many hours under conventional heating were

completed in 3–8 min under microwave irradiation with

enhanced yields. The results are presented in Table 1.

For these one-pot reactions of phenol, formaldehyde,

and aromatic amines, it is noteworthy that simultaneous

mixing resulted in poor yields [21]; however good
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yields were obtained by the pretreatment of formalde-

hyde with the aromatic amines to form Schiff bases,

which upon treatment with phenol yielded the required

1,3-oxazines. Also it has been found that this reaction

worked well with formaldehyde but failed with other

aldehydes. Here we presume that steric hindrance stops

Scheme 1

Table 1

Comparison between microwave irradiation (MWI) and conventional heating in the synthesis of compounds 2 (a–y).

2 (a-y)

Products R Ar X Mp (�C)

Thermal MWI

Time (hr) Yield (%) Press. (bar) Power (watt) Time (sec) Yield (%)

2a H O 48 14 62 5 80 180 71

2b H O 52 14 66 5 80 200 72

2c H O 55 16 57 6 85 180 68

2d H O 66 15 63 6 90 180 70

2e H O 69 15 59 8 80 210 68

2f 2-CH3 O 42 15 62 6 90 180 70

2g 2-CH3 O 54 16 64 5 100 180 73

2h 2-CH3 O 57 16 63 7 90 225 70

2i 2-CH3 O 68 15 65 7 110 185 71

2j 2-CH3 O 67 14 66 8 110 180 72

2k 3-CH3 O 54 15 65 6 90 220 73

2l 3-CH3 O 63 16 60 7 90 200 68

(Continued)

126 Vol 47S. Tumtin, I. T. Phucho, A. Nongpiur, R. Nongrum, J. N. Vishwakarma, B. Myrboh,

and R. L. Nongkhlaw

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



the reaction at the open-chain Schiff bases without pro-

ceeding further to the cyclocondensation products. Reac-

tions with other aromatic aldehydes gave same results

[18,22]. Mcdonagh and Smith [23] reported the ring-

chain tautomerism of the condensation products of o-

hydroxybenzylamine with a number of aldehydes where

aliphatic aldehydes tend to give predominantly or exclu-

sively 1, 3-oxazines whereas aromatic aldehydes tend to

give predominantly open chain structures (Schiff bases).

Hence, it suggests that the Schiff bases formed are quite

stable and do not react further even with increasing

reaction time as well as temperature. In course of our

study, it has been found that electron donating substitu-

ents on the alcohol, as well as the aromatic primary

amines favour the reactions to give the desired products.

All the observations in both conventional as well as

microwave synthesis are similar except in the reaction

time and yield. This clearly indicates the advantages of

microwave chemistry which is fast developing as a con-

venient and ecofriendly mode of synthesis.

Table 1

(Continued)

Products R Ar X Mp (�C)

Thermal MWI

Time (hr) Yield (%) Press. (bar) Power (watt) Time (sec) Yield (%)

2m 3-CH3 O 75 15 66 7 120 180 72

2n 3-CH3 O 78 16 65 8 120 185 71

2o 3-CH3 O 72 15 62 9 90 250 69

2p 4-CH3 O 40 16 62 7 90 190 70

2q 4-CH3 O 62 15 63 6 80 195 71

2r 4-CH3 O 68 16 64 7 90 190 72

2s 4-CH3 O 65 16 64 8 100 200 72

2t 4-CH3 O 66 16 60 10 120 210 68

2u H S 38 15 58 8 100 180 67

2v H S 43 16 59 8 110 200 68

2w H S 45 16 61 9 100 210 68

2x H S 56 16 63 9 110 215 71

2y H S 58 16 58 10 120 240 67

January 2010 127One Pot Synthesis of [1,3]-Oxazine and [1,3]-Thiazine Derivatives under Thermal

and Microwave Conditions

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



In summary, the aforementioned protocol reports the

conventional and microwave synthesis of 1, 3-oxazines,

as well as a few numbers of 1, 3-thiazines from simple

and easily available starting materials in which micro-

wave synthesis is preferred as an alternative mode of

reactions. This microwave induced procedure offers sev-

eral advantages including operational simplicity, high

yields, simple work up and reactions are completed

within short time.

EXPERIMENTAL SECTION

Microwave reactions were carried out in a CEM Discover
Benchmate microwave digester. Melting points were deter-
mined in open capillary tubes with a Thomas-Hoover appara-
tus and are uncorrected. Infrared spectra were recorded on a
BOMEM DA-8 FTIR instrument and the frequencies are

expressed in cm�1. 1H and 13C NMR (400 MHz) spectra were
recorded on a Bruker Avance II-400 spectrometer using CDCl3
as the solvent. Chemical shifts are reported in ppm downfield
from internal tetramethylsilane and are given on the d scale.
Mass spectral data were obtained with a JEOL D-300 (EI)

mass spectrometer. Elemental analyses were carried out on a
Heraeus CHN-O-Rapid analyzer. All compounds give satisfac-
tory elemental analyses within 6 0.4% of the theoretical val-
ues. All reactions were monitored by TLC using precoated alu-
minum sheets (silica gel 60 F 254 0.2 mm thickness) and

developed in an iodine chamber or under UVGL-15 mineral
light 254 lamp. Column chromatographic separations were car-
ried out using ACME silica gel (60–120 mesh).

General procedure for conventional synthesis. To a well

stirred solution of the amine (1 mmol) in 5 mL of methanol,
formaldehyde (2 mmol) was added dropwise upon which a
thick white precipitate was formed. After stirring at room tem-
perature for about 15–20 min, phenol (1 mmol) dissolved in
methanol was added dropwise. The reaction mixture was then

refluxed at 70�C for 14–16 hr. After the reaction was com-
pleted (monitored by TLC), the solvent was evaporated under
reduced pressure and the resultant mixture was purified by col-
umn chromatography to afford the pure compound.

General procedure for microwave assisted synthesis. A

mixture of the amine (1 mmol), formaldehyde (2 mmol) and
phenol (1 mmol) was irradiated in a microwave digester at 5–
10 bar, 80–120 W, 180–250 seconds without the use of sol-
vent. After the reaction was completed (monitored by TLC)
the resultant mixture was purified by column chromatography

to afford the pure compound.
The physical and spectral data of the products are as

follows:
3,4-Dihydro-3-phenyl-2H-benzo[e][1,3]oxazine (2a). mp

48�C, IR (KBr): 3036 (ArACAH), 1597 (C¼¼C), 1227
(ArACAO), 1087 (ACH2AO), 1370 (ArACAN) cm�1. 1H
NMR (CDCl3): d 4.61 (s, 2H, CH2), 5.34 (s, 2H, CH2), 6.77–
7.02 (m, 9H, ArH). 13C NMR (CDCl3): d 49.9, 79.0, 115.4,
116.1, 117.9, 120.3, 125.4, 127.4, 128.8, 128.9, 128.9, 129.4,

147.9, 153.9. MS: m/z ¼211 (Mþ). Anal. Calcd. For
C14H13NO: C, 79.59; H, 6.20; N, 6.63%. Found: C, 79.63; H,
6.18; N, 6.67%.

3,4-Dihydro-3-o-tolyl-2H-benzo[e][1,3]oxazine (2b). mp
52�C, IR (KBr): 3037 (ArACAH), 1596 (C¼¼C), 1227
(ArACAO), 1084 (ACH2AO), 1372 (ArACAN) cm�1. 1H

NMR (CDCl3): d 2.24 (s, 3H, CH3), 4.55 (s, 2H, CH2), 5.33
(s, 2H, CH2), 6.65–7.11 (m, 8H, ArH). 13C NMR (CDCl3): d
18.7, 58.3, 79.6, 115.1, 115.9, 118.5, 121.3, 122.7, 127.4,
127.9, 128.6, 129.8, 130.6, 148.0, 157.6. MS: m/z ¼225 (Mþ).
Anal. Calcd. For C15H15NO: C, 79.97; H, 6.71; N, 6.22%.

Found: C, 79.99; H, 6.75; N, 6.18%.
3,4-Dihydro-3-m-tolyl-2H-benzo[e][1,3]oxazine (2c). mp

55�C, IR (KBr): 3035 (ArACAH), 1597 (C¼¼C), 1226
(ArACAO), 1079 (ACH2AO), 1373 (ArACAN) cm�1. 1H
NMR (CDCl3): d 2.34 (s, 3H, CH3), 4.60 (s, 2H, CH2), 5.41

(s, 2H, CH2), 6.39–7.02 (m, 8H, ArH). 13C NMR (CDCl3): d
18.4, 55.1, 78.9, 110.7, 115.2, 115.8, 118.4, 120.7, 123.0,
127.8, 129.8, 130.2, 138.8, 147.9, 157.4. MS: m/z ¼225 (Mþ).
Anal. Calcd. For C15H15NO: C, 79.97; H, 6.71; N, 6.22%.
Found: C, 79.98; H, 6.74; N, 6.19%.

3,4-Dihydro-3-p-tolyl-2H-benzo[e][1,3]oxazine (2d). mp
66�C, IR (KBr): 3037 (ArACAH), 1597 (C¼¼C), 1228
(ArACAO), 1088 (ACH2AO), 1371 (ArACAN) cm�1. 1H
NMR (CDCl3): d 2.35 (s, 3H, CH3), 4.55 (s, 2H, CH2), 5.40

(s, 2H, CH2), 6.47–7.10 (m, 8H, ArH). 13C NMR (CDCl3): d
23.2, 55.7, 79.2, 113.7, 114.6, 114.8, 120.4, 123.7, 126.0,
128.4, 129.6, 130.7, 132.8, 145.9, 155.4. MS: m/z ¼225 (Mþ).
Anal. Calcd. For C15H15NO: C, 79.97; H, 6.71; N, 6.22%.
Found: C, 80.01; H, 6.67; N, 6.26%.

3-(4-ethylphenyl)-3,4-dihydro-2H-benzo[e][1,3]oxazine (2e).

mp 69�C, IR (KBr): 3036 (ArACAH), 1596 (C¼¼C), 1225
(ArACAO), 1087 (ACH2AO), 1368 (ArACAN) cm�1. 1H
NMR (CDCl3): d 1.26 (s, 3H, CH3), 2.63 (q, 2H, CH2), 4.60
(s, 2H, CH2), 5.42 (s, 2H, CH2), 6.54–7.02 (m, 8H, ArH). 13C

NMR (CDCl3): d 16.1, 35.2, 54.3, 88.9, 113.8, 114.2, 114.6,
120.5, 123.3, 127.1, 127.9, 128.7, 129.2, 129.7, 147.4, 156.8.
MS: m/z ¼239 (Mþ). Anal. Calcd. For C16H17NO: C, 80.30;
H, 7.16; N, 5.85%. Found: C, 80.34; H, 7.14; N, 5.88%.

3,4-Dihydro-8-methyl-3-phenyl-2H-benzo[e][1,3]oxazine

(2f). mp 42�C, IR (KBr): 3024 (ArACAH), 1609 (C¼¼C),
1223 (ArACAO), 1085 (ACH2AO), 1336 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.33 (s, 3H, CH3), 4.58 (s, 2H, CH2),
5.34 (s, 2H, CH2), 6.56–7.13 (m, 8H, ArH). 13C NMR
(CDCl3): d 15.3, 56.3, 79.9, 114.2, 114.6, 118.5, 121.3, 122.1,

124.9, 126.7, 128.2, 129.1, 129.7, 148.4, 157.6. MS: m/z ¼225
(Mþ). Anal. Calcd. For C15H15NO: C, 79.97; H, 6.71; N,
6.22%. Found: C, 80.00; H, 6.68; N, 6.24%.

3,4-Dihydro-8-methyl-3-o-tolyl-2H-benzo[e][1,3]oxazine

(2g). mp 54�C, IR (KBr): 3025 (ArACAH), 1583 (C¼¼C),
1227 (ArACAO), 1085 (ACH2AO), 1367 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.34 (s, 6H, CH3), 4.62 (s, 2H, CH2),
5.35 (s, 2H, CH2), 6.47–7.02 (m, 7H, ArH). 13C NMR
(CDCl3): d 15.3, 16.4, 58.3, 79.7, 114.7, 118.5, 120.5, 124.5,

126.3, 126.5, 127.4, 128.9, 126.7, 128.2, 146.6, 156.6. MS: m/
z ¼239 (Mþ). Anal. Calcd. For C16H17NO: C, 80.30; H, 7.16;
N, 5.85%. Found: C, 80.33; H, 7.13; N, 5.81%.

3,4-Dihydro-8-methyl-3-m-tolyl-2H-benzo[e][1,3]oxazine

(2h). mp 57�C, IR (KBr): 3027 (ArACAH), 1590 (C¼¼C),

1223 (ArACAO), 1087 (ACH2AO), 1375 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.36 (s, 6H, CH3), 4.62 (s, 2H, CH2),
5.41 (s, 2H, CH2), 6.39–7.11 (m, 7H, ArH). 13C NMR
(CDCl3): d 15.7, 23.7, 58.3, 79.3, 111.4, 114.4, 118.7, 120.2,
121.4, 123.5, 126.6, 128.3, 129.4, 138.9, 148.6, 156.8. MS: m/
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z ¼ 239 (Mþ). Anal. Calcd. For C16H17NO: C, 80.30; H, 7.16;
N, 5.85%. Found: C, 80.34; H, 7.12; N, 5.82%.

3,4-Dihydro-8-methyl-3-p-tolyl-2H-benzo[e][1,3]oxazine

(2i). mp 68�C, IR (KBr): 3027 (ArACAH), 1581 (C¼¼C),
1220 (ArACAO), 1085 (ACH2AO), 1360 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.32 (s, 6H, CH3), 4.58 (s, 2H, CH2),
5.40 (s, 2H, CH2), 6.47–7.10 (m, 7H, ArH). 13C NMR
(CDCl3): d 14.7, 25.7, 58.2, 78.9, 115.4, 115.4, 120.6, 122.4,
124.5, 126.7, 127.7, 128.6, 129.4, 130.8, 147.6, 155.8. MS: m/
z ¼ 239 (Mþ). Anal. Calcd. For C16H17NO: C, 80.30; H, 7.16;

N, 5.85%. Found: C, 80.34; H, 7.13; N, 5.87%.
3-(4-ethylphenyl-3,4-dihydro-8-methyl-2H-benzo[e][1,3]

oxazine (2j). mp 67�C, IR (KBr): 3024 (ArACAH), 1582
(C¼¼C), 1266 (ArACAO), 1087 (ACH2AO), 1362 (ArACAN)
cm�1. 1H NMR (CDCl3): d 1.26 (s, 3H, CH3), 2.33 (s, 3H,

CH3), 2.60 (q, 2H, CH2), 4.60 (s, 2H, CH2), 5.37 (s, 2H, CH2),
6.74–7.18 (m, 7H, ArH). 13C NMR (CDCl3): d 14.1, 15.2,
33.7, 56.9, 78.6, 114.5, 114.6, 120.5, 123.3, 126.1, 127.9,
129.7, 129.7, 130.1, 132.9, 147.4, 157.8. MS: m/z ¼253 (Mþ).
Anal. Calcd. For C17H19NO: C, 80.60; H, 7.56; N, 5.53%.
Found: C, 80.64; H, 7.57; N, 5.51%.

3,4-Dihydro-7-methyl-3-phenyl-2H-benzo[e][1,3]oxazine

(2k). mp 54�C, IR (KBr): 3027 (ArACAH), 1601 (C¼¼C),
1227 (ArACAO), 1084 (ACH2AO), 1327 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.64 (s, 3H, CH3), 4.59 (s, 2H, CH2),
5.34 (s, 2H, CH2), 6.62–7.09 (m, 8H, ArH). 13C NMR
(CDCl3): d 21.1, 50.2, 79.4, 114.6, 117.2, 117.7, 118.1, 118.2,
121.3, 126.0, 129.2, 129.2, 137.8, 148.4, 154.1. MS: m/z ¼225
(Mþ). Anal. Calcd. For C15H15NO: C, 79.97; H, 6.71; N,

6.22%. Found: C, 79.99; H, 6.75; N, 6.18%.
3,4-Dihydro-7-methyl-3-o-tolyl-2H-benzo[e][1,3]oxazine

(2l). mp 63�C, IR (KBr): 3026 (ArACAH), 1589 (C¼¼C),
1223 (ArACAO), 1087 (ACH2AO), 1351 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.34 (s, 6H, CH3), 4.35 (s, 2H, CH2),

5.32 (s, 2H, CH2), 6.77–7.01 (m, 7H, ArH). 13C NMR
(CDCl3): d 15.6, 25.1, 56.2, 79.4, 112.6, 114.2, 117.7, 119.1,
126.2, 127.3, 128.5, 129.2, 136.2, 137.8, 148.4, 154.1. MS: m/
z ¼239 (Mþ). Anal. Calcd. For C16H17NO: C, 80.30; H, 7.16;

N, 5.85%. Found: C, 80.33; H, 7.13; N, 5.82%.
3,4-Dihydro-7-methyl-3-m-tolyl-2H-benzo[e][1,3]oxazine

(2m). mp 75�C, IR (KBr): 3023 (ArACAH), 1576 (C¼¼C),
1225 (ArACAO), 1084 (ACH2AO), 1327 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.34 (s, 6H, CH3), 4.45 (s, 2H, CH2),

5.33 (s, 2H, CH2), 6.65–7.00 (m, 7H, ArH). 13C NMR
(CDCl3): d 24.6, 25.1, 56.2, 79.2, 111.6, 112.2, 114.7, 119.1,
119.2, 121.3, 128.5, 129.2, 136.9, 139.8, 148.5, 156.1. MS: m/
z ¼239 (Mþ). Anal. Calcd. For C16H17NO: C, 80.30; H, 7.16;
N, 5.85%. Found: C, 80.34; H, 7.14; N, 5.81%.

3,4-Dihydro-7-methyl-3-p-tolyl-2H-benzo[e][1,3]oxazine

(2n). mp 78�C, IR (KBr): 3036 (ArACAH), 1597 (C¼¼C),
1229 (ArACAO), 1082 (ACH2AO), 1370 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.34 (s, 6H, CH3), 4.52 (s, 2H, CH2),
5.34 (s, 2H, CH2), 6.67–7.10 (m, 7H, ArH). 13C NMR

(CDCl3): d 24.6, 24.1, 56.2, 79.2, 112.2, 113.6, 114.7, 119.3,
121.2, 127.3, 128.5, 129.2, 130.2, 137.8, 146.4, 157.2. MS: m/
z ¼239 (Mþ). Anal. Calcd. For C16H17NO: C, 80.30; H, 7.16;
N, 5.85%. Found: C, 80.32; H, 7.15; N, 5.81%.

3-(4-ethylphenyl)-3,4-dihydro-7-methyl-2H-benzo[e][1,3]

oxazine (2o). mp 72�C, IR (KBr): 3041 (ArACAH), 1604
(C¼¼C), 1231 (ArACAO), 1085 (ACH2AO), 1365 (ArACAN)
cm�1. 1H NMR (CDCl3): d 1.25 (s, 3H, CH3), 2.60 (q, 2H, CH2),

4.62 (s, 2H, CH2), 5.38 (s, 2H, CH2), 6.54–7.02 (m, 7H, ArH).
13C NMR (CDCl3): d 14.1, 25.2, 32.6, 53.3, 78.9, 113.8, 114.2,
114.7, 120.5, 121.3, 127.1, 128.5, 128.7, 129.1, 137.7, 147.4,
156.8. MS: m/z ¼253 (Mþ). Anal. Calcd. For C17H19NO: C,
80.60; H, 7.56; N, 5.53%. Found: C, 80.64; H, 7.52; N, 5.55%.

3,4-Dihydro-6-methyl-3-phenyl-2H-benzo[e][1,3]oxazine

(2p). mp 40�C, IR (KBr): 3110 (ArACAH), 1585 (C¼¼C),
1230 (ArACAO), 1085 (ACH2AO), 1366 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.34 (s, 3H, CH3), 4.59 (s, 2H, CH2),
5.34 (s, 2H, CH2), 6.62–7.11 (m, 8H, ArH). 13C NMR

(CDCl3): d 24.1, 53.2, 79.7, 114.6, 114.2, 115.7, 118.1, 122.2,
128.3, 129.0, 129.2, 129.8, 130.2, 148.5, 154.2. MS: m/z ¼225
(Mþ). Anal. Calcd. For C15H15NO: C, 79.97; H, 6.71; N,
6.22%. Found: C, 79.99; H, 6.75; N, 6.18%.

3,4-Dihydro-6-methyl-3-o-tolyl-2H-benzo[e][1,3]oxazine

(2q). mp 62�C, IR (KBr): 3037 (ArACAH), 1598 (C¼¼C),
1228 (ArACAO), 1087 (ACH2AO), 1370 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.34 (s, 6H, CH3), 4.41 (s, 2H, CH2),
5.32 (s, 2H, CH2), 6.71–7.10 (m, 7H, ArH). 13C NMR

(CDCl3): d 15.6, 24.1, 56.2, 79.2, 114.7, 114.9, 118.7, 122.4,
126.6, 127.3, 128.0, 129.2, 130.9, 130.8, 146.5, 155.1. Anal.
MS: m/z ¼239 (Mþ). Calcd. For C16H17NO: C, 80.30; H,
7.16; N, 5.85%. Found: C, 80.34; H, 7.13; N, 5.81%.

3,4-Dihydro-6-methyl-3-m-tolyl-2H-benzo[e][1,3]oxazine

(2r). mp 68�C, IR (KBr): 3041 (ArACAH), 1600 (C¼¼C),
1237 (ArACAO), 1081 (ACH2AO), 1372 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.34 (s, 6H, CH3), 4.51 (s, 2H, CH2),
5.33 (s, 2H, CH2), 6.68–7.10 (m, 7H, ArH). 13C NMR
(CDCl3): d 24.1, 24.1, 56.2, 79.6, 111.7, 114.7, 114.9, 118.4,

122.6, 128.5, 129.5, 130.3, 130.8, 139.0, 148.4, 155.1. MS: m/
z ¼239 (Mþ). Anal. Calcd. For C16H17NO: C, 80.30; H, 7.16;
N, 5.85%. Found: C, 80.33; H, 7.14; N, 5.82%.

3,4-Dihydro-6-methyl-3-p-tolyl-2H-benzo[e][1,3]oxazine

(2s). mp 65�C, IR (KBr): 3126 (ArACAH), 1580 (C¼¼C),

1227 (ArACAO), 1087 (ACH2AO), 1380 (ArACAN) cm�1.
1H NMR (CDCl3): d 2.23 (s, 6H, CH3), 4.55 (s, 2H, CH2),
5.29 (s, 2H, CH2), 6.61–7.02 (m, 7H, ArH). 13C NMR
(CDCl3): d 20.5, 21.1, 50.7, 116.8, 117.3, 117.7, 118.6, 119.0,

121.4, 126.5, 127.0, 128.4, 129.7, 129.9, 146.8, 152.8. MS: m/
z ¼238 (Mþ). Anal. Calcd. For C16H17NO: C, 80.30; H, 7.16;
N, 5.85%. Found: C, 80.34; H, 7.14; N, 5.81%.

3-(4-ethylphenyl)-3,4-dihydro-6-methyl-2H-benzo[e][1,3]

oxazine (2t). mp 66�C, IR (KBr): 3036 (ArACAH), 1599

(C¼¼C), 1227 (ArACAO), 1082 (ACH2AO), 1373 (ArACAN)
cm�1. 1H NMR (CDCl3): d 1.25 (s, 3H, CH3), 2.60 (q, 2H, CH2),
4.62 (s, 2H, CH2), 5.32 (s, 2H, CH2), 6.54–7.01 (m, 7H, ArH). 13C
NMR (CDCl3): d 14.8, 25.2, 32.5, 53.7, 78.0, 113.9, 114.2, 114.6,
122.5, 128.3, 128.6, 128.8, 129.7, 130.2, 130.7, 147.4, 156.8. MS:

m/z ¼253 (Mþ). Anal. Calcd. For C17H19NO: C, 80.60; H, 7.56;
N, 5.53%. Found: C, 80.64; H, 7.52; N, 5.55%.

3,4-Dihydro-3-phenyl-2H-benzo[e][1,3]thiazine (2u). mp
38�C, IR (KBr): 3036 (ArACAH), 1596 (C¼¼C), 756 (C-S),
1367 (ArACAN) cm�1. 1H NMR (CDCl3): d 4.63 (s, 2H,

CH2), 4.88 (s, 2H, CH2), 6.81–7.03 (m, 9H, ArH). 13C NMR
(CDCl3): d 49.5, 61.7, 115.8, 116.1, 117.7, 120.3, 125.4,
127.4, 128.8, 128.9, 128.9, 129.4, 147.9, 153.9. MS: m/z ¼227
(Mþ). Anal. Calcd. For C14H13NS: C, 73.97; H, 5.76; N,

6.16%. Found: C, 74.01; H, 5.72; N, 6.18%.
3,4-Dihydro-3-o-tolyl-2H-benzo[e][1,3]thiazine (2v). mp

43�C, IR (KBr): 3035 (ArACAH), 1597 (C¼¼C), 745 (CAS),
1391 (ArACAN) cm�1. 1H NMR (CDCl3): d 2.36 (s, 3H,
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CH3), 4.50 (s, 2H, CH2), 4.81 (s, 2H, CH2), 6.67–7.06 (m, 8H,
ArH). 13C NMR (CDCl3): d 14.9, 56.3, 62.7, 114.90 118.1,
125.0, 126.6, 126.9, 127.0, 127.8, 128.9, 130.1, 130.2, 147.3,
148.3. MS: m/z ¼241 (Mþ). Anal. Calcd. For C15H15NS: C,
74.65; H, 6.26; N, 5.80%. Found: C, 74.68; H, 6.24; N,

5.78%.
3,4-Dihydro-3-m-tolyl-2H-benzo[e][1,3]thiazine (2w). mp

45�C, IR (KBr): 3041 (ArACAH), 1596 (C¼¼C), 756 (CAS),
1365 (ArACAN) cm�1. 1H NMR (CDCl3): d 2.32 (s, 3H, CH3),
4.57 (s, 2H, CH2), 4.81 (s, 2H, CH2), 6.49–7.06 (m, 8H, ArH).
13C NMR (CDCl3): d 24.9, 57.3, 63.0, 111.9, 114.1, 118.0,
125.6, 126.9, 127.0, 128.1, 129.6, 130.1, 131.2, 139.3, 148.3.
MS: m/z ¼241 (Mþ). Anal. Calcd. For C15H15NS: C, 74.65; H,
6.26; N, 5.80%. Found: C, 74.68; H, 6.23; N, 5.76%.

3,4-Dihydro-3-p-tolyl-2H-benzo[e][1,3]thiazine (2x). mp

56�C, IR (KBr): 3037 (ArACAH), 1597 (C¼¼C), 750 (CAS),
1385 (ArACAN) cm�1. 1H NMR (CDCl3): d 2.38 (s, 3H, CH3),
4.59 (s, 2H, CH2), 4.86 (s, 2H, CH2), 6.81–7.03 (m, 8H, ArH).
13C NMR (CDCl3): d 22.1, 56.3, 67.7, 116.9, 120.1, 121.6,

124.9, 125.0, 126.8, 127.6, 128.6, 129.1, 132.2, 147.3, 150.3.
MS: m/z ¼241 (Mþ). Anal. Calcd. For C15H15NS: C, 74.65; H,
6.26; N, 5.80%. Found: C, 74.69; H, 6.23; N, 5.77%.

3-(4-ethylphenyl)-3,4-dihydro-2H-benzo[e][1,3]thiazine

(2y). mp 58�C, IR (KBr): 3035 (ArACAH), 1597 (C¼¼C), 748

(CAS), 1367 (ArACAN) cm�1. 1H NMR (CDCl3): d 1.26 (t,
3H, CH3), 2.56 (q, 2H, CH2), 4.59 (s, 2H, CH2), 4.82 (s, 2H,
CH2), 6.51–7.03 (m, 8H, ArH). 13C NMR (CDCl3): d 14.6,
32.1, 57.3, 66.7, 114.9, 115.1, 125.6, 126.9, 127.0, 128.2,
128.6, 128.9, 129.2, 130.3, 131.3, 146.7. MS: m/z ¼255 (Mþ).
Anal. Calcd. For C16H17NS: C, 75.25; H, 6.71; N, 5.48%.
Found: C, 75.29; H, 6.68; N, 5.49%.
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A series of 5,7-diarylpyrido[2,3-d]pyrimidine-2,4(1H,3H)-diones was synthesized via the reaction of
6-aminopyrimidine-2,4-dione and a,b-unsaturated ketones in ionic liquid without using any catalyst.
This protocol has the advantages of easier work-up, milder reaction conditions, high yields, and envi-
ronmentally benign procedure over traditional methods.

J. Heterocyclic Chem., 47, 131 (2010).

INTRODUCTION

The importance of uracil and its annulated derivatives

is well recognized by synthetic [1] as well as biological

[2] chemists. With the development of clinically useful

anticancer and antiviral drugs [3], there has recently

been remarkable interest in the synthetic manipulations

of uracils [4]. Pyrido[2,3-d]pyrimidines have received

considerable attention over the past years because of

their wide range of biological activities, which include

antitumor [5], antibacterial [6], anti-inflammatory [7],

antifungal [8], and antileishmaniasis [9] properties, and

also act as cyclin-dependent kinase 4 inhibitors [10].

Therefore, for the preparation of these complex mole-

cules large efforts have been directed towards the syn-

thetic manipulation of uracils. Broom et al. [11] synthe-
sized pyrido[2,3-d]pyrimidines from the reaction of

DMAD and 6-aminouracile in protic solvent but

obtained uncyclized condensed acetylenic adduct when

the reaction was carried in DMF [12]. Wawzonek

reported the synthesis of pyrido[2,3-d]pyrimidine-2,4-

diones by the acid- and base-catalyzed condensation of

6-amino-1,3-dimethyluracil with a,b-unsaturated car-

bonyl compounds [13]. Bhuyan et al. [14] reported the

synthesis of pyrido[2,3-d]pyrimidines from the reaction

of arylidenemalononitrile with 6-aminouracil in reflux-

ing 1-propanol, but in this reaction, benzylmalononitrile

was obtained as by-product and the amount of arylide-

nemalononitrile needed was in excess. Quiroga et al

[15] reported the synthesis of prrido[2,3-d]pyrimidines

by the reaction of 6-amino-2,3-dihydro-2-thioxo-4(1H)-
pyrimidinone and a,b-unsaturated ketones in boiling

DMF. Recently, Bagley et al. [16] reported a new

method for the synthesis of pyrido[2,3-d]pyrimidines by

the reaction of 2,6-diaminopyrimidin-4-one and buty-

nones in a range of different solvents at room tempera-

ture or 60�C. Quiroga et al. [17] reported the synthesis

of pyrido[2,3-d]pyrimidines via a selective cycloconden-

sation reaction between 6-aminopyrimidines and the

Mannich bases, propiophenone hydrochlorides. Devi

et al. [18] reported a novel three-component one-pot

synthesis of pyrido[2,3-d]pyrimidines using microwave

heating. These methods usually require harsh conditions,

using organic solvents, long reaction times and complex

synthetic pathways.

The ionic liquids have been the subject of consider-

able current interest as environmentally benign reaction

media in organic synthesis because of their unique prop-

erties of nonvolatility, nonflammability, and recyclabil-

ity, among others [19]. Numerous chemical reaction,

such as polymerization [20], hydrogenation [21], regio-

selective alkylation [22], Friedel-Crafts reactions [23],

dimerization of alkenes [24], Diels-Alder reactions [25],

Michael reactions [26], Cross-coupling reactions [27],

and some enzymic reactions [28] can be carried out in

ionic liquid. As part of our current studies on the devel-

opment of new routes to heterocyclic systems [29], we

herein describe a facile synthesis of pyrido[2,3-

VC 2010 HeteroCorporation
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d]pyrimidine derivatives by the reaction of 6-aminopyri-

midine-2,4-dione and a,b-unsaturated ketones in ionic

liquid without using any catalyst (Scheme 1).

RESULTS AND DISCUSSION

Choosing an appropriate solvent is of crucial impor-

tance for the successful organic synthesis. To search for

the optimal solvent, the reaction of 6-amino-1,3-dime-

thylpyrimidine-2,4(1H,3H)-dione 1a and 1-(4-chloro-

phenyl)-3-(4-methylphenyl)prop-2-en-1-one 2a was

examined using ionic liquid such as [bmim]Br,

[bmim]BF4, [bmim]PF6, acetone, acetonitrile, ethanol,

chloroform, and DMF as solvent, respectively, at differ-

ent temperature for the synthesis of 3a. The results are

summarized in Table 1.

It can be seen from Table 1 that the reactions using

ionic liquids (Table 1, entries 6–8) as the solvents

resulted in higher yields and shorter reaction times than

those using organic solvents (Table 1, entries 1–5). On

the basis of the obtained results, [bmim]Br was found to

be superior in terms of cheap and yield. To optimize the

reaction temperature, the reactions were carried out at

different temperature ranging from room temperature to

90�C. We found that the yield of the product 3a was

improved and the reaction time was shortened, as the

temperature was increased to 90�C (Table 1, entries 8–

12). Therefore, the most suitable reaction temperature is

to 90�C. Under these optimized reaction conditions, a

series of pyrido[2,3-d]pyrimidine derivatives 3 were syn-

thesized. The results are summarized in Table 2.

As shown in Table 2, this protocol can be applied not

only to the aromatic rings of a,b-unsaturated ketones

with electron-withdrawing groups (such as halide and

nitro groups), but also to a,b-unsaturated ketones with

electron-donating groups (such as alkyl and alkoxyl

groups). Therefore, we concluded that the electronic na-

ture of the substituents of aromatic rings of a,b-unsatu-
rated ketones has no significant effect on this reaction.

In this study, all the products 3 were characterized by

mp, IR, and 1H NMR spectral data as well as HRMS

analysis.

Although the detailed mechanism of above reaction

remains not to be fully clarified, the formation of com-

pounds 3 could be explained by a reaction sequence pre-

sented in Scheme 2. We proposed that the reaction pro-

ceeded via a reaction sequence of Michael addition, cy-

clization, dehydration and aromatization. First, the Mi-

chael addition reaction of 6-aminopyrimidine- 2,4-dione

1 to a,b-unsaturated ketones 2 give the intermediate

product 4, which on intermolecular cyclization and

dehydration gave rise to 5. In the last step, the interme-

diate product 5 aromatized to product 3.

In conclusion, we have developed an efficient synthe-

sis of 5,7-diarylpyrido[2,3-d]pyrimidine-2,4(1H,3H)-dio-
nes via the reaction of 6-aminopyrimidine-2,4-dione and

a,b-unsaturated ketones in ionic liquid without any cata-

lyst. This protocol has the advantages of easier work-up,

milder reaction conditions, high yields, and environmen-

tally benign procedure over traditional methods.

EXPERIMENTAL

Commercial solvents and reagents were used as received.
Melting points were uncorrected. IR spectra were recorded on
Varian F-1000 spectrometer in KBr with absorptions in cm�1.
1H NMR was determined on Varian-400 MHz spectrometer in

DMSO-d6 or CDCl3 solution. J values are in Hz. Chemical
shifts are expressed in ppm downfield from internal standard
TMS. HRMS data were obtained using TOF-MS instrument.

General procedure for the synthesis of pyrido[2,3-d]pyri-
midines derivatives 3. A dry 50 mL flask was charged with
6-aminopyrimidine-2,4-dione 1 (1 mmol), a,b-unsaturated
ketones 2 (1 mmol), and ionic liquid [bmim]Br (2 mL). The
mixture was stirred at 90�C for 5–7.5 h to complete the reac-
tion (monitored by TLC), then 50 mL H2O was added. The

solid was filtered off and washed with water. The crude prod-
uct was purified by recrystallization from ethanol to give 3.

7-(4-Chlorophenyl)-1,3-dimethyl-5-p-tolylpyrido[2,3-d]pyrimi-
dine-2,4(1H,3H)-dione (3a). Mp: 238–239�C; IR (potassium
bromide): 3074, 2950, 1707, 1665, 1594, 1576, 1545, 1515,

1420, 1403, 1362, 1281, 1257, 1091, 1003, 834, 821, 784, 750

Scheme 1

Table 1

Solvent and reaction temperature optimization for

the synthesis of 3aa.

Entry Solvent

Reaction

temperature (�C)
Time

(h)

Yield

(%)

1 acetone reflux 15 43

2 acetonitrile reflux 10 58

3 ethanol reflux 8.5 72

4 chloroform reflux 13 52

5 DMF 100 7 88

6 [bmim]Br 90 5 96

7 [bmim]BF4 90 6 90

8 [bmim]PF6 90 6.5 88

9 [bmim]Br r.t. 18 47

10 [bmim]Br 40 16 62

11 [bmim]Br 60 10 73

12 [bmim]Br 80 6.5 81

a 6-amino-1,3-dimethylpyrimidine-2,4(1H,3H)-dione (1 mmol), 1-(4-

chlorophenyl)-3-(4-methylphenyl)prop-2-en-1-one (1 mmol), and 2 mL

solvent.
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cm�1; 1H NMR (DMSO-d6) d: 2.38 (s, 3H, CH3), 3.18 (s, 3H,
CH3), 3.68 (s, 3H, CH3), 7.21–7.29 (m, 4H, ArH), 7.55–7.61

(m, 3H, ArH), 8.27 (d, J ¼ 8.4 Hz, 2H, ArH). HRMS [Found:
m/z: 391.1089(Mþ); Calcd for C22H

35
18ClN3O2: M 391.1088].

5-(3,4-Dichlorophenyl)-7-(4-methoxyphenyl)-1,3-dimethylpyr-
ido[2,3-d]pyrimidine-2,4(1H,3H)-dione (3b). Mp: 295–296�C;
IR (potassium bromide): 1706, 1670, 1578, 1543, 1472, 1422,

1367, 1253, 1221, 1178, 1132, 1027, 832, 753 cm�1; 1H NMR
(DMSO-d6) d: 3.20 (s, 3H, CH3), 3.73 (s, 3H, CH3), 3.85 (s,
3H, OCH3), 7.09 (d, J ¼ 8.8 Hz,2H, ArH), 7.38 (dd, J1 ¼ 2.0
Hz, J2 ¼ 8.4 Hz, 1H, ArH), 7.66 (s, 1H, ArH), 7.69 (d, J ¼
8.4 Hz, 2H, ArH), 8.28 (d, J ¼ 8.8 Hz, 2H, ArH). HRMS

[Found: m/z: 441.0646 (Mþ); Calcd for C22H
35
17Cl2N3O3: M

441.0647].
7-(4-Methoxyphenyl)-1,3-dimethyl-5-(4-nitrophenyl) pyrido

[2,3-d]pyrimidine-2,4-(1H,3H)-dione (3c). Mp: >300�C; IR

(potassium bromide): 1705, 1665, 1587, 1548, 1510, 1418,
1368, 1268, 1245, 1178, 1130, 838, 752 cm�1; 1H NMR
(DMSO-d6) d: 3.19 (s, 3H, CH3), 3.74 (s, 3H, CH3), 3.85 (s,
3H, OCH3), 7.09 (d, J ¼ 8.8 Hz, 2H, ArH), 7.65–7.68 (m, 3H,
ArH), 7.66 (s, 1H, ArH), 8.27–8.30 (m, 4H, ArH). HRMS

[Found: m/z: 418.1276 (Mþ); Calcd for C22H18N4O5: M
418.1277].

5-(4-Bromophenyl)-7-(4-chlorophenyl)-1,3-dimethyl-pyrido
[2,3-d]pyrimidine-2,4(1H,3H)- dione (3d). Mp: 264–266�C;
IR (potassium bromide): 1707, 1668, 1593, 1576, 1547, 1490,

1420, 1363, 1282, 1258, 1178, 1003, 832, 804, 752 cm�1; 1H
NMR (CDCl3) d: 3.38 (s, 3H, CH3), 3.87 (s, 3H, CH3), 7.22
(d, J ¼ 8.8 Hz, 2H, ArH), 7.39 (s, 1H, ArH), 7.48 (d, J ¼ 8.8

Hz, 2H, ArH), 7.59 (d, J ¼ 8.4 Hz, 2H, ArH), 8.07 (d, J ¼
8.8 Hz, 2H, ArH). HRMS [Found: m/z: 455.0039 (Mþ); Calcd
for C21H

79
15Br

35ClN3O2: M 455.0036].
5-(3,4-Dichlorophenyl)-7-(4-chlorophenyl)-1,3-dimethylpyrido

[2,3-d]pyrimidine-2,4(1H,3H)-dione (3e). Mp: 254–256�C; IR
(potassium bromide): 1710, 1672, 1575, 1548, 1475, 1421,
1365, 1218, 1089, 1008, 841, 753 cm�1; 1H NMR (DMSO-d6)
d: 3.20 (s, 3H, CH3), 3.72 (s, 3H, CH3), 7.39 (dd, J1 ¼ 2.0
Hz, J2 ¼ 8.4 Hz, 1H, ArH), 7.61 (d, J ¼ 8.8 Hz,2H, ArH),
7.69–7.71 (m, 2H, ArH), 7.76 (s, 1H, ArH), 8.23 (d, J ¼ 8.8
Hz, 2H, ArH). HRMS [Found: m/z: 445.0152 (Mþ); Calcd for
C21H

35
14Cl3N3O2: M 445.0152].

7-(4-Methoxyphenyl)-1,3-dimethyl-5-p-tolylpyrido[2,3-d]pyrimi-
dine-2,4(1H,3H)-dione (3f). Mp: 259–260�C; IR (potassium
bromide): 1700, 1655, 1604, 1554, 1519, 1423, 1367, 1246,
1225, 1176, 1036, 834, 818, 751 cm�1; 1H NMR (DMSO-d6)
d: 2.38 (s, 3H, CH3), 3.18 (s, 3H, CH3), 3.72 (s, 3H, CH3),
3.84 (s, 3H, OCH3), 7.04–7.09 (m, 2H, ArH), 7.20–7.30 (m,
4H, ArH), 7.53 (s, 1H, ArH), 8.20–8.27 (m, 2H, ArH). HRMS
[Found: m/z: 387.1583 (Mþ); Calcd for C23H21N3O3: M
387.1583].

5-(4-Chlorophenyl)-7-(4-methoxyphenyl)-1,3-dimethylpyrido
[2,3-d]pyrimidine-2,4(1H,3H)-dione (3g). Mp: 279–280�C; IR
(potassium bromide): 1702, 1657, 1607, 1579, 1557, 1519,
1423, 1366, 1249, 1226, 1174, 1087, 1029, 833, 751 cm�1; 1H
NMR (DMSO-d6) d: 3.19 (s, 3H, CH3), 3.72 (s, 3H, CH3),

3.84 (s, 3H, OCH3), 7.08 (d, J ¼ 8.0 Hz, 2H, ArH), 7.41 (dd,
J1 ¼ 2.0 Hz, J2 ¼ 7.6 Hz, 2H, ArH), 7.48 (dd, J1 ¼ 2.0 Hz,
J2 ¼ 7.6 Hz, 2H, ArH), 7.59 (s, 1H, ArH), 8.26 (dd, J1 ¼ 2.0
Hz, J2 ¼ 8.0 Hz, 2H, ArH). HRMS [Found: m/z: 407.1037
(Mþ); Calcd for C22H

35
18ClN3O3: M 407.1037].

1,3-Dimethyl-5,7-di(p-tolyl)pyrido[2,3-d]pyrimidine-2,4(1H,
3H)-dione (3h). Mp: 217–219�C; IR (potassium bromide):
1704, 1661, 1590, 1546, 1515, 1418, 1363, 1260, 1220, 819,
755 cm�1; 1H NMR (DMSO-d6) d: 2.43 (s, 6H, 2 � CH3),

3.39 (s, 3H, CH3), 3.88 (s, 3H, CH3), 7.27–7.32 (m, 6H, ArH),
7.44 (s, 1H, ArH), 8.03 (d, J ¼ 8.0 Hz, 2H, ArH). HRMS
[Found: m/z: 371.1634 (Mþ); Calcd for C23H21N3O2: M
371.1634].

5-(3,4-Methylenedioxyphenyl)-7-(4-methoxyphenyl)-1-methyl-
pyrido[2,3-d]pyrimidine-2,4 (1H, 3H)-dione (3i). Mp: 308–
309�C; IR (potassium bromide): 3299, 1707, 1687, 1577,
1550, 1502, 1484, 1441, 1376, 1255, 1229, 1180, 1106, 1028,

Table 2

Synthesis of pyrido[2,3-d]pyrimidine derivatives 3 in ionic liquid.

Entry R1 R2 Ar1 Ar2 Time (h) Yield (%)

3a CH3 CH3 4-CH3C6H4 4-ClC6H4 5 96

3b CH3 CH3 3,4-Cl2C6H3 4-MeOC6H4 6 92

3c CH3 CH3 4-NO2C6H4 4-MeOC6H4 6 92

3d CH3 CH3 4-BrC6H4 4-ClC6H4 6.5 90

3e CH3 CH3 3,4-Cl2C6H3 4-ClC6H4 7.5 93

3f CH3 CH3 4-MeC6H4 4-MeOC6H4 5 88

3g CH3 CH3 4-ClC6H4 4-MeOC6H4 6 87

3h CH3 CH3 4-MeC6H4 4-MeC6H4 5 90

3i CH3 H 3,4-OCH2OC6H3 4-MeOC6H4 5 90

3j CH3 H 4-ClC6H4 4-MeOC6H4 5 96

3k H H 3,4-OCH2OC6H3 4-MeOC6H4 5 92

3l H H 4-ClC6H4 4-BrC6H4 6 98

3m H H 4-MeC6H4 Naphthalene-2-yl 7 98

Scheme 2
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931, 842, 765 cm-1; 1H NMR (DMSO-d6) d: 3.68 (s, 3H,
CH3), 3.84 (s, 3H, OCH3), 6.08 (s, 2H, OCH2O), 6.91 (d, J ¼
8.0 Hz, 1H, ArH), 6.96 (d, J ¼ 8.0 Hz, 1H, ArH), 7.00 (s, 1H,
ArH), 7.08 (d, J ¼ 8.0 Hz, 2H, ArH), 7.52 (s, 1H, ArH), 8.24
(d, J ¼ 8.0 Hz, 2H, ArH), 11.39 (s, 1H, NH). HRMS [Found:

m/z: 403.1166 (Mþ); Calcd for C22H17N3O5: M 403.1168].
5-(4-Chlorophenyl)-7-(4-methoxyphenyl)-1-methyl-pyrido[2,

3-d]pyrimidine-2,4(1H,3H)-dione (3j). Mp: >300�C; IR (po-
tassium bromide): 3172, 1707, 1692, 1579, 1543, 1485, 1448,
1386, 1363, 1262, 1242, 1179, 1032, 981, 833 cm�1; 1H NMR

(DMSO-d6) d: 3.65 (s, 3H, CH3), 3.85 (s, 3H, OCH3), 7.06–
7.10 (m, 2H, ArH), 7.41–7.50 (m, 4H, ArH), 7.56 (s, 1H,
ArH), 8.23–8.28 (m, 2H, ArH), 11.44 (s, 1H, NH). HRMS
[Found: m/z: 393.0881 (Mþ); Calcd for C21H

35
16ClN3O3: M

393.0880].

5-(3,4-Methylenedioxyphenyl)-7-(4-methoxyphenyl)pyrido[2,
3-d]pyrimidine-2,4(1H,3H)-dione (3k). Mp: 317–318�C; IR
(potassium bromide): 3294, 1723, 1705, 1593, 1578, 1549,
1441, 1406, 1362, 1253, 1183, 1094, 1037, 932, 871, 827, 804

cm�1; 1H NMR (DMSO-d6) d: 3.83 (s, 3H, OCH3), 6.07 (s,
2H, OCH2O), 6.91–6.96 (m, 2H, ArH), 7.01 (s, 1H, ArH),
7.06 (d, J ¼ 8.4 Hz, 2H, ArH), 7.44 (s, 1H, ArH), 8.17 (d, J
¼ 8.4 Hz, 2H, ArH), 11.13 (s, 1H, NH), 11.59 (s, 1H, NH).
HRMS [Found: m/z: 389.1024 (Mþ); Calcd for C21H15N3O5:

M 389.1012].
7-(4-Bromophenyl)-5-(4-chlorophenyl)pyrido[2,3-d]pyrimidine-

2,4(1H,3H)-dione (3l). Mp: >300�C; IR (potassium bromide):
3180, 1714, 1590, 1575, 1553, 1484, 1403, 1361, 1260, 1008,
828, 766 cm�1; 1H NMR (DMSO-d6) d: 7.46–7.48 (m, 4H,

ArH), 7.59 (s, 1H, ArH), 7.75 (dd, J1 ¼ 1.2 Hz, J2 ¼
8.4Hz,2H, ArH), 8.17 (dd, J1 ¼ 1.2 Hz, J2 ¼ 8.8 Hz, 2H,
ArH), 11.28 (s, 1H, NH), 11.77 (s, 1H, NH). HRMS [Found:
m/z: 426.9724 (Mþ); Calcd for C19H

79
11Br

35ClN3O2: M
426.9723].

7-(Naphthalen-2-yl)-5-p-tolylpyrido[2,3-d]pyrimidine-2,4(1H,
3H)-dione (3m). Mp: 302–304�C; IR(potassium bromide):
3412, 3170, 3056, 1721, 1692, 1594, 1553, 1506, 1409, 1389,
1262, 1197, 860, 747 cm�1; 1H NMR (DMSO-d6) d: 2.40 (s,

3H, CH3), 7.25 (d, J ¼ 7.6 Hz, 2H, ArH), 7.38 (dd, J1 ¼ 1.2
Hz, J2 ¼ 8.0 Hz, 2H, ArH), 7.59–7.63 (m, 2H, ArH), 7.70 (d,
J ¼ 1.6 Hz, 1H, ArH), 7.99 (d, J ¼ 8.0 Hz, 1H, ArH), 8.04–
8.09 (m, 2H, ArH), 836 (d, J ¼ 8.8 Hz, 1H, ArH), 8.83 (s,
1H, ArH), 11.22 (s, 1H, NH), 11.74 (s, 1H, NH). HRMS

[Found: m/z: 379.1345 (Mþ); Calcd for C24H17N3O2: M
379.1321].
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Different alkaline metal (II) sulfates were used as catalysts for the N,N0-dimethyl substituted as well
as unsubstituted 4-aryl-3,4-dihydropyrimidones (thiones) and their corresponding bis-analogues in aque-
ous medium. Among the various salts, MgSO4�7H2O (Epsom salt) proved to be the best catalyst giving
the desired products in good to excellent yields. This catalyst enables the construction of a series of
compound libraries particularly for N,N0-dimethyl substituted DHPM’s whose synthesis is very rare in

the literature. The reaction on a wide variety substrates was evaluated by the application of green chem-
istry metrics and a very good correlation was obtained.

J. Heterocyclic Chem., 47, 136 (2010).

INTRODUCTION

The actual driving force for the development of new

catalysts for the structural motif-N,N0-disubstituted(un-
substituted)-4-aryl-3,4-dihydropyrimidones being a heter-

ocyclic moiety of remarkable pharmacological impor-

tance [1] is to prepare compound libraries for screening in

drug discoveries. The appropriately functionalized dihy-

dropyrimidones (DHPMs) are very prominent as mitotic

kinesin inhibitors, a1-adrenergic antagonists and potent

hypertensive agents [1]. The importance of the N,N0-dis-
ubstituted DHPMs lies in the fact that N,N0-disubstitution
promotes lipophilicity and advances chemozymatic syn-

thesis of enantiopure DHPMs in organic solvents [2].

When three component coupling (3CC) involving an alde-

hyde, alkyl acetoacetate, and N,N0-dimethylurea is per-

formed, the synthesis of the desired dihydropyrimidones

often fail or produces the desired products in very low

yields due to the formation of multiple side products. Sol-

vent-free conditions also fail to produce them [3]. Till

date, the synthesis of N,N0-disubstituted DHPMs remains

a great challenge for organic chemists.

Green Chemistry is a rapidly developing new field

that provides a proactive avenue for the sustainable de-

velopment of future science and technology [4]. Nowa-

days many reactions are being carried out in water for

environmental protection. From this view point, it is de-

sirable, instead of organic solvents, to use water as a

reaction medium as, water is safe, easy handling, abun-

dant and an environmentally benign solvent. Therefore,

we aimed at the synthesis of the N,N0-disubstituted and

N,N0-unsubstituted DHPMs in aqueous medium.

RESULTS AND DISCUSSION

Dihydropyrimidones (DHPMs) possess immense bio-

logical activity [5] and therefore the synthesis of this

nucleus has received much attention. It must be men-

tioned that the synthesis of the N,N0-dimethyl substituted

DHPMs is rather difficult and there are only few refer-

ences in the literature. The simple DHPMs, first synthe-

sized by Biginelli [6], have already been prepared by a

number of methods. In spite of this, very few reports of

the synthesis of this ring system exist in water [7–9].

Thus, exploration for catalysts leading to the synthesis

of this extremely important ring system in aqueous me-

dium is still needed. In continuation of our sincere

VC 2010 HeteroCorporation
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efforts in carrying out reactions in aqueous medium

[10–12], we envisaged the construction of a wide variety

of N,N0-unsubstituted and dimethyl substituted dihydro-

pyrimidones and also bis-dihydropyrimidones in water

with variations in all the three components. This catalyst

has been efficiently utilized for the synthesis of the mi-

totic kinesin EG 5 inhibitor Monastrol [13] (Fig. 1) in

excellent yield.

For the initial exploration, the condensation of ethyla-

cetoacetate, 4-chlorobenzaldehyde and urea with MgSO4

(10 mol %) was studied in different solvents to optimize

the reaction condition and to establish the feasibility of

our catalyst (Table 1).

From Table 1, we find that the synthesis of the dihy-

dropyrimidone produced from 4-chlorobenzaldehyde,

EAA and urea proceeds best in water at 90�C in water

(entry 12). Almost no reaction took place in aqueous

medium at lower temperatures (entries 9–11). Use of

higher temperature did not increase the yield further

(entry 13). The yields were much lower when carried

out in organic solvents (entries 1–8). Therefore, water

has a definite role for the green reaction medium as it

has an unique property of inducing hydrophobic interac-

tions between the substrate and the catalyst.

Our next task was the choice of the catalyst for the

model reaction with EAA, urea, and 4-chlorobenzalde-

hyde with 0.5 mL of water at 90�C and the results are

summarized in Table 2.

We tried Group IIA metal sulfates as the catalyst for

the dihydropyrimidone formation in water at 90�C. It

was observed that MgSO4�7H2O (Epsom salt) produced

the desired product in maximum yield. It was also

observed that the solubility of the Group IIA metal sul-

fate decreases down the group in accordance with

Fajan’s rules, which states that solubility decreases with

increasing cationic radius. Therefore, the yield with

Epsom salt was maximum probably due to an optimum

correlation between its solubility and ionic character.

The partial covalent character of Mgþ2 ion helps to

form strong metal-oxygen bonds (similarly as in ref. [5])

thereby increasing the electrophilicity of the carbonyl

carbons of the b-keto esters or b-diketones.
Once the optimum reaction conditions were finalized,

the catalyst was effectively utilized for the synthesis of

a wide variety of N,N0-unsubstituted-3,4-dihydropyrimi-

din-2(1H)-ones and thiones (Scheme 1, R3 ¼ H) and the

results are summarized in Table 3.

Figure 1. Monastrol.

Table 1

Optimization of the reaction conditions of synthesis of dihydropyrimidone from 4-chlorobenzaldehyde, ethylacetoacetate, and urea with

MgSO4 (10 mol %).

Entry Solvent (0.5 mL) Temperature (�C) Reaction time (h) Yielda (%) (isolated)

1 CH2Cl2 45 5 35

2 THF 65 4 30

3 MeOH 70 4 35

4 EtOH 80 5 30

5 DMF 80 6 40

6 DMF 100 4 45

7 DMSO 80 6 40

8 DMSO 100 5 42

9 H2O 40 4 00

10 H2O 60 5 03

11 H2O 70 6 05

12 H2O 90 4 90

13 H2O 100 5 90

14 H2O 90 8 90

aYields calculated with respect to starting aldehyde.
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Our next target was the application of our catalyst for

the synthesis of the dimethyl substituted DHPM’s and

hence to synthesize ‘‘drug-like’’ molecules. This is

because the synthesis of these N,N0-dimethyl DHPMs

are rather difficult and thus references for their synthesis

are very rare. To establish the scope and utility of our

catalyst, a number of reactions (Table 4) were con-

ducted and the products isolated. It was noted that on

scaling up the reaction, the amount of MgSO4 need not

be increased proportionately. After lyophilization of the

water extract obtained from the filtration of the product,

the recovered catalyst could be reused to a maximum of

three successive preparations of the DHPMs with almost

the same yield of the reaction. The water extract

responded to positive tests for both Mgþ2 and SO4
2�

ions indicating that the catalyst remains intact after the

reaction. The role of the catalyst is therefore to increase

the electrophilicity of the aldehyde carbonyl which is

very obvious as with other metal salts and also to coor-

dinate with the carbonyl oxygen of the b-keto ester and

the b-diketone.
On analysis of Tables 3 and 4, we find that our cata-

lyst produced the N,N0-unsubstituted-3,4-dihydropyrimi-

din-2(1H)-ones in excellent yields and the N,N0-dimethyl

DHPMs in good yields. The reaction also accommo-

dated a wide variety of substrates in the aldehyde part,

both electron-donating and electron-withdrawing acting

equally well. Ethylacetoacetate, methylacetoacetate, and

acetylacetone were varied as the b-keto esters or the b-
diketone. Again, urea and thiourea were equally effec-

tive in carrying out the reaction. Table 3, entry 4 depicts

the synthesis of Monastrol (Fig. 1). In all the cases, the

pure product was isolated by simple filtration. Recrystal-

lization from aqueous ethanol produced the pure 3, 4-

dihydropyrimidin-2(1H)-ones. Thus, the products were

obtained in pure form without any column chromatogra-

phy or any cumbersome work-up techniques. In all the

cases, 100% conversion was observed as no starting

materials were present in thin layer chromatography

(TLC) or in 1H NMR (crude) after the reaction. With al-

iphatic aldehydes, only 10% conversion (by TLC) was

observed and the final products cannot be isolated from

the reaction mixture. The reaction was also 100% selec-

tive as a single product was obtained for all cases for ar-

omatic aldehydes. This is possibly due to the higher sta-

bility of the acyl imines (with increasing conjugation)

for aromatic aldehydes than with aliphatic ones. This

methodology in aqueous medium is obviously a green

one as no toxic chemicals or reagents were used and no

side products were obtained.

Encouraged by the aforementioned results, we turned

our attention toward the utilization of our catalyst to-

ward the construction of the bis-3,4-dihydropyrimidin-

2(1H)-ones (thiones). We found that the reactions pro-

ceeded smoothly in aqueous medium with MgSO4 (10

mol %) to produce the N,N0-unsubstituted bis-com-

pounds in excellent yields (Scheme 2, Table 5). The

reaction generated two new chiral centers at C4 and C4
0-

positions, the relative stereochemistry of which could be

either RR or RS. X-ray crystallography of these com-

pounds was not possible due to their amorphous nature.

With dimethyl urea and thiourea, the formation of these

bis-compounds did not go to completion. These bis-

compounds are otherwise quite difficult to achieve and

therefore the application of our catalyst provides an easy

access to the construction of these compounds.

The mechanism of the dihydropyrimidone formation

is similar as proposed by Folkers and Johnson [15]. The

Table 2

Choice of catalyst for the reaction of EAA, urea, and

4-chlorobenzaldehyde with 0.5 mL water at 90�C.

Entry

Catalyst

(10 mol%)

(with water of

hydration)

Time

(h)

Yield %

(isolated

w. r. t. starting

aldehyde)

1 – 10 5

2 MgSO4 4 90

3 CaSO4 6 60

4 SrSO4 7 47

5 BaSO4 10 20

Scheme 1. Synthesis of 3,4-dihydropyrimidin-2(1H)-ones (thiones) with MgSO4 (10 mol %) in water at 90�C.
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initial formation of the acylimine intermediate takes

place which reacts subsequently with the b-diketone or

b-ketoester effectively. The partial covalent character of

Mgþ2 helps in forming a strong metal oxygen bond

which helps in increasing the electrophilicity of the b-
diketone or b-ketoester in the same manner as men-

tioned in ref. [5]. Finally, a favorable cyclization and

dehydration path follows to produce the dihydropyrimi-

done system.

In a nutshell, our methodology has the following dis-

tinct advantages over the earlier reported procedures

[6.9]: (a) the reactions are investigated in water and

hence avoids the hassles of organic solvents, (b) the cat-

alyst is rather simple and cheap, (c) anhydrous reaction

conditions need not be maintained, (d) additional proton

sources are not required, (e) the products are obtained

by simple filtration without the need for column chro-

matography, (f) this methodology is particularly useful

for the synthesis of the dimethyl dihydropyrimidones

and bis-dihydropyrimidones which are otherwise quite

rare in the literature, and (g) it is a totally green

methodology.

Green metric calculations. The green metrics were

calculated using the procedures reported in the litera-

ture.4 Their definitions are given as follows:

Mass Intensity (MI) ¼ Total mass used in a process

or process step (g)/mass of product (g)

Reaction mass efficiency (RME) ¼ (R mass of prod-

ucts/R mass of reactants) � 100

Carbon efficiency (CE) ¼ [(No. of moles of product

� No. of carbons in product)/R (No. of moles of reac-

tant � No. of carbons in reactant)] � 100

Atom economy (AE) ¼ [molecular weight of product/

R molecular weight of reactant] �100

Table 3

Synthesis of N,N0-unsubstituted-3,4-dihydropyrimidin-2(1H)-ones (thiones) (R3 ¼ H) with MgSO4 (10 mol %) in water at 90�C.

Entry R1 R2 X Time (h)

Yield (%)

(isolated) References

1 OEt 4-Cl O 8 90 [10]

2 OMe 4-OMe O 9 88 [10]

3 OMe 4-OH-3-OMe S 6 85 [10]

4 OEt 3-OH S 7 82 [13]

5 OMe 3-NO2 O 10 80 [10]

6 Me 2,5-(OMe)2 O 5 88 –

7 OMe 2,5-(OMe)2 O 5 87 –

8 OMe 4-CN O 6 83 –

9 OEt 4-NO2 O 10 85 [13]

10 Me H S 7 82 [13]

11 Me 4-CN S 8 80 –

12 OEt 2-furanyl O 4 78 [13]

13 OMe 4-CN S 8 82 –

14 OEt 4-OH S 9 78 [13]

15 OEt 4-CN S 10 81 –

16 Me 2-Cl S 8 79 [13]

17 OMe 3-OH S 7 75 –

18 Me 2-NO2 S 9 80 –

19 Me 3-NO2 S 9 82 –

20 Me 4-OH-3-OMe S 8 78 –

21 OEt H O 9 75 [13]

22 OEt H S 9 78 [13]

23 OMe 4-OH-3-OMe O 7 79 [13]

24 Me 4-OMe O 5 82 [13]

25 OEt 4-OMe S 5 84 [13]

26 Me 3-NO2 O 10 86 [13]

27 OEt 4-NMe2 O 4 85 [13]

28 OMe 4-NMe2 O 4 77 [13]

29 Me 4-NO2 O 10 73 [13]

30 OEt 3-OH O 6 76 [13]

31 Me 4-Cl O 7 77 [13]

32 Me H O 8 76 [13]

33 OMe H S 8 85 [13]

34 OEt 4-OMe O 6 84 [13]

35 Me 4-OH O 7 83 [13]

36 OMe 4-OH O 8 82 [13]

37 OMe 4-NO2 O 8 79 [13]
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Mass intensity (MI), reaction mass efficiency (RME),

carbon efficiency (CE), and atom economy (AE) have

been considered as a measure of environmental sustain-

ability in minimizing the amount of theoretical waste.

MI considers the yield stoichiometry, the solvent and

the RME is the natural measure of greenness that takes

into account the yield, excess or catalytic amount of

reactants used but it does not account for any solvent

use. CE is the percentage of carbon gain or loss, that is,

whether all the carbon atoms of the reactant are present

in the product. It is a very important parameter in our

reaction as our reaction involves carbon atoms. Finally,

the AE is a theoretical calculation of the chemical and

environmental efficiency of the reaction which allows

Table 4

Synthesis of N,N0-dimethyl-4-aryl-dihydropyrimidones (thiones) (R3 ¼ Me) with MgSO4 (10 mol %) in water at 90�C.

Entry R1 R2 X Time (h) Yielda References

1 OMe 40-OMe O 10 60 –

2 OEt 40-OH O 8 62 –

3 OMe 40-Cl O 8 60 –

4 OEt 30,40-(OMe)2 O 9 61 –

5 OMe 20-NO2 O 9 65 –

6 OMe 20,50-(OMe)2 O 9 62 –

7 OEt 20,50-(OMe)2 O 10 61 –

8 Me 20-Cl O 6 60 –

9 Me 40-NO2 O 7 62 –

10 Me 40-Br O 9 65 –

11 OMe 40-Br O 10 64 –

12 OMe 20-Cl O 7 61 –

13 Me 40-Br S 12 44 –

14 Me 20-Cl S 10 58 –

15 OEt 40-Cl O 7 60 –

16 Me 30-NO2 O 7 65 –

17 OEt 20-NO2 O 8 60 [2]

18 OEt 30-NO2 O 9 61 [2]

19 OEt 40-NO2 O 9 64 [2]

20 OEt 40-OMe O 9 60 [2]

a Isolated.

Scheme 2. Synthesis of bis-3,4-dihydropyrimidin-2(1H)-ones (thiones) at 90�C in aqueous medium with MgSO4 (10 mol %).
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for the effect on stoichiometric equation, not considering

any solvent, excess of reagents and formation of inter-

mediate or any other side product, etc. So from this

aforementioned point, the ideal situation is MI � 1, %

RME � 100, % CE � 100, % AE � 100.

We have shown the green metrics calculations for

some selected compounds using urea, thiourea, or di-

methyl urea (Table 6). The results reveal that our reac-

tions have excellent MI values for almost all the com-

pounds (Table 6). MI values of the reactions are very

much dependent on solvent. Use of lesser amount of

solvent in the reaction will lead to the ideal situation.

We use only 0.5 mL of water in our reactions which

is the optimum value. Use of lower amount of solvent

(water) in the reaction will lead to increase in MI, but

lower yield, as the catalyst will not react in lesser

amount of solvent used. Thus, the MI values obtained

were highly acceptable. Our reactions have excellent

CE (for reactions with urea and thiourea) and quite

good CE (for reactions with dimethyl counterparts),

which in these cases is equal to the yield because all

the carbon atoms of the reactant are present in the

Table 5

Synthesis of bis-3,4-dihydropyrimidin-2(1H)-ones (thiones) at 90�C in aqueous medium with MgSO4 (10 mol %).

Entry R1 Starting dialdehyde X Time (h) Yield (%) (isolated) References

1 OMe 5 O 10 85 –

2 OEt 5 O 11 82 –

3 OMe 5 S 15 75 –

4 Me 5 O 10 80 [14]

5 OMe 7 O 12 84 [14]

6 OEt 7 O 11 82 [14]

7 OMe 7 S 10 76 [14]

8 OEt 7 S 11 74 [14]

Table 6

Green metrics calculations of a wide variety of compounds taken from Tables 3–5.

Entry Substrates used % Yield FW (product) Yield (g) MI % RME % CE % AE

1 Table 3, entry 6 88 290.317 0.255 3.32 73.70 88 88.96

2 Table 3, entry 7 87 306.316 0.266 3.43 64.56 87 89.47

3 Table 3, entry 8 83 271.275 0.225 3.90 59.68 83 88.28

4 Table 3, entry 11 80 271.342 0.217 3.81 66.36 80 88.28

5 Table 3, entry 13 82 287.341 0.235 3.80 59.80 82 88.86

6 Table 3, entry 15 81 301.368 0.244 3.72 59.95 81 89.32

7 Table 3, entry 17 75 278.291 0.208 4.25 54.16 75 88.84

8 Table 3, entry 18 80 291.329 0.233 3.64 67.15 80 88.99

9 Table 3, entry 19 82 291.329 0.238 3.56 68.59 82 88.99

10 Table 3, entry 20 78 292.356 0.228 3.72 65.52 78 89.03

11 Table 4, entry 1 60 304.344 0.182 5.00 44.39 60 89.41

12 Table 4, entry 2 62 304.344 0.188 4.80 45.85 62 89.42

13 Table 4, entry 3 60 308.763 0.185 4.94 44.69 60 89.55

14 Table 4, entry 4 61 348.390 0.212 4.50 46.70 61 90.06

15 Table 4, entry 5 65 319.320 0.207 4.47 48.70 65 89.86

16 Table 4, entry 6 62 334.370 0.207 4.54 47.70 62 90.27

17 Table 4, entry 7 61 348.396 0.212 4.50 46.70 61 90.63

18 Table 4, entry 8 60 292.764 0.175 4.85 50.29 60 89.04

19 Table 4, entry 9 62 303.316 0.188 4.75 52.37 62 89.38

20 Table 4, entry 10 65 337.215 0.219 4.08 55.73 65 90.35

21 Table 3, entry 11 64 353.210 0.226 4.24 49.24 64 90.74

22 Table 3, entry 12 61 308.760 0.188 4.87 45.41 61 89.55

23 Table 3, entry 13 44 353.280 0.155 5.87 37.90 44 90.75

24 Table 3, entry 14 58 308.830 0.179 4.83 49.18 58 89.55

25 Table 3, entry 15 60 322.790 0.193 4.81 45.09 60 89.96

26 Table 3, entry 16 65 303.320 0.197 4.36 54.87 65 89.38

27 Table 5, entry 1 85 414.416 0.352 3.14 58.08 85 85.19

28 Table 5, entry 2 82 442.469 0.362 3.13 57.10 82 86.00

29 Table 5, entry 3 75 446.548 0.334 3.41 52.35 75 86.11
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product. In the same direction, the excellent yields

with the catalyst produced good values of RME while

moderate yield produced moderate RME values. Table

6 shows that all our reactions possess excellent AE

values mostly being 89–90%. Thus all the reactions

carried out using our methodology have very good

green metrics correlations.

CONCLUSION

It can be concluded that MgSO4�7H2O (10 mol %) in

0.5 mL water proves to be the best catalyst amongst all

the alkaline Group II metals for dihydropyrimidone, bis-

dihydropyrimidone and particularly, N,N0-dimethyl dihy-

dropyrimidone formation. Since only 10 mol % of the

catalyst and 0.5 mL of water are used, the reaction con-

dition meets several green chemistry principles. The iso-

lation of the reaction products is very simple and does

not require column chromatography for most cases.

EXPERIMENTAL

General. Ethanol was distilled before use. All the chemicals

were purchased from Aldrich Chemical Company and Spectro-
chem (Mumbai, India). Silica Gel G with binder from Spectro-
chem was used for thin layer chromatography. MgSO4�7H2O
was purchased from Spectrochem was used as such. 1H and
13C NMR spectra were obtained on Bruker 300 MHz instru-

ment at 300 and 75 MHz, respectively. CDCl3 and DMSO-d6
were purchased from Aldrich Chemical Company. Melting
points were determined on an electrical melting point appara-
tus with an open capillary and are uncorrected. IR spectra
were recorded on a Perkin-Elmer spectrophotometer RX/FTIR

system.
General experimental procedure for dihydropyrimidone/

bis-dihydropyrimidone formation. A mixture of aromatic
aldehyde (1 mmol), b-keto ester or b-diketone (1.3 mmol/2.6

mmol), urea/thiourea/N,N0-dimethyl urea/N,N0-dimethyl thiou-
rea (1.5 mmol/3.0 mmol) and MgSO4�7H2O (10 mol %) and
0.5 mL water were mixed thoroughly and then taken in a 5
mL conical flask. It was next placed in water bath at 90�C and
heated for the specified time as mentioned in Tables 3–5. The

reactions were monitored by TLC for the absence of the start-
ing aldehyde. After completion of the reaction, the crude mass
was cooled, poured into crushed ice, and stirred for further 10
min, when the dihydropyrimidones (solids) precipitated out.
They were directly filtered and crystallized from hot aqueous

ethanol to obtain the finally pure products. The liquid DHPMs
products were extracted with (2 � 5) mL ethyl acetate, washed
with brine, solvent removed to obtain the crude products. The
pure products (liquids) were obtained by column chromatogra-
phy with silica gel (100–200 mesh) and elution with ethyl ace-

tate/petroleum ether (60–80�C). All the products were charac-
terized by their spectral and analytical data.

The data for all the previously unknown compounds are
given later:

5-Acetyl-6-methyl-4-(2,5-dimethoxyphenyl)-3,4-dihydropyr-
imidin-2(1H)-one (Table 3, entry 6). Light brown solid; M.p.

252–254�C (MeOH). IR (KBr): 3247, 3107, 1705, 1628, 1495,
1454, and 1235 cm�1. 1H NMR (300 MHz, DMSO-d6) d: 9.12
(s, 1H, NH), 7.33 (s, 1H, NH), 6.90 (d, J ¼ 8.7 Hz, 1H, aro-
matic C3-H), 6.78 (dd, J ¼ 9.0, 3.0 Hz, 1H, aromatic C4-H),
6.53 (d, J ¼ 3.3 Hz, 1H, aromatic C6-H), 5.48 (d, J ¼ 3.0 Hz,

1H, C4-H), 3.72 (s, 3H, C2-OMe), 3.61 (s, 3H, C5-OMe), 2.25
(s, 3H, ACOCH3), 2.00 (s, 3H, C6-CH3).

13C NMR (75 MHz,
DMSO-d6) d: 194.6 (C¼¼O), 153.2 (C2¼¼O), 152.3 (aromatic
C2), 150.5 (aromatic C5), 148.2 (C6), 132.4 (aromatic C1),
113.9 (aromatic C3), 112.3 (aromatic C4), 112.2 (aromatic C6),

108.0 (C5), 56.0 (C2-OMe), 55.4 (C5-OMe), 48.9 (C4), 29.8
(COCH3), 18.7 (C6-CH3). Anal. calcd. for C15H18N2O4; C:
62.06, H: 6.25, N: 9.65. Found: C: 62.17, H: 6.02, N: 9.71%.

5-Methoxycarbonyl-6-methyl-4-(2,5-dimethoxyphenyl)-3.4-
dihydropyrimidin-2(1H)-one (Table 3, entry 7). Off-white
solid; M.p. 240–242�C (MeOH). IR (KBr): 3241, 3106, 2948,
1703, 1646, 1496, 1440, 1235, and 1092 cm�1. 1H NMR (300
MHz, DMSO-d6) d: 9.16 (s, 1H, NH), 7.26 (s, 1H, NH), 6.91
(d, J ¼ 9.0 Hz, 1H, aromatic C3-H), 6.79 (dd, J ¼ 8.9, 3.0 Hz,

1H, aromatic C4-H), 6.54 (d, J ¼ 3.0 Hz, 1H, aromatic C6-H),
5.41 (d, J ¼ 3.0 Hz, 1H, C4-H), 3.73 (s, 3H, C2-OMe), 3.64
(s, 3H, C5-OMe), 3.47 (s, 3H, ACOOCH3), 2.27 (s, 3H, C6-
CH3).

13C NMR (75 MHz, DMSO-d6) d: 165.9 (COOMe),
153.0 (C2¼¼O), 152.3 (aromatic C2), 150.8 (aromatic C5),

149.3 (C6), 132.6 (aromatic C1), 113.9 (aromatic C3), 112.4
(aromatic C4), 112.0 (aromatic C6), 97.4 (C5), 56.1 (C2-OMe),
55.3 (C5-OMe), 50.8 (C4), 49.0 (COOCH3), 17.8 (C6-CH3).
Anal. calcd. for C15H18N2O5; C: 58.82, H: 5.92, N: 9.15.
Found: C: 58.71, H: 5.84, N: 9.22%.

5-Methoxycarbonyl-6-methyl-4-(4-cyanophenyl)-3.4-dihy-
dropyrimidin-2(1H)-one (Table 3, entry 8). White solid;
M.p. 176–178�C (MeOH). IR (KBr): 3329, 3120, 2235, 1634,
1223, and 1089 cm�1. 1H NMR (300 MHz, DMSO-d6) d: 9.33
(s, 1H, NH), 7.85 (d, J ¼ 1.2 Hz, 1H, NH), 7.80 (d, J ¼ 8.4 Hz,

2H, aromatic C3-, C5-H), 7.38 (d, J ¼ 8.1 Hz, 2H, aromatic C2-,
C6-H), 5.18 (d, J ¼ 3.3 Hz, 1H, C4-H), 3.49 (s, 3H, ACOCH3),
2.22 (s, 3H, C6-CH3).

13C NMR (75 MHz, DMSO-d6) d: 165.7
(COOMe), 152.0 (C2¼¼O), 149.9 (aromatic C1), 149.7 (C6),

132.7 (aromatic C3, C5), 127.4 (aromatic C2, C6), 118.8 (C5),
110.3 (aromatic C4), 98.2 (CN), 53.8 (C4), 51.0 (COOCH3),
18.0 (C6-CH3). Anal. calcd. for C14H13N3O3; C: 61.99, H: 4.83,
N: 15.49. Found: C: 61.84, H: 4.71, N: 15.63%.

5-Acetyl-6-methyl-4-(4-cyanophenyl)-3.4-dihydropyrimidin-
2(1H)-thione (Table 3, entry 11). White solid; M.p. 130–
132�C (MeOH). IR (KBr): 3277, 3181, 2228, 1617, 1577, 1455,
and 1186 cm�1. 1H NMR (300 MHz, DMSO-d6) d: 10.38 (s,
1H, NH), 9.81 (d, J ¼ 2.4 Hz, 1H, NH), 7.80 (d, J ¼ 8.4 Hz, 2H,
aromatic C3-, C5-H), 7.35 (d, J ¼ 8.1 Hz, 2H, aromatic C2-, C6-
H), 5.32 (d, J ¼ 3.9 Hz, 1H, C4-H), 2.31 (s, 3H, COCH3), 2.18
(s, 3H, C6-CH3).

13C NMR (75 MHz, DMSO-d6) d: 194.7
(C¼¼O), 174.6 (C¼¼S), 148.1 (aromatic C1), 145.5 (C6), 132.8
(aromatic C3, C5), 127.6 (aromatic C2, C6), 118.8 (C5), 110.5
(aromatic C4), 110.3 (CN), 53.4 (C4), 30.8 (COCH3), 18.5 (C6-
CH3). Anal. calcd. for C14H13N3OS; C: 61.97, H: 4.83, N: 15.49.
Found: C: 61.84, H: 4.75, N: 15.61%.

5-Methoxycarbonyl-6-methyl-4-(4-cyanophenyl)-3.4-dihy-
dropyrimidin-2(1H)-thione (Table 3, entry 13). White solid;
M.p. 158–160�C (MeOH). IR (KBr): 3327, 3146, 2926, 2228,
1689, 1526, and 1173 cm�1. 1H NMR (300 MHz, DMSO-d6)
d: 10.45 (s, 1H, NH), 9.72 (d, J ¼ 2.1 Hz, 1H, NH), 7.80 (d, J
¼ 8.4 Hz, 2H, aromatic C3-, C5-H), 7.35 (d, J ¼ 8.1 Hz, 2H,
aromatic C2-, C6-H), 5.20 (d, J ¼ 3.3 Hz, 1H, C4-H), 3.51 (s,
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3H, COOCH3), 2.25 (s, 3H, C6-CH3).
13C NMR (75 MHz,

DMSO-d6) d: 175.1 (C¼¼S), 165.3 (C¼¼O), 147.0 (aromatic
C1), 143.6 (C6), 132.8 (aromatic C3, C5), 127.5 (aromatic C2,
C6), 118.3 (C5), 112.4 (aromatic C4), 102.0 (CN), 55.6 (C4),
51.7 (COOCH3), 18.6 (C6-CH3). Anal. calcd. for

C14H13N3O2S; C: 58.52, H: 4.56, N: 14.62. Found: C: 58.64,
H: 4.68, N: 14.74%.

5-Ethoxycarbonyl-6-methyl-4-(4-cyanophenyl)-3.4-dihydro-
pyrimidin-2(1H)-thione (Table 3, entry 15). White solid;
M.p. 242–244�C (MeOH). IR (KBr): 3319, 3145, 2229, 1532,

1428, 1172, and 772 cm�1. 1H NMR (300 MHz, CDCl3) d:
8.27 (s, 1H, NH), 7.85 (s, 1H, NH), 7.63 (d, J ¼ 8.1 Hz, 2H,
aromatic C3-, C5-H), 7.42 (d, J ¼ 8.4 Hz, 2H, aromatic C2-,
C6-H), 5.46 (d, J ¼ 3.0 Hz, 1H, C4-H), 4.12 (q, J ¼ 6.8 Hz,
2H, OCH2CH3), 2.38 (s, 3H, C6-CH3), 1.20 (t, J ¼ 7.2 Hz,

3H, OCH2CH3).
13C NMR (75 MHz, CDCl3) d: 174.7 (C¼¼S),

164.9 (C¼¼O), 147.1 (aromatic C1), 143.6 (C6), 132.7 (aro-
matic C3, C5), 127.5 (aromatic C2, C6), 118.3 (C5), 112.2 (aro-
matic C4), 102.1 (CN), 60.8 (OCH2), 55.6 (C4), 18.4 (C6-

CH3), 14.1 (OCH2CH3). Anal. calcd. for C15H15N3O2S; C:
59.78, H: 5.02, N: 13.94. Found: C: 59.64, H: 5.16, N:
14.04%.

4-(3-Hydroxyphenyl)-5-methoxycarbonyl-6-methyl-3,4-dihy-
dropyrimidin-2(1H)-thione (Table 3, entry 17). Off-white
solid; M.p. 220–222�C (EtOH). IR (KBr): 3315, 3189, 1669,
1576, 1478, 1284, 1194, 1117, and 752 cm�1. 1H NMR (300
MHz, DMSO-d6) d: 10.32 (s, 1H, NH), 9.62 (brd, J ¼ 1.8 Hz,
1H, NH), 9.47 (s, 1H, OH), 7.12 (t, J ¼ 7.8 Hz, 1H, aromatic
C5-H), 6.65 (d, J ¼ 8.7 Hz, 3H, aromatic C2-, C4-, and C6-H),

5.09 (d, J ¼ 3.6 Hz, 1H, C4-H), 3.57 (s, 3H, ACOOMe), 2.29 (s,
3H, C6-CH3).

13C NMR (75 MHz, DMSO-d6) d: 174.7 (C¼¼S),
166.2 (C¼¼O), 158.0 (aromatic C3), 145.6 (C6), 145.1 (aromatic
C1), 130.1 (aromatic C5), 117.4 (aromatic C6), 115.2 (aromatic
C2), 113.7 (aromatic C4), 101.0 (C5), 54.3 (C4), 51.6 (COOCH3),

17.7 (C6-CH3). Anal. calcd. for C13H14N2O3S: C: 56.10, H:
5.07, N: 10.06. Found: C: 56.03, H: 5.05, N: 10.10%.

5-Acetyl-6-methyl-4-(2-nitrophenyl)-3,4-dihydropyrimidin-
2(1H)-thione (Table 3, entry 18). Brown solid; M.p. 254–

256�C (EtOH). IR (KBr): 3419, 2927, 1719, 1607, 1527, 1355,

1268, 1202, 1093, 1013, and 668 cm�1. 1H NMR (300 MHz,

DMSO-d6) d: 10.41 (s, 1H, NH), 9.60 (s, 1H, NH), 7.92 (dd, J ¼
9.0, 0.9 Hz, 1H, aromatic C3-H), 7.72 (td, J ¼ 7.5,1.2 Hz, 1H, C4-

H), 7.54 (td, J ¼ 8.4, 1.2 Hz, 1H, aromatic C5-H), 7.46 (dd, J ¼
9.0, 1.2 Hz, 1H, aromatic C6-H), 5.98 (d, J ¼ 3.0 Hz, 1H, C4-H),

2.36 (s, 3H, ACOCH3), 2.16 (s, 3H, C6-CH3).
13C NMR (75

MHz, DMSO-d6) d: 194.0 (C¼¼O), 173.7 (C¼¼S), 147.0 (aromatic

C2), 144.6 (C6), 137.0 (aromatic C1), 133.6 (aromatic C5), 128.7

(aromatic C6), 128.6 (aromatic C4), 123.9 (aromatic C3), 110.1

(C5), 48.9 (C4), 30.3 (COCH3), 17.9 (C6-CH3). Anal. calcd. for
C13H13N3O3S: C, 53.60; H,4.50; N, 14.42%. Found: C, 53.53; H,

4.48; N,14.45%.

5-Acetyl-6-methyl-4-(3-nitrophenyl)-3,4-dihydropyrimidin-
2(1H)-thione (Table 3, entry 19). Brown solid; M.p. 280–

281�C (EtOH). IR (KBr): 3294, 3183, 2374, 1612, 1576, 1527,

1450, 1346, and 1186 cm�1. 1H NMR (300 MHz, DMSO-d6)
d: 10.45 (s, 1H, NH), 9.88 (brs, 1H, NH), 8.13–8.17 (m, 1H,

aromatic C4-H), 8.09 (brs, 1H, aromatic C2-H), 7.63–7.70 (m,

2H, aromatic C5-, C6-H), 5.44 (d, J ¼ 3.9 Hz, 1H, C4-H), 2.37

(s, 3H, ACOOMe), 2.28 (s, 3H, C6-CH3).
13C NMR (75 MHz,

DMSO-d6) d: 195.1 (C¼¼O), 175.0 (C¼¼S), 148.4 (aromatic

C3), 146.1 (C6), 145.4 (aromatic C6), 133.5 (aromatic C1),

130.8 (aromatic C5), 123.1 (aromatic C2), 121.7 (aromatic C4),

110.8 (C5), 53.4 (C4), 31.2 (COCH3), 18.9 (C6-CH3). Anal.
calcd. for C13H13N3O3S: C: 53.60, H: 4.50, N: 14.42. Found:

C: 53.51, H: 4.54, N:14.39%.

5-Acetyl-4-(4-hydroxy-3-methoxyphenyl)-6-methyl-3,4-dihy-
dropyrimidin-2(1H)-thione (Table 3, entry 20). Yellowish-
white solid; M.p. 228–230�C (EtOH). IR (KBr):3485, 3255,

3194, 1589, 1518, 1458, 1193, and 796 cm�1. 1H NMR (300
MHz, DMSO-d6) d: 10.20 (s, 1H, NH), 9.65 (brs, 1H, NH), 9.05
(s, 1H, OH), 6.85 (d, J ¼ 1.8 Hz, 1H, aromatic C2-H), 6.72 (d, J
¼ 7.8 Hz, 1H, aromatic C5-H), 6.58 (dd, J ¼ 8.1, 1.8 Hz, 1H,

aromatic C6-H), 5.20 (d, J ¼ 3.6 Hz, 1H, C4-H), 3.74 (s, 3H, ar-
omatic AOMe), 2.32 (s, 3H, ACOCH3), 2.11 (s, 3H, C6-CH3).
13C NMR (75 MHz, DMSO-d6) d: 195.6 (C¼¼O), 174.2 (C¼¼S),
148.0 (aromatic C3), 146.7 (aromatic C4), 144.6 (C6), 134.3 (aro-
matic C1), 119.2 (aromatic C6), 115.9 (aromatic C5), 111.8 (aro-

matic C2), 110.6 (C5), 56.1 (OCH3), 54.2 (C4), 30.6 (COCH3),
18.6 (C6-CH3). Anal. calcd. for C14H16N2O3S: C: 57.52, H: 5.52,
N: 9.58. Found: C: 57.39, H: 5.65, N: 9.47%.

1,3,6-Trimethyl-4-(4-methoxyphenyl)-2-oxo-1,2,3,4-tetrahy-
dropyrimidine-5 carboxylic acid methyl ester (Table 4, entry
1). Light yellow solid; M.p. 68–70�C (ethylacetate þ petro-

leum ether). IR (KBr): 2949, 1669, 1506, 1431, and 1353

cm�1. 1H NMR (CDCl3, 300 MHz) d: 7.13 (td, J ¼ 8.4 Hz

and 3 Hz, 2H, C2-H, C6-H), 6.81 (td, J ¼ 8.7 Hz and 3 Hz,

2H, C3-H, C5-H), 5.17 (s, 1H, C4-H), 3.77 (s, 3H, –OCH3),

3.67 (s, 3H, ACOOCH3), 3.28 (s, 3H, N1-CH3), 2.89 (s, 3H,

N3-CH3), 2.47 (s, 3H, C6-CH3).
13C NMR (CDCl3, 75 MHz)

d: 166.4 (ACOOCH3), 159.2 (C2¼¼O), 153.8 (aromatic-C4),

149.1 (C1), 133.9 (vinylic C6), 127.7 (2C, C2 þ C3), 114.0

(2C, C3 þ C5), 103.7 (vinylic C5), 60.2 (C4), 55.2 (AOCH3),

51.2 (ACOOCH3), 34.3 (N1-CH3), 31.0 (N3-CH3), 16.6 (C6-

CH3). Anal. calcd. for C16H20N2O4; C: 63.15, H: 6.62, N:

9.20. Found: C: 63.04, H: 6.77, N: 9.45%.

1,3,6-Trimethyl-4-(4-hydroxyphenyl)-2-oxo-1,2,3,4-tetrahy-
dropyrimidine-5-carboxylic acid ethyl ester (Table 4, entry
2). Off-white solid; M.p.184–186�C (ethylacetate þ petroleum
ether). IR (KBr): 3209, 2373, 1704, 1641, and 1449 cm�1. 1H

NMR (CDCl3, 300 MHz) d: 7.02 (d, J ¼ 8.7 Hz, 2H, C2-H,
C6-H), 6.68 (d, J ¼ 8.4 Hz, 2H, C3-H, C5-H), 5.16 (s, 1H, C4-
H), 4.13 (dq, J ¼ 7.8 Hz and 2.4 Hz, 2H, AOCH2CH3), 3.27
(s, 3H, N1-CH3), 2.91 (s, 3H, N3-CH3), 2.47 (s, 3H, C6-CH3),
1.73 (brs, 1H, OH), 1.22 (t, J ¼ 7.2 Hz, 3H, AOCH2CH3).

13C

NMR (CDCl3, 75 MHz) d: 166.1 (ACOOCH3), 156.1 (C2¼¼O),
154.2 (aromatic C4), 148.6 (C1), 132.4 (vinylic C6), 127.9 (2C,
C2 þ C6), 115.5 (2C, C3 þ C5), 104.3 (vinylic C5), 60.4 (C4),
60.3 (AOCH2), 34.5 (N1-CH3), 31.1 (N3-CH3), 16.6 (C6-CH3),
14.2 (AOCH2CH3). Anal. calcd. for C16H20N2O4; C: 63.15, H:

6.62, N: 9.20. Found: C: 63.03, H: 6.88, N: 9.37%.
1,3,6-Trimethyl-4-(4-chlorophenyl)-2-oxo-1,2,3,4-tetrahy-

dropyrimidine-5-carboxylic acid methyl ester (Table 4,
entry 3). Off-white solid; M.p. 86–88�C (ethylacetate þ petro-

leum ether). IR (KBr): 2927, 1660, 1604, 1464, 1434, and
1268 cm�1. 1H NMR (CDCl3, 300 MHz) d: 7.06 (d, J ¼ 8.4
Hz, 2H, C2-H, C6-H), 6.96 (d, J ¼ 8.4 Hz, 2H, C3-H, C5-H),
5.03 (s, 1H, C4-H), 3.48 (s, 3H, AOCH3), 3.06 (s, 3H, N1-
CH3), 2.71 (s, 3H, N3-CH3), 2.28 (s, 3H, C6-CH3).

13C NMR

(CDCl3, 75 MHz) d: 166.0 (ACOOCH3), 153.4 (C2¼¼O), 149.6
(C4), 139.3 (vinylic C6), 133.4 (aromatic C1), 128.6 (2C, C2 þ
C6), 127.7 (2C, C3 þ C5), 102.8 (vinylic C5), 60.0 (C4), 51.1
(AOCH3), 34.3 (N1-CH3), 30.9 (N3-CH3), 16.5 (C6-CH3).
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Anal. calcd. for C15H17N2O3Cl; C:58.35, H: 5.55, N: 9.07.
Found: C: 58.13, H: 5.83, N: 9.27%.

1,3,6-Trimethyl-4-(3, 4-dimethoxyphenyl)-2-oxo-1,2,3,4-tet-
rahydropyrimidine-5-carboxylic acid ethyl ester (Table 4,
entry 4). Light brown sticky liquid; IR (KBr): 3499, 2935,

1670, 1511 1031, and 753 cm�1. 1H NMR (CDCl3, 300 MHz) d:
6.77–6.71 (m, 3H, C2-H, C5-H, C6-H), 5.16 (s, 1H,C4-H), 4.13
(q, J ¼ 7.2 Hz, 2H, AOCH2), 3.82 (s, 3H, AOCH3), 3.81 (s, 3H
AOCH3), 3.23 (s, 3H, N1-CH3), 2.90 (s, 3H, N3-CH3), 2.44 (s,
3H, C6-CH3), 1.24 (t, J ¼ 7.2 Hz, 3H, ACH2CH3).

13C NMR

(CDCl3, 75 MHz) d: 166.0 (ACOOCH2CH3), 153.8 (C2¼¼O),
148.9, 148.8, 148.6 (3C, aromatic C4, C3, C1), 133.6 (vinylic
C6), 118.6 (C6), 111.9 (C2), 109.9 (C5), 103.9 (vinylic C5), 60.4
(C4), 60.1 (AOCH2), 55.8 (AOCH3), 55.7 (AOCH3), 34.3 (N1-
CH3), 30.9 (N3-CH3), 16.5 (C6-CH3), 14.2 (AOCH2CH3). Anal.
calcd. for C18H24N2O5; C: 62.05, H: 6.94, N: 8.04, O: 22.96%.
Found: C: 62.13, H: 6.73, N: 8.27%.

1,3,6-Trimethyl-4-(2-nitrophenyl)-2-oxo-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylic acid methyl ester (Table 4, entry
5). Light brown sticky liquid; IR (KBr): 2944, 1670, 1618,
1534, and 1202 cm�1. 1H NMR (CDCl3, 300 MHz) d: 7.44 (dd,
J ¼ 9 Hz and 0.9 Hz, 1H, C3-H), 7.31–7.23 (m, 2H, aromatic
C4 and C6H), 7.13 (dt, J ¼ 7.4 Hz and 2.4 Hz, 1H, C5H), 5.71
(s, 1H, C4-H), 3.24 (s, 3H, N1-CH3), 3.08 (s, 3H, AOCH3), 2.74

(s, 3H, N3-CH3), 2.26 (s, 3H, C6-CH3).
13C NMR (CDCl3, 75

MHz) d: 165.3 (ACOOCH3), 152.8 (C2¼¼O), 150.4 (C2), 148.8
(C1) 137.0 (vinylic C6), 133.2 (C5), 128.7 (aromatic-C4þC6),
123.4 (C3), 102.1 (vinylic C5), 54.6 (C4), 51.0 (AOCH3), 33.7
(N1-CH3), 30.8 (N3-CH3), 16.3 (C6-CH3). Anal. calcd. for

C15H17N3O5; C: 56.42, H: 5.37, N: 13.16, O: 25.05%. Found: C:
56.33, H: 5.43, N: 13.27%.

1,3,6-Trimethyl-4-(2,5-dimethoxyphenyl)-2-oxo-1,2,3,4-tetra-
hydropyrimidine-5-carboxylic acid methyl ester (Table 4,
entry 6). White solid; M.p. 100–102�C (ethylacetate þ petro-
leum ether). IR (KBr): 2940, 2845, 1659, and 1434 cm�1. 1H
NMR (CDCl3, 300 MHz) d: 6.76 (d, J ¼ 8.7 Hz, 1H, C3-H),
6.70 (dd, J ¼ 9 Hz and 2.7 Hz, 1H, aromatic C4-H), 6.67 (d, J
¼ 2.7 Hz, 1H, C6-H), 5.55 (s, 1H, C4-H), 3.73, 3.68 (2S, 6H,
2AOCH3), 3.57 (S, 3H, N1-CH3), 3.25, 3.23 (2s, 6H, N3-CH3,
AOCH3), 2.45 (s, 3H, C6-CH3).

13C NMR (CDCl3, 75 MHz) d:
166.4 (ACOOCH3), 153.6 (C2¼¼O), 151.3 (C2/C5), 149.2 (C5/
C2), 129.7 (vinylic C6), 115.1 (C3), 112.8 (aromatic C4/C6),
112.0 (C6/aromatic-C4), 102.1 (vinylic C5), 56.2 (C4), 55.5, 55.4
(2 � OCH3), 50.9 (COCH3), 31.0 (N1-CH3), 30.8 (N3-CH3),
16.4 (C6-CH3). Anal. calcd. for C17H22N2O5; C: 61.07, H: 6.63,
N: 8.38, O: 23.92%. Found: C: 61.13, H: 6.53, N: 8.27%.

1,3,6-Trimethyl-4-(2,5-dimethoxyphenyl)-2-oxo-1,2,3,4-tetra-
hydropyrimidine-5-carboxylic acid ethyl ester (Table 4, entry
7). White solid; M.p. 68–70�C (ethylacetate þ petroleum ether).
IR (KBr): 2934, 1666, and 1492 cm�1. 1H NMR (CDCl3, 300

MHz) d: 6.78–6.73 (m, 2H, C3-H, C4-H), 6.71 (d, J ¼ 1.2 Hz,
1H, C6-H), 5.59 (s, 1H, C4-H), 4.02 (dq, J ¼ 7.2 Hz, 0.9 Hz,
AOCH2), 3.57 (s, 3H, AOCH3), 3.26 (s, 3H, N1-CH3), 2.84 (s,
3H, N3-CH3), 2.48 (s, 3H, vinylicC6), 1.14(t, J ¼ 7.2 Hz, 3H,
AOCH2CH3).

13C NMR (CDCl3, 75 MHz) d: 166.1

(ACOOCH2CH3), 153.6 (C2¼¼O, C1), 151.3 (C2/C5), 149.2 (C5/
C2), 129.9 (vinylic C6), 115.5 (C3), 112.8 (aromatic-C4/C6),
111.6 (C6/aromatic-C4), 102.3 (vinylic C5), 59.8 (C4), 56.0
(AOCH3), 55.5 (AOCH3,AOCH2), 33.9 (N1-CH3), 30.8 (N3-
CH3), 16.4 (C6-CH3), 14.0 (AOCH2-CH3). Anal. calcd. for

C18H24N2O5; C: 62.05, H: 6.94, N: 8.04, O: 22.96%. Found: C:
62.13, H: 6.83, N: 8.27%.

1,3,6-Trimethyl-4-(2-chlorophenyl)-5-acetyl-6-methyl-1,2,3,4-
tetrahydropyrimidin-2(1H)-one (Table 4, entry 8). Brown
solid; M.p. 80–82�C (ethylacetate þ petroleum ether). IR

(KBr): 2926, 1660, and 1610 cm�1. 1H NMR (CDCl3, 300
MHz) d: 7.38–7.33 (m, 1H, aromaticC4-H), 7.31–7.22 (m, 3H,
C3-H, C5-H, C6-H), 5.78 (s, 1H, C4-H), 3.30 (s, 3H, N1-CH3),
2.96, 2.95 (2s, 3H, N3-CH3), 2.49 (2s, 3H, C6-CH3), 2.14 (S,
3H, ACOCH3).

13C NMR (CDCl3, 75 MHz) d: 196.3

(ACOCH3), 152.7 (C2¼¼O), 148.6 (C1), 137.7 (C2), 132.5
(vinylic C6), (129.8, 129.7, 129.4) (C3, aromatic C4, C6), 128.3
(C5), 112.1 (vinylic C5), 57.5 (C4), 33.9 (N1-CH3), 30.9 (N3-
CH3), 30.1 (COCH3), 17.1 (C6-CH3). Anal. calcd. for
C15H17N2O2Cl; C: 61.54, H: 5.85, N: 9.57, O: 10.93, Cl:

12.11%. Found: C: 61.33, H: 5.83, N: 9.27%.
1,3,6-Trimethyl-4-(4-nitrophenyl)-5-acetyl-6-methyl-1,2,3,4-

tetrahydropyrimidine-2(1H)-one (Table 4, entry 9). Light
brown solid; M.p. 142–144�C (ethylacetate þ petroleum ether).
IR (KBr): 2931, 1675, 1621, and 1518 cm�1. 1H NMR

(CDCl3,300 MHz) d: 8.16 (td, J ¼ 8.7 Hz and 2.4 Hz, 2H, C2-H,
C6-H), 7.39 (td, 8.7 Hz and 1.8 Hz, 2H, C3-H, C5-H), 5.46 (s,
1H, C4-H), 3.34 (S, 3H, N1-CH3), 2.99 (s, 3H, N3-CH3), 2.42 (s,
3H, C6-CH3), 2.34 (s, 3H, ACOCH3).

13C NMR (CDCl3, 75

MHz) d: 194.8 (ACOCH3), 153.5 (C2¼¼O), 149.0 (aromatic C4),
147.6 (C1/vinylic C6), 147.5 (vinylic C6/C1), 127.3 (C2, C6),
124.0 (C3, C5), 114.2 (vinylic C5), 59.9 (C4), 34.8 (N1-CH3),
31.4 (N3-CH3), 31.4 (ACOCH3), 17.9 (C6-CH3). Anal. calcd. for
C15H17N3O4; C: 59.40, H: 5.65, N: 13.85, O: 21.10%. Found: C:

59.53, H: 5.83, N: 13.77%.
1,3,6-Trimethyl-4-(4-bromophenyl)-5-acetyl-6-methyl-1,2,3,4-

tetrahydropyrimidine-2(1H)-one (Table 4, entry 10). Light
brown sticky liquid; IR (KBr): 2929, 1665, 1601, and 1403
cm�1. 1H NMR (CDCl3,300 MHz) d: 7.44 (td, J ¼ 8.4 Hz and
1.8 Hz, 2H, C2-H, C6-H), 7.09 (td, J ¼ 8.4 Hz and 1.8 Hz, 2H,
C3-H, C5-H), 5.23 (s, 1H, C4-H), 3.26 (s, 3H, N1-CH3), 2.95 (s,
3H, N3-CH3), 2.42 (s, 3H, vinylic C6-CH3), 2.25 (s, 3H,
ACOCH3).

13C NMR (CDCl3, 75 MHz) d: 195.3 (ACOCH3),
153.4 (C2¼¼O), 148.3 (C1), 139.1 (vinylic C6), 131.9 (C2, C6),
128.3 (C3, C5), 122.0 (C4), 113.8 (vinylic C5), 60.5 (C4), 34.5
(N1-CH3), 31.2 (N3-CH3), 30.9 (ACOCH3), 17.5 (C6-CH3).
Anal. calcd. for C15H17N2O2Br; C:53.45, H: 5.08, N: 8.31, O:
9.49, Br: 23.69%. Found: C: 53.33, H: 5.13, N: 8.27%.

1,3,6-Trimethyl-4-(4-bromophenyl)-2-oxo-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylic acid methyl ester (Table 4, entry
11). Light grey sticky liquid; IR (KBr): 2949, 1672, 1633, and

1415 cm�1. 1H NMR (CDCl3, 300 MHz) d: 7.42 (d, J ¼ 8.4
Hz, 2H, C2-H, C6-H), 7.11 (d, J ¼ 8.4 Hz,2H, C3-H, C5-H),
5.22 (s, 1H, C4-H), 3.68 (s, 3H, N1-CH3), 3.26 (s, 3H, N3-
CH3), 2.91 (s, 3H, AOCH3), 2.48 (s, 3H, C6-CH3).

13C NMR

(CDCl3, 75 MHz) d: 166.0 (ACOOCH3), 153.4 (C2¼¼O), 149.6
(C1), 139.8 (vinylic C6), 131.6 (C2, C6), 128.1 (C3, C5), 121.5
(aromatic C4), 102.7 (vinylic C5), 60.1 (C4), 51.1 (AOCH3),
34.3 (N1-CH3), 30.9 (N3-CH3), 16.5 (C6-CH3). Anal. calcd. for
C15H17N2O3Br; C: 51.01, H: 4.85, N: 7.93, O: 13.59, Br:

22.63%. Found: C: 51.13, H: 4.83, N: 8.17%.
1,3,6-Trimethyl-4-(2-chlorophenyl)-2-oxo-1,2,3,4-tetrahydro-

pyrimidine-5-carboxylic acid methyl ester (Table 4, entry
12). Light brown solid; M.p. 54–56�C (ethyl acetate þ petroleum
ether). IR (KBr): 3596, 1661, 1604, and 1464 cm�1. 1H NMR

(CDCl3, 300 MHz) d: 7.35–7.28 (m, 2H, aromaticC4-H, C6-H),
7.24–7.16 (m, 2H, C3-H, C5-H), 5.82 (s, 1H, C4-H), 3.60 (s, 3H,
N1-CH3), 3.32, 3.31 (2s, 3H, N3-CH3), 2.88 (s, 3H, AOCH3), 2.57,
2.56 (2s, 3H, C6-CH3).

13C NMR (CDCl3, 75 MHz) d: 166.1
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(ACOOCH3), 152.9 (C2¼¼O), 149.9 (C1), 139.0 (C2) 132.0 (vinylic
C6), 129.4,129.2, 129.0 (C3, aromatic C4,C6), 127.8 (C5), 102.4
(vinylic C5), 57.1 (C4), 51.1 (ACOOCH3), 33.7 (N1-CH3), 30.7
(N3-CH3), 16.4 (C6-CH3). Anal. calcd. for C15H17N2O3Cl; C:
58.35, H: 5.55, N: 9.07, O: 15.55, Cl: 11.48%. Found: C: 58.23, H:

5.73, N: 9.27%.
1,3,6-Trimethyl-4-(4-bromophenyl)-5-acetyl-6-methyl-1,2,3,4-

tetrahydropyrimidine-2(1H)-thione (Table 4, entry 13). Light
yellow sticky liquid; IR (KBr): 3133, 1612, and 1400 cm�1. 1H
NMR (CDCl3, 300 MHz) d: 7.14 (dd, J ¼ 9.3 Hz and 1.8 Hz, 2H,

C2-H, C6-H), 6.98 (dd, J ¼ 8.1 and 1.5 Hz, 2H, C3-H, C5-H), 5.61
(s, 1H, C4-H), 3.56 (s, 3H, N1-CH3), 3.49 (s, 3H, N3-CH3), 2.41
(s, 3H, C6-CH3), 2.39 (s, 3H, ACOCH3).

13C NMR (CDCl3, 75
MHz) d:196.3 (ACOCH3), 179.3 (C2¼¼S), 146.4 (C1), 138.2
(vinylic C6), 132.0 (C2, C6), 127.6 (C3,C5), 122.0 (aromatic C4),

116.3 (vinylic C5), 60.6 (C4), 43.1 (N1-CH3), 38.2 (N3-CH3), 31.1
(ACOCH3), 17.9 (C6-CH3). Anal. calcd. for C15H17N2OSBr; C:
51.00, H: 4.85, N: 7.93, O: 4.53, S: 9.08, Br: 22.62%. Found: C:
51.13, H: 4.93, N: 8.17%.

1,3,6-Trimethyl-4-(2chlorophenyl-5-acetyl-6-methyl-1,2,3,4-
tetrahydropyrimidine-2(1H)-thione (Table 4, entry 14). Light
yellow sticky liquid; IR (KBr): 3138, 1669, 1625, and 1399 cm�1.
1H NMR (CDCl3, 300 MHz) d: 7.39–7.36 (m, 1H, aromatic-C4-
H), 7.27–7.23 (m, 2H, C6-H, C3-H), 7.17–7.14 (m, 1H, C5-H),

5.95 (s, 1H, C4-H), 3.66 (s, 3H, N1-CH3), 3.50 (s, 3H, N3-CH3),
2.45 (C6-CH3), 2.24 (ACOCH3).

13C NMR (CDCl3, 75 MHz) d:
196.4 (ACOCH3), 179.1 (C2¼¼S), 145.3 (C1), 136.4 (C2), 132.2
(vinylic C6), (130.1, 130.0, 128.8, 128.3) (C3, aromatic C4,C6,C5),
114.6 (vinylic C5), 58.5 (C4), 42.5 (N1-CH3), 38.1 (N3-CH3), 30.1

(ACOCH3), 17.4 (C6-CH3). Anal. calcd. for C15H17N2OSCl; C:
58.34, H: 5.55, N: 9.07, O: 5.18, S: 10.38, Cl: 11.48%. Found: C:
58.23, H: 5.83, N: 9.27%.

1,3,6-Trimethyl-4-(4-chlorophenyl)-2-oxo-1,2,3,4-tetrahydro-
pyrimidine-5-carboxylic acid ethyl ester (Table 4, entry
15). Off-white solid; M.p. 60–62�C (ethylacetate þ petroleum
ether). IR (KBr): 3500, 1670, and 1427 cm�1. 1H NMR
(CDCl3,300 MHz) d: 7.27 (d, J ¼ 8.4 Hz, 2H, C2-H, C6-H),
7.16 (d, J ¼ 8.4 Hz, 2H, C3-H,C5-H), 5.22 (s, 1H, C4-H), 4.12

(q, J ¼ 7.2 Hz, 2H, AOCH2), 3.26 (s, 3H, N1-CH3), 2.89 (s,
3H, N3-CH3), 2.47 (s, 3H, C6-CH3), 1.24 (t, J ¼ 7.2 Hz, 3H,
AOCH2CH3).

13C NMR (CDCl3, 75 MHz) d: 164.7
(ACOOCH2CH3), 152.6 (C2¼¼O), 148.7 (C1), 138.9 (C4),
132.5 (vinylic C6), 127.9 (C2, C6), 127.3 (C3,C5), 102.2

(vinylic C5), 59.4 (C4), 59.3 (AOCH2), 33.5 (N1-CH3), 30.1
(N3-CH3), 15.2 (C6-CH3), 13.4 (AOCH2CH3). Anal. calcd. for
C16H19N2O3Cl; C: 59.54, H: 5.93, N: 8.68, O: 14.87, Cl:
10.98%. Found: C: 59.43, H: 5.83, N: 8.77%.

1,3,6-Trimethyl-4-(3-nitrophenyl)-5-acetyl-6-methyl-1,2,3,4-
tetrahydropyrimidine-2(1H)-one (Table 4, entry 16). Light

brown liquid; IR (KBr): 3485, 1672, 1605, and 1529 cm�1. 1H

NMR (CDCl3,300 MHz) d: 8.14 (qd, J ¼ 8.1 Hz and 1.5 Hz, 1H,

C6-H), 8.08 (t, J ¼ 1.8 Hz, 1H, C2-H), 7.58 (td, J ¼ 7.5 Hz and

1.5 Hz, 1H, aromatic-C4-H), 7.50 (t, J ¼ 7.8 Hz, 1H, C5-H), 5.41

(s, 1H,C4-H), 3.31 (S, 3H, N1-CH3), 2.99 (s, 3H, N3-CH3), 2.47

(S, 3H, C6-CH3), 2.32 (s, 3H, ACOCH3).
13C NMR (CDCl3, 75

MHz) d:194.8 (ACOCH3), 153.2 (C2¼¼O), 149.1 (C4), 148.6

(C1), 142.5 (vinylic-C6), 132.7 (C6), 129.8 (C5), 123.0 (C2/aro-

matic C4), 121.6 (aromatc C4/C2), 113.9 (vinylic C5), 60.2 (C4),

34.7 (N1-CH3), 31.3 (N3-CH3), 31.2 (C6-CH3), 17.8 (ACOCH3).

Anal. calcd. for C15H17N3O4; C: 59.40, H: 5.65, N: 13.85, O:

21.10%. Found: C: 59.33, H: 5.83, N: 13.77%.

(RR/RS) 4,4-(1,3-phenylene)-bis[5-methoxycarbonyl-3,4-
dihydro-6-methyl]-pyrimidin-2(1H)-one (Table 5, entry
1). White solid; M.p. 309–311�C (MeOH). IR (KBr): 3339,

3304, 1668, 1441, 1343, 1237, and 1091 cm�1. 1H NMR (300
MHz, DMSO-d6) d: 9.19 (s, 2H, 2 � NH), 7.71 (s, 2H, 2 � NH),
7.25 (t, J ¼ 7.8 Hz, 1H, aromatic C5-H), 7.20–7.05 (m, 3H, aro-
matic C2, C4, and C6-H), 5.08 (d, J ¼ 3.0 Hz, 2H, 2 � C4-H),
3.50 (s, 6H, 2 � OCH3), 2.20 (s, 6H, 2 � C6-CH3).

13C NMR

(75 MHz, DMSO-d6) d: 165.9 (2 � COOMe), 152.4 (2 �
C2¼¼O), 148.6 (aromatic C1, C3), 145.2 (2 � C6), 128.7 (aro-
matic C5), 125.4 (aromatic C4, C6), 124.1 (aromatic C2), 99.3 (2
� C5), 54.0 (2 � C4), 50.9 (2 � COOCH3), 17.9 (2 � C6-CH3).
Anal. calcd. for C20H22N4O6; C: 57.97, H: 5.35, N: 13.52.

Found: C: 57.84, H: 5.45, N: 13.61%.
(RR/RS) 4,4-(1,3-phenylene)-bis[5-ethoxycarbonyl-3,4-dihy-

dro-6-methyl]-pyrimidin-2(1H)-one (Table 5, entry 2). White
solid; M.p. 296–298�C (MeOH). IR (KBr): 3361, 3237, 3114,
1700, 1643, 1457, 1226, and 1093 cm�1. 1H NMR (300 MHz,

DMSO-d6) d: 9.14 (s, 2H, 2 � NH), 7.72 (s, 2H, 2 � NH), 7.24
(t, J ¼ 7.2 Hz, 1H, aromatic C5-H), 7.16–7.03 (m, 3H, aromatic
C2, C4-, and C6-H), 5.06 (s, 2H, 2 � C4-H), 3.92 (s, 4H, 2 �
AOCH2CH3), 2.19 (s, 6H, 2 � C6-CH3), 1.04 (t, J ¼ 6.3 Hz,

6H, 2 � AOCH2CH3).
13C NMR (75 MHz, DMSO-d6) d: 165.3

(2 � COOMe), 152.2 (2 � CO), 148.4 (aromatic C1, C3), 145.2
(2 � C6), 128.6 (aromatic C5), 125.4 (aromatic C4, C6), 124.2
(aromatic C2), 99.4 (2 � C5), 59.3 (2 � OCH2), 54.1 (2 � C4),
17.8 (2 � C6-CH3), 14.2 (2 � OCH2CH3). Anal. calcd. for

C22H26N4O6; C: 59.72, H: 5.92, N: 12.66. Found: C: 59.87, H:
5.85, N: 12.81%.

(RR/RS) 4,4-(1,3-phenylene)-bis[5-methoxycarbonyl-3,4-
dihydro-6-methyl]-pyrimidin-2(1H)-thione (Table 5, entry
3). White solid; M.p. 280–282�C (MeOH). IR (KBr):3301,

3186, 2373, 1699, 1567, 1437, 1321, 1186, and 1108 cm�1.
1H NMR (300 MHz, DMSO-d6) d: 10.39 (s, 2H, 2 � NH),
9.60 (s, 2H, 2 � NH), 7.31 (t, J ¼ 7.8 Hz, 1H, aromatic C5-
H), 7.11 (d, J ¼ 7.8 Hz, 2H, aromatic C4, C6-H), 7.02 (s, 1H,
aromatic C2-H), 5.10 (d, J ¼ 3.3 Hz, 2H, 2�C4-H), 3.54 (s,

6H, 2�AOCH3), 2.30 (s, 6H, 2 � -CH3).
13C NMR (75 MHz,

DMSO-d6) d: 174.4 (2 � C¼¼S), 165.6 (2 � COOMe), 145.3
(aromatic C1, C3), 143.9 (2 � C6), 129.0 (aromatic C5), 125.9
(aromatic C4, C6), 124.2 (aromatic C2), 100.5 (2 � C5), 54.0
(2 � C4), 51.2 (2�COOMe), 17.3 (2�C6-CH3). Anal. calcd.
for C20H22N4O4S2; C: 53.80, H: 4.97, N: 12.55. Found: C:
53.94, H: 5.15, N: 12.41%.
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Acetoacetanilide was trilithiated with excess lithium diisopropylamide to form a reactive trianion-
type intermediate. This was followed by a regioselective Claisen-type condensation of the trilithiated

intermediate with a variety of aromatic esters to afford new C-acylated intermediates, 3,5-diketopen-
tane-carboxanilides, that were not isolated but immediately condensed-cyclized with hydrazine to afford
the NH-pyrazoleacetanilides, 5-aryl-1H-pyrazole-3-acetanilides, before these C-acylated intermediates
had an opportunity to rearrange to anilino-pyranones, 4-anilino-6-aryl-2H-pyran-2-ones.

J. Heterocyclic Chem., 47, 147 (2010).

INTRODUCTION

Pyrazoles of all substitution types continue to be pre-

pared and studied, either as stand alone molecular sys-

tems, or as part of a fused-ring group of compounds,

such as, indazoles and dihydrobenzindazoles [1]. NH-
Pyrazole-3-acetic acids and their derivatives have

received limited investigation [2], with a single recent

citation dealing with the preparation of NH-pyrazole-3-
acetanilides [3], and a single report for NH-pyrazole-3-
acetic acid hydrazides [4]. Of the possible pyrazole

substitution types, the NH-pyrazoles continue to receive

increasing interest, especially in ligand investigations [5]

(Scheme 1).

Claisen type strong base studies with b-ketoesters dia-
nions 2 resulting from deprotonation of 1 with alkali

metal amides (M ¼ Li, Na, or K), lithium diisopropyla-

mide (LDA), and other strong bases [6] was followed

by condensation with carboxy electrophiles, usually an

ester, and sometimes N-acylaziridines [7]. This afforded

C-acylated products 3, diketoesters, that could be iso-

lated and transformed by condensation-cyclization with

hydrazine into additional products, NH-pyrazoles 4.
Some of the dianion-type b-ketoester systems 2 have

been expanded to trianion-type b-ketoamide intermedi-

ates 6 that could be used in additional syntheses

(Scheme 2). Recently, acetoacetanilide 5 has been trili-

thiated with excess LDA, and these intermediates 6

were regioselectively condensed at the terminal carbon

atom with lithiated methyl thiosalicylate or a variety

of lithiated methyl salicylates to afford C-acylation
products 7 that were acid cyclized to 4H-1-benzothio-
pyran-4-ones (thiochromone-acetanilides) 8 [8] or 4H-1-
benzopyran-4-ones (chromone-acetanilides) 9 [9],

respectively. When the trilithiated intermediates 6 were

condensed with other substituted benzoate esters, such

as, methyl 4-methoxybenzoate, rearrangement products

usually resulted and were identified as substituted 2-pyr-

anones, 4-anilino-6-aryl-2H-pyran-2-ones 10 [10].

RESULTS AND DISCUSSION

During this investigation, 2-[3-(phenyl or substituted

phenyl)-1H-pyrazol-5-yl]-N-phenylacetamides, NH-pyrazole

Scheme 1. Syntheses with dimetalated b-ketoesters.
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acetanilides, 11a–l were prepared by the immediate con-

densation-cyclization of 5-(phenyl or substituted phenyl)-

3,5-dioxo-N-phenylpentamides, diketopentanilides 7, (from

5 and 6) intermediate compounds with hydrazine. Interme-

diate diketopentanilides 7 were prepared by modification

and extension of some strong-base multiple anion proce-

dures where trianion 6 resulted from treatment of acetoac-

etanilide 5 with excess LDA to 6, and then condensed

with a variety of substituted benzoate esters, that did not

contain an ortho-substituted nucleophilic functional group

(e.g., thiophenol).

The purification of these diketopentanilide intermedi-

ates 7 presented a good possibility of rearrangements to

anilino-pyranones 10; consequently, they were treated

with excess hydrazine which resulted in the preferential

condensation of a hydrazine nitrogen with one of the two

carbonyl carbons of diketopentanilide intermediates 7 fol-

lowed by cyclodehydration to the targeted pyrazoleacetic

acid anilides 11a–l. Anilino-pyranones 10 were not found.

The pyrazole acetanilides 11a–l can be represented as

a molecular system with numerous tautomeric forms (I–

VI), including the keto-enol and annular tautomers with

the pyrazole NAH hydrogen bonded to either of the ad-

jacent nitrogen atoms (annular tautomers). IR carbonyl

absorptions from crystalline products were noted at

1651–1676 cm�1. Proton magnetic spectra indicated pre-

dominantly or exclusively keto tautomer, with the meth-

ylene absorptions appearing as a singlet at d 3.44–3.78

ppm. The C4AH absorptions of the pyrazole ring were

noted at d 6.31�6.69 ppm. Carbon-13 NMR spectra

were indicative of structure but they were inconclusive.

Even after extensive scans, the projected number of car-

bon absorptions were usually not obtained [3]. The C4

(CH carbon) resonance absorptions of the pyrazole ring

in all cases were noted d 101–107 ppm, which is in

accord with estimates and recent experimental data

reported by others [3,4]. DEPT taken after 5000 C-13

NMR scans on 11b followed by HMQC indicated the

presence of the methylene carbon absorptions at d 35.8

ppm, which was matched with H-1 NMR methylene

protons absorption at d 3.72 ppm; the C-13 NMR

absorption at d 102.5 ppm was matched with H-1 NMR

C4AH of the pyrazole ring absorption at d 6.61 ppm.

Other C-13 NMR absorptions were noted for the meth-

ylene carbons from d 32.9 to 40.2 ppm. LC-MS for all

compounds, (MþH)þ, were also satisfactory and com-

bustion analysis for the compounds were supportive.

The single crystal X-ray analysis obtained for product

11c indicated that a single tautomer in the keto form (I,

Fig. 1) with a hydrogen bonded to the nitrogen adjacent

to the pyrazole carbon also bonded to the methylene

(C3 in the ORTEP diagram illustrated in Fig. 2) and

that the pyrazole ring is nearly planar [12].

Scheme 2. Syntheses with trilithiated acetoacetanilide including 5-aryl-1H-pyrazole-3-acetanilides 11a–l.

Figure 1. 5-Aryl-1H-pyrazole-3-acetanilide tautomers I–VI.
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The molecular structure of 11c is shown in Figure 2

and selected bond distances and angles are listed in

Table 1. The bond lengths agree with the assignment of

the double bond shown between C1 and O1 for the keto

form (see ORTEP diagram for numbering of atoms).

The least squares best planes representing the rings

containing C6 and C5 are nearly coplanar with an angle

of 18.3� between them. There is likely some extended pi

bonding between these rings. Each molecule is hydrogen

bonded to four molecules: N3 to the H atom on N1, H

on N2 to O1, O1 to the H atom on N2, and H on N1 to

N3.

The overall yields for the two-step synthesis may not

be optimal for an individual product, with the strong

base reactions usually having the greatest variance. A

practical side to the synthesis is the availability of start-

ing materials, the use of less toxic acylating reagents

(aromatic esters vs. acyl aziridines), a procedure that is

reproducible by someone not necessarily familiar with

strong base synthesis methods, and that the procedure is

conducive to making targeted products which can be

prepared in gram quantities after recrystallization from

common solvents. Although not investigated exten-

sively, tetramethylethylenediamine (TMEDA) did not

markedly increase the overall yield, on occasion �5%

[6g]. In addition to all products targeted and prepared

being new, they have the potential for use in agriculture

and medicine, applications in other syntheses, and for

spectral and theoretical studies.

EXPERIMENTAL

Melting points were obtained with a Mel-Temp II melting
point apparatus in open capillary tubes and are uncorrected.
Fourier transform infrared spectra were obtained with a Matt-
son Genesis II FTIR with Specac Golden Gate Accessory. Pro-

ton and C-13 nuclear magnetic resonance spectra were
obtained with a Varian Associates Mercury Oxford (300 MHz
for H-1 and 75 MHz for C-13) nuclear magnetic resonance
spectrometer, and chemical shifts are recorded in d ppm down-
field from an internal tetramethylsilane (TMS) standard. Com-

bustion analyses were performed by Quantitative Technologies,
Inc., P.O. Box 470, Whitehouse, NJ 08888. LCMS analyses
were measured on a Thermo-Finnigan LCQ Advantage system
with the Surveyor autosampler, Surveyor pump, and LCQ
Advantage Max mass spectral detector using electrospray ioni-

zation; 2 mg samples were prepared in 2 mL min�1 of acetoni-
trile; 10 lL injections were pumped at 1.00 mL min�1 iso-
cratically with 70% acetonitrile and 30% water, each buffered
with 0.1% formic acid by volume; 15 min runs were repro-

duced in positive MS modes. Data were collected at full scan
from 100 to 650 amu.

General procedure for the preparation of 5-aryl-1H-pyr-

azole-3-acetic acid anilides (11a–l). Ratio of reagents—Ace-

toacetanilide:LDA:ester, 1:4:1 for 11a–g, and 1:5:1 for 11h

and 11j. In a typical reaction sequence, LDA was prepared in
a round bottomed flask by the addition of 39–40 mL (50 mL
for 11h and 11j) of 1.60M n-butyllithium (0.0630 mol/0.0788
mol for 11h and 11j) in hexanes (e.g., 500 mL), equipped with
a nitrogen inlet tube, and a side-arm addition funnel (recom-

mended). The flask was cooled in an ice water bath, and 6.41
g (0.0630 mol) or 8.01 g (0.0788 mol for 11h and 11j) of dii-
sopropylamine (99.5%, Aldrich Chemical Co.), dissolved in
25–35 mL of dry THF was added from the addition funnel at
a fast drop wise rate during a 5 min period. The solution was

stirred for an additional 15–20 min, and then treated during 5
min with acetoacetanilide 6 (99.5%, Aldrich Chemical Co.),

Figure 2. ORTEP diagram (50% ellipsoids for nonhydrogen atoms),

C17H14 ClN3O 11c [11].

Table 1

Selected bond distances (Å) and angles (�), C17H14ClN3O 11c.

C1AO1 1.235(4) C1AN1AC12 128.5(3)

C1AN1 1.341(4) O1AC1AN1 124.4(3)

N1AC12 1.420(4) O1AC1AC2 120.9(3)

C1AC2 1.519(4) N1AC1AC2 114.7(3)

C2AC3 1.500(4) C3AC2AC1 108.7(3)

N2AC3 1.345(4) C4AC3AC2 131.5(3)

N3AN2 1.353(4) C3AC4AC5 105.8(3)

N3AC5 1.347(4) N3AC5AC4 110.4(3)

C4AC5 1.403(4) C5AN3AN2 104.7(2)

C3AC4 1.375(5) C3AN2AN3 112.8(3)

C6AC5 1.473(5) N2AC3AC2 122.1(3)

N2AC3AC4 106.4(3)

C11AC6AC5AC4 �18.3(5) C4AC3AC2AC1 50.5(5)

N1AC1AC2AC3 �103.2(3) C12AN1AC1AC2 174.5(3)

C1AN1AC12AC17 162.8(3)
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2.65 g (0.015 mol) dissolved in 40–60 mL of THF. After 3 h,

a solution of 0.0158 mol (5% molar excess) of substituted ben-
zoate ester dissolved in 25–35 mL of THF, was added, during
5 min, to the trilithiated intermediate 7, and the solution was
stirred overnight (N2) at room temperature. Finally, 100 mL of
3M hydrochloric acid was added all at once, followed by an

additional 100 mL of reagent grade ether, and the two-phase
mixture was separated, followed by extraction of the aqueous
layer with ether (2 � 50 mL). The combined organic fractions
were extracted with 25 mL of 5% sodium bicarbonate solution,
then 25 mL water. The resulting solution was dried (MgSO4),

decanted, and evaporated (if rotoevap. used, temperature of
water bath �40�C). An oil usually resulted, which was taken
up in 50–75 mL of methanol followed by 6 mL of hydrazine
hydrate, 1 mL of acetic acid, and the solution heated under
reflux for 2–4 h. The resulting solution was allowed to evapo-

rate, and the resulting solid was recrystallized, usually from
common solvents to afford products 11a–l.

2-[3-(4-Chlorophenyl)-1H-pyrazol-5-yl]-N-phenylacetamide
(11a). Compound 11a was obtained in 34% yield, mp 234–

235�C (methanol), from the two-step procedure for the con-
densation-cyclization of 6 and methyl 4-chlorobenzoate. IR:
1651, 3217, and 3332 cm�1. 1H NMR (DMSO-d6): d 3.78 (s,
2H, CH2), 6.63 (s, 1H, C4AH, pyrazole), 7.05 (t, 1H, ArH,
J ¼ 7.5 Hz), 7.31 (t, 2H, ArH, J ¼ 7.8 Hz), 7.45 (m, 2H,

ArH), 7.63 (d, 2H, ArH, J ¼ 7.8 Hz), 7.79 (m, 2H, ArH),
10.22 (s, 1H, NH), and 12.86 (s, 1H, NH). 13C NMR (DMSO-
d6): 31.37, 102.78 (C4, pyrazole), 119.8, 124.0, 127.4, 129.4,
139.8, 147.3, 174.1, 178.5. LCMS, theor. exact mass, 311.08:
exp. (MþH)þ 312.0. Anal. Calcd for C17H14 ClN3O�1/8 H2O

[13]: C, 65.02; H, 4.57; N, 13.38. Found: C, 64.97; H, 4.28;

N, 12.98.
2-[3-Phenyl-1H-pyrazol-5-yl]-N-phenylacetamide (11b). Com-

pound 11b was obtained in 31% yield, mp 222–224�C (metha-
nol/benzene), from the two-step procedure for the condensa-
tion-cyclization of 6 and methyl benzoate. IR: 1668, 3195

cm�1. 1H NMR (DMSO-d6): d 3.72 (s, 2H, CH2), 6.61 (s, 1H,
C4AH, pyrazole), 7.04 (t, 1H, ArH, J ¼ 7.5 Hz), 7.31–7.43
(m, 5H, ArH), 7.64 (d, 2H, ArH, J ¼ 7.5 Hz), 7.76 (d, 2H,
ArH, J ¼ 7.5 Hz), and 10.23 (NH). 13C NMR (DMSO-d6):
35.8, 102.6 (C4, pyrazole), 119.8, 124.0, 125.7, 128.2, 129.5,

132.6, 139.9, 168.4. LCMS, theor. exact mass, 277.12: exp.
(MþH)þ, 278.04. Anal. Calcd for C17H15N3O: C, 73.63; H,
5.45; N, 15.04. Found: C, 73.22; H, 5.47; N, 15.04.

2-[3-(3-Chlorophenyl)-1H-pyrazol-5-yl]-N-phenylacetamide
(11c). Compound 11c was obtained in 49% yield, mp 191–

194�C (methanol), from the two-step procedure for the con-
densation-cyclization of 6 and methyl 3-chlorobenzoate. IR:
753, 1655, 3132, and 3194 cm�1. 1H NMR (DMSO-d6): d
3.78 (s, 2H, CH2), 6.69 (s, 1H, C4AH, pyrazole), 7.06 (t, 1H,

ArH, J ¼ 7.8 Hz), 7.29–7.44 (m, 4H, ArH), 7.63 (d, 2H, ArH,
J ¼ 7.5 Hz), 7.76 (d, 2H, ArH, J ¼ 7.5 Hz), and 10.23 (s, 1H,
NH). 13C NMR (DMSO-d6): 34.59, 103.5 (C4, pyrazole),
119.5, 124.7, 125.7, 127.8, 129.1, 131.7, 134.5, 139.9. LCMS,
theor. exact mass, 311.08: exp. (MþH)þ, 312.01. Anal. Calcd
for C17H14 ClN3O�1/3 H2O [13]: C, 64.25; H, 4.65; N, 13.22.
Found: C, 64.34; H, 4.84; N, 13.04.

Single crystal X-ray structure determination. Yellow crys-
tals of C17H14ClN3O 11c were recrystallized from an ethanol-
water solution in order to give satisfactory crystals for X-ray

Table 2

Crystallographic data, C17H14ClN3O 11c.

CCDC deposit number [14] 738,969

Color/shape Yellow/chip

Crystal dimensions (mm) 0.34 � 0.14 � 0.12

Formula C17H14ClN3O

Formula mass 311.76

T (K) 163

Crystal system Monoclinic

Space group P21/c
a (Å) 12.451(2)

b (Å) 9.642(2)

c (Å) 12.581(3)

b(�) 104.884(7)

V (Å3) 1459.8(5)

Z 4

dcalc (g cm�3) 1.419

k (Å) 0.71073

l (mm�1) 0.267

F(000) 648

y range (�) 2.70–25.15

Reflections collected 9944

Miller indices �14 � h � 13, �10 � k � 11, �15 � l � 15

Unique reflections 2605

Unique reflections I > 2r(I) 1915

Max and min transmission 1.000, 0.932

Data, restraints, parameters 2605, 0, 199

Final R indices I > 2r(I) R1 ¼ 0.0613, wR2 ¼ 0.1425

R indices all data R1 ¼ 0.0883, wR2 ¼ 0.1687

Goodness of fit on F2 1.052

Largest diff peak and hole (e Å�3) 0.322, �0.403
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determination. Crystal data for X-ray studies were collected at
20�C on a Mercury CCD area detector coupled with a Rigaku
AFC8 diffractometer with graphite monochromated Mo-K
radiation. Data were collected in 0.5� oscillations in x with 40
s exposures. A sweep of data was done using x oscillations

from �40.0� to 90.0� at v ¼ 45� and / ¼ 0.0�; a second
sweep was performed using x oscillations from �30.0� to
80.0� at v ¼ 45� and / ¼ 90.0�. The crystal-to-detector dis-
tance was 27.7789 mm. Details of the data collection are
reported in Table 2. Data were collected, processed, and cor-

rected for Lorentz polarization and for absorption using Crys-
talClear (Rigaku) [15].

The nonhydrogen atoms were refined anistropically. Ideal
hydrogen atom coordinates for the rings containing C6 and
C12 (see numbering of atoms in ORTEP diagram, Fig. 2) were

calculated and the hydrogen atoms were allowed to ride on
their respective carbon atoms. The hydrogen atoms on N1, N2,
C2, and C4 were located by difference and then ideal coordi-
nates were calculated and these hydrogen atoms were allowed

to ride on their respective atoms. The temperature factors of
all hydrogen atoms were varied isotropically. Structure solu-
tion, refinement, and the calculation of derived results were
performed using the SHELX-97 [16] package of computer pro-
grams. Neutral atom scattering factors were those of Cromer

and Waber [16], and the real and imaginary anomalous disper-
sion corrections were those of Cromer [17].

2-[3-(4-Methylphenyl)-1H-pyrazol-5-yl]-N-phenylacetamide
(11d). Compound 11d was obtained in 40% yield, mp 196–
198�C (methanol), from the two-step procedure for the con-

densation-cyclization of 6 and methyl 4-methylbenzoate. IR:
1338, 1660 cm�1. 1H NMR (DMSO-d6): d 2.51 (s, 2H, CH3),
3.72 (s, 2H, CH2), 6.56 (s, 1H, C4AH, pyrazole), 7.05 (t, 1H,
ArH, J ¼ 7.5 Hz), 7.20–7.34 (m, 4H, ArH), 7.62–7.66 (m, 4H,
ArH), 10.22 (s, 1H, NH). 13C NMR (DMSO-d6): d 25.79,

26.23, 39.51, 54.04, 106.98 (C4, pyrazole), 124.6, 128.7,
130.4, 134.2, 134.4, 134.8, 142.3, 144.6, 173.3. LCMS, theor.
exact mass 291.14: exp. (MþH)þ, 292.08. Anal. Calcd for
C18H17N3O�1/2 H2O [13]: C, 71.90; H, 6.04; N, 13.99. Found:

C, 72.01; H, 6.26; N, 14.38.
2-[3-(4-(1,1-Dimethylethyl)phenyl)-1H-pyrazol-5-yl]-N-

phenylacetamide (11e). Compound 11e was obtained in
37% yield, mp 262–265�C (methanol), from the two-step pro-
cedure for the condensation-cyclization of 6 and methyl 4-

(1,1-dimethylethyl)benzoate. IR: 1676, 3128 cm�1. 1H NMR
(DMSO-d6): d 1.26 (s, 9H, CH3), 3.44 (s, 2H, CH2), 6.55 (s,
1H, C4AH, pyrazole), 7.03 (t, 1H, ArH, J ¼ 7.5 Hz), 7.29 (t,
2H, ArH, J ¼ 8.1 Hz), 7.40 (d, 2H, ArH, J ¼ 8.4 Hz), 10.20
(s, 1H, NH). 13C NMR (DMSO-d6): 26.6, 31.8, 35.0, 102.3

(C4, pyrazole), 113.1, 119.9, 123.9, 125.5, 125.2, 126.2, 129.4,
139.9. LCMS, theor. exact mass 333.18: exp. (MþH)þ,
334.10. Anal. Calcd for C20H23N3O: C, 75.65; H, 6.95; N,
12.60. Found: C, 75.28; H, 7.01; N, 12.54.

2-[3-(4-Bromophenyl)-1H-pyrazol-5-yl]-N-phenylacetamide
(11f). Compound 11f was obtained in 19% yield, mp 246–
249�C (methanol), from the two-step procedure for the con-
densation-cyclization of 6 and methyl 4-bromobenzoate. IR:
1651, 3209 cm�1. 1H NMR (DMSO-d6): d 3.44 (s, 2H, CH2),

6.54 (s, 1H, C4AH, pyrazole), 7.03 (d, 1H, ArH, J ¼ 8.3 Hz),
7.31 (t, 2H, ArH, J ¼ 5.4 Hz), and 7.57–7.62 (m, 4H, ArH)
and 10.20 (s, 1H, NH). 13C NMR (DMSO-d6): d 34.3, 102.6
(C4, pyrazole), 119.8, 124.0, 127.7, 129.4, 132.2, 139.0, 139.8,

142.2, 149.9, 172.2. LCMS, theor. exact mass 355.03: exp.
(MþH)þ, 355.98. Anal. Calcd for C17H14 BrN3O: C, 57.32; H,
3.96; N, 11.85. Found: C, 56.94; H, 3.89; N, 11.83.

2-[3-(4-Methoxyphenyl)-1H-pyrazol-5-yl]-N-phenylacetamide
(11g). Compound 11g was obtained in 40% yield, mp 201–

203�C (methanol), from the two-step procedure for the con-
densation-cyclization of 6 and methyl 4-methoxybenzoate. IR:
1660, 3283 cm�1. 1H NMR (CDCl3): d

1H NMR (DMSO-d6):
d 3.66 (s, 2H, CH2), 3.75 (s, 3H, OCH3), 6.47 (s, 1H, C4AH,
pyrazole), 6.94–7.05 (m, 3H, ArH), 7.24–7.31 (m, 2H, ArH),

7.58–7.67 (m, 4H, ArH) and 10.16 (s, NH). 13C NMR
(DMSO-d6): 36.01, 54.86, 78.36, 100.94 (C4, pyrazole), 113.8,
119.2, 123.1, 126.3, 128.4, 129.4, 138.9, 158.8, 167.8. LCMS,
theor. exact mass, 307.13: exp. (MþH)þ, 308.06. Anal. Calcd
for C18H17N3O2: C, 70.34; H, 5.58; N, 13.67. Found: C,

70.11; H, 5.55; N, 13.51.
2-[3-[4-(Dimethylamino)phenyl]-1H-pyrazol-5-yl]-N-

phenylacetamide (11h). Compound 11h was obtained in a
19% yield, mp 272–275�C (DMF), from the two-step proce-

dure for the condensation-cyclization of 6 and methyl 4-dime-
thylaminobenzoate. IR: 1610, 1670, 3184 cm�1. 1H NMR
(DMSO-d6): d 2.92 (s, 6H, CH3), 3.67(s, 2H, CH2), 6.38 (s,
1H, C4AH, pyrazole), 6.72 (d, 2H, ArH, J ¼ 9.0 Hz), 7.02 (t,
1H, ArH, J ¼ 7.2 Hz), 7.27 (t, 2H, J ¼ 7.8 Hz, ArH), 7.55 (d,

2H, ArH, J ¼ 8.7 Hz), 7.62 (d, 2H, ArH, J ¼ 7.5 Hz), 8.17
(d, 2H, ArH), 10.09 (s, 1H, NH). 13C NMR (DMSO-d6): 36.5,
44.0, 87.6, 101.0 (C4, pyrazole), 113.0, 119.8, 123.9, 126.6,
129.4, 139.2, 149.7, 139.9, 150.5. LCMS, theor. exact mass,
320.38: exp. (MþH)þ, 321.09. Anal. Calcd for C19H20N4O�1/4
H2O [13]: C, 70.24; H, 6.36; N, 17.34. Found: C, 70.30; H,
6.40; N, 17.49.

2-[3-(3,5-Dimethylphenyl)-1H-pyrazol-5-yl]-N-phenylacetamide
(11i). Compound 11i was obtained in a 40% yield, 222–224�C
(ethanol/benzene), from the two-step procedure for the conden-

sation-cyclization of 6 and methyl 3,5-dimethylbenzoate. IR:
1660, 3238 cm�1. 1H NMR (DMSO-d6): d 2.29 (s, 6H, CH3),
3.38 (s, 2H, CH2), 6.55 (s, 1H, C4AH, pyrazole), 6.92 (s, 1H,
ArH), 7.05 (t, 1H, ArH, J ¼ 7.5 Hz), 7.31 (t, 2H, ArH, J ¼
7.5 Hz), 7.37 (s, 1H, ArH), 7.61 (s, 2H, ArH), 7.64 (d, 2H,
ArH, J ¼ 1.2 Hz), 10.19 (s, 1H, NH). 13C NMR (DMSO-d6):
21.7, 37.6, 102.5 (C4, pyrazole), 107.0, 112.7, 119.8, 123.5,
123.9, 129.4, 130.0, 138.6, 139.9, 160.8. LCMS, theor. exact
mass, 305.15: exp. (MþH)þ, 306.17. Anal. Calcd for

C19H19N3O: C, 74.73; H, 6.27; N, 13.76. Found: C, 74.34; H,
6.34; N, 13.66.

2-[3-(4-Aminophenyl)-1H-pyrazol-5-yl]-N-phenylacetamide
(11j). Compound 11j was obtained in a 32% yield, 178–180�C
(ethanol), from the two-step procedure for the condensation-

cyclization of 6 and methyl 4-aminobenzoate. IR: 1662, 2777,
3322 cm�1. 1H NMR (DMSO-d6): d 3.62 (s, 2H, CH2), 5.32
(s, 1H, NH), 6.32 (s, 1H, C4AH, pyrazole), 6.53 (s, 2H, NH),
6.58 (d, 2H, ArH, J ¼ 7.2 Hz), 7.02 (t, 1H, ArH, J ¼ 7.5 Hz),
7.28 (t, 2H, ArH), 7.36 (d, 2H, ArH, J ¼ 8.7 Hz), 7.61 (d, 2H,

ArH, J ¼ 7.5 Hz), 10.18 (s, 1H, NH). 13C NMR (DMSO-d6):
39.5, 100.8 (C4, pyrazole), 113.2, 115.1, 119.8, 120.8, 121.7,
123.9, 125.9, 126.7, 129.4, 130.1, 139.9, 168.9. LCMS, theor.
exact mass, 292.34: exp. (MþH)þ 293.04. Anal. Calcd for

C17H16N4O�1/4 H2O [13]: C, 68.79; H, 5.60; N, 18.87. Found:
C, 68.85; H, 5.49; N, 18.26.

2-[3-(3,4-Dimethoxyphenyl)-1H-pyrazol-5-yl]-N-phenylacetamide
(11k). Compound 11k was obtained in a 19% yield, 198–
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200�C (methanol), from the two-step procedure for the con-
densation-cyclization of 6 and methyl 3,4-dimethoxybenzoate.
IR: 1655, 2931, 3193 cm�1. 1H NMR (DMSO-d6): d 3.68 (s,
2H, CH2), 3.78 (s, 3H, OCH3), 3.80 (s, 3H, OCH3), 5.28 (s,
1H, NH), 6.35 (s, 1H, C4AH, pyrazole), 6.54–6.76 (m, 3H,

ArH) 6.94–7.18 (m, 3H, ArH), 7.49–7.57 (m, 3H, ArH), and
9.22 (s, 1H, NH); 13C NMR (DMSO-d6): 37.9, 56.2, 87.5,
102.1 (C4, pyrazole), 109.4, 112.6, 118.1, 119.8, 123.9, 129.4,
139.9, 147.9, 149.6, 168.0. LCMS, theor. exact mass, 337.37:
exp. (MþH)þ 338.08. Anal. Calcd for C19H19N3O3�1/4 H2O

[13]: C, 66.75; H, 5.75; N, 12.29. Found: C, 67.11; H, 5.62;
N, 12.23.

2-[3-(3-Chloro-4-methoxyphenyl)-1H-pyrazol-5-yl]-N-
phenylacetamide (11l). Compound 11l was obtained in a
30% yield, 215–218�C (ethanol) from the two-step procedure

for the condensation-cyclization of 6 and methyl 3-chloro-4-
methoxybenzoate. IR: 1502, 1600, 1667, 2839, 3263 cm�1. 1H
NMR (DMSO-d6): d 3.77 (s, 2H, CH2), 3.85 (s, 3H, CH3O),
5.41 (s, 1H, NH) 6.56 (s, 1H, C4AH, pyrazole), 7.03 (t, 1H,

ArH, J ¼ 7.2 Hz), 7.14 (d, 1H, ArH, J ¼ 8.4 Hz), 7.31 (t, 2H,
ArH, J ¼ 7.5 Hz), 7.60 (d, 1H, ArH, J ¼ 1.8 Hz), 7.69 (d,
2H, ArH, J ¼ 1.8 Hz), 7.80 (s, 1H, ArH), 12.74 (s, 1H, NH).
13C NMR (DMSO-d6): 26.2, 40.2, 56.8, 103.3 (C4, pyrazole),
113.7, 119.8, 122.0, 124.0, 125.6, 126.9, 129.4, 139.8, 154.5,

167.9. LCMS, theor. exact mass, 341.09: exp. (MþH)þ,
342.01. Anal. Calcd for C18H16ClN3O2: C, 63.25; H, 4.72; N,
12.29. Found: C, 62.91; H, 4.79; N, 12.19.
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Copper triflate has been found to be an efficient catalyst for the synthesis of benzimidazoles from o-
phenylenediamine and aldehydes at reflux temperature under acetonitrile solvent. This new method con-
sistently has the advantage of excellent yields (74–95%) at reflux temperature.

J. Heterocyclic Chem., 47, 153 (2010).

INTRODUCTION

Benzimidazoles are highly biologically active com-

pounds and exhibit antiviral, antinulcer, antihyperten-

sion, and anticancer properties [1]. Because of wide bio-

logical significance, the synthesis of these compounds

has received a great deal of attention. The synthesis of

benzimidazoles involves treatment of 1,2-phenylenedi-

amines with carboxylic acids or various derivatives

under strongly acidic conditions or with aldehydes fol-

lowed by oxidation [2,3] for which various oxidative

reagents have been used [4,5]. Many of these processes

suffer from one or more limitations, such as long reac-

tion times, occurrence of several side reactions, drastic

reaction conditions, low yields, and tedious work-up

procedure. Therefore, the search continues for a better

catalyst for the synthesis of benzimidazoles in terms of

mild reaction conditions.

Recently, the use of copper triflate catalyst [6,7] has

received considerable importance in organic synthesis

because of their ease of handling, enhanced reaction

rates, greater selectivity, simple workup. Among the

various catalysts, particularly, copper triflate has advan-

tages of low cost and ease of preparation. In view of

this, we have used copper triflate as an efficient catalyst

for the benzimidazole synthesis in our laboratory.

RESULTS AND DISCUSSION

Initially, we have studied the condensation reaction of

aldehyde (1.0 mmol) with 1,2-phenylenediamine (1.2

mmol) using copper triflate (1.0 mmol) under reflux

temperature under acetonitrile solvent (Scheme 1). Cop-

per triflate catalyst is acting as Lewis acid and the for-

mation of benzimidazole may be through the following

mechanism. (Scheme 2).

Encouraged by these results, we examined several ar-

omatic aldehydes under the optimized conditions. This

condensation proceeded smoothly in refluxing acetoni-

trile and also complete with in 5 h of reaction time.

Several aldehydes (aromatic, heteroaromatic, and ali-

phatic) underwent the above conversion to form a series

of benzimidazoles (Table 1). Aromatic aldehydes con-

taining both electron-donating and electron-withdrawing

groups worked well. The method is suitable for the

preparation of benzimidazoles from an acid sensitive

aldehyde such as furfuraldehyde (3k) and the sterically

Scheme 1

VC 2010 HeteroCorporation

January 2010 153



Table 1

Copper triflate catalyzed synthesis of benzimidazoles.

Entry Aldehyde Product Time (h) Isolated yield (%)

3a 3.5 95

3b 4.0 93

3c 4.0 93

3d 4.5 90

3e 4.5 88

3f 5.0 85

3g 4.5 88

3h 5.0 88

3i 5.0 85

3j 5.0 78

3k 5.0 75

3l 5.0 74

Scheme 2. Proposed mechanism for synthesis of benzimidazoles.



hindered aldehyde 2-naphthaldehyde (3l). Substituted

aldehydes have been used with similar success to pro-

vide the corresponding benzimidazoles in high yields,

which are also of much interest with regard to biological

activity. The reaction conditions are mild and the exper-

imental procedure is simple. The products were formed

in high yields (74–95%). The structures of the products

were determined from their spectral (1H NMR, IR, and

MS) data. Several examples illustrating this novel and

general method for the synthesis of benzimidazoles are

summarized in Table 1.

CONCLUSIONS

In summary, we have developed a new methodology

for the synthesis of various benzimidazoles by using

1,2-phenylenediamines and substituted aldehydes in the

presence of copper triflate catalyst at reflux temperature.

Thus, this method is a simple, high yielding, time sav-

ing, and the utility of copper triflate catalyst for synthe-

sis of benzimidazoles would be precious addition to

available methods.

EXPERIMENTAL

General procedure for the synthesis of benzimidazoles. To
a mixture of an aldehyde (0.5 mmol) and 1,2-phenylenedi-
amine (0.6 mmol) in acetonitrile (5 mL) under a nitrogen

atmosphere, coppertriflate (0.5 mmol) was added. The mixture
was stirred at reflux temperature, and the reaction was moni-
tored by TLC. After completion, the solvent was evaporated
and the mixture was extracted with EtOAc (3 � 10 mL). The
extract was concentrated, and the crude product was purified

by silica gel column chromatography using ethyl acetate–n-
hexane (1:9) as eluent to afford the desired product 3. The res-
idue was subjected to column chromatography (silica gel, hex-
ane–EtOAc) to obtain the pure benzimidazole. The spectral
(1H NMR, IR, and MS) data of some representative benzimi-

dazoles are given below.

Compound (3e). IR (KBr): m 3189, 2980, 1625 cm�1; 1H
NMR (CDCl3 þ DMSO-d6): d 12.70 (1H, br s), 8.07 (2H, d, J
¼ 8.0 Hz), 7.57 (1H, m), 7.26–7.22 (3H, m), 7.19–7.06 (2H,

m); FABMS: m/z 231 (37Cl [MþH]þ), 229 (35Cl [MþH]þ);
Anal. Calcd for C13H9N2Cl: C, 68.27; H, 3.94; N, 12.25.
Found: C, 68.42; H, 3.86; N, 12.38.

Compound (3l). IR (KBr): m 3055, 2925, 2853, 1624 cm�1;
1H NMR (CDCl3 þ DMSO-d6): d 11.86 (1H, br s), 8.75 (1H,

br s), 8.39 (1H, dd, J ¼ 8.0, 2.0 Hz), 8.02–7.90 (3H, m),
7.69–7.52 (4H, m), 7.26–7.18 (2H, m); FABMS: m/z 245
[MþH]þ; Anal. Calcd for C17H12N2: C, 83.61; H, 4.92; N,
11.47. Found: C, 83.87; H, 4.88; N, 11.61.
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Triazole skeleton is ubiquitous in pharmaceutically important compounds. A novel series of indoline-
containing triazole with different amides are described, which exhibit antibacterial and antifungal activ-
ities. The chemical synthesis strategies used, the complete characterization of the compounds, their

in vitro screening, and the promising activity as reflected in the MIC values are reported.
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INTRODUCTION

Developing new antimicrobial agents (antibacterial

and antifungal) continues to attract attention and is an

area of rigorous research. Although a large number of

antibiotics and chemotherapeutics are available for med-

ical use, the antimicrobial resistance created a substan-

tial need of new class of antimicrobial agents in the last

decades [1–3].

Triazole and its derivatives have distinct status as

pharmaceutical agents. They have been found to have

high therapeutic value as antifungal [4–6], anti-inflam-

matory [7], antimalarial [8], antiviral [9], antihyperten-

sive [10], analgesic [11], antihyperuricemic [12], and

anticancer agents [13,14]. Recently, synthesis of trisub-

stituted 1,2,4-triazole derivatives reported as a modula-

tor of nicotinic receptor agonist [15] and antitumor and

antiviral agents [16], in addition triazole derivatives

revealing promising antimicrobial activities [17–23]. In

continued quest of new antimicrobial agents, we

designed and synthesized novel 1,2,4-triazole derivatives

containing indoline ring. Structures of the products were

characterized by IR, 1H-NMR, mass spectrometry, and

elemental analysis. Results of biological activities indi-

cate that some compounds possess potential antimicro-

bial activity.

RESULTS AND DISCUSSION

Chemistry. The synthetic strategy involved in the

synthesis of intermediate and target compounds is out-

lined in Schemes 1 and 2. The key intermediate [3-(2,3-

dihydroindol-1-yl)-5-phenyl[1,2,4] triazol-1-yl]acetic

acid 7 was prepared as outlined in Scheme 1 [24,25].

Benzoyl chloride reacted with ammonium thiocyanate to

obtain benzoyl thiocyanate 1, which was treated in situ
with indoline to provide the addition product N-benzoyl
thiourea 2 [26]. The addition product 2 was methylated

by methyl iodide to produce N-benzoyl-S-methyliso-

thiourea 3, which was further cyclized with hydrazine

hydrated in refluxing ethanol to give the triazole 4. The

triazole 4 was alkylated by ethyl bromoacetate in the

presence of sodium hydride in dry THF to afford two

regioisomers 5 and 6. The isomer 5 was hydrolyzed in

the presence of aqueous LiOH to give the corresponding
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acid derivative 7, which was used as a key intermediate

for the synthesis of target compounds.

The two regioisomers 5 and 6 were separated by

chromatography on silica gel, and the resulting regio-

isomer ethyl [3-(2,3-dihydroindol-1-yl)-5-phenyl[1,2,4]

triazol-1-yl]acetate 5 was the major product. The struc-

tures of these two regioisomers 5 and 6 were assigned

based on NMR analysis and confirmed by NOE NMR

experiments [24,27] (Fig. 1).

The synthesis of target compounds 8a–e and 9a–e is

outlined in Scheme 2. The amide coupling of [3-(2,3-

dihydroindol-1-yl)-5-phenyl[1,2,4] triazol-1-yl]acetic

acid 7 was carried out with different amines, in the pres-

ence of EDCI in THF at room temperature, with excel-

lent yield.

The structures of all the intermediates and final com-

pounds 8a–e and 9a–e were found on the basis of ele-

mental analysis and spectrographic (IR, 1H-NMR, and

Mass) data. The physical characterization data are listed

in Table 1.

Biological activities. The newly synthesized deriva-

tives were evaluated for their in vitro antibacterial activ-

ity against gram-negative E. coli, P. aeruginosa, gram-

positive S. aureus, S. pyogenes, and antifungal activity

against C. albicans and A. niger by microbroth dilution

methods [28–30]. The standard strains used for screen-

ing of antibacterial and antifungal activities were pro-

cured from the Institute of Microbial Technology

(IMTECH), Chandigarh, India. The MIC values are

given in Table 2. The standard drug used for antibacte-

rial activity was ciprofloxacin and nystatin for antifungal

activity. Mueller Hinton broth was used as nutrient me-

dium for bacteria and Sabouraud dextrose broth for fun-

gal to grow. Inoculum size for test strain was adjusted

to 108 CFU/mL by comparing the turbidity. Serial dilu-

tions were prepared for primary and secondary screen-

ing. The target compounds and standard drugs were dis-

solved in DMSO water at a concentration of 2.0 mg/

mL. In primary screening, 500, 250, and 125 lg/mL

Scheme 1. Reagents and conditions: (a) ammonium thiocyanate, acetone, 56�C, 30 min; (b) indoline, acetone, 56�C, 1 h; (c) methyl iodide,

K2CO3, DMF, rt, 1 h; (d) hydrazine hydrate, ethanol, reflux, 5 h; (e) ethyl bromoacetate, NaH, THF, rt, 4 h; (f) aq. LiOH.H2O, THF-methanol, rt,

5 h.

Figure 1. NOE was observed between 1-methylene and ortho-proton

of phenyl group of compound 5 and between 1-methylene and N-meth-

ylene group of compound 6. Chemical shift of ortho-hydrogen of phe-

nyl in compound 6 was more downfield because of extra deshielding

effect from the triazole ring.
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concentrations of the synthesized drugs were taken.

Data were not taken for the initial solution, because of

the high DMSO concentration (10%). The active synthe-

sized drugs found in this primary screening were further

tested in a second set of dilution against all microorgan-

isms. In secondary screening, the drugs found active in

primary screening were similarly diluted to obtain 100,

50, 25, 12.5, and 6.250 lg/mL concentrations. The ino-

culated wells were incubated overnight at 37�C in a

humid atmosphere. The highest dilution showing at least

99% inhibition zone is taken as MIC.

Results of antibacterial and antifungal activities of

screened compounds indicate that some compounds pos-

sess comparable antibacterial activity with respect to

reference drug ciprofloxacin. Compounds 8a–e with sec-

ondary amide functionality exhibited moderate to excel-

lent activity against all the tested bacterial strains, but

not showed satisfactory activity against fungal strains.

Compound 8a exhibited excellent activity against E.
coli, whereas moderate activity against P. aeruginosa
and S. aureus. Compound 8b showed very good active

against P. aeruginosa only, whereas compound 8c

exhibited moderate activity against all the tested bacteria

except S. pyogenes. Compound 8e showed excellent ac-

tivity against S. aureus and moderate activity against all

the other tested bacteria. While the other series with

aromatic amide functionality, compounds 9a–e, did not

show comparable inhibition with any tested bacterial

and fungal organisms.

EXPERIMENTAL

Melting points were determined with a Buchi B-545 melting
point apparatus and are uncorrected. IR spectra were recorded
on a Perkin-Elmer PE-1600 FTIR spectrometer in KBr disc.
1H-NMR spectra were recorded on a Varian 400 spectrometer
in DMSO-d6 as a solvent and TMS as an internal standard.

Peak values are shown in d ppm. EI-MS spectra were meas-
ured on a Waters mass spectrometer. Progress of the reaction
was checked by thin layer chromatography (TLC) on silica
gel-coated aluminum sheets (silica gel 60 F254) using a mix-

ture of ethyl acetate and hexane (5:5 v/v). All of the solvents
and materials were reagent grade and purified as required.

N-(2,3-Dihydroindole-1-carbothioyl)benzamide (2). Benzoyl
chloride was added to a stirred solution of NH4SCN (3.51 g,
0.046 mol) in acetone (30 mL), and the resultant suspension

was refluxed for 30 min and then cooled to room temperature.
A solution of indoline (5.0 g, 0.042 mol) in acetone (30 mL)

Scheme 2. Reagents and conditions: (a) corresponding secondary cyclic amine, EDCI, DIPEA, THF, rt, 5–10 h and (b) corresponding aromatic

amine, EDCI, DIPEA, THF, rt, 5–8 h.

Table 1

Physical characterization data of compounds 8a–e and 9a–e.

Compound Physical state Time (h) Mp (�C) Yield (%) Molecular formula MW

8a Off-white crystal 5 180–181 77 C22H23N5O 373

8b Off-white crystal 5 178–180 73 C22H23N5O2 389

8c White crystal 4 129–131 69 C23H25N5O 387

8d Off-white crystal 5 187–189 81 C29H29N5O 463

8e White crystal 4 172–174 69 C28H28N6O 464

9a White crystal 4 183–185 83 C24H21N5O 395

9b White crystal 5 181–183 71 C25H23N5O 409

9c White crystal 6 197–200 79 C24H20BrN5O 474

9d Off-white crystal 5 179–181 73 C27H27N5O 437

9e White crystal 4 199–201 81 C25H23N5O 409
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was added and the mixture was refluxed for 1 h. Reaction mix-

ture was cooled to room temperature and poured in to water,
and the resulting white solid was filtered and washed with
water. Solid was recrystallized in ethanol giving pure com-
pound 3 as off-white solid. Yield 9.79 g (83.0%), m.p. 140–
142�C; 1H-NMR (DMSO-d6): d 3.17–3.25 (t, 2H, CH2, J ¼
8.5 Hz), 4.10–4.21 (t, 2H, CH2, J ¼ 8.6 Hz), 6.95–7.19 (m,
2H, ArH), 7.23–7.31 (d, 1H, ArH), 7.41–7.56 (m, 3H, ArH),
7.86–8.01 (m, 3H, ArH), 12.3 (bs, 1H, NH); ms: m/z 281 (M-
1). Anal. Calcd. for C16H14N2OS: C, 68.06; H, 5.00; N, 9.92;
Found: C, 68.21; H, 4.89; N, 9.78.

N-[1-(2,3-Dihydroindol-1-yl)-1-methylsulfanyl-methylidene]

benzamide (3). Methyl iodide (2.38 mL, 0.038 mol) was
added to a stirred suspension of compound 2 (9.0 g, 0.031
mol) and anhydrous K2CO3 (6.4 g, 0.046 mol) in DMF (50
mL) and stirred for 1 h at room temperature. Reaction mixture

was poured in water (200 mL) and stirred for 15 min. The
resulting off-white solid was filtered, washed with water, and
dried in vacuo. Solid was crystallized from rectified spirit to
give compound 3 as off-white solid. Yield 7.33 g (78.0%),

m.p. 87–89�C; 1H-NMR (DMSO-d6): d 2.234 (s, 3H, CH3);
3.17–3.25 (t, 2H, CH2, J ¼ 8.5 Hz), 4.17–4.25 (t, 2H, CH2, J
¼ 8.5 Hz), 7.02–7.20 (m, 2H, ArH), 7.28–7.32 (d, 1H, ArH),
7.43–7.58 (m, 3H, ArH), 8.02–8.09 (m, 3H, ArH); ms: m/z
297 (Mþ1). Anal. Calcd. for C17H16N2OS: C, 68.89; H, 5.44;

N, 9.45; Found: C, 68.77; H, 5.58; N, 9.33.
1-(5-Phenyl-1H-[1,2,4]triazol-3-yl)-2,3-dihydro-1H-indole

(4). A solution of compound 3 (7.0 g, 0.023 mol) and hydra-
zine hydrate (1.78 mL, 0.035 mol) in ethanol (50 mL) was
refluxed for 5 h, cooled, and poured into water (100 mL), and

the mixture was stirred at room temperature. The resulting
white solid was collected by filtration and washed with water
to give a crude compound 3. The solid was recrystallized in
ethanol to give a pure compound 4 as white solid. Yield 4.64
g (75%), m.p. 131–133�C; 1H-NMR (DMSO-d6): d 3.16–3.25

(t, 2H, CH2, J ¼ 8.2 Hz), 3.92–4.01 (t, 2H, CH2, J ¼ 8.2 Hz),
6.72–6.81 (t, 1H, ArH), 7.13–7.21 (m, 2H, ArH), 7.49–7.53
(m, 3H, ArH), 7.69–7.73 (m, 2H, ArH), 7.81–7.86 (m, 1H,
ArH), 12.9 (s, 1H, NH); ms: m/z 263 (Mþ1). Anal. Calcd. for

C16H14N4: C, 73.26; H, 5.38; N, 21.36; Found: C, 73.12; H,
5.51; N, 21.48.

Ethyl[3-(2,3-dihydroindol-1-yl)-5-phenyl[1,2,4]triazol-1-yl]

acetate (5) and ethyl[5-(2,3-dihydroindol-1-yl)-3-phenyl[1,

2,4]triazol-1-yl]acetate (6). A solution of compound 4 (4.5 g,
0.017 mol) in dry THF was treated with NaH (1.0 g, 0.025

mol) at room temperature for 20 min, followed by ethyl bro-
moacetate (2.0 mL, 0.018 mol). The reaction mixture was
stirred for 4 h at room temperature, and TLC indicated two
products. The mixture was evaporated and the product was
separated by chromatography on silica gel (20% EtOAc/hex-

ane) to afford 5 and 6.
5. The major product, white solid. Yield 3.76 g (63%), m.p.

160–162�C; 1H-NMR (DMSO-d6): d 1.28–1.30 (t, 3H, CH3, J
¼ 7.10 Hz), 3.17–3.20 (t, 2H, CH2, J ¼ 8.30 Hz), 4.02–4.06
(t, 2H, CH2, J ¼ 8.30 Hz), 4.11–4.13 (q, 2H, CH2, J ¼ 7.11
Hz), 4.99 (s, 2H, CH2), 6.77–6.81 (t, 1H, ArH), 7.11–7.15 (t,
1H, ArH), 7.17–7.19 (d, 1H, ArH), 7.55–7.57 (m, 3H, ArH),
7.70–7.73 (m, 2H, ArH), 7.84–7.86 (d, 1H, ArH); ms: m/z 349
(Mþ1). Anal. Calcd. for C20H20N4O2: C, 68.95; H, 5.79; N,
16.08; Found: C, 68.73; H, 5.93; N, 15.90.

6. The minor product, white solid. Yield 0.59 g (10%), m.p.

171–163�C; 1H-NMR (DMSO-d6): d 1.27–1.29 (t, 3H, CH3, J
¼ 7.10 Hz), 3.14–3.16 (t, 2H, CH2, J ¼ 8.25 Hz), 3.28–3.34
(m, 2H, CH2), 4.10–4.12 (q, 2H, CH2, J ¼ 7.10 Hz), 5.05 (s,
2H, CH2), 6.85–6.89 (t, 1H, ArH), 7.17–7.19 (t, 1H, ArH),
7.22–7.24 (t, 1H, ArH), 7.57–7.60 (m, 3H, ArH), 7.77–7.79

(m, 2H, ArH), 7.91–7.93 (dd, 1H, ArH); ms: m/z 349 (Mþ1).
Anal. Calcd. for C20H20N4O2: C, 68.95; H, 5.79; N, 16.08;
Found: C, 68.76; H, 5.87; N, 15.88.

[3-(2,3-Dihydro-indol-1-yl)-5-phenyl[1,2,4]triazol-1-yl]ace-

tic acid (7). A solution of compound 6 (3.70 g, 0.010 mol) in
THF-MeOH (20:20 mL) was treated with LiOH.H20 (0.89 g,
0.021 mol) at room temperature for 5 h, and the mixture was
evaporated in vacuo. Water (50 mL) was added to the residue
and washed with ethyl acetate (20 mL). Aqueous layer was

acidified to pH 4 by adding dil. HCl, and the resulting precipi-
tate was filtered, washed with water, and dried in vacuo to
give compound 7 as white solid. Yield 2.75 g (81%), m.p.
200–202�C; 1H-NMR (DMSO-d6): d 3.13–3.21 (t, 2H, CH2, J
¼ 8.31 Hz), 4.00–4.08 (t, 2H, CH2, J ¼ 8.31 Hz), 4.99 (s, 2H,

CH2), 6.75–6.83 (t, 1H, ArH), 7.10–7.20 (m, 2H, ArH), 7.54–
7.57 (m, 3H, ArH), 7.70–7.74 (m, 2H, ArH), 7.84–7.88 (d, 1H,

Table 2

Antimicrobial activity data of newly synthesized compounds 8a–e and 9a–e.

Compounds

Antibacterial MIC (lg/mL) Antifungal MIC (lg/mL)

E.coli
MTCC 443

P. aeruginosa
MTCC 1688

S. aureus
MTCC 96

S. pyogenes
MTCC 442

C. albicans
MTCC 227

A. niger
MTCC 82

8a 50 100 125 500 1000 500

8b 125 62.5 125 250 1000 1000

8c 62.5 100 62.5 500 500 1000

8d 100 125 200 500 1000 500

8e 100 125 50 100 1000 1000

9a 250 500 500 500 500 1000

9b 500 500 250 500 1000 1000

9c 250 250 250 250 500 1000

9d 500 500 500 125 200 200

9e 500 500 500 500 200 200

Ciprofloxacin 25 25 50 50 – –

Nystatin – – – – 100 100
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ArH), 13.51 (s, 1H, COOH); ms: m/z 319 (M-1). Anal. Calcd.
for C18H16N4O2: C, 67.49; H, 5.03; N, 17.49; Found: C,
67.57; H, 5.16; N, 17.31.

General procedure for the synthesis of compounds 8a–e

and 9a–e. A stirred solution of compound 6 (0.625 mmol),

corresponding amino derivative (0.687 mmol), and diisopropy-
lethylamine (1.25 mmol) in anhydrous THF (10 mL) was
cooled to 0�C. EDCI (0.750 mmol) was added to the above
mixture, and the resulting solution was stirred at room temper-
ature for 5–7 h. The reaction mixture was evaporated in vacuo,
and water (50 mL) was added to the residue and acidified to
pH 4 by adding dil. HCl. The solid separated was collected by
filtration, washed with water, and dried. Compound was
recrystallized from 95% ethanol to give pure compounds 8a–e

and 9a–e. The yield, the reaction time, and the physical prop-

erties are reported in Table 1.
2-[3-(2,3-Dihydro-indol-1-yl)-5-phenyl-[1,2,4]triazol-1-yl]-1-

pyrrolidin-1-yl-ethanone (8a). IR t (cm�1): 1675 (C¼¼O); 1H-
NMR (DMSO-d6): d 2.12–2.20 (m, 4H, 2CH2), 3.12–3.23 (t,

2H, CH2, J ¼ 8.25 Hz), 3.41–3.63 (m, 4H, 2CH2), 3.91–4.00
(t, 2H, CH2, J ¼ 8.25 Hz), 5.21 (s, 2H, CH2), 6.78–6.80 (t,
1H, ArH), 7.13–7.19 (m, 2H, ArH), 7.52–7.55 (t, 3H, ArH),
7.66–7.80 (m, 2H, ArH), 7.85–7.90 (dd, 1H, ArH); ms: m/z
374 (Mþ1). Anal. Calcd. for C22H23N5O: C, 70.76; H, 6.21;

N, 18.75; Found: C, 70.89; H, 6.09; N, 18.84.
2-[3-(2,3-Dihydro-indol-1-yl)-5-phenyl-[1,2,4]triazol-1-yl]-1-

morpholin-4-yl-ethanone (8b). IR t (cm�1): 1678 (C¼¼O); 1H-
NMR (DMSO-d6): d 3.11–3.25 (t, 2H, CH2, J ¼ 8.20 Hz),
3.45–3.68 (m, 8H, 4CH2), 3.99–4.05 (t, 2H, CH2, J ¼ 8.20

Hz), 5.22 (s, 2H, CH2), 6.77–6.80 (t, 1H, ArH), 7.11–7.19 (m,
2H, ArH), 7.54–7.57 (t, 3H, ArH), 7.68–7.85 (m, 2H, ArH),
7.87–7.94 (dd, 1H, ArH); ms: m/z 390 (Mþ1). Anal. Calcd.
for C22H23N5O2: C, 67.85; H, 5.95; N, 17.98; Found: C,
67.91; H, 5.81; N, 17.81.

2-[3-(2,3-Dihydro-indol-1-yl)-5-phenyl-[1,2,4]triazol-1-yl]-1-
piperidin-1-yl-ethanone (8c). IR t (cm�1): 1664 (C¼¼O); 1H-
NMR (DMSO-d6): d 1.62–1.71 (m, 6H, 3CH2), 3.13–3.24 (t,
2H, CH2, J ¼ 8.20 Hz), 3.38–3.43 (m, 4H, 2CH2), 3.91–3.99

(t, 2H, CH2, J ¼ 8.20 Hz), 5.20 (s, 2H, CH2), 6.80–7.19 (m,
3H, ArH), 7.54–7.57 (t, 3H, ArH), 7.69–7.81 (m, 2H, ArH),
7.85–7.90 (m, 1H, ArH); ms: m/z 388 (Mþ1). Anal. Calcd. for
C23H25N5O: C, 71.29; H, 6.50; N, 18.07; Found: C, 71.42; H,
6.37; N, 18.23.

2[3-(2,3-Dihydro-indol-1-yl)-5-phenyl[1,2,4]triazol-1-yl]-1-(4-
phenyl-piperidin-1-yl) ethanone (8d). IR t (cm�1): 1679
(C¼¼O); 1H-NMR (DMSO-d6): d 1.80–1.86 (m, 4H, 2CH2),
2.78–2.81 (m, 1H, CH), 3.13–3.24 (t, 2H, CH2, J ¼ 8.25 Hz),
3.40–3.44 (m, 4H, 2CH2), 3.96–4.07 (t, 2H, CH2, J ¼ 8.25

Hz), 5.21 (s, 2H, CH2), 6.80–7.19 (m, 3H, ArH), 7.54–7.57 (t,
5H, ArH), 7.69–7.81 (m, 5H, ArH), 7.85–7.90 (m, 1H, ArH);
ms: m/z 464 (Mþ1). Anal. Calcd. for C29H29N5O: C, 75.14;
H, 6.31; N, 15.11; Found: C, 75.29; H, 6.19; N, 15.23.

2[3-(2,3-Dihydro-indol-1-yl)-5-phenyl[1,2,4]triazol-1-yl]-1-(4-
phenyl-piperazin-1-yl) ethanone (8e). IR t (cm�1): 1668
(C¼¼O); 1H-NMR (DMSO-d6): d 3.13–3.24 (t, 2H, CH2, J ¼
8.22 Hz), 3.40–3.44 (m, 4H, 2CH2), 3.61–3.64 (m, 4H, 2CH2),
3.96–4.07 (t, 2H, CH2, J ¼ 8.20 Hz), 5.23 (s, 2H, CH2), 6.83–

7.21 (m, 3H, ArH), 7.58–7.62 (t, 5H, ArH), 7.71–7.83 (m, 5H,
ArH), 7.85–7.90 (m, 1H, ArH); ms: m/z 465 (Mþ1). Anal.
Calcd. for C28H28N6O: C, 72.39; H, 6.08; N, 18.09; Found: C,
72.21; H, 6.22; N, 18.21.

2[3-(2,3-Dihydro-indol-1-yl)-5-phenyl[1,2,4]triazol-1-yl]-N-
phenyl-acetamide (9a). IR t (cm�1): 3415 (NAH), 1674
(C¼¼O); 1H-NMR (DMSO-d6): d 3.16–3.18 (t, 2H, CH2, J ¼
8.24 Hz), 3.97–4.12 (t, 2H, CH2, J ¼ 8.22 Hz), 5.13 (s, 2H,
CH2), 6.78–6.86 (t, 1H, ArH), 7.08–7.18 (m, 3H, ArH), 7.32–
7.41 (t, 2H, ArH), 7.55–7.60 (m, 5H, ArH), 7.81–7.97 (m, 3H,
ArH), 10.56 (bs, 1H, NH); ms: m/z 396 (Mþ1). Anal. Calcd.
for C24H21N5O: C, 72.89; H, 5.35; N, 17.71; Found: C, 72.77;

H, 5.43; N, 17.83.
2[3-(2,3-Dihydro-indol-1-yl)-5-phenyl[1,2,4]triazol-1-yl]-N-p-

tolyl-acetamide (9b). IR t (cm�1): 3450 (NAH), 1679 (C¼¼O);
1H-NMR (DMSO-d6): d 2.41 (s, 3H, CH3), 3.20–3.21 (t, 2H,
CH2, J ¼ 8.21 Hz), 3.89–3.93 (t, 2H, CH2, J ¼ 8.20 Hz), 5.10

(s, 2H, CH2), 6.80–6.82 (m, 1H, ArH), 7.10–7.16 (m, 3H,
ArH), 7.30–7.37 (m, 2H, ArH), 7.60–7.65 (m, 4H, ArH), 7.91–
7.97 (m, 3H, ArH), 10.66 (bs, 1H, NH); ms: m/z 410 (Mþ1).
Anal. Calcd. for C25H23N5O: C, 73.33; H, 5.66; N, 17.10;
Found: C, 73.47; H, 5.51; N, 16.91.

N-(4-Bromo-phenyl)-2-[3-(2,3-dihydro-indol-1-yl)-5-phenyl[1,
2,4]triazol-1-yl]acetamide (9c). IR t (cm�1): 3446 (NAH),
1683 (C¼¼O); 1H-NMR (DMSO-d6): d 3.18–3.21 (t, 2H, CH2,
J ¼ 8.22 Hz), 3.96–4.10 (t, 2H, CH2, J ¼ 8.21 Hz), 5.31 (s,

2H, CH2), 6.78–6.86 (t, 1H, ArH), 7.12–7.16 (m, 3H, ArH),
7.55–7.60 (m, 5H, ArH), 7.81–7.97 (m, 4H, ArH), 10.86 (bs,
1H, NH); ms: m/z 475 (Mþ1). Anal. Calcd. for C24H20BrN5O:
C, 60.77; H, 4.25; N, 14.76; Found: C, 60.81; H, 4.38; N,
14.59.

2[3-(2,3-Dihydro-indol-1-yl)-5-phenyl[1,2,4]triazol-1-yl]-N-(4-
isopropyl-phenyl)acetamide (9d). IR t (cm�1): 3433 (NAH),
1678 (C¼¼O); 1H-NMR (DMSO-d6): d 1.32–1.41 (d, 6H,
2CH3), 3.16–3.23 (m, 3H, CH2 and CH), 3.93–4.02 (t, 2H, CH2,
J ¼ 8.22 Hz), 5.23 (s, 2H, CH2), 6.86–7.16 (m, 4H, ArH),

7.55–7.60 (m, 5H, ArH), 7.81–7.97 (m, 4H, ArH), 10.71 (bs,
1H, NH); ms: m/z 438 (Mþ1). Anal. Calcd. for C27H27N5O: C,
74.12; H, 6.22; N, 16.01; Found: C, 74.01; H, 6.37; N, 16.17.

N-Benzyl-2-[3-(2,3-dihydro-indol-1-yl)-5-phenyl[1,2,4]triazol-
1-yl]acetamide (9e). IR t (cm�1): 3411 (NAH), 1683 (C¼¼O);
1H-NMR (DMSO-d6): d 3.26–3.31 (t, 2H,CH2, J ¼ 8.20 Hz),
3.93–4.17 (t, 2H, CH2, J ¼ 8.20 Hz), 4.56–4.61 (d, 2H, CH2),
5.23 (s, 2H, CH2), 6.89–7.14 (m, 4H, ArH), 7.32–7.41 (m, 5H,
ArH), 7.55–7.60 (m, 3H, ArH), 7.73–7.80 (m, 2H, ArH), 9.81
(bs, 1H, NH); ms: m/z 410 (Mþ1). Anal. Calcd. for

C25H23N5O: C, 73.33; H, 5.66; N, 17.10; Found: C, 73.12; H,
5.79; N, 17.22.

Acknowledgments. The authors gratefully acknowledge the
most willing help and co-operation shown by CDRI, Lucknow,

India, for spectroscopic analysis and Microcare Laboratory and
Tuberculosis Research Center, Surat, Gujarat, India, for biologi-
cal activity acquisition coordinating facility.

REFERENCES AND NOTES

[1] Lee, C. Int J Antimicrob Agents 2008, 32, 197.

[2] Byarugaba, D. K. Int J Antimicrob Agents 2004, 24, 105.

[3] Kauffman, C. A.; Malani, A. N.; Easley, C.; Kirkpatrick, P.

In Nature Reviews Drug Discovery; Kirkpatrick, P. C., Ed. Nature

Publishing group: London, 2007; p 183.

[4] Ezabadi, I. R.; Camoutsis, C.; Zoumpoulakis, P.; Geroni-

kaki, A.; Sokovic, M.; Glamocilija, J. Bioorg Med Chem Lett 2008,

16, 1150.

Journal of Heterocyclic Chemistry DOI 10.1002/jhet

160 Vol 47K. Parmar, B. Suthar, S. Prajapati, and A. Suthar



[5] Liu, P.; Zhu, S.; Li, P.; Xie, W.; Jin, Y.; Sun, Q.; Wu, Q.;

Sun, P.; Zhang, Y.; Yang, X.; Jiang, Y.; Zhang, D. Bioorg Med Chem

Lett 2008, 18, 3261.

[6] Sun, Q. Y.; Zhang, W. N.; Xu, J. M.; Cao, Y. B.; Wu, Q.

Y.; Zhang, D. Z.; Liu, C. M.; Yu, S. C.; Jiang, Y. Y. Eur J Med Chem

2007, 42, 1151.

[7] Safwat, M. R.; Nawal, A. E.; Hoda, Y.; Tarek, A. F. Archiv

Der Phaemazie 2006, 339, 32.

[8] Invidiata, F. P.; Grimaudo, S.; Giammanco, P.; Giammanco,

L. Farmaco 1991, 46, 1489.

[9] Kucukguzela, I.; Tatara, E.; Kucukguzela, S. G.; Rollasa, S.

Eur J Med Chem 2008, 43, 381.

[10] Kakefuda, A.; Suzuki, T.; Tobe, T.; Tahara, A.; Sakamoto,

S.; Tsukamoto, S. Bioorg Med Chem 2002, 10, 1905.

[11] Birsen, T.; Esra, K.; Erdem, Y.; Mevlut, E. Bioorg Med

Chem 2007, 15, 1808.

[12] Takahiro, S.; Ashizawa, N.; Iwanaga, T.; Nakamura, H.;

Matsumoto, K. Bioorg Med Chem Lett 209, 19, 184.

[13] Sanghvi, Y. S.; Bhattacharya, B. K.; Kini, G. D.; Matsu-

moto, S. S.; Larson, S. B.; Jolley, W. B.; Robins, R. K.; Revankar, G.

R. J Med Chem 1990, 33, 336.

[14] Lin, R.; Connolly, P. J.; Huang, S.; Wetter, S. K.; Lu, Y.;

Murray, W. V.; Emanuel, S. L.; Gruninger, R. H. J Med Chem 2005,

48, 4208.

[15] Thuring, J. W.; McDonald, G. J.; Lesage, A. S.; Zhuang,

W.; De Bruyn, M. F.; Dinklo, T.; James, E. S. WO Pat. 2007, 118,

903-A1 (2007).

[16] Al-Masoudi, N. A.; Yaseen, A. S.; Al-Dweri, M. N. Farm-

aco 2004, 59, 775.

[17] Holla, B. S.; Rao, B. S.; Sarojini, B. K.; Akberali, P. M.

Eur J Med Chem 2006, 41, 657.

[18] Holla, B. S.; Akberali, P. M.; Shivananda, M. K. Farmaco

2001, 56, 919.

[19] Hui, X. P.; Zhang, Y.; Xu, P. F.; Wang, Q.; Zhang, Z. Y.

Chin J Org Chem 2005, 25, 700.

[20] Sztanke, K.; Pasternak, K.; Wojtowicz, A. S. Bioorg Med

Chem 2006, 14, 3635.

[21] Colanceska, K.; Dimova, V.; Kakurinov, V.; Gabor, D. M.

Molecules 2001, 6, 815.

[22] Janjic, N. P.; Acinski, M.; Janjic, N.; Lazarevic, M. J Planar

Chromatogr 2000, 13, 281.

[23] Lazarevic, M.; Dimova, V.; Gabor, D. M.; Kakurinov, V.

Heterocycl Commun 2001, 7, 577.

[24] Lowe, R. F.; Nelson, J.; Dang, T. N.; Crowe, P. D.; Pahuja,

A.; McCarthy, J. R.; Grigoriadis, D. E.; Conlon, P.; Saunders, J.;

Chen, C.; Szabo, T.; Chen, T. K.; Bozigian, H. J Med Chem 2005, 48,

1540.

[25] Whitfield, L. L.; Papadopoulos, E. P. J Hetrocycl Chem

1981, 18, 1197.

[26] Chern, J.; Hsu, T.; Kang, I.; Wang, L.; Lee, C. U.S. Pat.

2008,255,189-A1 (2008).

[27] Chen, C.; Dagnino, R.; Huang, C. Q.; McCarthy, J. R.; Gri-

goriadis, D. E. Bioorg Med Chem Lett 2001, 11, 3165.

[28] National Committee for Clinical Laboratory Standards.

Methods for Dilution, Antimicrobial Susceptibility Tests for Bacte-

ria that Grow Aerobically Approved Standard (M7A5), 5th ed.;

National Committee for Clinical Laboratory Standards: Wayne,

PA, 2000.

[29] Shadomy, S. In Manual of Clinical Microbiology; Albert,

B., Ed.; ASM Press: Washington, 1991; p 1173.

[30] Rattan, A. Antimicrobials in Laboratory Medicine; B. I.

Churchill Livingstone: India, 2000; p 85.

Journal of Heterocyclic Chemistry DOI 10.1002/jhet

January 2010 161Synthesis and Biological Activity of Novel 1,3,5-Trisubstituted

1,2,4-Triazole Derivatives



Synthesis and Herbicidal Activity of O,O-Dialkyl N-[2-(5,7-
dimethyl-[1,2,4]triazolo[1,5-a]pyrimidin-2-yloxy)benzoxyl]-1-

amino-1-substitutedbenzyl Phosphonates

Wu Tang and De-Qing Shi*

Key Laboratory of Pesticide and Chemical Biology of Ministry of Education, College of

Chemistry, Central China Normal University, Wuhan 430079, Hubei, People’s Republic of China

*E-mail: chshidq@mail.ccnu.edu.cn

Received July 5, 2009

DOI 10.1002/jhet.292

Published online 8 January 2010 in Wiley InterScience (www.interscience.wiley.com).

A series of novel 1,2,4-triazolo[1,5-a]pyrimidine derivatives containing an a-amino phosphonate moi-
ety 5 were designed and synthesized by the multi-step reactions. Their structures were clearly confirmed
by spectroscopic data (IR, 1H NMR, 31P NMR, MS) and elemental analysis, compound 5b was further

determined by X-ray diffraction crystallography. The results of preliminary bioassay indicated that
some of the title compounds 5 possessed moderate herbicidal activities against dicotyledonous plants
(Brassica campestris L) at the concentration of 100 mg/L. For example, compound 5i possessed 92.0%
inhibitory activity against B. campestris L and showed better activity than that of the commercialized
herbicide Bispyribac-sodium; however, compounds 5 displayed weak herbicidal activity at the concen-

tration of 10 mg/L.

J. Heterocyclic Chem., 47, 162 (2010).

INTRODUCTION

a-Amino phosphonic acid and their ester derivatives,

as bioisosteres of natural amino acids, are receiving an

increasing attention in medicinal chemistry and pesticide

science due to their wide biological activities, such as

enzyme inhibition, antibiotics, and haptens of catalytic

antibodies, fungicides, herbicides, plant regulators and

plant virucides [1–7]. Recently, 1,2,4-Triazolopyrimidine

derivatives exhibited wide biological activities and were

used as herbicides in plant protection [8–12]. A lot of

triazolopyrimidine sulfonamide herbicides, such as Clor-

ansulam-methyl, Flumetsulam, Diclosulam, Penoxsulam

and Metosulam (Fig. 1), were commercialized, these

herbicides acted as acetolactate synthase (ALS) inhibi-

tors, which have been identified as a very fruitful acting

target for herbicides in the last decades [13]. To find

novel potent and selective herbicide lead compounds,

we have designed a series of novel 1,2,4-triazolo[1, 5-

a]pyrimidine derivatives containing an a-amino phos-

phonate moiety 5. The target compounds 5 were eval-

uated for herbicidal activities in this paper. The syn-

thetic route is listed in Scheme 1, the molecular struc-

ture of compound 5b is shown in Figure 2. Crystallo-

graphic data (excluding structure factors) for the struc-

ture have been deposited with the Cambridge Crystallo-

graphic Data Center as supplementary publication

CCDC No. 734888 (available free of charge at http://

www.ccdc.cam.ac.uk/conts/retrieving/html or from the

CCDC, 12 Union Road, Cambridge CB2 1EZ, UK).

RESULTS AND DISCUSSION

Synthesis and structure determination of title com-

pounds 5. 5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrimidin-

2-methylsulfone 1 were prepared using 3-amino-1,2,4-

triazole-5-thiol and acetyl acetone as the starting materi-

als, followed by S-alkylation and oxidation by H2O2

and NaWO4 in good yield. 2-(5,7-Dimethyl-[1,2,4]

triazolo[1,5-a]pyrimidin-2-yloxy)benzoic acid 3 was pre-

pared by the reaction of 1 and methyl 2-hydroxyben-

zoate in the presence of sodium hydroxide in refluxing

toluene, followed by the saponification in the presence

VC 2010 HeteroCorporation
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of aqueous sodium hydroxide. 3 reacted with a-amino-

phosphonates 4 to generate the target compounds 5 in

good yields in mild condition using dicyclohexylcarbo-

diimide (DCC) as the dehydration agent. The structures

of target compounds 5 were characterized from their

spectral data (IR, 1H NMR, 31P NMR, EI-MS) and ele-

mental analysis, compound 5b was further determined by

single crystal X-ray diffraction analysis (see Fig. 2). In

the 1H NMR spectra of 5, the CH proton linking with the

phosphonyl group displayed doublet of doublet due to

coupling with P atom and NH proton with the coupling

constant of 21 and 9.0 Hz, respectively. While the NH

and pyrimidine protons appeared as a singlet with chemi-

cal shift atd 6.8 and 8.0, respectively. The IR spectra of

compounds 5 showed normal stretching absorption bands

indicating the existence of the NH (�3240 cm�1), C¼¼O

(�1660 cm�1), P¼¼O (�1225 cm�1), PAOAC (�1025

cm�1) moieties. The ESI-MS of compounds 5 revealed

the existence of their molecular ion peaks, which were in

accordance with the given structures of products 5.

Herbicidal activities. The herbicidal activity values

of the title compounds 5 against Brassica campestris L
(rape) and Echinochloa crus-galli (barnyard grass) has

been investigated at the dosages of 100 and 10 mg/L

compared with the commercially available herbicide,

Bispyribac-sodium according to the method described in

the experimental section. The results of preliminary bio-

assy indicated that some of the title compounds 5 pos-

sessed moderate herbicidal activities against dicotyledo-

nous plants (B. campestris L) at the concentration of 100

mg/L. For example, compound 5i possessed 92.0% inhib-

itory activity against B. campestris L and showed better

herbicidal activity than that of the commercialized herbi-

cide Bispyribac-sodium. Futhermore, most of compounds

5 showed stronger inhibitory activity against dicotyledo-

nous plants (B. campestris L) than that of monocotyledo-

nous plants (Radix E. crus-galli). However, compounds 5

displayed weak herbicidal activity at the concentration of

10 mg/L. Further herbicidal evaluation (in vivo) and the

structure–activity relationships are under investigation.

Conclusion. In summary, we have designed and syn-

thesized one series of novel 1,2,4-triazolo[1,5-a]pyrimi-

dine derivatives containing an a-amino phosphonate

moiety 5. The results of preliminary bioassy indicated

that some of the title compounds 5 possessed moderate

herbicidal activities against dicotyledonous plants (B.
campestris L) at the concerntration of 100 mg/L.

EXPERIMENTAL

The melting points of the products were determined on an
XT-4 binocular microscope (Beijing Tech Instrument, Beijing,

Figure 1. Structures of some commercial triazolopyrimidine-2-sulfonamide herbicides.

Scheme 1. Synthesis of the title compounds 5.
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China) and were uncorrected. The IR spectra were recorded on
a Nicolet NEXUS470 spectrometer as KBr pellets with absorp-
tion given in cm�1. 1H and 31P NMR spectra were performed
on a Varian Mercury-PLUS400 (400 MHz) or Varian Mercury

Plus-600 (600 MHz) spectrometer at room temperature in
CDCl3 with TMS and 85% H3PO4 as the internal and external
standards, respectively. Mass spectra was measured on an
Applied Biosystems API 2000 LC/MS/MS (ESI-MS) spectro-
meter. Elemental analysis was taken on a Elementar Vario EL

III elemental analysis instrument. X-ray diffraction was carried
out on a Bruker Smart 1000 CCD diffractometer (Germany).
Analytical thin layer chromatography (TLC) was performed on
silica gel GF254. Column chromatographic purification was car-
ried out using silica gel. Unless otherwise noted, all materials

were commercially available and were used directly without fur-
ther purification. All solvents were dried and redistilled before
use. 5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrimidin-2-methylsulfone
1 were prepared by the annulation reaction of 3-amino-1,2,4-tri-

azole-5-thiol with acetyl acetone, followed by S-alkylation and
oxidation by H2O2 and NaWO4 according to the reported proce-
dure [14], yield 82%, m.p. 187–188�C. Dialkyl a-amino phos-
phonates 4 were prepared from aromatic aldehyde, ammonium
hydroxide and dialkyl phosphites in moderate yields according

to the reported synthetic protocols [15,16].
Synthesis of methyl 2-(5,7-dimethyl-[1,2,4]triazolo[1,5-

a]pyrimidin-2-yloxy)benzoate 2. Methyl 2-hydroxy-benzoate
(0.91 g, 6 mmol), sodium hydroxide (0.24 g, 6 mmol) and
anhydrous toluene (60 mL) were stirred under reflux for 3h,

while the water was removed away during the reaction time.
5,7-Dimethyl-[1,2,4]triazolo[1,5-a]pyrimidin-2-methylsulfone 1

(2.26 g, 10 mmol) was added and stirred under reflux for 10 h
till the reaction completed (monitored by TLC). The solid was
filtered off, and the solvent was removed under a reduced pres-

sure, the residue was purified by column chromatography on

silica gel using petroleum ether/acetone (1:1 v/v) as the eluent,
giving a white solid, yield: 68%, mp: 141–142�C. Anal. Cacld
for C15H14N3O3: C, 60.40; H, 4.73; N, 18.78. Found: C,
60.17; H, 4.91; N, 18.55.

Synthesis of 2-(5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrimi-

din-2-yloxy)benzoic acid 3. Methyl 2-(5,7-dimethyl-[1,2,4]tri-
azolo[1,5-a]pyrimidin-2-loxy)benzoate 2 (1.19 g, 4 mmol), so-
dium hydroxide (0.32 g, 8 mmol), water (10 mL) and ethanol
(10 mL) were stirred at 80–90�C for 1–2 h. The solution was

acidified by dilute hydrochloride, The crude product was col-
lected by filtration, washed by ethyl ether, the product was
obtained as a yellow solid, yield: 80%, mp: 103–104�C. Anal.
Cacld for C14H12N4O3: C, 59.15; H, 4.25; N, 19.71. Found: C,
59.30; H, 4.19; N, 19.47.

General synthetic procedure for O,O-dialkyl N-[2-(5,7-di-
methyl-[1,2,4]triazolo[1,5-a]pyrimidin-2-yloxy)benzoxyl]-1-

amino-1-substitutedbenzyl phosphonate 5. 2-(5,7-di-
methyl-[1,2,4]triazolo[1,5-a]pyrimidin-2-yloxy)benzoic acid 3

(0.284 g, 1.0 mmol), O,O0-diethyl a-amino (substituted phenyl)
methylphosphonate 4 (1.0 mmol) and anhydrous chloroform (5
mL) were added to a 50 mL three-necked flask at 273 K, DCC
(0.225 g, 1.1 mmol) in anhydrous chloroform (5 mL) was
added dropwise slowly. The mixture was allowed to be stirred

at room temperature overnight. After the solvent was removed
under a reduced pressure, the residue was purified by column
chromatography on silica gel using petroleum ether/acetone
(1:2 v/v) as the eluent, giving the target compounds as a light
yellow solid or liquid.

O,O-Diethyl N-[2-(5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyri-

midin-2-yloxy)benzoxyl]-1-amino-1-(p-tolyl) methyl phos-

phonate (5a). Yellow oil, yield 68%; IR (KBr): t 3230
(NAH), 2985 (Ph-H), 1652 (C¼¼O), 1562, 1465, 1426 (Ph),
1248 (P¼¼O), 1025 (PAOAC) cm�1; 1H NMR (CDCl3, 600

MHz): d 1.12 (t, J ¼ 7.2 Hz, 3H, CH2CH3), 1.21 (t, J ¼ 7.2

Figure 2. Molecular structure of compound 5b. [Color figure can be viewed in the online issue, which is available at www.interscience.

wiley.com.]
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Hz, 3H, CH2CH3), 2.26 (s, 3H, CH3), 2.64 (s, 3H, CH3), 2.67
(s, 3H, CH3), 3.83–3.85 (m, 1H, CH2), 3.95–3.97 (m, 1H,
CH2), 4.00–4.04 (m, 2H, CH2), 5.67 (dd, J ¼ 9.6 Hz, J ¼ 20.1
Hz, 1H, PCH), 6.80 (s, 1H, pyrimidine-H), 7.01 (d, J ¼ 7.8
Hz, 2H, ArH), 7.28–7.37 (m, 4H, ArH), 7.49 (t, J ¼ 7.8 Hz,

1H, ArH), 7.99 (d, J ¼ 7.8 Hz, 1H, ArH), 8.09 (s, 1H, NH);
ESI-MS: m/z 562 (Mþ þ K-1, 5%), 546 (Mþ þ Na-1, 23%),
523.7 (Mþ, 100%), 267 (10%). Anal. Cacld for C26H30N5O5P:
C, 59.65; H, 5.78; N, 13.38. Found: C, 59.47; H, 5.51; N,
13.24.

O,O-Diethyl N-[2-(5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyri-

midin-2-yloxy)benzoxyl]-1-amino-1-phenylmethyl phospho-

nate (5b). Yellow solid, m.p. 136–137�C, yield 69%; IR
(KBr): t 3238 (NAH), 2982 (Ph-H), 1658 (C¼¼O), 1558, 1463,
1420 (Ph), 1252 (P¼O), 1026 (PAOAC) cm-1; 1H NMR (400

MHz, CDCl3): d 1.12 (t, J ¼ 7.2 Hz, 3H, CH2CH3), 1.21 (t, J
¼ 7.2 Hz, 3H, CH2CH3), 2.65 (s, 3H, CH3), 2.69 (s, 3H,
CH3), 3.81–3.87 (m, 1H, CH2), 3.93–4.05 (m, 3H, 2CH2), 5.71
(dd, J ¼ 9.6 Hz, J ¼ 20.6 Hz, 1H, PCH), 6.81 (s, 1H, pyrimi-

dine-H), 7.18–7.25 (m, 3H, ArH), 7.27–7.43 (m, 4H, ArH),
7.50 (t, J ¼ 8.0 Hz, 1H, ArH), 8.01 (d, J ¼ 7.6 Hz, 1H, ArH),
8.15 (dd, J ¼ 4.0 Hz, J ¼ 9.0 Hz, 1H, NH); 31P NMR
(CDCl3, 162 MHz): d 19.58; ESI-MS: m/z 547 (Mþ þ K-1,
5%), 531.5 (Mþ þ Na-1, 14%), 509.1 (Mþ, 100%), 266.6

(5%). Anal. Cacld for C25H28N5O5P: C, 58.93; H, 5.54; N,
13.75. Found: C, 59.12; H, 5.68; N, 13.51.

O,O-Diethyl N-[2-(5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyri-

midin-2-yloxy)benzoxyl]-1-amino-1-(4-chlorophenyl) methyl

phosphonate (5c). yellow solid, m.p. 121–123�C, yield 75%;

IR (KBr): t 3228 (NAH), 2987 (Ph-H), 1663 (C¼¼O), 1561,
1468, 1418 (Ph), 1246 (P¼¼O), 1019 (PAO¼¼C) cm�1; 1H
NMR (CDCl3, 400 MHz): d 1.15 (t, J ¼ 7.2 Hz, 3H,
CH2CH3), 1.23 (t, J ¼ 7.2 Hz, 3H, CH2CH3), 2.66 (s, 6H,
CH3), 3.88–4.07 (m, 4H, 2CH2), 5.68 (dd, J ¼ 8.0 Hz, J ¼
20.8 Hz, 1H, PCH), 6.83 (s, 1H, pyrimidine-H), 7.15 (d, J ¼
8.0 Hz, 2H, ArH), 7.34–7.38 (m, 4H, ArH), 7.52 (t, J ¼ 6.8
Hz, 1H, ArH), 8.00 (d, J ¼ 8.0 Hz, 1H, ArH), 8.07 (s, 1H,
NH); ESI-MS: m/z 565.8 (Mþ þ Na-1, 17%), 543.8 (Mþ,
100%), 266.9 (12%). Anal. Cacld for C25H27ClN5O5P: C,
55.20; H, 5.00; N, 12.88. Found: C, 55.03; H, 4.87; N, 12.95.

O,O-Diethyl N-[2-(5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrimi-

din-2-yloxy)benzoxyl]-1-amino-1-(4-methoxyphenyl) methyl

phosphonate (5d). Yellow solid, m.p. 89–90�C, yield 67%; IR

(KBr): t 3236 (NAH), 2992 (Ph-H), 1661 (C¼¼O), 1564, 1466,
1425 (Ph), 1242 (P¼¼O), 1025 (PAOAC) cm�1; 1H NMR
(CDCl3, 400 MHz): d 1.12 (t, J ¼ 7.2 Hz, 3H, CH2CH3), 1.24
(t, J ¼ 7.2 Hz, 3H, CH2CH3), 2.67 (s, 3H, CH3), 2.68 (s, 3H,
CH3), 3.84 (s, 3H, OCH3), 3.86–4.05 (m, 4H, 2CH2), 5.68 (dd,

J ¼ 9.4 Hz, J ¼ 20.8 Hz, 1H, PCH), 6.83 (s, 1H, pyrimidine-
H), 7.01 (d, J ¼ 8.8 Hz, 2H, ArH), 7.27–7.37 (m, 4H, ArH),
7.51 (d, J ¼ 7.6 Hz, 1H, ArH), 7.98 (d, J ¼ 9.6 Hz, 1H,
ArH), 8.10 (s, 1H, NH). Anal. Cacld for C26H30N5O6P: C,
57.88; H, 5.60; N, 12.98. Found: C, 58.05; H, 5.85; N, 12.81.

O,O-Diethyl N-[2-(5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyrimi-

din-2-yloxy)benzoxyl]-1-amino-1-(2,4-dichlorophenyl) methyl

phosphonate (5e). Yellow solid, m.p. 96–97�C, yield 85%; IR
(KBr): t 3232 (NAH), 2996 (Ph-H), 1668 (C¼¼O), 1560, 1461,

1432 (Ph), 1246 (P¼¼O), 1028 (PAOAC) cm�1; 1H NMR
(CDCl3, 400 MHz): d 1.13 (t, J ¼ 8.0 Hz, 3H, CH2CH3), 1.29
(t, J ¼ 8.0 Hz, 3H, CH2CH3), 2.66 (s, 3H, CH3), 2.68 (s, 3H,
CH3), 3.86–3.99 (m, 2H, CH2), 4.11–4.15 (m, 2H, CH2), 6.18

(dd, J ¼ 8.8 Hz, J ¼ 21.0 Hz, 1H, PCH), 6.83 (s, 1H, pyrimi-
dine-H), 7.08 (d, J ¼ 8.0 Hz, 1H, ArH), 7.29–7.39 (m, 3H,
ArH), 7.46–7.53 (m, 2H, ArH), 8.02 (d, J ¼ 8.0 Hz, 1H,
ArH), 8.22 (s, 1H, NH). Anal. Cacld for C25H26Cl2N5O5P: C,
51.91; H, 4.53; N, 12.11. Found: C, 52.13; H, 4.27; N, 12.04.

O,O-Diethyl N-[2-(5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyri-

midin-2-yloxy)benzoxyl]-1-amino-1-(4-bromophenyl) methyl

phosphonate (5f). Yellow solid, m.p. 119–120�C, yield 88%;
IR (KBr): t 3235 (NAH), 2992 (Ph-H), 1672 (C¼¼O), 1556,
1459, 1430 (Ph), 1245 (P¼¼O), 1026 (PAOAC) cm�1; 1H

NMR (CDCl3, 400 MHz): d 1.15 (t, J ¼ 7.2 Hz, 3H,
CH2CH3), 1.24 (t, J ¼ 7.2 Hz, 3H, CH2CH3), 2.66 (s, 6H,
2CH3), 3.90–4.06 (m, 4H, 2CH2), 5.65 (dd, J ¼ 9.2 Hz, J ¼
20.6 Hz, 1H, PCH), 6.83 (s, 1H, pyrimidine-H), 7.29–7.38 (m,
4H, ArH), 7.51 (t, J ¼ 7.6 Hz, 1H, ArH), 7.98 (d, J ¼ 8.0 Hz,

1H, ArH), 8.10 (s, 1H, NH). Anal. Cacld for C25H27BrN5O5P:
C, 51.03; H, 4.63; N, 11.90. Found: C, 51.34; H, 4.90; N,
11.73.

O,O-Diethyl N-[2-(5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyri-

midin-2-yloxy)benzoxyl]-1-amino-1-(2-chlorophenyl) methyl

phosphonate (5g). white solid, m.p. 144–145�C, yield 68%;
IR (KBr): t 3417, 3236 (NAH), 2990 (Ph-H), 1665(C¼¼O),
1626, 1557, 1479 (Ph), 1233 (P¼¼O), 1025 (PAOAC) cm�1;
1H NMR (CDCl3, 600 MHz): d 1.10 (t, J ¼ 7.2 Hz, 3H,

CH2CH3), 1.26 (t, J ¼ 7.2 Hz, 3H, CH2CH3), 2.65 (s, 3H,
CH3), 270 (s, 3H, CH3), 3.80–3.82 (m, 1H, CH2), 3.92–3.95
(m, 1H, CH2), 4.11–4.14 (m, 2H, CH2), 6.26 (dd, J ¼9.0 Hz, J
¼ 20.7 Hz, 1H, PCH), 6.81 (s, 1H, pyrimidine-H), 7.10–7.14
(m, 2H, ArH), 7.32 (d, J ¼ 10.2 Hz, 2H, ArH), 7.37 (d, J ¼
7.8 Hz, 1H, ArH), 7.49 (d, J ¼ 7.8 Hz, 1H, ArH), 7.53 (d, J
¼ 7.2 Hz, 1H, ArH), 8.02 (d, J ¼ 8.4 Hz, 1H, ArH), 8.27 (s,
1H, NH); 31P NMR (CDCl3, 243 MHz): d 18.89; ESI-MS: m/z
581.6 (Mþ þ K-1, 3%), 563.8 (Mþ þ Na-1, 7%), 543.4 (Mþ,
100%), 266.8 (2%). Anal. Cacld for C25H27ClN5O5P: C,

55.20; H, 5.00; N, 12.88. Found: C, 54.97; H, 4.73; N, 12.60.
O,O-Diethyl N-[2-(5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyri-

midin-2-yloxy)benzoxyl]-1-amino-1-(4-fluorophenyl) methyl

phosphonate (5h). Yellow solid, m.p. 147–148�C, yield 73%;

IR (KBr): t 3241 (NAH), 2995 (Ph-H), 1662 (C¼¼O), 1622,
1554, 1485 (Ph), 1230 (P¼¼O), 1021 (PAOAC) cm�1; 1H
NMR (CDCl3, 600 MHz): d 1.14 (t, J ¼ 7.2 Hz, 3H,
CH2CH3), 1.22 (t, J ¼ 7.2 Hz, 3H, CH2CH3), 2.65 (s, 3H,
CH3), 2.67 (s, 3H, CH3), 3.87–3.90 (m, 1H, CH2), 3.96–3.99

(m, 1H, CH2), 4.00–4.06 (m, 2H, CH2), 5.68 (dd, J ¼ 9.0 Hz,
J ¼ 20.4 Hz, 1H, PCH), 6.81 (s, 1H, pyrimidine-H), 6.88 (t, J
¼ 9.0 Hz, 2H, ArH), 7.33–7.42 (m, 4H, ArH), 7.51 (t, J ¼ 7.2
Hz, 1H, ArH), 8.00 (d, J ¼ 8.4 Hz, 1H, ArH), 8.08 (s, 1H,
NH). Anal. Cacld for C25H27FN5O5P: C, 56.92; H, 5.16; N,

13.28. Found: C, 57.12; H, 5.27; N, 13.65.
O,O-Dibutyl N-[2-(5,7-dimethyl-[1,2,4]triazolo[1,5-a]pyri-

midin-2-yloxy)benzoxyl]-1-amino-1-(phenyl) methyl phos-

phonate (5i). Yellow oil, yield 52%; IR (KBr): t 3236
(NAH), 2998 (Ph-H), 1654 (C¼¼O), 1618, 1550, 1482 (Ph),

1225 (P¼¼O), 1025 (PAOAC) cm�1; 1H NMR (CDCl3, 600
MHz) d: 0.79 (t, J ¼ 7.8 Hz, 3H, CH2CH3), 0.83 (t, J ¼ 7.2
Hz, 3H, CH2CH3), 1.20–1.53 (m, 8H, 2CH2CH2), 2.68 (s, 3H,
CH3), 2.70 (s, 3H, CH3), 3.72–3.75 (m, 1H, CH2), 3.87–3.90

(m, 1H, CH2), 3.93–3.99 (m, 2H, CH2), 5.72 (dd, J ¼ 9.0 Hz,
J ¼ 20.4 Hz, 1H, PCH), 6.80 (s, 1H, pyrimidine-H), 7.17–7.22
(m, 3H, ArH), 7.33 (t, J ¼ 7.2 Hz, 1H, ArH), 7.35 (d, J ¼ 8.0
Hz, 1H, ArH), 7.42 (d, J ¼ 7.2 Hz, 2H, ArH), 7.49 (t, J ¼ 7.2
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Hz, 1H, ArH), 8.00 (d, J ¼ 7.2 Hz, 1H, ArH ), 8.15 (s, 1H,

NH); 31P NMR (CDCl3, 243 MHz): d 19.61. Anal. Cacld for
C29H36N5O5P: C, 61.58; H, 6.42; N, 12.38. Found: C, 61.84;
H, 6.35; N, 12.07.

Herbicidal activity (in vitro). The herbicidal evaluation of

compounds 5 were carried out in the laboratory of biological
activities test, Nankai University, China. Compounds 5 were
determined with B. campestris L. and Radix E. crus-galli as
samples of annual dicotyledonous and monocotyledonous
plants, respectively, using a previously reported procedure

[17]. For all of the bioassay tests, each treatment was repeated
two times.

Treatment. The emulsions of purified compounds were pre-
pared by dissolving them in 100 lL of N,N-dimethylforma-
mide with the addition of 2 lL of Tween 20. The mixture of

the same amount of water, N,N-dimethylformamide, and
Tween 20 was used as control. The commercially available
herbicide, Bispyribac-sodium was used as a compared sample
to evaluate the herbicidal activity of the target compounds 5.

Inhibition of the root-growth of rape (B. campestris
L.). Rape seeds were soaked in distilled water for 4 h before
being placed on a filter paper in a 6 cm Petri plate, to which 2
mL of inhibitor solution had been added in advance. Usually,
10 seeds were used on each plate. The plate was placed in a

dark room and allowed to germinate for 72 h at 28 6 1�C.
The lengths of 10 rape roots selected from each plate were
measured, and the means were calculated. The percentage inhi-
bition was used to describe the control efficiency of the com-
pounds. The herbicidal activity was listed in Table 1.

Inhibition of the seedling growth of barnyard grass

[Radix Echinochloa crus-galli]. Ten Radix E. crus-galli seeds
were placed into a 50 mL cup covered with a layer of glass

beads and a piece of filter paper at the bottom, to which 6 mL
of inhibitor solution had been added in advance. The cup was
placed in a bright room, and the seeds were allowed to germi-
nate for 72 h at 28 6 1�C. The heights of the above-ground
parts of the seedlings in each cup were measured, and the

mean values were calculated. The percentage inhibition was
used to describe the control efficiency of the compounds. The
herbicidal activity is also listed in Table 1.
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Table 1

The herbicidal activities of compounds 5a–5i (in vitro, relative
inhibitory rate %, concentration, mg/L).

Compounds

Brassica
campestris
root test

Echinochloa
crusgalli cup

test

100 10 100 10

5a 42.9 15.4 25.9 13.1

5b 52.1 26.6 30.5 21.0

5c 39.7 0 29.5 0

5d 29.0 19.2 19.5 11.7

5e 45.3 14.0 15.1 9.0

5f 33.6 4.7 14.6 0

5g 34.1 0 11.6 6.2

5h 7.0 0 20.0 6.2

5i 92.0 31.3 23.4 7.6

Bispyribac-sodium 69.8 65.6 72.4 46.9
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Syntheses of new formyl ester- and cyano ester-substituted bithiophenes, bifurans, and furanothio-
phenes in good yield are described. The key synthetic step uses Stille coupling of appropriately substi-
tuted bromo 5-ring heterocycles with stannyl-substituted 5-ring heterocycles.

J. Heterocyclic Chem., 47, 167 (2010).

INTRODUCTION

Compounds containing 2,20-bithiophene, 2,20-bifuran,
and 2,20-furanothiophene cores play important roles in

material sciences [1], pharmaceutical [2], and agrochem-

ical [3] fields. The various optical properties of these

bichalcophenes have lead to their extensive use in non-

linear optical devices [4], sensors [5], solar cells [6],

and other advanced materials. These bichalcophene units

appear in important medicinal chemical applications

including antibacterial [7] and anticancer studies [8].

Bichalcophene diamidines of the type I and II from our

laboratory have been shown to recognize G-quadruplex

DNA [9]. Formyl and ester bichalcophene analogs can

undergo a variety of condensation reactions to prepare

more complex molecules of importance to material sci-

ence as well as for the generation of useful bioactive

molecules. Cyano derivatives are key intermediates for

the preparation of amidine molecules, which are impor-

tant molecules in such diverse fields as medicinal chem-

istry [9] and catalyst development [10]. In view of our

interest in molecules that recognize G-quadruplex DNA

[9] and other ones, which can potentially function as

diagnostics [11] for parasites and as an expansion of our

previous bichalcophene work [12(a)]. We report here

the synthesis of new bichalcophenes with formyl, ester,

and cyano substituents that can serve as versatile build-

ing blocks for the preparation of more complex mole-

cules (Fig. 1).

RESULTS AND DISCUSSION

Scheme 1 outlines our approach to the synthesis of both

the bichalcophene formyl and cyano esters. We chose to

use the Stille approach for the coupling to form the bichal-

cophene units because this methodology is known to be

quite robust and can be performed under neutral conditions

[1(b),2,12(b)]. For ease of preparation of the Stille reagent,

we chose to use the acetal-protected formyl furan 2a and

thiophene 2b. The commercially available aldehydes 1a, b

were converted into the previously unreported acetals 2a, b

in high yields (>95%) using NBS as a catalyst, under mild

conditions [13].The new tri-n-butylstannyl reagents were

prepared in good yields (>80%) by a conventional n-butyl-
lithium debromination of 2a, b at �78�C followed by reac-

tion with tri-n-butyltin chloride. The Stille coupling reac-

tion between 3a, b and commercially available 4a, b in the

presence of a 5 mol % of Pd (PPh3)4 using 1,4-dioxane as

solvent at 100�C for 24 h followed by deprotection of the

acetal product by stirring with conc. HCl solution for 6 h

gave the desired new formyl analogs 5a–d in good yields

(>73%). The formyl esters were converted into the cyano

esters (6a–d) using a conventional two-step process of con-

version of the aldehydes into the corresponding oximes fol-

lowed by acetic anhydride-facilitated dehydration to pro-

vide the new nitriles in good isolated yields (>75%).

In conclusion, we have reported a concise synthesis,

in good yields, of new cyano and formyl ester-substi-

tuted bichalcophenes, which can be used for the

VC 2010 HeteroCorporation
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preparation of more complex molecules for multiple

applications.

EXPERIMENTAL

All commercial reagents were used without purification.
Melting points were determined on a Mel-Temp 3.0 melting
point apparatus and are uncorrected. TLC analysis was carried
out on silica gel 60 F254 precoated aluminum sheets using UV
light for detection. 1H- and 13C-NMR spectra were recorded

on a Bruker 400 MHz spectrometer using the indicated sol-
vents. Mass spectra were obtained from the Georgia State Uni-
versity Mass Spectrometry Laboratory, Atlanta, GA. Elemental
analysis were performed by Atlantic Microlab, Norcross, GA.

General procedure for the synthesis of 2a, b. A 1.06 g

NBS (6 mmol) was added in portions to a stirred mixture of
1a, b (130 mmol) and 19.55 mL trimethyl orthoformate (190
mmol) in 150 mL anhydrous CH2Cl2 and 15 mL anhydrous
CH3OH at 0�–5�. After the addition was completed, the result-

ing mixture was stirred overnight at room temperature,
quenched with water, and the organic layer was separated,
washed with water again, dried (sodium sulfate), and evapo-
rated. The resulting oil was purified by distillation.

2-Bromo-5-(dimethoxymethyl) furan (2a). Colorless liquid,

yield 95%; bp 45�C (0.35 mmHg); 1H-NMR (400 MHz, CDCl3):
d ¼ 6.91 (d, J ¼ 2.8 Hz, 1 H), 6.85 (d, J ¼ 2.8 Hz, 1 H), 5.38 (s,
1 H), 3.36 (s, 6 H); 13C-NMR (CDCl3): d ¼ 52.3, 99.6, 112.7,
125.7, 130.4, 143.1; ESI-MS: m/z calculated for C7H9BrO3:
221.05, Found: 222.1 (Mþ þ 1), 223.1 (Mþ þ 2); Anal. Calcd.

for C7H9BrO3: C, 38.03; H, 4.10; Found: C, 37.81; H, 4.25.
2-Bromo-5-(dimethoxymethyl) thiophene (2b). Colorless liq-

uid, yield 97%; bp 69�C (0.25 mm Hg). 1H-NMR (400 MHz,
CDCl3): d ¼ 6.96 (d, J ¼ 4 Hz, 1 H), 6.83 (dd, J ¼ 1.2, 4 Hz,
1 H), 5.54 (d, J¼ 1.2, 1 H), 3.33 (s, 6 H); 13C-NMR (CDCl3):

d ¼ 52.5, 99.7, 112.5, 125.9, 131.1, 142.8; ESI-MS: m/z calcu-
lated for C7H9BrO2S: 237.11, Found: 238.3 (Mþ þ 1), 239.3
(Mþ þ 2); Anal. Calcd. for C7H9BrO2S: C, 35.46; H, 3.83;
Found: C, 35.22; H, 4.15.

General procedure for the synthesis of 3a, b. A 101 mL
1.6M n-butyllithium solution in hexane (150 mmol) was added

slowly to a stirred solution of 2a, b (130 mmol) in 150 mL an-
hydrous THF under nitrogen atmosphere at –78�C. After the
addition was completed, the mixture was stirred for 4 h and
then 40.6 mL tri-n-butyltin chloride (150 mmol) was added
slowly at –78�C. After stirring overnight, the solution was

quenched with 50 mL water and solvents were removed under
reduced pressure. The residue was extracted with 200 mL
ether, the organic layer was washed with 30 mL 10% NaF so-
lution and 100 mL water, dried (sodium sulfate), and concen-
trated. The resulting oil was purified by distillation.

5-(Dimethoxymethyl)furan-2-yl-tri-n-butylstannane (3a). Yel-
low oil, yield 84%; bp 145�C (0.6 mm Hg); 1H-NMR (400
MHz, CDCl3): d ¼ 6.53 (d, J ¼ 2.8 Hz, 1 H), 6.44 (d, J ¼ 2.8
Hz, 1 H), 5.50 (s, 1 H), 3.39 (s, 6 H). 1.64 (m, 6 H), 1.53 (m,
6 H), 1.25 (m, 6 H), 1.09 (m, 9 H); 13C-NMR (CDCl3): d ¼
12.5, 15.5, 26.9, 28.9, 52.4, 100.4, 126.4, 134.8, 135.1, 146.9;
ESI-MS: m/z calculated for C19H36O3Sn: 431.20, Found: 432.3
(Mþ þ 1); Anal. Calcd. for C19H36O3Sn: C, 52.92; H, 8.42;
Found: C, 52.71; H, 8.55.

5-(Dimethoxymethyl)thiophen-2-yl-tri-n-butylstannane
(3b). Yellow oil, yield 81%; bp 185�C (0.7 mm Hg); 1H-
NMR (400 MHz, CDCl3): d ¼ 7.28 (d, J ¼ 2.8 Hz, 1 H), 7.15
(d, J ¼ 2.8 Hz, 1 H), 5.69 (s, 1 H), 3.48 (s, 6 H), 1.78 (m, 6
H), 1.60 (m, 6 H), 1.48 (m, 6 H), 1.17 (m, 9 H); 13C-NMR

(CDCl3): d ¼ 13.2, 17.3, 27.4, 28.5, 52.7, 101.1, 126.9, 134.2,
135.7, 146.3; ESI-MS: m/z calculated for C19H36O2SSn:
447.26, Found: 448.2 (Mþ þ 1); Anal. Calcd. for
C19H36O2SSn: C, 51.02; H, 8.11; Found: C, 51.17; H, 7.99.

General procedure for the synthesis of 5a–d. A 1.15 g

tetrakis-triphenyl-phosphine palladium (1 mmol) was added to
a stirred mixture of 3a, b (20 mmol) and 4a, b (20 mmol) in
deaerated dry 40 mL dioxane under nitrogen atmosphere. The
vigorously stirred mixture was warmed to 90–100�C for 24 h.
The solvent was removed under reduced pressure; the residue

was dissolved in 150 mL dichloromethane containing 5 mL of
concentrated ammonia, then washed with water, and passed
through celite. The solution was mixed with conc. 5 mL HCl,
stirred for 6 h, separated and washed with water, dried (so-

dium sulfate), and evaporated. The product was purified by
column chromatography on silica gel, using dichloromethane
as eluent.

Methyl 50-formyl-2,20-bifuran-5-carboxylate (5a). Yellow
solid, yield (two steps) 79%; mp 129–130�C; 1H-NMR (400

MHz, CDCl3): d ¼ 9.65 (s, 1 H), 7.69 (d, J ¼ 3.6 Hz, 1 H),
7.49 (d, J ¼ 3.6 Hz, 1 H), 7.24 (brs, 1 H), 7.25 (brs, 1 H),
3.86 (s, 3 H); 13C-NMR (CDCl3): d ¼ 53.1, 111.2, 125.6,
127.6, 133.8, 135.2, 137.4, 152.3, 152.7, 161.9, 178.5; ESI-
MS: m/z calculated for C11H8O5: 220.18, Found: 221 (Mþ þ
1); Anal. Calcd. for C11H8O5: C, 60.00; H, 3.66; Found: C,
60.28; H, 3.79.

Methyl 5-(5-formylfuran-2-yl) thiophene-2-carboxylate
(5b). Yellowish white solid, yield (two steps) 85%; mp 143–
143.5�C. 1H-NMR (400 MHz, CDCl3): d ¼ 9.62 (s, 1 H), 7.85
(d, J ¼ 4 Hz, 1 H), 7.79 (d, J ¼ 4 Hz, 1 H), 7.68 (d, J ¼ 4
Hz, 1 H), 7.34 (d, J ¼ 4, 1 H), 3.91 (s, 3 H); 13C-NMR
(CDCl3): d ¼ 53.1, 111.3, 125.7, 127.8, 133.8, 135.1, 137.9,
152.3, 152.9, 162.1, 177.3; ESI-MS: m/z calculated for
C11H8O4S: 236.24, Found: 237 (Mþ þ 1); Anal. Calcd. for
C11H8O4S: C, 55.92; H, 3.41; Found: C, 56.21; H, 3.48.

Methyl-50-formyl-2,20-bithiophene-5-carboxylate (5c). White
solid, yield (two steps) 73%; mp 161�C. 1H-NMR (400 MHz,

CDCl3): d ¼ 9.93 (s, 1 H), 8.05 (d, J ¼ 4 Hz, 1 H), 7.82 (d, J

Figure 1. Bichalcophenes which recognize G-quadruplex DNA.
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¼ 4 Hz, 1 H), 7.79 (d, J ¼ 4, 1 H), 7.50 (d, J ¼ 4, 1 H), 3.89
(s, 3 H); 13C-NMR (CDCl3): d ¼ 51.5, 111.6, 121.9, 126.4,
139.3, 139.4, 142.2, 144.8, 150.7, 162.4, 181.1; ESI-MS: m/z
calculated for C11H8O3S2: 252.31, Found: 253 (Mþ þ 1);
Anal. Calcd. for C11H8O3S2: C, 52.36; H, 3.2; Found: C,
52.46; H, 3.13.

Methyl-5-(5-formylthiophen-2-yl) furan-2-carboxylate
(5d). Yellowish brown solid, yield (two steps) 78%; mp 178–

180�C. 1H-NMR (400 MHz, CDCl3): d ¼ 9.96 (s, 1 H), 8.07
(d, J ¼ 4 Hz, 1 H), 7.78 (d, J ¼ 4 Hz, 1 H), 7.48 (d, J ¼ 4, 1
H), 7.30 (d, J ¼ 4, 1 H), 3.86 (s, 3 H); 13C-NMR (CDCl3): d
¼ 52.5, 111.6, 121.2, 127.1, 139.1, 139.5, 143.4, 144.2, 151.3,
158.4.1, 184.7. ESI-MS: m/z calculated for C11H8O4S: 236.24,

Found: 237 (Mþ þ 1); Anal. Calcd. for C11H8O4S: C, 55.92;
H, 3.41; Found: C, 56.01; H, 3.44.

General procedure for the synthesis of 6a–d. A 10 mL
aqueous solution of 0.7 g hydroxylamine hydrochloride (10

mmol) and 1.06 g sodium carbonate (10 mmol) was added to

a stirred solution of 5a–d (10 mmol) in 25 mL methanol and
heated at reflux for 24 h. Evaporation of the solvent under
reduced pressure to yield a precipitate that was partitioned

between water and 100 mL ethyl acetate, and the organic layer
was dried (sodium sulfate) and then concentrated to dryness
under reduced pressure. The crude oxime was allowed to
reflux in 20 mL acetic anhydride for 24 h, and the solvent was
evaporated under reduced pressure. The product was purified

by column chromatography on silica gel, using hexanes/ethyl
acetate (80/20, v/v) as eluent.

Methyl 50-cyano-2,20-bifuran-5-carboxylate (6a). Yellowish
brown solid, yield (two steps) 81%; mp 99–100�C. 1H-NMR (400
MHz, DMSO-d6): d ¼ 7.77 (d, J ¼ 3.6 Hz, 1 H), 7.46 (d, J ¼ 3.6

Hz, 1 H), 7.20 (brs, 2 H), 3.85 (s, 3 H); 13C-NMR (DMSO-d6): d
¼ 52.5, 108.5, 111.3, 114.5, 121, 126.3, 138.5, 140.6, 144.2,
150.6, 158.4; ESI-MS: m/z calculated for C11H7NO4: 217.18,
Found: 218 (Mþ þ 1); Anal. Calcd. for C11H7NO4: C, 60.83; H,

3.25; N, 6.45; Found: C, 60.88; H, 3.38; N, 6.08.

Scheme 1
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Methyl 5-(5-cyanofuran-2-yl)thiophene-2-carboxylate (6b). Yel-
lowish brown solid, yield (two steps) 78%; mp 115-116�C.
1H-NMR (400 MHz, DMSO-d6): d ¼ 7.85 (d, J ¼ 4 Hz, 1 H),

7.80 (d, J ¼ 4 Hz, 1 H), 7.70 (d, J ¼ 3.6, 1 H), 7.31 (d, J ¼
3.6, 1 H), 3.86 (s, 3 H); 13C-NMR (DMSO-d6): d ¼ 49.9,
107.1, 111.9, 113.2, 121, 126.1, 138.9, 139.2, 145.8, 151.9,
165.9; ESI-MS: m/z calculated for C11H7NO3S: 233.24, Found:
234 (Mþ þ 1); Anal. Calcd. for C11H7NO3S: C, 56.64; H,

3.02; N, 6.01; Found: C, 56.95; H, 3.16; N, 5.77.
Methyl 50-cyano-2,20-bithiophene-5-carboxylate (6c). Yellow

solid, yield (two steps) 75%; mp 142-144�C. 1H-NMR (400
MHz, DMSO-d6): d ¼ 8.01 (d, J ¼ 4 Hz, 1 H), 7.71 (d, J ¼ 4
Hz, 1 H), 7.45 (d, J ¼ 3.6, 1 H), 7.28 (d, J ¼ 3.6, 1 H), 3.85

(s, 3 H); 13C-NMR (DMSO-d6): d ¼ 55.1, 105.2, 110.2, 113.8,
121.2, 126.7, 134.5, 137.2, 147.1, 152.4, 162.4; ESI-MS: m/z
calculated for C11H7NO2S2: 249.31, Found: 250.2 (Mþ þ 1);
Anal. Calcd. for C11H7NO2S2: C, 52.99; H, 2.83; N, 5.62;
Found: C, 53.12; H, 3.06; N, 5.39.

Methyl 5-(5-cyanothiophen-2-yl) furan-2-carboxylate
(6d). Brown solid, yield (two steps) 78%; mp 126-126.5�C.
1H-NMR (400 MHz, DMSO-d6): d ¼ 7.61 (d, J ¼ 4 Hz, 1 H),
7.54 (d, J ¼ 4 Hz, 1 H), 7.25 (d, J ¼ 4, 1 H), 6.80 (d, J ¼ 4,

1 H), 3.94 (s, 3 H); 13C-NMR (DMSO-d6): d ¼ 51.3, 109.2,
111.9, 115.4, 120.7, 124.9, 137.7, 140.1, 144.7, 151.1, 161.8;
ESI-MS: m/z calculated for C11H7NO3S: 233.24, Found: 234
(Mþ þ 1); Anal. Calcd. for C11H7NO3S: C, 56.64; H, 3.02; N,
6.01; Found: C, 56.67; H, 3.09; N, 5.98.
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Ketene N,S-acetals reacted with b-ketoesters in the presence of Zn(NO3)2 � 6H2O as catalyst, in etha-
nol solvent, giving 6-alkylsulfanylpyridines 4 in good yields without complicated purification proce-
dures. Oxidization of compounds 4 with aqueous hydrogen peroxide in the presence of catalytic sodium
wolframate led to the formation of 6-alkylsulfonylpyridine derivatives 5, which could be further derivat-
ized in the 6-position by nucleophilic reactions with phenols or amines to give multisubstituted pyridine

compounds 8. Bioassays indicated that some of the compounds of the type 8 have good herbicidal activ-
ity at a dose of 100 mg/L on the roots of oil rape and barnyard grass.

J. Heterocyclic Chem., 47, 171 (2010).

INTRODUCTION

Muti-substituted pyridine derivatives occupy a central

position in modern heterocyclic chemistry particularly in

the pharmaceutical and agrochemical fields [1–4].

Therefore, new and improved synthetic studies about the

preparation of this important heterocyclic ring system

are of contemporary interest. The Hantzsch reaction has

been proved to be a versatile method for the preparation

of a large range of pyridines and dihydropyridines with

symmetrical substitution patterns [5,6]. But the synthesis

of multi-substituted pyridines with unsymmetrical sub-

stitution patterns is often difficult and involves multi-

step sequences, so there is still a great need to develop

new approaches to pyridines of this type.

Our interests in the preparation of new heterocyclic

compounds prompted us to elaborate novel methods for

the synthesis of unsymmetrical multi-substituted pyri-

dines and the evaluation of their biological activities. In

this context, we report here an improved and convenient

synthesis of the unsymmetrical multisubstituted pyri-

dines 4 from easily accessible staring materials ketene

N,S-acetals 2 and b-ketoesters 3, as well as the prepara-

tion of various functional derivatives 5 and 8 resulting

from a oxidization sequence and nucleophilic reactions.

A preliminary in vitro bioassay indicated that some of

the compounds of the type 8 have good herbicidal

activity.

RESULTS AND DISCUSSION

The intermediates 1 and 2 can be prepared according

to a published method [7]. It was reported that 4-amino-

pyridine 4 (Scheme 1) was prepared in moderate yield

(48%) by using anhydrous stannic chloride as catalyst

[8,9]. However, we found that there were some draw-

backs with this method which need to be addressed.

First, this method requires anhydrous conditions because

tin (IV) chloride is readily hydrolyzed in water. Further-

more, the poor solubility of the reactants and the SnCl4
catalyst in toluene, used as the solvent for the reaction,

often leads to a low yield and prolonged reaction time.

And finally, the complex and cockamamie workup pro-

cedure involves a dilution of the reaction mixture with a

saturated aqueous solution of sodium carbonate and an

extraction of the reactant mixture with ethyl acetate

VC 2010 HeteroCorporation

January 2010 171



before the title compound can be isolated and purified

by a flash chromatography on silica gel.

In this study, various catalysts, different solvents as

well as the reaction times and the molar ratios of reac-

tants were tested to optimize the reaction conditions.

The survey of reaction conditions and results are sum-

marized in Table 1. The initial study was performed on

the reaction of 2-(amino-methylthio-methylene)-malono-

nitrile with ethyl acetoacetate in the presence of anhy-

drous SnCl4 (2 equiv.) in refluxing toluene, which gave

a yield of 38% of 4b (entry 1). Corresponding reactions

carried out in polar solvents such as ethanol led to none

of the required product being observed (entry 2).

It was found that catalysts and solvents have a

dramatic influence on the efficiency of the reaction. A

variety of catalysts, such as ZnCl2 (entries 3–4),

Zn(OAc)2 � 2H2O (entry 6), Zn(NO3)2 � 6H2O (entries

7–9), catalyze the reactions more efficiently than SnCl4
(entries 1–2). And when ethanol was used as the sol-

vent, Zn(NO3)2 � 6H2O provided the best catalytic effi-

ciency. We also found that the higher concentration of

b-ketoesters (2 equiv.) slightly increased the yield (entry

7 vs. entry 8).

When using Zn(NO3)2 � 6H2O as catalyst, we found

that there was almost no change on the reaction yields

when the reaction time changed from 12 h to 6 h

whereas other variables were kept constant (entry 8 vs.
entry 9). However, when a catalytic amount of triethyl-

benzylammonium chloride (TEBA) was added to the

reaction, a maximum amount of the title compound 4b

was obtained (entry 10).

To investigate the scope of this reaction and to estab-

lish its tolerance of different substrates under the opti-

mized conditions, a range of different b-ketoesters 3 and

ketene N,S-acetals 2 were heated at reflux in ethanol in

the presence of stoichiometric amounts of zinc(II) nitrate

and a catalytic amount of TEBA. In all the cases inves-

tigated (Table 2), the expected pyridine 4 was isolated

in good to excellent yield (86–95%), and no regioiso-

meric products were detected.

Bearing in mind the fact that the alkylsulfanyl group

of compound 4 can be oxidized into alkylsulfonyl group,

we became interested in identifying new ways to synthe-

size pyridines in which the methylsulfonyl group could

serve as a leaving group to facilitate CAC bond-forming

in the reactions. 6-Alkylsulfanyl pyridine derivatives 4

was treated with aqueous hydrogen peroxide in the pres-

ence of sodium wolframate as catalyst to give 6-alkyl-

sulfonyl pyridine derivatives 5. Acetic acid was a sol-

vent of choice for the reaction stated in the literature

[10]. In our case, however, acetic acid was not the best

candidate as the reaction proceed in acetic acid at room

Scheme 1. Synthesis of 6-alkylsulfanyl substituted pyridines 4.

Table 1

Optimization of the reaction conditions.

Entry Catalyst Ratio 2a:3b:catalyst Conditions Time (h) Yield (%)a

1 SnCl4 1:1:2 Toluene/reflux 8 38

2 SnCl4 1:1:2 Ethanol/reflux 8 Failed

3 ZnCl2 1:1:2 Toluene/reflux 12 48

4 ZnCl2 1:1:2 Ethanol/reflux 12 60

5 ZnSO4�7H2O 1:1:2 Ethanol/reflux 12 31

6 Zn(OAc)2�2H2O 1:1:2 Ethanol/reflux 12 70

7 Zn(NO3)2�6H2O 1:1:2 Ethanol/reflux 12 73

8 Zn(NO3)2�6H2O 1:2:2 Ethanol/reflux 12 80

9 Zn(NO3)2�6H2O 1:2:2 Ethanol/reflux 6 78

10 Zn(NO3)2�6H2O þ TEBA 1:2:2 Ethanol/reflux 6 95

aYield of pure isolated product.
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temperature or refluxing temperature gave mainly the

byproduct of 4-amino-5-cyano-6-hydroxy-2-methyl-3-

ethyloxycarbonyl pyridine 6 (Scheme 2). It may be due

in part to the instability of 6-methylsulfonyl pyridine 5b

which could be hydrolyzed under the strong polar

conditions.

On the other hand, when the reaction was performed

in a less polar solvent of dichloromethane with m-chlor-
operbenzoic acid (m-CPBA) as oxidizing reagent, a mix-

ture of 6-methylsulfonyl pyridine 5b and 6-methylsul-

finyl pyridine 7 were obtained (Scheme 2). In addition

to these observations, we also attempted to use other

solvents such as ethanol, methanol, acetonitrile, or even

mixtures of these solvents coupled with different oxidiz-

ing reagents. Finally, H2O2-DMF was identified as the

best oxidizing reagent-solvent combination in terms of

both operational simplicity and yield. Under the opti-

mized conditions, compound 4 was easily transformated

into compound 5 with a high yield after refluxing for 2

h in DMF with aqueous hydrogen peroxide in the pres-

ence of sodium wolframate as catalyst (Scheme 3). The

workup and purification of the reaction products were

easy and efficient.

With robust synthesis procedure of 6-methylsulfonyl

pyridine 5 in hand, a series of studies on compound 5

were performed to access other 6-substitued pyridine

derivatives. The direct reaction of compound 5 with

phenols failed to produce 6-aryloxy substituted pyridine

8a–j. However, when performed in the presence of cata-

lytic potassium carbonate in acetonitrile, the reaction

took place and offered 8a–j in good yield (Scheme 4).

Irrespective of the fact whether the substituents on the

phenols were electron-withdrawing or electron-releasing

groups, the reaction was completed smoothly at reflux-

ing temperature for 1–3 h. On the other hand, when the

reaction was performed with NaH as the catalyst, no

title product was separated out. This suggested that the

compound 5 was unstable and the SO2R group can be

replaced by hydride ion of NaH firstly, which led to the

next nucleophilic attack of phenoxides to methylsulfonyl

group not occurring.

Conversion of compound 5 into 6-alkylamino substi-

tuted pyridine 8k–p (Scheme 4) was effectively carried

out by treatment of acetonitrile solutions of the 6-meth-

ylsulfonyl substituted pyridine 5 with 2 equivalent of

amines at ambient temperature overnight followed by

straight-forward purification of recrystallization. It was

noteworthy that the isolated yield of 8k–p was good de-

spite that the amine is alkylamino or bulkyl heterocycle

amino group (Table 3).

Table 2

Yields of compounds 4–7.

Compounds R Y Yield (%)a,b Compds R Y Yield (%)a

4a Me MeO 90 5a Me MeO 85

4b Me EtO 95 5b Me EtO 91

4c Et MeO 86 5c Et MeO 78

4d Et EtO 91 5d Et EtO 83

4e PhCH2 MeO 87 6 \ EtO 50

4f PhCH2 EtO 89 7 \ EtO 67

aYield of pure isolated product.
b Using Zn(NO2)2. � 6H2O and TEBA as catalyst.

Scheme 2. Oxidization of 4b using HAc and CH2Cl2 as solvent.
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The compounds obtained were characterized fully by

using spectroscopic methods (IR, 1H NMR and EI-MS)

and elemental analysis. For example, the IR spectra of

8a revealed CN and C¼¼O absorption bands at 2225 and

1689 cm�1 respectively, the signals attributable to the

NH2 are found at 3450 and 3346 cm�1. The 1H NMR

spectrum of 8a also shows the signals of NH2 at 6.66

ppm as a broad absorption. The MS spectrum of 8a

shows strong molecular ion peak at m/z 331 with 100%

abundance. In the case of 8h [11], the structure was

additionally confirmed by single-crystal X-ray diffrac-

tion (Fig. 1).

The preliminary herbicidal activity of compounds 8

series was evaluated comparable to a commercial herbi-

cide 2,4-D, against two representative targets, oil rape

and barnyard grass, at concentrations of 100 mg/L and

10 mg/L, according to a literature method [12]. The

results are listed in Table 3 and show that these com-

pounds have moderate to good herbicidal activity

against the roots of these two species at the rate of 100

mg/L, especially against the root of oil rape. Compound

with substituted phenoxy moiety in position 6 of the

pyridine ring showed much better activity than 6-amino-

substituted compounds. Switching the substituent Y

from methoxy to ethoxy has no obvious effect on the in-

hibition rates.

In summary, we have developed an improved and

convenient synthetic method for the preparation of mul-

tisubstituted pyridine derivatives with unsymmetrical

substitution patterns. Some multisubstituted pyridines-

containing compounds could be synthesized from simple

precursors which are assembled in a modular fashion

from readily available and inexpensive starting materi-

als. The biological evaluation showed that some com-

pounds have good herbicidal activities and we feel that

this method will further facilitate exploration of this

increasingly important pharmacophore.

EXPERIMENTAL

Melting points were measured on an electrothermal melting
point apparatus and are uncorrected. Mass spectra were meas-
ured on a Finnigan Trace MS 2000 spectrometer. IR spectra
were recorded on a PE-983 infrared spectrometer as KBr pel-

lets with absorption in cm�1. 1H NMR spectra were recorded
in CDCl3 or DMSO on a Varian Mercury 400 spectrometer

and resonances were given in ppm (d) relative to TMS (d 0.00
ppm). 13C NMR spectra were recorded using CDCl3 as the sol-
vent on a Varian Mercury 600 spectrometer and resonances
are given in ppm (d) relative to CDCl3 (d 77.00 ppm). The el-
ementary analysis was performed on a Vario EL III elementary

analysis instrument. All of the solvents and materials were rea-
gent grade and purified as required.

General procedure for the preparation of compounds

(4a–f). A mixture of 2-(alkylsulfanyl-amino-methylene)-malo-
nonitrile 2 (10 mmol) and Zn(NO2)2 � 6H2O (20 mmol) and a

catalytic amount of TEBA (0.2 mmol) were added to a stirred
solution of b-ketoesters 3 (20 mmol) in ethanol (30 mL). The so-
lution was heated in an oil bath and refluxed for 6–8 h, and then
cooled to room temperature. The crude precipitated product was
collected by filtration. Further purification was accomplished by

recrystallization from ethanol to give pure products 4a–f.
4-Amino-5-cyano-2-methyl-6-methylsulfanyl-nicotinic acid

methyl ester (4a). This compound was obtained as white solid,
mp 141.2–143.2�C, yield 90%; IR: 3418, 3315, 3197, 3002,

2214(CN), 1690(C¼¼O), 1610, 1550, 1238, 1096 cm�1 ; 1H
NMR (CDCl3): d 2.61 (s, 3H, SCH3), 2.68 (s, 3H, py-CH3),
3.92 (s, 3H, OCH3), 6.70 ppm (s, 2H, NH2);

13C NMR
(CDCl3): d 12.8, 27.6, 52.0, 89.1, 104.5, 114.5, 156.4, 163.7,
165.1, 168.2 ppm; ms: m/z 238 (Mþ þ1, 15), 237 (Mþ, 100),
236 (Mþ �1, 32), 205 (21), 177 (29); Anal. Calcd for
C10H11N3O2S: C, 50.62; H, 4.67; N, 17.71; S, 13.51. Found:
C, 50.90; H, 4.92; N, 17.78; S, 13.88.

4-Amino-5-cyano-2-methyl-6-methylsulfanyl-nicotinic acid
ethyl ester (4b). This compound was obtained as white solid,

mp 136.0–138.0�C, yield 95%; IR: 3406, 3309, 3200, 2983,
2219(CN), 1682(C¼¼O), 1618, 1546, 1241, 1097 cm�1; 1H
NMR (CDCl3): d 1.41 (t, 3H, OCH2CH3, J ¼ 7.2 Hz), 2.62 (s,
3H, SCH3), 2.70 (s, 3H, py-CH3), 4.39 (q, 2H, OCH2, J ¼
7.2 Hz), 6.68 ppm (s, 2H, NH2);

13C NMR (CDCl3): d 12.8,

14.1, 27.6, 61.4, 89.1, 104.7, 114.5, 156.4, 163.6, 164.9, 167.8
ppm; ms: m/z 252 (Mþ þ1, 23), 251 (Mþ, 100), 250 (Mþ �1,
41), 223 (47), 205 (31), 177(30); Anal. Calcd for
C11H13N3O2S: C, 52.57; H, 5.21; N, 16.72; S, 12.76. Found:

C, 52.75; H, 4.80; N, 16.89; S, 12.72.
4-Amino-5-cyano-6-ethylsulfanyl-2-methyl-nicotinic acid

methyl ester (4c). This compound was obtained as white solid,
mp 137.2–139.2�C, yield 86%; IR: 3406, 3310, 3276, 2951,

Scheme 4. Synthesis of 6-aroxy and 6-alkylamino substituted

pyridines 8.

Scheme 3. Synthesis of 6-alkylsulfonyl pyridines 5.
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2213(CN), 1689(C¼¼O), 1612, 1546, 1240, 1093 cm�1; 1H
NMR (CDCl3): d 1.37 (t, 3H, SCH2CH3, J ¼ 7.2 Hz), 2.68 (s,
3H, Py-CH3), 3.25(q, 2H, SCH2CH3, J ¼ 7.2 Hz), 3.92(s, 3H,

OCH3), 6.72 ppm (s, 2H, NH2);
13C NMR (CDCl3): d 14.6,

24.4, 27.6, 51.9, 89.2, 104.4, 114.5, 156.5, 163.7, 164.9, 168.2
ppm; ms: m/z 251 (Mþ, 66), 236 (26), 218 (81), 204 (15), 191

Figure 1. The molecular structure of compound 8h.

Table 3

Yields and heribicidal activity (% inhibition) of compounds 8.

Compounds R Y Yield (%)a

Oil rape (root/stalk) Barnyard grass (root/stalk)

100 mg/L 10 mg/L 100 mg/L 10 mg/L

8a 4-Br-C6H4O MeO 77 85/69 38/31 79/52 59/35

8b 4-Cl-2-F-C6H3O MeO 75 60/27 16/12 72/13 48/13

8c 3-MeO-C6H4O MeO 83 52/27 28/8 69/44 62/44

8d 3-NO2-C6H4O MeO 75 74/62 45/19 83/39 59/22

8e C6H5O MeO 79 90/65 54/27 73/48 52/35

8f C6H5O EtO 88 79/42 16/19 79/39 52/30

8g 4-Cl-C6H4O EtO 93 68/27 45/0 79/39 59/28

8h 2-NO2-C6H4O EtO 87 90/65 54/27 72/48 52/35

8i 2,3-diMe-C6H3O EtO 90 59/50 35/19 90/44 72/44

8j 4-Me-C6H4O EtO 89 77/52 67/44 84/28 33/14

8k EtNH EtO 90 /b /b /b /b

8l n-PrNH EtO 89 /b /b /b /b

8m n-BuNH MeO 87 48/47 40/33 55/33 27/7

8n PhCH2NH MeO 73 63/47 48/40 67/48 52/30

8o Triazol-1-yl EtO 78 73/40 32/8 75/39 41/28

8p Piperdin-1-yl EtO 82 /b /b /b /b

2,4-D 99/94 99/81 99/72 90/70

aYield of pure isolated product.
b Not tested.
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(100), 186 (41), 159 (47), 130 (29); Anal. Calcd for
C11H13N3O2S: C, 52.57; H, 5.21; N, 16.72; S, 12.76. Found:
C, 52.90; H, 4.97; N, 16.60; S, 12.36.

4-Amino-5-cyano-6-ethylsulfanyl-2-methyl-nicotinic acid
ethyl ester (4d). This compound was obtained as white solid,

mp 145.0–146.9�C, yield 91%; IR: 3411, 3305, 3268, 2978,
2213(CN), 1680(C¼¼O), 1609, 1544, 1240, 1092 cm�1; 1H
NMR (CDCl3): d (ppm): 1.37 (t, 3H, CH3, J ¼ 7.2 Hz), 1.41
(t, 3H, CH3, J ¼ 7.2 Hz), 2.68 (s, 3H, Py-CH3), 3.25 (q, 2H,
SCH2CH3, J ¼ 7.6 Hz), 4.38 (q 2H, OCH2CH3, J ¼ 7.2 Hz,),

6.69 ppm (s, 2H, NH2);
13C NMR (CDCl3): d 14.6, 24.4, 27.6,

51.9, 61.3, 89.2, 104.4, 114.5, 156.5, 163.7, 164.9, 168.2 ppm;
ms: m/z 265 (Mþ, 36), 250 (7), 232 (30), 204 (62), 191 (99),
186 (57), 159 (100), 131 (50); Anal. Calcd for C12H15N3O2S:
C, 54.32; H, 5.70; N, 15.84; S, 12.08. Found: C, 54.53; H,

5.41; N, 16.04; S, 12.35.
4-Amino-6-benzylsulfanyl-5-cyano-2-methyl-nicotinic acid

methyl ester (4e). This compound was obtained as yellow solid,
mp 139.4–141.7�C, yield 87%; IR: 3426, 3307, 3004, 2211(CN),

1677(C¼¼O), 1603, 1547, 1250 cm�1; 1H NMR (CDCl3): d 2.71
(s, 3H, Py-CH3), 3.92 (s, 3H, OCH3), 4.51 (s, 2H, PhCH2), 6.69
(s, 2H, NH2), 7.24–7.41 ppm (m, 5H, Ph-H); 13C NMR (CDCl3):
d 27.6, 33.9, 52.1, 89.1, 104.8, 114.4, 127.3, 128.4, 129.1, 137.4,
156.6, 163.7, 164.2, 168.2 ppm; ms: m/z 314 (Mþ þ1, 17), 313

(Mþ, 100), 312 (Mþ �1, 27), 280 (18), 255 (4); Anal. Calcd for
C16H15N3O2S: C, 61.32; H, 4.82; N, 13.41; S, 10.23. Found: C,
61.41; H, 4.39; N, 13.33; S, 10.53.

4-Amino-6-benzylsulfanyl-5-cyano-2-methyl-nicotinic acid
ethyl ester (4f). This compound was obtained as yellow solid,
mp 109.7–112.0�C, yield 89%; IR: 3419, 3312, 2986,
2211(CN), 1673(C¼¼O), 1606, 1546, 1237 cm�1; 1H NMR
(CDCl3): d 1.41 (t, 3H, OCH2CH3, J ¼ 7.2 Hz), 2.72 (s, 3H,
Py-CH3), 4.38 (q, 2H, OCH2CH3, J ¼ 7.2 Hz), 4.51 (s, 2H,
PhCH2), 6.70 (s, 2 H, NH2), 7.24–7.41 ppm (m, 5 H, Ph-H);
13C NMR (CDCl3): d 14.1, 27.5, 33.9, 61.2, 88.9, 104.9,
114.3, 127.2, 128.4, 129.1, 137.4, 156.6, 163.5, 163.9, 167.7
ppm; ms: m/z 328 (Mþ þ1, 18), 327 (Mþ, 100), 326 (Mþ �1,
74), 299 (11), 255 (28), 212 (38); Anal. Calcd for
C17H17N3O2S: C, 62.36; H, 5.23; N, 12.83; S, 9.79. Found: C,
62.14; H, 4.97; N, 12.76; S, 9.63.

General procedure for the preparation of compounds

(5a–d, 6,7). A mixture of 4-amino-5-cyano-2-methyl-6-alkyl-
sulfanyl-nicotinic acid alkyl esters 4a–d (10 mmol) and the ca-
talysis sodium wolframate (0.1 mmol) were added to DMF (30
mL) and heated to 40�C. A solution of aqueous hydrogen per-

oxide (12 mmol) in ethanol (5 mL) was added at a rate of 1d/s
to keep the internal temperature below 50�C. The mixture
stirred at 60�C for 3 h and then cooled. The reaction mixture
poured into 300 mL of water and the solution was stirred for
4–6 h at room temperature and the precipitate was collected

by filtration. The products were air dried and recrystallized
from ethanol to give pure product 4-amino-5-cyano-6-alkylsul-
fonyl- 2-methyl-nicotinic acid alkyl esters 5a–d.

When this reaction was performed in a solvent of acetic
acid, the product 6 was obtained in 50% yield. And when the

same reaction was carried out in presence of m-chloroperben-
zoic acid (m-CPBA), as oxidizing reagent in CH2Cl2, a mix-
ture of 6-methylsulfonyl pyridine 5b and 6-methylsulfinyl pyri-
dine 7 were obtained. The purification procedure was carried
out by flash silica gel chromatography using petroleum ether/

ethyl acetate (3:1, v/v) as eluent to give product 7 in 67%
yield and 5b in 25% yield.

4-Amino-5-cyano-6-methylsulfonyl-2-methyl-nicotinic acid
methyl ester (5a). This compound was obtained as white solid,
mp 172.0–174.0�C, yield 85%; IR: 3409, 3298, 2928,

2223(CN), 1697(C¼¼O), 1613, 1554, 1307, 1255, 1138 cm�1;
1H NMR (CDCl3): d2.76 (s, 3H, Py-CH3), 3.32 (s, 3H,
SO2CH3), 3.99 (s, 3H, OCH3), 7.05 ppm (s, 2H, NH2); ms:
m/z 269 (Mþ, 7), 237 (5), 218 (9), 205 (51), 190 (14), 175
(52), 158 (21), 129 (28); Anal. Calcd for C10H11N3O4S: C,

44.60; H, 4.12; N, 15.60; S, 11.91. Found: C, 44.73; H, 4.00;
N, 15.42; S, 12.27.

4-Amino-5-cyano-6-methylsulfonyl-2-methyl-nicotinic acid
ethyl ester (5b). This compound was obtained as white solid,
mp 154.3–156.0�C, yield 91%; IR: 3415, 3287, 2924,

2224(CN), 1690(C¼¼O), 1606, 1550, 1274, 1139 cm�1; 1H
NMR (CDCl3): d 1.45 (t, 3H, OCH2CH3, J ¼ 7.2 Hz), 2.76 (s,
3H, Py-CH3), 3.32 (s, 3H, SO2CH3), 4.46 (q, 2H, OCH2CH3,
J ¼ 7.2 Hz), 7.05 ppm (s, 2H, NH2);

13C NMR (CDCl3): d
14.0, 27.0, 39.3, 62.4, 89.3, 110.3, 111.8, 157.5, 159.6, 163.8,

166.5 ppm; ms: m/z 284 (Mþ þ1, 4), 283 (Mþ, 25), 237 (14),
219 (100), 191 (19), 175 (63), 131 (36); Anal. Calcd for
C11H13N3O4S: C, 46.63; H, 4.63; N, 14.83; S, 11.32. Found:
C, 46.87; H, 4.54; N, 15.04; S, 11.25.

4-Amino-5-cyano-6-ethylsulfonyl-2-methyl-nicotinic acid
methyl ester (5c). This compound was obtained as white solid,
mp 128.0–129.3�C, yield 78%; IR: 3427, 3342, 2926,
2226(CN), 1731(C¼¼O), 1640, 1529, 1570, 1324, 1252, 1137
cm�1; 1H NMR (CDCl3): d 1.41(t, 3H, SO2CH2CH3, J ¼ 7.2

Hz), 2.76 (s, 3H, Py-CH3), 3.53(q, 2H, SO2CH2CH3, J ¼ 7.2
Hz), 3.99(s, 3H, OCH3), 7.10 ppm (s, 2H,NH2); ms: m/z 283
(Mþ, 2), 252 (8), 218 (36), 205 (52), 192 (100), 191 (87), 176
(24), 160 (25), 131 (49); Anal. Calcd for C11H13N3O4S:
C11H13N3O4S: C, 46.63; H, 4.63; N, 14.83; S, 11.32. Found:

C, 46.73; H, 4.34; N, 14.83; S, 11.51.
4-Amino-5-cyano-6-ethylsulfonyl-2-methyl-nicotinic acid

ethyl ester (5d). This compound was obtained as white solid,
mp 102.5–103.7�C, yield 83%, IR: 3421, 3327, 2921, 2226(CN),
1694(C¼¼O), 1611, 1526, 1553, 1316, 1140 cm�1; 1H NMR

(CDCl3): d 1.39–1.59 (m, 6H, 2* CH3), 2.76 (s, 3H, Py-CH3),
3.52(q, 2H, SO2CH2CH3, J ¼ 7.2 Hz), 4.47(q, 2H, OCH2CH3,
J ¼ 6.8 Hz), 7.12 ppm (s, 2H, NH2); ms: m/z 298 (Mþ þ1, 2),
297 (Mþ, 3), 233 (9), 205 (25), 187 (5), 161 (12), 132 (20); Anal.
Calcd for C11H13N3O4S: C12H15N3O4S: C, 48.47; H, 5.08; N,

14.13; S, 10.78. Found: C, 48.73; H, 4.78; N, 14.12; S, 11.06.
4-Amino-5-cyano-6-hydroxy-2-methyl-nicotinic acid ethyl

ester (6). This compound was obtained as white solid, mp
>270�C, yield 50%; 1H NMR (DMSO): d 1.28 (t, 3H,

OCH2CH3, J ¼ 7.2 Hz), 2.42 (s, 3H, Py-CH3), 4.26 (q, 2H,
OCH2CH3, J ¼ 7.2 Hz), 7.58 (s, 2H, NH2), 11.68 ppm (s, 1H,
OH); Anal. Calcd for C10H11N3O3: C, 54.29; H, 5.01; N,
19.00. Found: C, 54.43; H, 4.97; N, 18.83.

4-Amino-5-cyano-6- methylsulfinyl-2-methyl-nicotinic acid
ethyl ester (7). This compound was obtained as white solid, mp

132.2–134.4�C, yield 67%; 1H NMR (CDCl3): d 1.44 (t 3H,

OCH2CH3, J ¼ 7.2 Hz,), 2.76 (s, 3H, Py-CH3), 2.94 (s, 3H,

SOCH3), 4.46 (q, 2H, OCH2CH3, J ¼ 7.2 Hz), 7.04 ppm (s, 2H,

NH2); ms: m/z 267 (Mþ, 12), 250 (10), 219 (72), 175 (100), 131

(11); Anal. Calcd. for C11H13N3O3S: C, 49.43; H, 4.90; N,

15.72; S, 12.00. Found: C, 49.51; H, 4.44; N, 15.62; S, 12.26.

General procedure for the preparation of compounds

(8a–j). A mixture of 4-amino-5-cyano-6-methylsulfonyl-2-

methyl-nicotinic acid alkyl ester 5a or 5b (5mmol) and
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catalytic amount of K2CO3 (0.1 mmol) were added to a solu-
tion of substituted phenol (5 mmol) in anhydrous acetonitrile
(20 mL). The solution was heated to 80�C in an oil bath to
bring the mixture to reflux for 1–2 h and then cooled to room
temperature. The precipitated crude product was collected by

filtration. The filtrate was recrystallized from dichloromethane/
petroleum ether to give pure 4-amino-5-cyano-2-methyl-6-sub-
stitutedphenoxy- nicotinic acid alkyl ester 8a–j.

4-Amino-5-cyano-6-(4-bromophenoxy)-2-methyl-nicotinic acid
methyl ester (8a). This compound was obtained as white solid,

mp 161.0–163.0�C, yield 77%; IR: 3400, 3308, 2955,
2225(CN), 1689(C¼¼O), 1616, 1546, 1567, 1270, 1160 cm�1;
1H NMR (CDCl3): d 2.07 (s, 3H, Ar-CH3), 2.32 (s, 3H, Ar-
CH3), 2.48 (s, 3H, Py-CH3), 3.90 (s, 3H, OCH3), 6.80 (s, 2H,
NH2 ), 6.92–7.11 ppm (m, 3H, Ar-H); ms: m/z 311 (Mþ, 29),
310 (10), 296 (49), 264 (28), 236 (19), 103 (41), 91 (44), 77
(100), 66(19); Anal. Calcd. for C17H17N3O3: C, 65.58; H,
5.50; N, 13.50. Found: C, 65.35; H, 5.11; N, 13.41.

4-Amino-5-cyano-6-(4-chloro-2-fluorophenoxy)-2-methyl-nico-
tinic acid methyl ester (8b). This compound was obtained as
white solid, mp 184.0–184.7�C, yield 75%; IR: 3409, 3318,
2959, 2223(CN), 1692(C¼¼O), 1627, 1551, 1497, 1574, 1269,
1094 cm�1; 1H NMR (CDCl3): d 2.49 (s, 3H, Py-CH3), 3.90
(s, 3H, OCH3), 6.90 (s, 2H, NH2), 7.15–7.18 ppm (m, 3H, Ar-

H). ms: m/z 335 (Mþ, 49), 303 (29), 275 (82), 236 (24) 213
(22), 170 (100), 169 (83), 129 (43), 77 (31), 66 (75); Anal.
Calcd. for C15H11ClFN3O3: C, 53.66; H, 3.30; N, 12.52.
Found: C, 53.99; H, 3.30; N, 12.41.

4-Amino-5-cyano-6-(3-methoxyphenoxy)-2-methyl-nicotinic
acid methyl ester (8c). This compound was obtained as white
solid, mp 188.0–190.0�C, yield 83%; IR: 3412, 3313, 2964,
2221(CN), 1688(C¼¼O), 1613, 1568, 1501, 1263, 1090 cm�1;
1H NMR (CDCl3): d 2.46 (s, 3H, CH3), 3.75 (s, 3H, Ar-
OCH3), 3.89 (s, 3H, OCH3), 6.80 (s, 2H, NH2), 6.96–7.22 ppm

(m, 4H, Ar-H). 13C NMR (CDCl3): d 27.4, 51.9, 55.9, 78.3,
104.4, 112.8, 114.1, 120.7, 122.9, 126.4, 141.5, 151.6, 159.1,
164.0, 165.3, 168.1 ppm; ms: m/z 313 (Mþ, 11), 298 (26), 250
(62), 222 (34), 210 (18), 194 (15), 173 (19), 147 (24), 91 (46),

77 (100); Anal. Calcd for C16H15N3O3: C, 61.34; H, 4.83; N,
13.41. Found: C, 61.56; H, 4.51; N, 13.23.

4-Amino-5-cyano-6-(3-nitrophenoxy)-2-methyl-nicotinic acid
methyl ester (8d). This compound was obtained as yellow solid,
mp 141.0–143.0�C, yield 75%; IR: 3387, 3281, 2954,

2232(CN), 1695(C¼¼O), 1630, 1598, 1531, 1575, 1269, 1097
cm�1; 1H NMR (CDCl3): d 2.42 (s, 3H, Py-CH3), 3.90 (s, 3H,
OCH3), 6.90 (s, 2H, NH2), 7.34–8.12 ppm (m, 4H, Ar-H); ms:
m/z 296 (Mþ � O2, 11), 283 (Mþ � NO2, 44), 282 (100), 250
(43), 222 (9), 206 (10), 91 (7), 77 (6); Anal. Calcd. for

C15H12N4O5: C, 54.88; H, 3.68; N, 17.07. Found: C, 55.16; H,
3.64; N, 16.89.

4-Amino-5-cyano-2-methyl-6-phenoxy-nicotinic acid methyl
ester (8e). This compound was obtained as white solid, mp

171.0–173.0�C, yield 79%; IR: 3393, 3286, 2957, 2229(CN),

1692(C¼¼O), 1630, 1594, 1492, 1267, 1096 cm�1; 1H NMR

(CDCl3): d 2.41 (s, 3H. Py-CH3), 3.90 (s, 3H, OCH3), 6.90 (s,

2H, NH2) 7.34–8.12 ppm (m, 5H, Ar-H); 13C NMR (CDCl3): d
27.4, 52.0, 78.8, 104.6, 113.9, 121.6, 125.3, 129.2, 152.3, 159.1,

163.8, 165.4, 167.9 ppm; ms: m/z 284 (Mþ þ1, 7), 283 (Mþ,
55), 282 (Mþ �1, 23), 251(17), 225 (63), 222 (44), 194 (28),

130 (22), 118 (75), 77 (100); Anal. Calcd for C15H13N3O3: C,

63.60; H, 4.63; N, 14.83. Found: C, 63.89; H, 4.57; N, 14.70.

4-Amino-5-cyano-2-methyl-6-phenoxy-nicotinic acid ethyl
ester (8f). This compound was obtained as white solid, mp
126.9–128.5�C, yield 88%; IR: 3402, 3308, 2984, 2230(CN),

1680(C¼¼O), 1625, 1491, 1566, 1265, 1096 cm�1; 1H NMR
(CDCl3): d 1.40 (t, 3H, OCH2CH3, J ¼ 7.2 Hz), 2.52 (s, 3H,
Py-CH3),4.38(q 2H, OCH2CH3, J ¼ 7.2 Hz,), 6.88 (s, 2H,
NH2), 7.15–7.41 ppm (m, 5 H, Ar-H); ms: m/z 298 (Mþ þ1,
15), 297 (Mþ, 47), 250 (35), 226 (41), 225 (54), 224 (100),

194 (27), 176 (24), 183 (55), 118 (61), 77 (46); Anal. Calcd.
for C16H15N3O3: C, 64.64; H, 5.09; N, 14.13. Found: C,
64.54; H, 4.79; N, 14.11.

4-Amino-6-(4-chloro-phenoxy)-5-cyano-2-methyl-nicotinic
acid ethyl ester (8g). This compound was obtained as white

solid, mp 184.0–184.7�C, yield 93%; IR: 3450, 3346, 2982,
2222(CN), 1708(C¼¼O), 1570, 1490, 1230 cm�1; 1H NMR
(CDCl3): d 1.40 (t, 3H, OCH2CH3, J ¼ 7.2 Hz), 2.51 (s, 3H,
Py-CH3), 4.38 (q, 2H, OCH2CH3, J ¼ 7.2 Hz), 6.66 (s, 2H,
NH2), 7.10–7.36 ppm (m, 4H, Ar-H); 13C NMR (CDCl3): d
14.1, 27.4, 61.5, 78.8, 105.0, 113.7, 123.1, 129.2, 130.5, 150.8,
159.2, 163.3, 165.1, 167.4; ms: m/z 332 (Mþ þ1, 9), 331 (Mþ,
100), 302 (15), 284 (33), 258 (91), 222 (19), 194 (21), 152
(64); Anal. Calcd for C16H14ClN3O3: C, 57.93; H, 4.25; N,

12.67. Found: C, 57.88; H, 4.03; N, 12.62.
4-Amino-5-cyano-2-methyl-6-(2-nitrophenoxy)-nicotinic acid

ethyl ester (8h). This compound was obtained as yellow solid,
mp 141.0–143.0�C, yield 87%; IR: 3386, 3298, 2979,
2229(CN), 1684(C¼¼O), 1618, 1569, 1272 cm�1; 1H NMR

(CDCl3): d 1.38 (t, 3H, OCH2CH3, J ¼ 7.2 Hz), 2.42 (s, 3H,
Py-CH3), 4.37 (q, 2H, OCH2CH3, J ¼ 7.2 Hz), 6.90 (s, 2H,
NH2), 7.34–8.12 ppm (m, 4H, Ar-H); 13C NMR (CDCl3): d
14.1, 27.4, 61.5, 78.7, 105.4, 113.4, 125.2, 125.5, 126.2, 134.6,
142.2, 145.2, 159.2, 162.3, 164.9, 167.3 ppm; ms: m/z 342

(Mþ, 10), 331 (21), 296 (50), 268 (100), 250 (22), 224 (26),
194 (12), 176 (15), 152 (16); Anal. Calcd for C16H14N4O5: C,
56.14; H, 4.12; N, 16.37. Found: C, 56.29; H, 3.81; N, 16.51.

4-Amino-5-cyano-2-methyl-6-(2,3-dimethylphenoxy)-nicotinic
acid ethyl ester (8i). This compound was obtained as yellow

solid, mp 159.8–161.8�C, yield 90%; IR: 3391, 3297, 2980,
2229(CN), 1679(C¼¼O), 1617, 1543, 1565, 1271, 1100 cm�1;
1H NMR (CDCl3): d 1.39 (t, 3H, OCH2CH3, J ¼ 7.2 Hz),
2.07 (s, 3H, Ar-CH3), 2.32 (s, 3H, Ar-CH3); 2.48(s, 3H, Py-
CH3), 4.37 (q, 2H, OCH2CH3, J ¼ 7.2 Hz), 6.90 (s, 2H, NH2),

6.92–7.10 ppm (m, 3H, Ar-H); ms: m/z 325 (Mþ, 100), 310
(92), 296 (23), 282 (45), 264 (69), 253 (36), 236 (48), 218
(12), 208 (15), 146 (15), 102 (53), 91 (44); Anal. Calcd. for
C18H19 N3O3: C, 66.45; H, 5.89; N, 12.91. Found: C, 66.47;

H, 5.52; N, 13.06.
4-Amino-5-cyano-2-methyl-6-(4-methylphenoxy)-nicotinic acid

ethyl ester (8j). This compound was obtained as white solid,

mp 106.9–108.3�C, yield 89%; IR: 3397, 3279, 2942,

2224(CN), 1689(C¼¼O), 1626, 1505, 1566, 1266, 1097 cm�1;
1H NMR (CDCl3): d 1.39 (t, 3H, OCH2CH3, J ¼ 7.2 Hz),

2.37 (s, 3H, Ar-CH3), 2.52(s, 3H, Py-CH3), 4.37 (q, 2H,

OCH2CH3, J ¼ 7.2 Hz), 6.92 (s, 2H, NH2), 7.03–7.19 ppm

(m, 3H, Ar-H); ms: m/z 311 (Mþ, 100), 296 (6), 282 (14), 265

(52), 239 (82), 237 (46), 222 (7), 132 (30), 91 (16), 77 (8);

Anal. Calcd. for C17H17N3O3: C, 65.58; H, 5.50; N, 13.50.

Found: C, 65.86; H, 5.97; N, 13.57.

General procedure for the preparation of compounds

(8k–p). A mixture of 4-amino-5-cyano-6-methylsulfonyl-2-
methyl-nicotinic acid alkyl ester 5a or 5b (5 mmol),
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alkylamines or heterocycleamines (10 mmol), and 20 mL of
acetonitrile was stirred for 4–5 h at room temperature. The
color of the reaction mixture was changed into yellow. The
reaction mixture was poured into 100 mL of water and this so-
lution was stirred for 2 h. The crude product that precipitated

was collected by filtration. The filtrate was recrystallized from
dichloromethane/petroleum ether to give pure 4-amino-5-
cyano-2-methyl-6-alkylamino-nicotinic acid alkyl esters 8 k–p.

4-Amino-5-cyano-2-methyl-6-ethylamino-nicotinic acid
ethyl ester (8k). This compound was obtained as white solid,

mp 151.0–154.0�C, yield 90%; 1H NMR (CDCl3): d 1.24(t,
3H, NHCH2CH3, J ¼ 7.2 Hz), 1.38(t, 3H, OCH2CH3, J ¼ 7.2
Hz), 2.60 (s, 3H, Py-CH3), 3.55–3.61(m, 2H, NHCH2CH3),
4.33(q, 2H, OCH2CH3, J ¼ 6.8 Hz), 5.08(s, 1H, NH), 6.68
ppm (s, 2H, NH2); ms: m/z 248 (Mþ, 100), 233(88.0), 219

(84.8), 205(64.9), 187 (46.8), 174 (98.7), 159 (38.0), 117 (6.0),
44 (7.9); Anal. Calcd. for C12H16N4O2: C, 58.05; H, 6.50; N,
22.57. Found: C, 57.75; H, 6.02; N, 22.77.

4-Amino-5-cyano-2-methyl-6-propylamino-nicotinic acid
ethyl ester (8l). This compound was obtained as white solid,
mp 141.0–142.0�C, yield 89%; 1H NMR (CDCl3): d 0.97(t,
J ¼ 7.2 Hz, 3H, NHCH2CH3), 1.38(t, J ¼ 7.2 Hz, 3H,
OCH2CH3), 1.63(m, 2H, CH2CH2CH3), 2.60 (s, 3H, Py-CH3),
3.50(q, J ¼ 6.8 Hz, 2H, NHCH2CH2), 4.33(q, J ¼ 7.2 Hz, 2H,

OCH2CH3), 5.12(s, 1H, NH), 6.68 ppm (s, 2H, NH2);
13C

NMR (CDCl3): d 11.3, 14.3, 22.9, 28.3, 42.8, 60.6, 72.5, 99.5,
116.3, 158.4, 158.5, 166.3, 168.2 ppm; Anal. Calcd. for
C13H18N4O2: C, 59.53; H, 6.92; N, 21.36. Found: C, 59.46; H,
6.74; N, 21.50.

4-Amino-5-cyano-2-methyl-6-butylamino-nicotinic acid
methyl ester (8m). This compound was obtained as white
solid, m.p. 139.9–141.3�C, yield 87%; IR: 3424, 3349, 2959,
2201(CN), 1669(C¼¼O), 1611, 1507, 1565, 1274, 1092 cm�1;
1H NMR (CDCl3): d 0.95(t, J ¼ 7.2 Hz, 3H, CH2CH3), 1.37–

1.42(m, 2H, CH2CH2CH3), 1.55–1.62 (m, 2H, CH2CH2CH3),
2.60 (s, 3H, Py-CH3), 3.54(q, J ¼ 6.4 Hz, 2H, NHCH2CH2),
3.87(s, 3H, OCH3), 5.12(s, 1H, NH), 6.68 ppm (s, 2H, NH2);
ms: m/z 262 (Mþ, 38), 247 (7), 233 (55), 219 (100), 206 (46),

187 (78), 174 (49), 159 (19); Anal. Calcd. for C13H18N4O2: C,
59.53; H, 6.92; N, 21.36. Found: C, 59.30; H, 7.12; N, 21.05.

4-Amino-5-cyano-2-methyl-6-benzylamino-nicotinic acid
methyl ester (8n). This compound was obtained as white solid,
m.p. 138.8–140.8�C, yield 73%; IR: 3423, 3345, 2949,

2202(CN), 1673(C¼¼O), 1602, 1503, 1562, 1284, 1091 cm�1;
1H NMR (CDCl3): d 2.62 (s, 3H, Py-CH3), 3.88(s, 3H, OCH3),
4.75(d, J ¼ 5.6 Hz, 2H, NHCH2), 5.44(s, 1H, NH), 6.74 (s,
2H, NH2), 7.28–7.37 ppm (m, 5H, Ph-H); 13C NMR (CDCl3):
d 28.2, 44.8, 51.5, 72.8, 99.8, 116.0, 127.5, 127.8, 128.6,

138.5, 158.1, 158.4, 166.4, 168.5 ppm; ms: m/z 296 (Mþ,
100), 263 (11), 236 (6), 218 (8), 191 (16), 159 (10), 106 (66),
91 (27); Anal. Calcd. for C16H16N4O2: C, 64.85; H, 5.44; N,
18.91. Found: C, 65.28; H, 5.39; N, 18.74.

4-Amino-5-cyano-2-methyl-6-triazolyl-nicotinic acid ethyl
ester (8o). This compound was obtained as yellow solid, m.p.
196.0–198.0�C, yield 78%; 1H NMR (CDCl3): d 1.45(t, J ¼
7.2 Hz, 3H, OCH2CH3), 2.75 (s, 3H, Py-CH3), 4.45(q, J ¼ 7.2
Hz, 2H, OCH2CH3), 7.08 (s, 2H, NH2), 8.19(s, 1H, triazole-
H), 9.18 ppm (s, 1H, triazole-H); ms: m/z 272 (Mþ, 44.9), 227
(91.4), 225(100), 199 (26), 173 (10), 144 (6); Anal. Calcd. for
C12H12N6O2: C, 52.94; H, 4.44; N, 30.87. Found: C, 53.22; H,

4.64; N, 31.12.
4-Amino-5-cyano-2-methyl-6-piperdinyl-nicotinic acid ethyl

ester (8p). This compound was obtained as yellow solid, m.p.
108.0–110.0�C, yield 82%; 1H NMR (CDCl3): d 1.38(t, J ¼
7.2 Hz, 3H, OCH2CH3), 1.67(d, J ¼ 7.2 Hz, 6H, 3*CH2), 2.56

(s, 3H, Py-CH3), 3.82(d, J ¼ 7.2 Hz, 4H, 2*CH2), 4.32(q, J ¼
7.2 Hz, 2H, OCH2CH3), 6.88 ppm (s, 2H, NH2);

13C NMR
(CDCl3): d 14.2, 24.6, 26.0, 28.1, 48.3, 60.5, 73.3, 98.9, 117.7,
158.9, 160.3, 164.4, 168.2 ppm; ms: m/z 288 (Mþ, 100), 259
(46), 245 (33), 231 (26), 205(64), 187 (37), 173 (52), 158

(35), 84 (75); Anal. Calcd. for C15H20N4O2: C, 62.48; H, 6.99;
N, 19.43. Found: C, 62.18; H, 7.26; N, 19.21.
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The exploration of potential utilization of microwaves as an energy source for heterocyclic synthesis
was herein investigated using condensation of 3-acetylcoumarin (1) with aromatic and heteroaromatic
aldehydes to afford the corresponding aromatic chalcones (2a–j) and heteroaromatic chalcones (3a–e
and 4a–e), respectively, in good to excellent yield within 1–3 min. The chemical structures were con-

firmed by analytical and spectral data. All the synthesized compounds were screened for their antibacte-
rial activity and 3-{3-(4-dimethylaminophenyl)acryloyl}-2H-chromen-2-one (2i) was discovered to be
the most active at minimum inhibitory concentration (MIC) value of 7.8 lg/mL.

J. Heterocyclic Chem., 47, 179 (2010).

INTRODUCTION

Over the years, coumarins have been established as

well-known naturally occurring oxygen-heterocyclic

compounds isolated from various plants [1–4]. They are

the family of lactones containing benzopyrone skeletal

framework that have enjoyed isolation from plant as

well as total synthesis in the laboratory. The plant

extracts containing coumarin-related heterocycles are

employed as herbal remedies in traditional systems of

medicine. The synthesis of coumarin (2-oxo-2H-chro-
mene) derivatives has attracted considerable attention of

organic and medicinal chemists due to its wide usage in

food additives [5], fragrances, pharmaceuticals, and

agrochemicals [6]. Furthermore, the pharmacological

and biochemical properties as well as therapeutic appli-

cations of coumarins depend upon the pattern of substi-

tution [7]. In view of this, coumarins have attracted

intense interest in recent years because of their diverse

pharmacological properties. Hence, coumarins have

been reported to possess, among others, anticoagulant

[8,9], antitubercular [10], antileucemic [11], antimicro-

bial [12,13], anti-inflammatory [14,15], anti-HIV [16],

analgesic [17,18], anticancer [19], antitumoral [20], anti-

convulsant [21,22], antiplatelet [23], antifungal [24,25]

antiviral [26,27], antibacterial [28–31], and antimalarial

[32] activities.
Some coumarin derivatives can be utilized benefi-

cially for the synthesis of valuable heterocyclic ring sys-
tems. In like fashion, chalcones are essential building
blocks [33] and valuable reactive intermediates for the
synthesis of various heterocyclic compounds [34–36] as
well as metal complexes [37–39] of high-biological rele-
vance. Many techniques have been employed in the syn-
thesis of coumarin frameworks [40,41] and chalcone
moieties [42,43]. However, microwave-assisted approach
toward the synthesis of coumarin chalcones has not
been extensively explored.

The continuing drive to develop more economical and

environmentally friendly chemical processes has spurred

synthetic chemists to seek more versatile methods such

as microwave method, for running reactions with less

waste and short reaction time [44,45]. On the basis of

the experimental data from various studies, chemists
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have found that microwave-enhanced chemical reaction

rates can be faster than those of conventional heating

methods by as much as a 1000-fold [46].

In view of our current trust in the microwave-assisted

organic synthesis [47] and various findings mentioned

earlier, there is merit in developing a facile route for the

formation of coumarins incorporated with chalcone tem-

plates via microwave synthetic approach to investigate

the antimicrobial properties of such targeted library.

RESULTS AND DISCUSSION

Chemistry. In a continuing effort to obtain new anti-

microbial drug candidates, the synthesis of s-phenyl-

and s-furan-2-ylcoumarin derivatives were attempted in

the presence of catalytic amount of piperidine in a sol-

vent less medium. 3-Acetylcoumarin, 1, used as the

essential precursor in this study, was synthesized by the

reaction of salisaldehyde with ethyl acetoacetate in

the presence of catalytic amount of piperidine (Scheme 1).

Furthermore, 3-acetylcoumarin, 1 was made to undergo

condensation reaction with substituted benzaldehdye to

afford chalcones 3-{3-(s-aryl)acryloyl)}-2H-chromen-2-

one, 2a–i, whereas the replacement of benzaldehyde with

cinnamaldehyde resulted in the formation of chalcone 3-

(5-phenylpenta-2,4-dienoyl)-2H-chromen-2-one 2j under

microwave irradiation (Scheme 2). The reaction of 1 with

heteroaromatic aldehyde; furfural and pyrrole-2-carbalade-

hyde furnished chalcones 3-{3-(s-heteroaromatic) acryl-

oyl)}-2H-chromen-2-one 3a–e and 4a–e, respectively

(Scheme 3) in moderate yields.

Preliminary optimization of reaction conditions was

done by comparing the synthesis of 2a in the presence

of two solvents and solvent-free media (Table 1). It was

observed that the solvent free medium gave the most

suitable condition for the synthesis of 2a, and therefore,

it was used in all subsequent experiments. The effect of

temperature was studied by carrying out the synthesis of

2a at different temperatures; 50, 100, and 140�C (Table

2) using neat reaction condition in solvent free media. It

was discovered that yield is a function of temperature,

since the yield increased as the reaction temperature

was raised. In fact, 2a had the highest yield (97%) at

140�C. The results show that neat preparation of 2a in

solvent free medium at 140�C provides an efficient way

to access diverse, highly functionalized coumarin con-

taining chalcones. Hence, these optimum conditions

were applied for the synthesis of a series of 3-{3-(s-aryl

and (s-heteroaryl)acryloyl}-2H-chromen-2-one deriva-

tives 2a–j, 3a–e, and 4a–e, respectively. The melting

points of the compounds varied between 119 and 289�C
for all the compounds except 3c and 4e which did not

melt even at 300�C. The progress of the reaction was

monitored by TLC spotting with Rf values ranging

between 0.44 and 0.85 in acetone/methanol (3:1, v/v)

solvent system.

The structures of newly synthesized compounds were

elucidated by IR, UV, NMR, mass spectral studies, and

elemental analysis. The IR spectrum, of 2a, for instance,

exhibited the absorption band at 1740 cm�1 due to the

presence of C¼¼O (ester) which was confirmed by the

presence of CAO of lactone at 1363 cm�1. The band at

1673 cm�1 and 1606 cm�1 depicted the presence of

C¼¼O (conjugated ketone) and C¼¼C (aromatic), respec-

tively. The UV–visible spectrum of 2a gave rise to

wavelength (kmax) at 224 nm and 348 nm with log e

Scheme 1. Microwave assisted synthesis of 3-acetylcoumarin, 1.

Scheme 2. Microwave assisted synthesis of various s-arylchalcones, 2a–j.
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values of 3.99 and 3.47, respectively, whereas a

shoulder was observed at 375 nm. The wavelength at

224 nm was as a result of p!p* transition of phenyl

ring, whereas 348 nm was as a result of n!p* transition

of the enone attached to coumarin moiety at 3-position,

whereas a bathochromic shift observed as a shoulder at

375 nm was due to the presence of extensive conjuga-

tion of the p-electron systems. In 1H-NMR spectrum

(CD3OD) of 2a, a doublet at d 7.03 (1H, J ¼ 8.5 Hz,

COACH¼¼C); a multiplet at d 7.33–7.84 (9H, which

was made up of four protons of benzofused coumarin

and five phenyl protons); a doublet at d 7.82 (1H, J ¼
8.5 Hz, COAC¼¼CH) and a singlet at d 8.57 (1H, Cou-

marin-H) were all observed down field of TMS scale.

The 13C-NMR spectrum showed peaks at d 183.7 ppm

due to C¼¼O (conjugated ketone), whereas the peak at d
159.4 ppm was due to the presence of C¼¼O (ester).

Other peaks which were observed between d 153.0 and

116.1 ppm were due to sixteen sp2 hybridized carbon

atoms. The mass spectrum of 2a showed the molecular

ion peak at m/z 276 corresponding to its molecular

weight. The base peak was observed at 173, whereas

other daughter fragment noticed at m/z 199 was due to

loss of phenyl free radical. The result of elemental anal-

ysis (Table 3) did not only correlate well with the mo-

lecular masses of the compounds but also showed a con-

sistent minimum difference of not more than 60.40

between % calculated and % found for the carbon,

hydrogen, and nitrogen of the prepared compounds.

Antibacterial activities. The antibacterial activity of

21 synthesized compounds, 1–4e, was determined in
vitro by agar well diffusion technique [48]. The media

were inoculated with test organisms and a solution of

the tested compound in DMSO solvent. The zones of in-

hibition were measured after 24 h of incubation. The in
vitro general sensitivity testing of the prepared com-

pounds, 1–4e was carried out against five gram positive

bacteria [Bacillus anthracis (LIO), Bacillus stearother-
mophilus (NCIB 8222), Bacillus subtilis (NCIB 3610),

Bacillus cereus (NCIB 6349), Staphylococcus aureus
(NCIB 8588)] and five gram negative bacteria [Esche-
richia coli (NCIB 86), Klebsiella pneumonia (NCIB

418), Pseudomonas aeruginosa (NCIB 950), Pseudomo-
nas fluorescence (NCIB 3756), Shigella dysenteriae
(LIO)] as well as the standard drug streptomycin (Table

4). It was observed that the zones of inhibition of 1, 2a,

2d, 2f, 2g on growth of various bacteria varied between

10 mm and 23 mm, whereas that of 2b, 2c, 2j, 3a, 4c

was between 10 mm and 21 mm. Others include 3b, 3d,

4d, 4e with zones of inhibition of 11–23 mm and 2e, 2i,

3c, 4a with inhibition zones of 15–31 mm.

In like fashion, the zones of inhibition of 2h on the

bacteria growth ranged between 14 mm and 18 mm,

whereas that of 3e ranged between 14 mm and 22 mm.

Furthermore, streptomycin standard was active on all

bacteria with the zones of inhibition ranging from 17

mm to 28 mm, except on E. coli, Klebsiella pneumoniae
and Pseudomonas aeruginosa where resistance was

noticed. Compared with streptomycin, compounds 2e,

2i, and 4a revealed larger zones of inhibition against

Bacillus stearothermophilus (i.e., >23 mm) and Bacillus
subtilis (i.e., >27 mm), whereas 2d and 4e showed the

same zones of inhibition as streptomycin upon Bacillus
cereus (23 mm).

However, high degree of resistance as well as small

zones of inhibition were observed upon the screening of

synthesized compounds against Bacillus cereus, Staphy-
lococcus aureus, Pseudomonas aeruginosa, Pseudomo-
nas fluorescence, and Shigella dysenteriae. In view of

these, minimum inhibitory concentration (MIC) and

minimum bactericidal concentration (MBC) tests were

selectively carried out on the remaining five

Scheme 3. Microwave assisted synthesis of various s-heteroaromatic chalcones, 3a–e and 4a–e.

Table 1

Synthesis of 3-cinnamoyl-2H-chromen-2-one, 2a, in different

solvents at 140�C.

Entry Solvent Time/mins Yield/%

1 Ethanol 1 52

2 Chloroform 1 45

3 Solvent free 1 97

Table 2

Synthesis of 3-cinnamoyl-2H-chromen-2-one, 2a, at different

temperatures.

Entry Solvent Temperature/�C Yield/%

1 Solvent free 140 97

2 Solvent free 100 83

3 Solvent free 50 58
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Table 3

Physicochemical properties of compounds synthesized (1–4e).

Comp no. Molecular formula Mol. wt. Yield (%) M.P. (�C) Rf
a Color

Elem. Anal. %Calcd. (%Found)

C H N

1 C11H8O3 188 92.6 119–121 0.52 yellow 70.2(70.1) 4.3(4.4) –

2a C18H12O3 276 97.0 142–143 0.50 yellow 78.3(78.1) 4.3(4.5) –

2b C18H12O4 292 89.1 139–140 0.61 yellow 74.0(74.4) 4.1(3.9) –

2c C18H11NO5 321 78.3 170–172 0.69 orange 67.3(67.2) 3.4(3.2) 4.4(4.6)

2d C18H11ClO3 310.5 77.1 222–223 0.59 yellow 69.7(69.4) 3.5(3.7) –

2e C19H14O3 290 92.5 161–163 0.54 yellow 78.6(78.3) 4.8(4.5) –

2f C20H16O3 304 95.1 172–174 0.66 cream 78.9(78.6) 5.3(5.1) –

2g C18H12O4 292 97.8 246–249 0.68 yellow 74.0(73.8) 4.1(4.3) –

2h C19H14O5 322 77.1 230–231 0.70 yellow 70.8(70.9) 4.3(4.1) –

2i C20H17NO3 319 81.6 217–218 0.71 red 75.2(74.9) 5.3(5.0) 4.4(4.7)

2j C20H14O3 302 73.3 184–186 0.63 yellow 79.5(79.3) 4.6(4.4) –

3a C16H10O4 266 87.2 135–137 0.57 brown 72.2(72.4) 3.8(3.5) –

3b C16H9NO6 311 66.8 194–196 0.81 yellow 61.7(61.4) 2.9(3.1) 4.5(4.3)

3c C16H9ClO4 300.5 59.2 > 300 0.44 green 63.9(64.1) 3.0(2.8) –

3d C17H12O4 280 74.8 200–201 0.49 green 72.9(72.6) 4.3(4.5) –

3e C18H14O4 294 66.5 240–241 0.85 orange 73.5(73.8) 4.8(4.7) –

4a C16H11NO3 265 71.4 209(dec) 0.69 black 72.5(72.4) 4.2(4.4) 5.3(5.5)

4b C16H10N2O5 310 63.7 268–269 0.85 yellow 61.9(62.2) 3.2(3.3) 9.0(9.2)

4c C16H10NClO3 299.5 55.8 288–289 0.55 yellow 64.1(61.5) 3.3(3.5) 4.7(4.5)

4d C17H13NO3 279 50.1 214–216 0.77 orange 73.1(73.5) 4.7(4.6) 5.0(4.8)

4e C18H15NO3 293 50.8 > 300 0.83 yellow 73.7(73.3) 5.1(5.0) 4.8(4.6)

a Solvent system: CH3COCH3:CH3OH (3:1, v/v) solvent system.

Table 4

Result of antibacterial screening (sensitivity testing) on bacteria with zones of inhibition (in mm).

Comp. no.

Bacteria

B.a B.c B.s B.su S.a E.c K.p P.a P.f S.d

1 10 10 11 23 – 14 12 13 10 –

2a – 14 18 20 – 10 23 – 10 –

2b – – 20 – – 17 19 – – –

2c 12 – – 21 14 10 16 – – –

2d 17 23 23 16 10 14 – 16 – –

2e 18 20 24 31 18 16 29 21 15 18

2f 21 15 – 23 – 15 19 11 10 –

2g – – 20 23 – 18 10 – – –

2h 18 18 15 11 – 16 14 – – –

2i 18 25 25 28 – 31 22 17 – 15

2j – 10 20 20 – 21 16 – 12 18

3a – – 14 10 10 21 17 – – –

3b 11 8 – 11 – 19 23 – – –

3c – – 15 19 – 31 18 15 – –

3d 13 – 12 18 – 17 23 15 13 11

3e 15 – 20 14 15 13 22 17 – –

4a 18 – 31 28 – 16 15 – – –

4b 12 – – 13 – 9 15 12 – –

4c 18 – 12 15 13 21 13 13 – 10

4d 15 13 16 14 – 14 23 – – 11

4e 17 23 22 – – 13 – 11 – –

str 20 23 23 27 21 – – – 22 17

–Indicates bacteria are resistant to the compounds >1000 lg/mL.

B.a, Bacillus anthracis (LIO)Gþ; B.c, Bacillus cereus (NCIB 6349)Gþ; B.s, Bacillus stearothermophilus (NCIB 8222)Gþ; B.su, Bacillus subtilis
(NCIB 3610)Gþ; S.a, Staphylococcus aureus (NCIB 8588)Gþ; E.c, Escherichia coli (NCIB 86)G�; K.p, Klebsiella pneumonia (NCIB 418)G�; P.a,
Pseudomonas aeruginosa (NCIB 950)G�; P.f, Pseudomonas fluorescence (NCIB 3756)G�; S.d, Shigella dysenteriae (LIO)G�; str, streptomycin;
Gþ, Gram positive; G�, Gram negative.
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microorganisms comprising three gram þve (Bacillus
anthracis, Bacillus subtilis, and Bacillus stearothermo-
philus) and two gram –ve (Escherichia coli and Kleb-
siella pneumoniae) bacterial strains (Table 5). MIC is

defined as the lowest concentration of the compounds

that completely inhibit the growth of microorganism,

whereas MBC is the lowest concentration at which

99.9% of the inoculum was killed. The MIC values of

the compounds varied between 7.8 and 31.2 lg/mL,

whereas that of streptomycin was between 7.8 and 15.6

lg/mL. The MBC of few compounds was found to be

the same as MIC but in most of the compounds, it was

twofold or threefold or fourfold higher than their corre-

sponding MIC values. In the long run, 2i emerged as

the most active antibacterial agent at 7.8 lg/mL.

CONCLUSIONS

It was discovered that microwave-assisted approach is

highly efficient procedure for the preparation of various

coumarin chalcones, especially in the solvent-free

media. By visualizing the antimicrobial data, the results

revealed that the compounds exhibited high potency as

antibacterial agents. The most active compound was

3-{(3-(4-dimethylamino phenyl)acryloyl}-2H-chromen-

2-one (2i) with an MIC value of 7.8 lg/mL. Thus, 3-

(substituted aryl and substituted heteroaromatic)acry-

loyl)-2H-chromen-2-one derivatives synthesized as well

as the starting material may seem promising for further

activity optimization studies.

EXPERIMENTAL

General condition (chemical synthesis). Melting points
were determined with open capillary tube on a Gallenkamp

(variable heater) melting point apparatus and were uncorrected.
Infra red spectra were recorded as KBr disc using a Shimadzu
IR-740 Spectrophotometer, whereas UV–visible spectra were
recorded on a Hekiosea v2.02 Unicam Spectrophotometer
using methanol solvent. 1H- and 13C-NMR were run on a Jeol

EX 400 Spectrometer using deuteriated methanol with tetrame-
thylsilane as the internal standard and d values recorded in
ppm. Mass spectra were run on Finnigan MAT 312 machine.
All compounds were routinely checked by TLC on silica gel
G plates using CH3COCH3:CH3OH (3:1, v/v) solvent system

and the developed plates were visualized under UV light. The
elemental analysis (C, H, N) of compounds were performed
using a Carlo Erba-1108 elemental analyzer. The microwave-
assisted syntheses were carried out in a CEM Discover mono-

mode oven using sealed tube, with magnetic stirring, and the
temperature control was fixed at 140�C. All reagents used

Table 5

Results of MIC and MBC of synthesized compounds on some selected bacteria (in lg/mL).

Bacteria

B. anthracis B. stearotherm B. subtilis E. coli K. pneumonia

Comp. no. MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

1 31.2 62.4 31.2 62.4 15.6 15.6 31.2 31.2 31.2 31.2

2a – – 15.6 15.6 7.8 7.8 31.2 62.4 7.8 31.2

2b – – 7.8 31.2 – – 15.6 15.6 7.8 15.6

2c 31.2 62.4 – – 7.8 7.8 31.2 62.4 15.6 62.4

2d 15.6 62.4 7.8 31.2 15.6 15.6 15.6 31.2 – –

2e 7.8 15.6 7.8 15.6 7.8 7.8 15.6 31.2 7.8 31.2

2f 7.8 31.2 – – 7.8 7.8 15.6 15.6 15.6 62.4

2g – – 7.8 7.8 7.8 7.8 15.6 15.6 31.2 62.4

2h 15.6 15.6 15.6 62.4 31.2 31.2 31.2 31.2 31.2 63.4

2i 7.8 7.8 7.8 15.6 7.8 7.8 7.8 7.8 7.8 7.8

2j – – 15.6 62.4 7.8 7.8 7.8 15.6 15.6 31.2

3a – – 31.2 31.2 31.2 31.2 7.8 7.8 7.8 15.6

3b 31.2 62.4 – – 31.2 31.2 15.6 15.6 15.6 15.6

3c – – 31.2 93.6 7.8 7.8 7.8 7.8 15.6 31.2

3d 31.2 62.4 31.2 31.2 15.6 15.6 15.6 31.2 7.8 15.6

3e 15.6 31.2 7.8 15.6 31.2 62.4 31.2 62.4 7.8 31.2

4a 7.8 31.2 7.8 7.8 7.8 31.2 15.6 62.4 31.2 62.4

4b 31.2 31.2 – – 15.6 31.2 31.2 31.2 7.8 15.6

4c 7.8 15.6 31.2 31.2 15.6 15.6 7.8 31.2 31.2 93.6

4d 15.6 62.6 15.6 31.2 15.6 31.2 15.6 15.6 7.8 31.2

4e 15.6 31.2 7.8 15.6 – – 31.2 31.2 – –

str 7.8 15.6 15.6 15.6 7.8 7.8 – – – –

– Indicates bacteria are resistant to the compounds >100 lg/mL.

MIC, minimum inhibitory concentration, i.e. the lowest concentration to completely inhibit bacterial growth; MBC, minimum bactericidal concen-

tration, i.e. the lowest concentration to completely kill bacteria.
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were obtained from Sigma-Aldrich Chemicals, except piperi-
dine and furfural derivatives which were obtained from BDH
Chemical Limited. Solvents used were of analytical grade and,
when necessary, were purified and dried by standard method.

3-Acetylcoumarin (1). To a mixture of salicyaldehyde

(0.86 mL, 81.89 mmoles) and ethyl acetoacetate (11.5mL,
90.13 mmoles) was added catalytic amount of piperidine (0.2
mL, 1.64 mmoles) and swirled thoroughly. The mixture was
irradiated in microwave oven at 400 W for 1 min. The solid
product was filtered, dried, and recrystallized from methanol to

afford pure 3-acetyl coumarin 1 in appropriate yield (Table 3).
kmax (Log e): 216 (5.29), 236 (4.65), 288 (4.57), 327 (4.57),
348 (4.49), 355 (4.24), 369 (4.01). IR (KBr): 2925 (CH ali-
phatic), 1746 (C¼¼O ester), 1685 (C¼¼O), 1606 (C¼¼C), 1369
cm�1. 1H-NMR (CD3OD, 400 Hz): d 2.27 (s, 3H, CH3), 7.42–

7.84 (m, 4H, Benzofused coumarin-H), 8.57 (s, 1H, Coumarin-
H). 13C-NMR (CD3OD, 400 Hz): d 198.7 (C¼¼O), 159.4
(C¼¼O), 153.0, 137.4, 131.2, 128.3, 127.9, 125.4, 118.1, 116.1,
29.6 (CH3) ppm. MS: m/z 188 (Mþ, 80%), 145 (100%), 94

(50%).
General procedure for synthesis of (2a–j). To an equimo-

lar mixture of 3-acetylcoumarin, 1 (1 g, 5.3 mmoles) and sub-
stituted benzaldehyde (5.3 mmoles) was added piperidine (0.2
mL, 1.64 mmoles) drop wisely with continuous stirring until

homogeneity was achieved. The mixture was irradiated in
microwave oven at 400 W for 1–3 min. The crude product
was filtered, dried, and recrystallized from appropriate solvent
to afford 2a–j in varied yields (Table 3).

3-Cinnamoyl-2H-chromen-2-one (2a). Reagents: Compound

1 (1.0 g, 5.3 mmoles), benzaldehyde (0.5 mL, 5.3 mmoles), pi-
peridine (0.2 mL). Conditions: MWI for 3 min, 140�C. Purifi-
cation: recrystallization (ethanol). kmax (Log e): 224 (3.99),
348 (3.47), 375 (3.01s). IR (KBr): 1740, 1673, 1606, 1363
cm�1. 1H-NMR (CD3OD, 400 Hz): d 7.03 (d, 1H, J ¼ 8.5 Hz,

COACH¼¼C), 7.33–7.84 (m, 9H, Benzofused coumarin-4H
and Ar-5H), 7.82 (d, 1H, J ¼ 8.5 Hz, COAC¼¼CH), 8.57 (s,
1H, Coumarin-H). 13C-NMR (CD3OD, 400 Hz): d 183.7
(C¼¼O), 159.4 (C¼¼O), 153.0, 147.2, 142.2, 135.2, 134.2,

128.6, 128.6, 128.5, 128.5, 128.3, 127.9, 127.9, 125.4, 125.4,
118.1, 116.1 ppm. MS: m/z 276 (Mþ, 75%), 199 (60%), 173
(100%).

3-(3-(3-Hydroxyphenyl)acryloyl)-2H-chromen-2-one (2b). Reagents:
Compound 1 (1.0 g, 5.3 mmoles), m-hydroxybenzaldehyde
(0.65 g, 5.3 mmoles), piperidine (0.2 mL). Conditions: MWI
for 2 min, 140�C. Purification: recrystallization (methanol).
kmax (Log e): 208 (3.82), 280 (3.32), 348 (3.46), 361 (3.46),
369 (3.45). IR (KBr): 3302, 1703, 1648, 1600, 1375 cm�1. 1H-
NMR (CD3OD, 400 Hz): d 5.35 (s, 1H, OH, D2O exchange-

able), 6.70 (s, 1H, Ar-H), 6.83 (d, 1H, Ar-H), 7.03 (d, 1H, J ¼
8.8 Hz, COACH¼¼C), 7.16 (d, 1H, Ar-H), 7.42–7.84 (m, 4H,
Benzofused coumarin-H), 7.53 (t, 1H, Ar-H), 7.96 (d, 1H, J ¼
8.8 Hz, COAC¼¼CH), 8.57 (s, 1H, Coumarin-H). 13C-NMR
(CD3OD, 400 Hz): d 183.7 (C¼¼O), 159.4 (C¼¼O), 158.4,

153.0, 147.2, 142.2, 135.4, 134.2, 130.0, 128.3, 127.9, 125.4,
125.4, 121.1, 118.1, 117.6, 116.1, 115.1 ppm. MS: m/z 292
(Mþ, 30%), 275 (50%), 199 (25%), 145 (100%).

3-(3-(4-Nitrophenyl)acryloyl)-2H-chromen-2-one (2c). Reagents:
Compound 1 (1.0 g, 5.3 mmoles), p-nitrobenzaldehyde (0.80 g,
5.3 mmoles), piperidine (0.2 mL). Conditions: MWI for 1 min,
140�C. Purification: recrystallization (methylated spirit). kmax

(Log e): 220 (4.22), 328 (3.76), 368 (3.87). IR (KBr): 1740,

1673, 1606, 1364, 738 cm�1. 1H-NMR (CD3OD, 400 Hz): d
7.32 (d, 1H, J ¼ 8.5 Hz, COACH¼¼C), 7.96 (d, 1H, J ¼ 8.5
Hz, COAC¼¼CH), 7.42–7.84 (m, 4H, Benzofused coumarin-
H), 8.03 (d, 2H, Ar-H), 8.21 (d, 2H, Ar-H), 8.57 (s, 1H, Cou-
marin-H). 13C-NMR (CD3OD, 400 Hz): d 183.7 (C¼¼O), 159.4

(C¼¼O), 153.0, 147.2, 147.1, 142.2, 141.3, 134.2, 129.0, 129.0,
128.3, 127.9, 125.4, 125.4, 123.8, 123.8, 118.1, 116.1 ppm.
MS: m/z 321 (Mþ, 70%), 275 (47%), 145 (100%).

3-(3-(4-Chlorophenyl)acryloyl)-2H-chromen-2-one (2d). Reagents:

Compound 1 (1.0 g, 5.3 mmoles), p-chlorobenzaldehyde (0.74

g, 5.3 mmoles), piperidine (0.2 mL). Conditions: MWI for 1.5

min, 140�C. Purification: recrystallization (methanol). 1H-

NMR (CD3OD, 400 Hz): d 7.03 (d, 1H, J ¼ 8.5 Hz,

COACH¼¼C), 7.82 (d, 1H, J ¼ 8.5 Hz, COAC¼¼CH), 7.44 (d,

2H, Ar-H), 7.68 (d, 2H, Ar-H), 7.42–7.84 (m, 4H, Benzofused

coumarin-H), 8.57 (s, 1H, Coumarin-H). 13C-NMR (CD3OD,

400 Hz): d 183.7, 159.4, 153.0, 147.2, 142.2, 134.2, 133.5,

133.3, 129.0, 129.0, 128.7, 128.7, 128.3, 127.9, 125.4, 125.4,

118.1, 116.1 ppm. MS: m/z 310.5 (Mþ, 80%), 275 (40%).

3-(3-(3-p-Tolylacryloyl)-2H-chromen-2-one (2e). Reagents:
Compound 1 (1.0 g, 5.3 mmoles), p-methylbenzaldehyde (0.65
g, 5.3 mmoles), piperidine (0.2 mL). Conditions: MWI for 2

min, 140�C. Purification: recrystallization (methanol). 1H-
NMR (CD3OD, 400 Hz): d 2.34 (s, 3H, CH3), 7.18 (d, 2H, Ar-
H), 7.03 (d, 1H, J ¼ 8.5 Hz, COACH¼¼C), 7.42–7.84 (m, 4H,
Benzofused coumarin-H), 7.59 (d, 2H, Ar-H), 7.82 (d, 1H, J ¼
8.5 Hz, COAC¼¼CH), 8.57 (s, 1H, Coumarin-H). 13C-NMR
(CD3OD, 400 Hz): d 183.7, 159.4, 153.0, 147.2, 142.2, 137.6,
134.2, 132.2, 128.9, 128.9, 128.5, 128.5, 128.3, 127.9, 125.4,
125.4, 118.1, 116.1, 21.3 (CH3) ppm. MS: m/z 290 (Mþ,
50%), 199 (100%).

3-(3-(4-Ethylphenyl)acryloyl)-2H-chromen-2-one (2f). Reagents:
Compound 1 (1.0 g, 5.3 mmoles), p-ethylbenzaldehyde (0.72

mL, 5.3 mmoles), piperidine (0.2 mL). Conditions: MWI for 2

min, 140�C. Purification: recrystallization (methanol). 1H-

NMR (CD3OD, 400 Hz): d 1.25 (t, 3H, J ¼ 7.0 Hz, CH3),

2.60 (q, 2H, J ¼ 7.0 Hz, CH2), 6.77 (d, 2H, Ar-H), 7.03 (d,

1H, J ¼ 8.5 Hz, COACH¼¼C), 7.42–7.84 (m, 6H, Benzofused

coumarin-4H and Ar-2H), 7.82(d, 1H, J ¼ 8.5 Hz,

COAC¼¼CH), 8.57 (s, 1H, Coumarin-H). 13C-NMR (CD3OD,

400 Hz): d 183.7, 159.4, 153.0, 142.2, 143.5, 142.2, 134.2,

132.4, 128.5, 128.5, 128.3, 127.9, 127.6, 127.6, 125.4, 125.4,

118.1, 116.1, 28.2 (CH2), 14.5 (CH3). MS: m/z 304 (Mþ,
80%), 285 (35%), 145 (100%).

3-(3-(4-Hydroxyphenyl)acryloyl)-2H-chromen-2-one (2g). Reagents:
Compound 1 (1.0 g, 5.3 mmoles), p-hydroxybenzaldehyde
(0.65 g, 5.3 mmoles), piperidine (0.2 mL). Conditions: MWI
for 3 min, 140�C. Purification: recrystallization (ethanol). kmax

(Log e): 211 (3.52), 336 (3.41), 368 (3.56). IR (KBr): 3241,

1734, 1685, 1612, 1375 cm�1. 1H-NMR (CD3OD, 400 Hz): d
5.35 (s, 1H, OH, D2O exchangeable), 6.65 (d, 2H, Ar-H), 7.03
(d, 1H, J ¼ 8.5 Hz, COACH¼¼C), 7.42–7.84 (m, 4H, Benzo-
fused coumarin-H), 7.56 (d, 2H, Ar-H), 7.82 (d, 1H, J ¼ 8.5
Hz, COAC¼¼CH), 8.57 (s, 1H, Coumarin-H). 13C-NMR

(CD3OD, 400 Hz): d 183.7, 159.4, 157.7 (CAOH), 153.0,
147.2, 142.2, 134.2, 130.6, 130.6, 128.3, 127.9, 127.8, 125.4,
125.4, 118.1, 116.1, 115.8 ppm. MS: m/z 292 (Mþ, 40%), 275
(75%), 199 (50%), 145 (100%).

3-(3-(4-Hydroxy-3-methoxyphenyl)acryloyl)-2H-chromen-2-
one (2h). Reagents: Compound 1 (1.0 g, 5.3 mmoles), vanillin
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(0.81 g, 5.3 mmoles), piperidine (0.2 mL). Conditions: MWI

for 1 min, 140�C. Purification: recrystallization (ethanol). kmax

(Log e): 208 (4.03), 244 (3.91), 352 (3.42). IR (KBr): 1740,

1685, 1600, 1338 cm�1. 1H-NMR (CD3OD, 400 Hz): d 3.83

(s, 3H, OCH3), 5.35 (s, 1H, OH, D2O exchangeable), 6.79 (d,

1H, Ar-H), 6.99 (d, 1H, Ar-H), 7.03 (d, 1H, J ¼ 8.5 Hz,

COACH¼¼C), 7.16 (s, 1H, Ar-H), 7.42–7.84 (m, 4H, Benzo-

fused coumarin-H), 7.82 (d, 1H, J ¼ 8.5 Hz, COAC¼¼CH),

8.57 (s, 1H, Coumarin-H). 13C-NMR (CD3OD, 400 Hz): d
183.7 (C¼¼O), 159.4 (C¼¼O), 153.0, 149.1 (CAOCH3), 147.9

(CAOH), 147.2, 142.2, 134.2, 128.3, 127.9, 127.6, 125.4,

125.4, 122.9, 118.1, 116.8, 116.1, 111.9, 56.1 (OCH3) ppm.

MS: m/z 323 (Mþ, 68%), 275 (60%), 199 (50%).

3-(3-(4-Dimethylaminophenyl)acryloyl)-2H-chromen-2-one
(2i). Reagents: Compound 1 (1.0 g, 5.3 mmoles), 4-(N,N-
dimethylamino)benzaldehyde (1.27 g, 5.3 mmoles), piperidine
(0.2 mL). Conditions: MWI for 2.5 min, 140�C. Purification:
recrystallization (ethanol). kmax (Log e): 208 (4.00), 327
(3.90s), 344 (3.97), 448 (3.84). IR (KBr): 1746, 1685, 1594,

1375 cm�1. 1H-NMR (CD3OD, 400 Hz): d 3.06 (s, 6H,
2�CH3), 6.71 (d, 2H, Ar-H), 7.03 (d, 1H, J ¼ 8.5 Hz,
COACH¼¼C), 7.72 (d, 2H, Ar-H), 7.42–7.84 (m, 4H, Ar-H),
7.82 (d, 1H, J ¼ 8.5 Hz, COAC¼¼CH), 8.57 (s, 1H, Couma-
rin-H). 13C-NMR (CD3OD, 400 Hz): d 183.7 (C¼¼O), 159.4

(C¼¼O), 153.0, 150.3, 147.2, 142.2, 134.2, 129.7, 129.7, 128.3,
127.9, 125.4, 125.4, 124.7, 118.1, 116.1, 111.7, 111.7, 41.3
(2�CH3) ppm. MS: m/z 319 (Mþ, 70%), 199 (100%).

3-(5-Phenylpenta-2,4-dienoyl)-2H-chromen-2-one (2j). Reagents:
Compound 1 (1.0 g, 5.3 mmoles), cinnamaldehyde (0.67 mL,

5.3 mmoles), piperidine (0.2 mL). Conditions: MWI for 1 min,
140�C. Purification: recrystallization (ethanol). kmax (Log e):
212 (3.72), 300 (3.49), 330 (3.49), 347 (3.53), 360 (3.53), 366
(3.53), 369 (4.01). IR (KBr): 1740, 1648, 1612, 1375 cm�1.
1H-NMR (CD3OD, 400 Hz): d 6.69 (d, 1H, J ¼ 8.5 Hz,
COACH¼¼C), 6.71 (d, 1H, J ¼ 8.5 Hz, 9.2 Hz,
COAC¼¼CACH), 7.02 (d, 1H, J ¼ 9.2 Hz, COC¼¼CAC¼¼CH),
7.52 (d, 1H, J ¼ 8.5 Hz, 9.2 Hz, COAC¼¼CH), 7.33–7.84 (m,
9H, Benzofused coumarin-4H and Ar-5H), 8.57 (s, 1H, Cou-

marin-H). 13C-NMR (CD3OD, 400 Hz): d 183.7 (C¼¼O), 159.4
(C¼¼O), 153.0, 151.9, 147.2, 141.0, 135.2, 134.2, 128.6, 128.6,
128.5, 128.5, 128.3, 127.9, 127.9, 125.4, 125.2, 121.2, 118.1,
116.1 ppm. MS: m/z 302 (Mþ, 55%).

General procedure for synthesis of (3a–e) and (4a–e). A

catalytic amount of piperidine (0.2 mL, 1.64 mmoles) was cau-
tionly added to a well-ground mixture of 3-acetyl coumarin
1(1.0 g, 5.3 mmoles) and substituted heteroaromatic aldehyde
(5.3 mmoles). The reaction mixture was irriadiated in micro-
wave oven at an emitted power of 400 W for an appropriate

time. Then, it was poured in crushed ice and the product was
filtered and recrystallized from appropriate solvent to give 3a–
e and 4a–e.

3-(3-(Furan-2-yl)acryloyl)-2H-chromen-2-one (3a). Reagents:
Compound 1 (1.0 g, 5.3 mmoles), furfural (0.33 mL, 5.3
mmoles), piperidine (0.2 mL). Conditions: MWI for 3 min,
140�C. Purification: recrystallization (methylated spirit). kmax

(Log e): 220 (3.88), 348 (3.49), 368 (3.65). IR (KBr): 1734,
1648, 1606, 1380 cm�1. 1H-NMR (CD3OD, 400 Hz): d 6.87

(t, 1H, Furan-H), 7.03 (d, 1H, J ¼ 8.7 Hz, COACH¼¼C),
7.42–7.84 (m, 5H, Benzofused coumarin-4H & Furan-1H),
7.66 (d, 1H, J ¼ 8.7 Hz, COAC¼¼CH), 8.17 (d, 1H, Furan-H),
8.57 (s, 1H, Coumarin-H). 13C-NMR (CD3OD, 400 Hz): d

183.7 (C¼¼O), 159.4 (C¼¼O), 153.0, 151.5, 147.2, 143.7, 138.9,
134.2, 129.3, 128.3, 127.9, 125.4, 118.1, 116.1, 113.8, 112.7.
MS: m/z 266 (Mþ, 25%), 199 (75%), 68 (33%).

3-(3-(5-Nitrofuran-2-yl)acryloyl)-2H-chromen-2-one (3b). Reagents:
Compound 1 (1.0 g, 5.3 mmoles), 5-nitrofurfural (0.47 mL,

5.3 mmoles), piperidine (0.2 mL). Conditions: MWI for 1.5

min, 140�C. Purification: recrystallization (aqueous ethanol,

1:1). kmax (Log e): 216 (4.03), 372 (3.77). IR (KBr): 1734,

1685, 1600, 1376 cm�1. 1H-NMR (CD3OD, 400 Hz): d 7.03

(d, 1H, J ¼ 8.7 Hz, COACH¼¼C), 7.42–7.85 (m, 5H, Benzo-

fused coumarin-4H & Furan-1H), 7.66 (d, 1H, J ¼ 8.7 Hz,

COAC¼¼CH)), 7.94 (d, 1H, Furan-H), 8.57 (s, 1H, Coumarin-

H). 13C-NMR (CD3OD, 400 Hz): d 183.7 (C¼¼O), 159.4

(C¼¼O), 155.4, 153.8, 153.0, 147.2, 138.9, 134.2, 129.3, 128.3,

127.9, 125.4, 118.1, 117.5, 116.1, 114.5. MS: m/z 311 (Mþ,
20%), 265 (45%).

3-(3-(5-Chlorofuran-2-yl)acryloyl)-2H-chromen-2-one (3c). Reagents:
Compound 1 (1.0 g, 5.3 mmoles), 5-chlorofurfural (0.69 g, 5.3
mmoles), piperidine (0.2 mL). Conditions: MWI for 1 min,

140�C. Purification: recrystallization (ethanol). kmax (Log e):
216 (4.28), 368 (4.41), 388 (3.95). IR (KBr): 1744, 1648,
1605, 1380 cm�1. 1H-NMR (CD3OD, 400 Hz): d 6.89 (d, 1H,
J ¼ 9.3 Hz, Furan-H), 7.03 (d, 1H, J ¼ 8.7 Hz, COACH¼¼C),
7.24 (d, 1H, J ¼ 9.3 Hz, Furan-H), 7.42–7.84 (m, 4H, Benzo-

fused coumarin-H ), 7.66 (d, 1H, J ¼ 8.7 Hz, COAC¼¼CH),
8.57 (s, 1H, Coumarin-H). 13C-NMR (CD3OD, 400 Hz): d
183.7 (C¼¼O), 159.4 (C¼¼O), 153.0, 151.9, 147.2, 138.9, 138.7,
134.2, 129.3, 128.3, 127.9, 125.4, 118.1, 116.1, 114.1, 109.8.
MS: m/z 300.5 (Mþ, 60%), 199 (80%), 103.5 (38%).

3-(3-(5-Methylfuran-2-yl)acryloyl)-2H-chromen-2-one
(3d). Reagents: Compound 1 (1.0 g, 5.3 mmoles), 5-methyl-
furfural (0.53 mL, 5.3 mmoles), piperidine (0.2 mL). Condi-
tions: MWI for 2.5 min, 140�C. Purification: recrystallization
(methylated spirit). kmax (Log e): 208 (4.03), 244 (3.91), 352
(3.42). IR (KBr): 1740, 1685, 1600, 1338 cm�1. 1H-NMR
(CD3OD, 400 Hz): d 2.30 (s, 3H, CH3), 6.43 (d, 1H, J ¼ 9.5
Hz, Furan-H), 7.03 (d, 1H, J ¼ 8.5 Hz, COACH¼¼C), 7.28
(d, 1H, J ¼ 9.5 Hz, Furan-H), 7.42–7.84 (m, 4H, Benzofused
coumarin-H), 7.66 (s, 1H, COAC¼¼CH). 13C-NMR
(CD3OD, 400 Hz): d 183.7, 159.4, 157.6, 153.0, 152.4, 147.2,
138.9, 134.2, 129.3, 128.3, 127.9, 125.4, 118.1, 117.5,
116.1, 109.5, 13.8 (CH3). MS: m/z 280 (Mþ, 83%), 265
(52%), 68 (30%).

3-(3-(5-Ethylfuran-2-yl)acryloyl)-2H-chromen-2-one (3e). Reagents:
Compound 1 (1.0 g, 5.3 mmoles), 5-ethyl-2-furaldehyde (0.63
mL, 5.3 mmoles), piperidine (0.2 mL). Conditions: MWI for 2
min, 140�C. Purification: recrystallization (methylated spirit).
kmax (Log e): 212 (4.07), 248 (3.84), 368 (3.42). IR (KBr):
1734, 1648, 1606, 1380 cm�1. 1H-NMR (CD3OD, 400 Hz): d
1.25 (t, 3H, J ¼ 6.0 Hz, CH3), 2.44 (q, 2H, J ¼ 6.0 Hz, CH2),
6.43 (d, 1H, J ¼ 10.0 Hz, Furan-H), 7.03 (d, 1H, J ¼ 8.6 Hz,
COACH¼¼C), 7.28 (d, 1H, J ¼ 10.0 Hz, Furan-H), 7.42–7.84
(m, 4H, Benzofused coumarin-H), 7.66 (d, 1H, J ¼ 8.6 Hz,
COAC¼¼CH), 8.57 (s, 1H, Coumarin-H). 13C-NMR (CD3OD,

400 Hz): d 183.7 (C¼¼O), 159.4 (C¼¼O), 157.4, 153.0, 151.8,
147.2, 138.9, 134.2, 129.3, 128.3, 127.9, 125.4, 120.0, 118.1,
116.1, 108.7, 21.4 (CH2), 12.7 (CH3). MS: m/z 294 (Mþ,
40%). 280 (45%).

3-(3-(1H-Pyrrol-2-yl)acryloyl-2H-chromen-2-one (4a). Reagents:
Compound 1 (1.0 g, 5.3 mmol), pyrrole-2-carboxaldehyde

(0.50 g, 5.3 mmol), piperidine (0.2 mL). Conditions: MWI for
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2.5 min, 140�C. Purification: recrystallization (DMF/ethanol,

1:9). kmax (Log e): 212 (4.16), 344 (3.62). IR (KBr): 3445,

1685, 1600, 1348 cm�1. 1H-NMR (CD3OD, 400 Hz): d 5.00

(s, 1H, NH, D2O exchangeable), 6.15 (t, 1H, J ¼ 12.5 Hz, 15

Hz, Pyrrolo-H), 6.51 (d, 1H, J ¼ 12.5 Hz, Pyrrolo-H), 6.95 (d,

1H, J ¼ 15 Hz, Pyrrolo-H), 7.03 (d, 1H, J ¼ 8.0 Hz

COACH¼¼C), 7.42–7.84 (m, 4H, Benzofused coumarin-H),

7.66 (d, 1H, J ¼ 8.0 Hz, COAC¼¼CH), 8.57 (s, 1H, Couma-

rin-H). 13C-NMR (CD3OD, 400 Hz): d 183.7, 159.4, 153.0,

147.2, 143.4, 134.2, 129.8, 129.3, 128.3, 127.9, 125.4, 118.3,

118.1, 116.1, 111.9, 108.2. MS: m/s 266 (Mþ, 62%), 199

(100%), 67 (48%).

3-(3-(5-Nitro-1H-pyrrol-2-yl)acryloyl)-2H-chromen-2-one
(4b). Reagents: Compound 1 (1.0 g, 5.3 mmoles), 5-nitro-1H-
pyrrole-2-carboxaldehyde (0.74 g, 5.3 mmoles), piperidine (0.2
mL). Conditions: MWI for 2.5 min, 140�C. Purification:
recrystallization (DMF/ethanol, 1:9). kmax (Log e): 210 (3.93),
368 (3.52). IR (KBr): 3302, 1740, 1685, 1600, 1338 cm�1. 1H-

NMR (CD3OD, 400 Hz): d 5.0 (s, 1H, NH; D2O exchange-
able), 6.75 (d, 1H, J ¼ 12.3 Hz, Pyrrolo-H), 7.03 (d, 1H, J ¼
7.5 Hz, COACH¼¼C), 7.42–7.84 (m, 4H, Benzofused couma-
rin-4H), 7.46 (d, 1H, J ¼ 12.3 Hz, Pyrrolo-H), 7.66 (d, 1H, J
¼ 7.5 Hz, COAC¼¼CH), 8.57 (d, 1H, Coumarin-H). 13C-NMR

(CD3OD, 400 Hz): d 183.7 (C¼¼O), 159.4 (C¼¼O), 153.0,
147.2, 143.4, 139.9, 134.2, 134.0, 129.3, 128.3, 127.9, 125.4,
118.1, 116.1, 112.5, 109.3. MS: m/z 311 (Mþ, 55%), 67
(35%).

3-(3-(5-Chloro-1H-pyrrol-2-yl)acryloyl)-2H-chromen-2-one
(4c). Reagents: Compound 1 (1.0 g, 5.3 mmoles), 5-chloro-
1H-pyrrole-2-carboxaldehyde (0.69 g, 5.3 mmoles), piperidine
(0.2 mL). Conditions: MWI for 2.5 min, 140�C. Purification:
recrystallization (DMF/ethanol, 3:7). kmax (Log e): 212 (4.29),

252 (3.84), 350 (3.42s). IR (KBr): 3241, 1734, 1685, 1612,
1375, 980 cm�1. 1H-NMR (CD3OD, 400 Hz): d 5.0 (s, 1H,
NH; D2O exchangeable), 6.40 (d, 1H, J ¼ 11.2 Hz, Pyrrolo-
H), 6.51 (d, 1H, J ¼ 11.2 Hz, Pyrrolo-H), 7.03 (d, 1H, J ¼ 8.1
Hz, COACH¼¼C), 7.42–7.84 (m, 4H, Benzofused coumarin-

H), 7.66 (d, 1H, J ¼ 8.1 Hz, COAC¼¼CH), 8.57 (s, 1H, Cou-
marin-H). 13C-NMR (CD3OD, 400 Hz): d 183.7, 159.4, 153.0,
147.2, 143.4, 134.2, 129.8, 129.3, 128.3, 127.9, 125.4, 121.8,
118.1, 116.3, 116.1, 112.1. MS: m/z 300.5 (Mþ, 55%).

3-(3-(5-Methyl-1H-pyrrol-2-yl)acryloyl)-2H-chromen-2-one
(4d). Reagents: Compound 1 (1.0 g, 5.3 mmoles), 5-methyl-

1H-pyrrole-2-carboxaldehyde (0.58 g, 5.3 mmoles), piperidine

(0.2 mL). Conditions: MWI for 2.5 min, 140�C. Purification:
recrystallization (methanol). kmax (Log e): 220 (3.87), 368

(4.15), 388 (3.72). IR (KBr): 3302, 2929, 1734, 1648, 1600,

1375 cm�1. 1H-NMR (CD3OD, 400 Hz): d 2.14 (s, 3H, CH3),

5.0 (s, 1H, NH; D2O exchangeable), 6.07 (d, 1H, J ¼ 11.5 Hz,

Pyrrolo-H), 6.35 (d, 1H, J ¼ 11.5 Hz, Pyrrolo-H), 7.03 (d, 1H,

J ¼ 8.1 Hz, COACH¼¼C), 7.42–7.84 (m, 4H, Benzofused cou-

marin-H), 7.66 (d, 1H, J ¼ 8.1 Hz, COAC¼¼CH), 8.57 (s, 1H,

Coumarin-H). 13C-NMR (CD3OD, 400 Hz): d 183.7 (C¼¼O),

159.4 (C¼¼O), 153.0, 147.2, 143.4, 134.2, 130.1, 129.5, 129.3,

128.3, 127.9, 125.4, 118.1, 116.1, 112.0, 106.5, 17.3 (CH3).
3-(3-(5-ethyl-1H-pyrrol-2-yl)acryloyl)-2H-chromen-2-one

(4e). Reagents: Compound 1 (1.0 g, 5.3 mmoles), 5-ethyl-1H-
pyrrole-2-carboxaldehyde (0.65 g, 5.3 mmoles), piperidine (0.2
mL). Conditions: MWI for 2.5 min, 140�C. Purification:
recrystallization (methylated spirit). kmax (Log e): 220 (4.11),

250 (3.91), 368 (3.42). IR (KBr): 3241, 1746, 1740, 1650,

1594, 1375 cm�1. 1H-NMR (CD3OD, 400 Hz): d 1.24 (t, 3H,
J ¼ 7.2 Hz, CH3), 3.11 (q, 2H, J ¼ 7.2 Hz, CH2), 5.0 (s, 1H,
NH; D2O exchangeable), 6.07 (d, 1H, J ¼ 11.5 Hz, Pyrrolo-
H), 6.35 (d, 1H, J ¼ 11.5 Hz, Pyrrolo-H), 7.03 (d, 1H, J ¼ 8.2
Hz, COACH¼¼C), 7.42–7.84 (m, 4H, Benzofused coumarin-

H), 7.66 (d, 1H, J ¼ 8.2 Hz, COAC¼¼CH), 8.57 (s, 1H, Cou-
marin-H). 13C-NMR (CD3OD, 400 Hz): d 183.7 (C¼¼O), 159.4
(C¼¼O), 153.0, 147.2, 143.4, 136.1, 134.2, 129.5, 129.3, 128.3,
127.9, 125.4, 118.1, 116.1, 112.0, 107.7, 21.4 (CH2), 13.7
(CH3).

Antibacterial activity assays. Most of the organisms used

were standard bacteria of National Collection for Industrial

Bacteria (NCIB), whereas few others were Locally Isolated

Organisms (LIO). The organisms were Bacillus cereus (NCIB

6349), Bacillus stearothermophilus (NCIB 8222), Bacillus sub-
tilis (NCIB 3610), Bacillus anthracis (LIO), Bacillus polymyxa
(LIO), Corynebacterium pyogenes (LIO), Streptococcus faeca-
lis (NCIB775), Staphylococcus aureus (NCIB 8588), Clostrid-
ium sporogenes (LIO), Escherichia coli (NCIB 86), Pseudomo-
nas fluorescence (NCIB 3756), Klebsiella pneumonia (NCIB

418), Shigella dysenteriae (LIO), Pseudomonas aeruginosa
(NCIB 950), and Candida albican (LIO).

Antibacterial sensitivity testing of compounds, 1–4e. All
the synthesized compounds (1–4e) and streptomycin were
screened for antibacterial activity on nine gram positive and
five gram negative bacterial strains using agar well diffusion

method [48]. The medium employed was diagnostic sensitivity
test agar (Biotech Ltd.). With the aid of a sterile 1 mL pipette,
about 0.2 mL of the broth culture of test organism was added
to 18 mL sterile molten diagnostic sensitivity test agar (Bio-

tech Ltd.) which had already cooled down to 45�C. This was
well mixed and poured into previously sterilized Petri dishes,
which had been properly labeled according to the test organ-
isms. The medium was then allowed to set. With the aid of a
sterile cork borer, the required numbers of holes were bored

into the medium. The wells were made of about 5 mm to the
edge of the plate. The wells were then filled up aseptically
with the solution of the compound in DMSO using Pasteur
pipettes. Streptomycin was used as the standard antibacterial
agent at a concentration of 1000 lg/mL. The plates were

allowed to stand for about 1 h on the bench for proper diffu-
sion of the antibacterial agents into the medium and then incu-
bated uprightly at 37�C for 24 h. Care was taken not to stock-
pile the plates. Clear zones of inhibition in millimetres indi-
cated the relative susceptibility of the bacteria to the com-

pounds (1–4e) and streptomycin standard.
Determination of MIC and MBC. The minimum inhibi-

tory concentration (MIC) was done using the method of Rus-
sell and Furr [48]. Based on the level of resistance of some

organisms and large zones of inhibition experienced in others,
minimum inhibitory concentration (MIC) was selectively done
for five gram positive and five gram negative bacterial strains.
Different concentrations (7.8 and 100.0 lg/mL) of the com-
pounds and standard were prepared using a twofold dilution

which was prepared in a sterile plate with the aid of sterile
pipette and then mixed with 18 mL of molten nutrient agar.
This was then allowed to set. The surface of the nutrient agar
plate was allowed to dry before streaking with overnight broth
cultures of the bacterial strains. The plates were then labeled

accordingly and incubated at 37�C for up to 72 h. They were
subsequently examined for the presence or absence of growth.
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The lowest concentration preventing the growth of bacteria
was taken as the minimum inhibitory concentration of the
compounds. This procedure was likewise repeated for the
streptomycin (standard).

To obtain minimum bactericidal concentration (MBC), 0.1

mL volume was taken from each tube and spread on agar
plates. The number of c.f.u was counted after 18–24 h of incu-
bation at 35�C.
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A simple and facile access to new solvatochromic maleimide-fused N-allyl- and N-alkyl-substituted
1,4-dithiines from the corresponding N-substituted succinamic acid derivatives in one-pot with oxidation
by thionyl chloride is described. The Diels–Alder reaction of these 1,4-dithiines with anthracene has
been investigated. The 1,4-dithiine derivatives react smoothly with anthracene via charge-transfer com-
plexes to form the Diels–Alder adducts in excellent yields.
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INTRODUCTION

Sulfur-containing heterocyclic compounds have held

the focus of researchers along decades of historical de-

velopment of organic synthesis. Their biological activ-

ities and unique structures allow several applications in

different parts of pharmaceutical and agrochemical

research or in material science [1].

The synthesis of 1,4-dithiines has recevied much

attention because of their biological activity, particularly

as fungicides and antibacterials [2], their application in

synthetic organic and medicinal chemistry, their struc-

tural and electronic properties, their ability to act as

electron donors [3], and the wide variety of synthetic

transformation they undergo [3]. Some derivatives of

1,4-dithiines show activities as nonpeptide antagonists

of the human Galanin hGAL-1 receptors [4], and some

1,4-dithiine-2,3,5,6-tetracarboxydiimides have been used

as anthelmintics [5]. Detailed research of 1,4-dithiines

has been limited by a lack of suitable synthetic

approaches. Some 1,4-dithiines have been known for

more than 100 years, although the correct stuctures were

assigned recently [1,6,7]. Many polycyclic 1,4-dithiine

derivatives are useful as pigments and functional materi-

als for electrooptical applications [7].

For 80 years, the Diels–Alder reaction has remained

as one of the best and most powerful methods of synthe-

sis of six-membered rings and bicyclic molecules [8].

Many factors, such as its versatility, its high regio- and

stereoselectivity, and its ability to rapidly give polyfunc-

tionality have contributed to the popularity of this reac-

tion in organic syntheses.

Anthracene and its derivatives are among the most

useful polycyclic aromatic compounds and efficient pho-

tochromic systems. In view of their fluorescent proper-

ties, they are of practical interest as sensors and markers

in biological or supramolecular systems [9]. Anthracenes

are well-known as fairly reactive dienes that easily

undergo both thermal and photochemical Diels–Alder

cycloadditions with a variety of dienophiles [10]. In the

thermal [4þ2] cycloaddition reaction mechanism, new
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sigma bonds are formed simultaneously, either by direct

addition or via intermediate charge-transfer (CT) com-

plex (electron donor-acceptor molecular complex).

Many studies have indicated the observation of transient

color that disappears as the thermal Diels–Alder reaction

proceeds. This has been shown to be due to the forma-

tion of a CT complex during the course of the reaction

[11].

Very few articles deal with the synthesis, characteri-

zation, reactions, and properties of maleimide-fused 1,4-

dithiines [7,12–15]. Hayakawa et al. [12] and Kim et al.
[13] have reported the preparation of the methyl, ethyl,

propyl, and t-butyl derivatives of maleimide-fused 1,4-

dithiine with short experimental details. The mechanistic

pathway was not suggested in these reports. Valla et al.
[14] and Zentz et al. [15] have reported the preparation

of the propyl, isopropyl, butyl, and benzyl derivatives of

maleimide-fused 1,4-dithiine with experimental details

and investigated the mechanistic pathway by using a

Pummerer rearrangement-like reaction. 1,4-Dithiines 2,

3, 4, and 5 were used as a dienophile for Diels–Alder

reactions by Hayakawa et al. [12] and Kim et al. [13]
(Fig. 1).

1,4-Dithiine 1 and its derivatives undergo thermal

elimination of sulfur to produce corresponding thiophene

derivatives [16]. Nevertheless, thermal stability of N,N0-
dimethyl-dipyrrole-fused dithiine 2 and the dianhydride

6 was observed by Draber [17], along with the forma-

tion of cycloadducts with anthracene (Fig. 1).

Draber [17] has suggested the planar structure of 2

and 6 based on strong ultraviolet absorptions at long

wavelenghts, thermal stability, and the ability to form

CT complexes. Indeed, various molecular orbital calcu-

lations have indicated 2 and 6 to be nearly planar [12].

1,4-Ditihiine 3 exhibits a planar structure that makes

easy the formation of CT crystals with anthracene in

alternate donor-acceptor stacks [13].

RESULTS AND DISCUSSION

This study describes synthesis of new solvatochromic

maleimide-fused N-allyl- and N-alkyl-substituted 1,4-

dithiines (9a–d) from succinamic acid derivatives (8a–

d) in one-pot with oxidation by thionyl chloride and

their subsequent Diels–Alder cycloaddition reactions

with anthracene.

Maleimide-fused N-allyl- and N-alkyl-substituted
1,4-dithiines. The initial study began with the reaction

between succinic anhydride 7 and the appropriate

amines to give N-substituted succinamic acid deriva-

tives. Maleimide-fused N-allyl [18] and N-alkyl 1,4-

dithiines were prepared in high yields from correspond-

ing N-substituted succinamic acid derivatives using

SOCl2 according to the earlier reported procedure (Table

1) by Michaı̈lidis et al. [19], who reported without ex-

perimental details. 1,4-Dithiines 9a–d are green and

deep green crystals, but their solutions in various sol-

vents (diethyl ether, ethanol, chloroform, acetone, and

benzene) are coloured yellow (9a in diethyl ether, etha-

nol, and acetone; 9c in ethanol), green (9a in benzene;

9c in acetone; 9d in ethanol), deep geen (9a in chloro-

form; 9c in diethyl ether and chloroform), deep blue (9c

in benzene; 9d in diethyl ether), purple (9b in acetone),

deep blue-green (9d in benzene and chloroform), deep

blue-purple (9b in benzene and chloroform; 9d in ace-

tone); thus, products 9a–d are higly solvatochromic.

Maleimide-fused N-allyl 1,4-dithiine 9a is partly soluble

in diethyl ether and ethanol, whereas 9b is insoluble in

diethyl ether and ethanol.

The conjugation of double bond with carbonyl groups

in 1,4-dithiines 9a–d leads to both the n ! p* and the

p ! p* transitions being shifted to longer wavelengths.

The absorptions are found between 300 and 310 nm for

p ! p* transition and between 378 and 389 nm for n

! p* transition in 9a–d. The n ! p* transitions are

much less intense (fi ¼ 1271–1803) than p ! p* transi-

tion (fi ¼ 1657–2439).

The reaction is straightforward and requires simple

and inexpensive starting materials. We have, thus, intro-

duced a highly efficient methodology for the synthesis

of maleimide-fused N-allyl- and N-alkyl-substituted 1,4-

dithiines. It may be widely applicable for the prepara-

tion of a variety of 1,4-dithiines.

Diels–Alder cycloaddition reactions. When anthra-

cene was allowed to react with 1,4-dithiines 9a–d in

refluxing benzene, the characteristic green, deep blue,

deep blue-green, and deep blue-purple colors of 9a–d

disappeared, and the corresponding Diels–Alder cyclo-

adducts 10a–d were obtained in 95, 89, 94, and 90%

yields, respectively (Table 1). Much longer reaction

times were needed for 9c and 9d than for the reaction

of 9a and 9b, probably, because of the increased steric

bulk. Anthracene and 9a–b in CHCl3 underwent a slow

reaction at room temperature in the dark in 2 weeks,

giving the Diels–Alder cycloadducts 10a and 10b in 99

and 94% yield, respectively. The same reaction was

Figure 1. 1,4-Dithiine and its derivatives.
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carried out using 9c and 9d under the same reaction

conditions but over a time of 4 weeks, giving 10c and

10d in 74 and 79% yield, respectively (Table 1). The

Diels–Alder cycloadducts 10a–d were bright yellow

crystals, which were reasonably soluble in dichlorome-

thane, chloroform, and ethanol. Only endo-cycloadducts
10a and 10b were obtained, while the Diels–Alder

cycloadducts 10c and 10d were shown to be a mixture

of two diastereoisomers in a 1:1 ratio as shown by inte-

gration of signals in the 1H NMR spectrum. The struc-

ture of these adducts 10a–d were determined on the ba-

sis of 1H and 13C NMR spectroscopy, mass spectros-

copy, and elemental analysis.

When anthracene and 1,4-dithiine approach each other

in the Diels–Alder reaction, the best overlap is achieved

when the reactants lie directly on top of one another, a

geometry that leads to endo- rather than exo-product.
The kinetically favorable endo-Diels–Alder cycloadduct

is formed faster (lowest activation energy), even though

the thermodynamically favorable exo-product is more

stable. Secondary orbital overlap in the transition state

between the orbitals on the carbonyl groups in the 1,4-

dithiine and the orbitals in the anthracene not directly

involved in bonding. These interactions do not lead to

bond formation, but they do lower the energy of the

transition state (Scheme 1).

The IR spectra exhibited characteristic imide bands at

1771 and 1707 cm�1 for 10a, at 1776 and 1708 cm�1

for 10b, at 1773 and 1706 cm�1 for 10c, and at 1767

and 1703 cm�1 for 10d. 1H NMR spectra showed two

N-allyl or N-alkyl proton signals for one isomer, one of

them being shifted upfield as a result of shielding effect

Table 1

Formation of 1,4-dithiines and the Diels-Alder cycloadducts.

Entry 1,4-Dithiine Yield (%) Diels-Alder cycloadduct Time Yield (%)

1 63 24 h 95[a]

2 weeks 99[b]

2 60 22 h 89[a]

2 weeks 94[b]

3 88 5 days 94[a]

4 weeks 74[b]

4 87 3 days 90[a]

4 weeks 79[b]

The Diels–Alder reaction conditions: [a]: benzene, reflux; [b]: CHCl3, rt, in the dark.
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of the anthracene ring. Characteristic absorptions of an-

thracene have disappeared, indicating destruction of the

anthracene conjugated system by the Diels–Alder cyclo-

additon. The UV–vis spectroscopic analysis of the

Diels–Alder cycloadducts 10a–d revealed the appear-

ance of new absorption bands at 405, 412, 410, and 411

nm, respectively.

In accordance with the reported early experimental

results [13], there are two pathways for the formation of

the Diels–Alder cycloadducts of 1,4-dithiines 9a–d and

anthracene (Fig. 2). The choice of these reaction path-

ways only depends on the electronic properties of dieno-

phile (1,4-dithiine) and diene (anthracene). Electron-rich

dienes (anthracene, 9-methylanthracene, 9,10-dimethy-

lanthracene) give a cycloadduct via pathway I, modestly

electron-deficient diene (9-anthracenecarboxaldehyde)

give a cycloadduct via pathway II, and no reaction

occurs to the strongly electron-deficient diene (9-nitroan-

thracene) [12]. 1,4-Dithiine derivatives 9a–d act as

strong acceptors in CT complex formation and possess

high reactivity as planar electron-rich dienes.

According to the preliminary investigation by Draber

[17], the reaction of 1,4-dithiines 9a–d with the elec-

tron-rich anthracene occurred via CT complexes, as evi-

denced by unusual color change during the reaction.

We, herein, report new 1,4-dithiine derivatives and

their Diels–Alder cycloadducts. The oxidation reaction

by thionyl chloride was succesfully applied to 8a–d,

which gave the corresponding ring-closed 1,4-dithiines

9a–d in good yields. To the best of our knowledge,

three of the synthesized 1,4-dithiines, 9a, 9c, and 9d,

and all Diels–Alder cycloadducts 10a–d are new com-

pounds. To the best of our knowledge, this method is

the first example of a one-step synthesis of maleimide-

fused N-allyl- and sterically-bulky N-alkyl-substituted
1,4-dithiines directly from succinamic acid derivatives

by thionyl chloride oxidation. This one-pot reaction con-

verts various succinamic acid derivatives to solvatochro-

mic 1,4-dithiines, which underwent the Diels–Alder

reactions with anthracene in excellent yields.

EXPERIMENTAL

The melting points were measured on an Electrothermal

9100 melting point apparatus and are uncorrected. The UV–vis
absorption spectra were determined with a Perkin Elmer
Lamda 25 spectrophotometer in chloroform solutions using 10-
mm quartz cells. The IR spectra were recorded on a One FTIR
ATR Perkin Elmer spectrometer. The 1H and 13C NMR spec-

tra were taken with a Varian NMR Gemini 300 and Bruker
400 Ultra Shield spectrometers and chemical shifts were
recorded as ppm downfield from internal tetramethylsilane.
The mass spectra were taken on a Waters ZQ Micromass LC/
MS spectrometer. Elemental analyses were performed on a

Leco 932 CHNS instrument. All chemicals were purchased
from commercial suppliers and used directly without any fur-
ther purification. Organic solvents were dried by standard
methods and were distilled before use. All the reactions were

performed under a nitrogen atmosphere. Reaction progress was
monitored by TLC on precoated aluminum-backed plates
(Merck SIL G/UV254), and chromophoric compounds were
visualised by UV light and subsequent staining with alkaline
potassium permanganate solution or iodine. Petroleum ether

refers to light petroleum (bp 40–60�C).
General procedure for the preparation of N-substituted

succinamic acids (8a–d). Reaction of succinic anhydride 7

(16 mmol) with the appropriate amine (20 mmol) in the pres-
ence of the dry appropriate solvent (10 mL, THF, MeCN, ace-

tone, or 1,4-dioxane) at room temperature with stirring for a
few hours generated the corresponding N-substituted succi-
namic acids 8a–d. After the reaction was completed, the sol-
vent was removed under reduced pressure and recrystallized
from the appropriate solvent (Et2O, 1,4-dioxane, or water).

4-Oxo-4-(prop-2-enylamino)butanoic acid (8a). White crys-
tals; 70% yield (1.76 g); mp 93–94�C; IR-ATR (mmax, cm

�1):
3500–2600, 3302, 1690, 1639, 1618, 1544; 1H NMR (400
MHz, DMSO-d6): 2.54 (t, J ¼ 6.9 Hz, 2H, CH2CONH), 2.72

(t, J ¼ 6.9 Hz, 2H, CH2COOH), 3.90 (m, 2H, CONHCH2),
5.20–5.15 (skew dq, 2H, CH¼¼CH2), 5.80 (m, 1H, CH¼¼CH2),

Figure 2. Pathway I: The cycloaddition via CT complex, pathway II:

Direct cycloaddition.

Scheme 1. Formation of the endo-Diels–Alder cycloadduct.
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5.97–6.34 (br s, 1H, NH), 7.34–10.45 (br s, 1H, OH); 13C
NMR (100 MHz, DMSO-d6): 29.70 (CH2CONH), 30.64
(CH2COOH), 41.55 (CONHCH2), 115.37 (CH¼¼CH2), 135.04
(CH¼¼CH2), 171.63 (CONH), 174.35 (COOH); MS (ESIþ): m/
z (%): 158 (44, [M þ H]þ), 152 (14), 140 (100); Anal. Calcd.

for C7H11NO3: C, 53.49; H, 7.05; N, 8.91. Found: C, 53.55;
H, 7.19; N, 8.94.

4-Oxo-4-(phenylmethylamino)butanoic acid (8b). White
crystals; 83% yield (2.75 g); mp 132–133�C (lit. [20] mp
137.7–138.2�C; lit. [14,15] mp 144�C ); IR-ATR (mmax, cm

�1):

3300–2500, 3296, 1689, 1639, 1540; 1H NMR (400 MHz,
DMSO-d6): 2.61 (m, 2H, CH2), 2.46 (m, 2H, CH2), 3.4 (br s,
1H, NH), 4.36 (d, J ¼ 5.71 Hz, 2H, CH2NH), 6.02 (br s, 1H,
OH), 7.3–7.2 (m, 5H, Ar); 13C NMR (100 MHz, CDCl3):
30.17 (CH2), 31.03 (CH2), 43.84 (CH2), 127.78 (CH), 128.71

(CH), 128.84 (CH), 137.77 (Q), 172.43 (CONH), 174.66
(COOH); MS (ESI�): m/z (%): 206 (100, [M � H]�); MS
(ESIþ): m/z (%): 208 (35, [M þ H]þ), 230 (100, [M þ Na]þ).

4-[(6-Methylheptan-2-yl)amino]-4-oxobutanoic acid (8c). White

crystals; 93% yield (3.40 g); mp 79–80�C; IR-ATR (mmax,
cm�1): 3200–2500, 3287, 1714, 1648, 1550; 1H NMR (300
MHz, CDCl3): 0.84 (d, J ¼ 6.44 Hz, 6H, CH3), 1.09 (d, J ¼
6.44 Hz, 3H, CH3), 1.10–1.16 (m, 1H, CH), 1.2–1.3 (m, 2H,
CH2), 1.38–1.42 (m, 2H, CH2), 1.44–1.53 (m, 2H, CH2), 2.49

(skew t, 2H, CH2), 2.67 (skew t, 2H, CH2), 3.30–3.95 (m, 1H,
CH), 5.95 (d, J ¼ 8.5 Hz, 1H, NH); 13C NMR (75.5 MHz,
CDCl3): 20.96 (CH3), 22.78 (CH3), 22.81 (CH3), 23.99 (CH2),
28.07 (CH), 30.29 (CH2), 31.12 (CH2), 37.16 (CH2), 38.92
(CH2), 45.99 (CH), 172 (CONH), 176.81 (COOH); MS

(ESI�): m/z (%): 228 (100, [M � H]�); MS (ESIþ): m/z (%):
230 (100, [M þ H]þ), 252 (98, [M þ Na]þ); Anal. Calcd. for
C12H23NO3: C, 62.85; H, 10.11; N, 6.11. Found: C, 62.59; H,
9.71; N, 6.30.

4-[(2-Ethylhexyl)amino]-4-oxobutanoic acid (8d). White crys-

tals; 80% yield (2.92 g); mp 65–67�C; IR-ATR (mmax, cm
�1):

3310–2500, 3318, 1691, 1631, 1544; 1H NMR (300 MHz,
CDCl3): 0.85–0.88 (m, 6H, CH3), 1.22–1.32 (m, 8H, CH2),
1.35–1.45 (m, 1H, CH), 2.5 (skew t, 2H, CH2), 2.66 (skew t,

2H, CH2), 3.16 (dt, J ¼ 1.46, 4.7 Hz, 2H, CH2), 6.00 (br s,
1H, NH); 13C NMR (75.5 MHz, CDCl3): 11.01 (CH3), 14.29
(CH3), 23.20 (CH2), 24.30 (CH2), 29.01 (CH2), 30.20 (CH2),
31.01 (CH2), 31.09 (CH2), 39.40 (CH), 42.87 (CH2), 172.75
(CONH), 176.89 (COOH); MS (ESI�): m/z (%): 228 (100, [M

� H]�); MS (ESIþ): m/z (%): 230 (95, [M þ H]þ), 252 (100,
[M þ Na]þ); Anal. Calcd. for C12H23NO3: C, 62.85; H, 10.11;
N, 6.11. Found: C, 62.50; H, 9.81; N, 6.45.

General procedure for the preparation of maleimide-fused

N-allyl- and N-alkyl-substituted 1,4-dithiines (9a–d). To a solu-

tion of N-substituted succinamic acid 8a–d (3.82 mmol) in dry
1,4-dioxane (10 mL) was added dropwise a solution of thionyl
chloride (30.56 mmol) in dry 1,4 dioxane (2 mL) at room
temperature with stirring. The solution was heated at 50�C for
6 h. After the reaction was completed, the solution was con-

centrated in vacuo, column chromatography of the residue
over silica eluting with petroleum ether-EtOAc (9:1) furnished
9a–d.

The same reactions of 8a–d were conducted at room tem-

perature with stirring overnight.
2,6-Di(prop-2-en-1-yl)-1H,5H-[1,4]dithiino[2,3-c:5,6-c0]dipyrrole-

1,3,5,7(2H,6H)-tetrone (9a). Dark green crystals; 63% yield
(400 mg); mp 225–227�C; UV (CHCl3) kmax : 300 nm sh (fi

1657), 378 (1271), 600 (29); IR-ATR (mmax, cm�1): 1777,
1710, 1661, 1566; 1H NMR (400 MHz, DMSO-d6): 4.02
(skew dt, 4H, CH2CH¼¼CH2), 5.17 (dt, J ¼ 1.22, 18.6 Hz, 4H,
CH¼¼CH2), 5.80 (m, 2H, CH¼¼CH2);

13C NMR (100 MHz,
DMSO-d6): 40.86 (CH2CH¼¼CH2), 117.30 (CH¼¼CH2), 131.08

(CH¼¼CH2), 132.20 (Q), 164.39 (CO); MS (API�): m/z (%):
334 (100, [Mþ]); Anal. Calcd. for C14H10N2O4S2�1.07H2O: C,
47.55; H, 3.46; N, 7.92; S, 18.18. Found: C, 47.42; H, 3.21;
N, 7.52; S, 18.16.

2,6-Dibenzyl-1H,5H-[1,4]dithiino[2,3-c:5,6-c0]dipyrrole-1,3,5,
7(2H,6H)-tetrone (9b). Dark green pellets; 60% yield (500
mg); mp 216–218�C (lit. [14,15] mp 224�C); UV (CHCl3)
kmax: 301 nm sh (fi 1980), 387 (1300), 594 (40); IR-ATR
(mmax, cm

�1): 1775, 1707, 1693, 1596; 1H NMR (400 MHz,
DMSO-d6): 4.6 (s, 4H, CH2), 7.34–7.45 (m, 10H, Ar); 13C

NMR (100 MHz, DMSO-d6): 42.53 (CH2), 128.36 (CH),
128.67 (CH), 128.88 (CH), 131.65 (Q), 135.03 (Q), 163.66
(CO); MS (API�): m/z (%): 434 (100, [Mþ]).

2,6-Di(6-methylheptan-2-yl)-1H,5H-[1,4]dithiino[2,3-c:5,6-
c0]dipyrrole-1,3,5,7(2H,6H)-tetrone (9c). Green solid; 88%
yield (800 mg); mp 99–100�C; UV (CHCl3) kmax: 310 nm sh
(fi 1955), 388 (1636), 595 (45); IR-ATR (mmax, cm

�1): 1771,
1692, 1573; 1H NMR (400 MHz, CDCl3): 0.77 (d, J ¼ 6.6
Hz, 6H, CH3), 0.79 (d, J ¼ 6.6 Hz, 6H, CH3), 1.07–1.13 (m,

8H, CH2), 1.26 (d, J ¼ 6.93 Hz, 6H, CH3), 1.41–1.53 (m, 4H,
CH2), 1.73–1.79 (m, 2H, CH), 3.84–4.19 (m, 2H, CH); 13C
NMR (100 MHz, CDCl3): 18.54 (CH3), 22.45 (CH3), 22.61
(CH3), 24.39 (CH2), 27.75 (CH), 33.81 (CH2), 38.32 (CH2),
48.89 (CH), 131.35 (Q), 164.21 (CO); MS (API�): m/z (%):

478 (100, [Mþ]); Anal. Calcd. for C24H34N2O4S2�0.8H2O: C,
58.46; H, 7.28; N, 5.68; S, 13.00. Found: C, 58.15; H, 7.19;
N, 5.62; S,12.87.

2,6-Di(2-ethylhexyl)-1H,5H-[1,4]dithiino[2,3-c:5,6-c0]dipyrrole-
1,3,5,7(2H,6H)-tetrone (9d). Dark green solid; 87% yield (790

mg); mp 57–58�C; UV (CHCl3) kmax: 310 nm sh (fi 2439),
389 (1803), 601 (45); IR-ATR (mmax, cm�1): 1776, 1703,
1571; 1H NMR (400 MHz, CDCl3): 0.78–0.84 (skew t, 12H,
CH3), 1.10–1.22 (m, 16H, CH2) 1.60 (m, 2H, CH), 3.30 (d, J
¼ 7.12 Hz, 4H, CH2);

13C NMR (100 MHz, CDCl3): 10.23
(CH3), 14.03 (CH3), 22.93 (CH2), 23.65 (CH2), 28.37 (CH2),
30.30 (CH2), 38.19 (CH), 42.79 (CH2), 131.42 (Q), 164.42
(CO); MS (API�): m/z (%): 478 (100, [Mþ]); Anal. Calcd. for
C24H34N2O4S2�0.4H2O: C, 59.33; H, 7.22; N, 5.77; S, 13.20.

Found: C, 59.04; H, 6.89; N, 5.84, S, 13.20.
General procedure for the Diels–Alder cycloadditions

(10a–d). To a solution of anthracene (0.49 mmol) in benzene
(15 mL) was added 1,4-dithiines 9a–d (0.45 mmol), and the
reaction mixture was refluxed until the green, deep blue, deep

blue-green, and deep blue-purple colors of 9a–d faded away,
indicating the complete consumption of 9a–d. The solution
was concentrated in vacuo, purification by column chromatog-
raphy on silica, eluting with petroleum ether-EtOAc (9:1) gave
the corresponding endo-cycloadducts 10a and 10b and a 1:1

mixture of diastereoisomers of 10c and 10d.
The same reactions of 9a–d were conducted at room tem-

perature in CHCl3 and in the dark for 2 and 4 weeks.
5,10-Dihydro-2,13-di(prop-2-en-1-yl)-5,10[10,20]-benzeno-4a,10a-

(methaniminomethano)-1H-naphtho[20,30:5,6][1,4]dithiino[2,3-
c]pyrrole-1,3,12,14(2H)-tetrone (10a). Bright yellow solid;
95% yield (218 mg); mp 258–260�C (melts with dec.); UV
(CHCl3) kmax: 292 nm sh (fi 2060), 405 (440); IR-ATR (mmax,
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cm�1): 1771, 1707, 1650, 1579; 1H NMR (400 MHz, CDCl3):
3.76 (d, J ¼ 3.7 Hz, 2H, CH2), 3.88 (d, J ¼ 3.7 Hz, 2H, CH2),
4.68 (s, 2H, CH), 4.80–4.85 (m, 2H), 5.12–5.15 (m, 2H, CH),
5.60–5.75 (m, 2H, CH), 7.03–7.05 (m, 2H, Ar), 7.08–7.10 (m,
2H, Ar), 7.20–7.23 (m, 2H, Ar), 7.26–7.29 (m, 2H, Ar); 13C

NMR (100 MHz, CDCl3): 40.60, 41.76, 55.84, 68.80, 118.64,
119.43, 125.76, 127.22, 127.88, 128.04, 128.79, 131.11,
136.99, 137.50, 137.66, 164.14, 172.57; MS (APIþ): m/z (%):
513 (38, [M þ H]þ); Anal. Calcd. for C28H20N2O4S2�1.7H2O:
C, 61.91; H, 4.34; N, 5.16; S, 11.81. Found: C, 61.54; H, 4.67;

N, 5.29; S,12.20.
5,10-Dihydro-2,13-dibenzyl-5,10[10,20]-benzeno-4a,10a-(methani-

minomethano)-1H-naphtho[20,30:5,6][1,4]dithiino[2,3-c]pyrrole-
1,3,12,14(2H)-tetrone (10b). Bright yellow crystals; 89% yield
(244 mg); mp 278–280�C (melts with dec.); UV (CHCl3)

kmax: 290 nm sh (fi 2583), 412 (569); IR-ATR (mmax, cm
�1):

1776, 1708, 1581; 1H NMR (400 MHz, CDCl3): 4.33 (s, 2H,
CH), 4.42 (s, 2H, CH2), 4.6 (s, 2H, CH2), 6.50–6.54 (m, 2H,
Ar), 6.79–6.81 (m, 4H, Ar), 7.02–7.09 (m, 7H, Ar), 7.25–7.35

(m, 5H, Ar); 13C NMR (100 MHz, CDCl3): 42.10, 43.43,
55.67, 68.87, 125.32, 126.93, 127.66, 127.93, 127.99, 128.22,
128.44, 128.60, 128.64, 129.46, 133.63, 135.42, 136.77,
137.11, 137.40, 164.24, 172.75; MS (APIþ): m/z (%): 613 (85,
[M þ H]þ); Anal. Calcd. for C36H24N2O4S2: C, 70.57; H,

3.95; N, 4.57; S, 10.47. Found: C, 70.69; H, 3.96; N, 4.55; S,
10.02.

5,10-Dihydro-2,13-di(6-methylheptan-2-yl)-5,10[10,20]-benzeno-
4a,10a-(methaniminomethano)-1H-naphtho[20,30:5,6][1,4]
dithiino[2,3-c]pyrrole-1,3,12,14(2H)-tetrone (10c). Yellow oil

slowly crystallized to bright yellow crystals; 94% yield (277
mg); mp 99–101�C; UV (CHCl3) kmax: 284 nm sh (fi 1895),
410 (313); IR-ATR (mmax, cm

�1): 1773, 1706, 1580; 1H NMR
(400 MHz, CDCl3): 0.71 (d, J ¼ 6.5 Hz, 6H, CH3), 0.73 (d, J
¼ 6.7 Hz, 6H, CH3), 0.76 (d, J ¼ 6.6 Hz, 6H, CH3), 0.77 (d, J
¼ 6.6 Hz, 6H, CH3), 0.94–0.97 (m, 8H, CH2), 1.03–1.08 (m,
8H, CH2), 1.20 (d, J ¼ 6.9 Hz, 12 H, CH3), 1.33–1.44 (m, 8H,
CH2), 1.63–1.68 (m, 4H, CH), 3.75–3.84 (m, 2H, CH), 3.86–
3.95 (m, 2H, CH), 4.67 (s, 4H, CH), 7.04–7.06 (m, 4H, Ar),

7.08–7.11 (m, 4H, Ar), 7.22–7.24 (m, 4H, Ar), 7.28–7.30 (m,
4H, Ar); 13C NMR (100 MHz, CDCl3): 16.85, 18.29, 22.49,
22.57, 23.89, 24.43, 25.52, 27.74, 29.70, 30.94, 32.31, 33.91,
38.17, 38.45, 48.22, 49.33, 55.89, 55.91, 67.94, 67.96, 125.73,
125.79, 126.98, 127.25, 127.87, 127.90, 134.14, 135.98,

136.28, 137.64, 137.67, 137.91, 137.93, 164.68, 164.74,
173.23, 173.33; MS (APIþ): m/z (%): 657 (100, [M þ H]þ);
Anal. Calcd. for C38H44N2O4S2: C, 69.48; H, 6.75; N, 4.26; S,
9.76. Found: C, 69.22; H, 6.58; N, 3.88; S, 9.55.

5,10-Dihydro-2,13-di(2-ethylhexyl)-5,10[10,20]-benzeno-4a,10a-
(methaniminomethano)-1H-naphtho[20,30:5,6][1,4]dithiino[2,3-
c]pyrrole-1,3,12,14(2H)-tetrone (10d). Bright yellow crystals;
90% yield (265 mg); mp 188–189�C; UV (CHCl3) kmax: 288
nm sh (fi 4328), 411 (852); IR-ATR (mmax, cm�1): 1767,
1703, 1581; 1H NMR (400 MHz, CDCl3): 0.62–0.66 (t, J ¼ 7

Hz, 6H, CH3), 0.77–0.84 (m, 18H, CH3), 1.06–1.21 (m, 24H,
CH2), 1.48 (m, 4H, CH), 3.07 (d, J ¼ 6.97 Hz, 4H, CH2), 3.16
(d, J ¼ 6.97 Hz, 4H, CH2), 4.68 (s, 4H, CH), 7.03 (m, 4H,

Ar), 7.09 (m, 4H, Ar), 7.22 (m, 4H, Ar), 7.27 (m, 4H, Ar);
13C NMR (100 MHz, CDCl3): 10.31,10.34, 14.03, 14.09,
22.88, 23.01, 23.33, 23.64, 28.03, 28.41, 30.02, 30.30, 37.55,
38.47, 42.23, 43.75, 55.64, 68.54, 68.60, 125.63, 125.68,
127.11, 127.14, 127.49, 127.54, 128.04, 128.06, 136.50,

136.52, 136.57, 137.76, 137.77, 137.79, 165.04, 173.47,
173.49; MS (APIþ): m/z (%): 657 (38, [M þ H]þ); Anal.
Calcd. for C38H44N2O4S2�0.4H2O: C, 68.79; H, 6.81; N, 4.22;
S, 9.66. Found: C, 68.39; H, 6.46; N, 4.26; S, 9.40.
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[16] Hayakawa, K.; Mibu, N.; Ōsawa, E.; Kanematsu, K. J Am

Chem Soc 1982, 104, 7136, and references therein.

[17] Draber, W. Chem Ber 1967, 100, 1559.

[18] Gülten, S. Drugs Fut 2007, 32(Suppl A), 14.

[19] Michaı̈lidis, A.; Giraud, M.; Molho, D. In Organic Sulphur

Chemistry; Stirling, C. J., Ed.; Butterworths: London, 1975; p 466.

[20] Pressman, D.; Bryden, J. H.; Pauling, L. J. Am Chem Soc

1948, 70, 1352.

January 2010 193The Synthesis and Characterization of Solvatochromic Maleimide-Fused

N-Allyl- and N-Alkyl-Substituted 1,4-Dithiines and Diels–Alder Reactions with Anthracene

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



Glycine-Catalyzed Easy and Efficient One-Pot Synthesis of
Polyhydroquinolines Through Hantzsch Multicomponent

Condensation under Controlled Microwave

Satish Kumar Singh and Krishna Nand Singh*

Department of Chemistry, Banaras Hindu University, Varanasi-221005, India

*E-mail: knsinghbhu@yahoo.co.in

Received September 19, 2009

DOI 10.1002/jhet.308

Published online 8 January 2010 in Wiley InterScience (www.interscience.wiley.com).

Glycine, a novel heterogeneous organocatalyst, is found to be highly effective for the synthesis of
polyhydroquinoline derivatives in a one-pot multicomponent reaction via Hantzsch condensation under
controlled microwave (MW) irradiation. The combination of glycine and MW has promising features

for the reaction response, such as the shortest reaction time, excellent product yields, and simple work-
up of the products.

J. Heterocyclic Chem., 47, 194 (2010).

INTRODUCTION

Microwave (MW) irradiation has evolved as a power-

ful method to perform organic synthesis with great suc-

cess, particularly in the light of the current paradigm

shift to ‘‘green chemistry.’’ It provides chemical proc-

esses with special attributes, such as enhanced reaction

rates, higher yields of pure products, better selectivity,

improved ease of manipulation, rapid optimization of

reactions, and several eco-friendly advantages [1]. An

important way to improve synthetic efficiency and to

give access to a multitude of diversified molecules from

simple building blocks is the development of multicom-

ponent synthesis. Multicomponent reactions (MCRs)

have recently taken a new dimension in organic synthe-

sis, as they comply well with the requirements for ideal

organic syntheses [2,3]. According to the current syn-

thetic and environmental requirements, MCRs using

MW methodology are of great interest.

Polyhydroquinoline derivatives have a great deal of

importance because of their diverse medicinal applica-

tions, which include calcium channel activity, vasodila-

tors, bronchodilators, antiatherosclerotics, hepatoprotec-

tive, antidiabetic, antihypertensive, neuroprotectant, pla-

telet antiaggregatory activity, cerebral antischemic activ-

ity, and chemosensitizer activity [4–10]. Owing to the

remarkable potential of these compounds as a source of

valuable drugs, various methods have been reported

using conditions such as conventional heating [11], solar

thermal energy [12], ionic liquid [13], TMSCl-NaI [14],

metal triflates [15], grinding [16], Hy-Zeolite [17],

montmorillonite K-10 [18], cerium(IV) ammonium ni-

trate [19], iron(III) trifluoroacetate [20], HClO4-SiO2

[21], heteropoly acid [22], molecular iodine [23], PTSA

[24], L-proline and derivatives [25], nickel [26], poly-

mers [27], and Baker’s yeast [28]. Most of these proc-

esses, however, suffer from one or other drawbacks such

as longer reaction time, lower product yield, harsh con-

ditions, high costs, and use of hazardous catalysts. As a

result, an eco-safe and efficient alternative method for

the preparation of polyhydroquinoline is highly desira-

ble. As there is no report on the use of glycine as an

organocatalyst in the Hantzsch condensation, we wish to

demonstrate the catalytic activity of this organocatalyst

in the synthesis of polyhydroquinolines.

RESULTS AND DISCUSSION

We report herein a benign, rapid, and efficient four-

component, one-pot synthesis of polyhydroquinolines in

excellent yields using aromatic aldehydes, dimedone,

ethyl acetoacetate, and ammonium acetate in the pres-

ence of catalytic amount of glycine (10 mol %) in ace-

tonitrile under monomode MW irradiation (Scheme 1).

To optimize the synthesis, a typical four-component

reaction of benzaldehyde 1a, dimedone 2, ethyl acetoac-

etate 3, and ammonium acetate 4 was undertaken using

VC 2010 HeteroCorporation

194 Vol 47



a catalytic amount of different amino acids such as L-

alanine, L-valine, and glycine in different solvents such

as acetonitrile, ethanol, and water under varying reac-

tion conditions to obtain the corresponding polyhydro-

quinoline derivative 5a (Table 1). Consistent with

Table 1, the optimum yield (95%) of product 5a was

obtained in the presence of catalytic amount of glycine

(10 mol %) in solvent acetonitrile (entry 6) in 1 min

under single-mode MW heating (180 W, 80�C).
Decreasing the catalyst levels, MW power or tempera-

ture reduced the product yield considerably (Table 1;

Entries 13, 16, and 17). An increase in the molar pro-

portion of catalyst, MW power, and temperature did

not bring about any further increase in the product

yield, rather, a bit diminution was observed (Table 1;

entries 14, 15, 18, and 19). It is assumed that the

acidic hydrogen of carboxylic function and the small

size of glycine play a key role in the catalysis of the

reaction. Under the optimized set of reaction conditions

(entry 6), a number of aromatic aldehydes 1 were

allowed to undergo MCR with 2, 3, and 4 in a molar

ratio of 1:1:1:1.2 in the presence of glycine (10 mol

%) in acetonitrile under MW (180 W, 80�C) heating.

The results are given in Table 2. All the electron-rich

and electron-deficient aldehydes worked well leading to

excellent yields of products.

After completion of the reaction, the resulting precipi-

tate was filtered and recrystallized from methanol to

yield pure substituted polyhydroquinolines 5a–5n. All

the products were crystalline and fully characterized on

the basis of their melting points, elemental analyses, and

spectral data (IR, 1H-NMR, and 13C-NMR).

Scheme 1

Table 1

Optimization of reaction conditions for the multicomponent synthesis of 4a.

Entry Catalysta Solvent

Reaction conditions

Room temperature Reflux Microwaveb

Time (h) Yield (%) Time (min) Yield (%) Time (min) Yield (%)

1 – Water 3.0 14 60 28 5 46

2 – Ethanol 3.0 15 60 29 5 50

3 – MeCN 3.0 15 60 32 5 54

4 Glycine Water 1.0 54 30 61 1 75

5 Glycine Ethanol 1.0 57 20 68 1 84

6 Glycine MeCN 1.0 64 20 86 1 95

7 L-Alanine Water 1.0 42 20 51 1 63

8 L-Alanine Ethanol 1.0 46 20 58 1 72

9 L-Alanine MeCN 1.0 52 20 66 1 78

10 L-Valine Water 1.0 46 20 57 1 70

11 L-Valine Ethanol 1.0 50 20 61 1 78

12 L-Valine MeCN 1.0 56 20 72 1 86

13 Glycine MeCN 1.0 57 30 79 3 87

14 Glycine MeCN 1.0 64 30 84 2 95

15 Glycine MeCN 1.0 63 30 80 2 93

16 Glycine MeCN – – – – 3 89

17 Glycine MeCN – – – – 3 88

18 Glycine MeCN – – – – 2 93

19 Glycine MeCN – – – – 2 95

a Catalyst concentration 10 mol % except for entries 13 (5 mol %), 14 (15 mol %), and 15 (20 mol %).
bMicrowave heating performed on 180 W power and 80�C temperature except for entries 16 (120 W, 80�C), 17 (180 W, 50�C), 18 (250 W,

80�C), and 19 (180 W, 100�C).
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CONCLUSIONS

In conclusion, the present MW irradiation procedure

provides an easy and efficient access to polyhydroquino-

lines via Hantzsch condensation using glycine as an

organocatalyst. The mildness of the conversion, experi-

mental simplicity, compatibility with various functional

groups, excellent product yield, shorter reaction time,

and the easy work-up procedure make this approach

more attractive in synthesizing a variety of such

derivatives.

EXPERIMENTAL

All the chemicals were procured from Aldrich, USA and E.

Merck, Germany and were purified before use. IR spectra were
recorded on a JASCO FT/IR-5300 spectrophotometer. NMR
spectra were run on a JEOL AL300 FTNMR spectrometer;
chemical shifts are given in d ppm, relative to TMS as an in-
ternal standard. Elemental microanalysis was performed on

Exeter Analytical Model CE-440 CHN analyzer. Melting
points were measured in open capillaries and are uncorrected.
The MW irradiation was effected using the CEM’s Discover
Bench Mate (magnetron frequency 2455 MHz) single-mode
MW synthesis system using safe pressure regulation 10-mL

pressurized vials with ‘‘snap-on’’ cap.
General procedure for the synthesis of polyhydroquino-

lines 5. A mixture of aldehyde 1 (1 mmol), dimedone 2 (1
mmol), ethyl acetoacetate 3 (1 mmol), ammonium acetate 4

(1.2 mmol), glycine (10 mol %), and acetonitrile (1 mL) was

placed in a sealed pressure regulation 10-mL pressurized vial
with ‘‘snap-on’’ cap and was irradiated in the single-mode
MW synthesis system at 180 W power and 80�C temperature
for 1–3 min. After completion of reaction (TLC), the mixture

was cooled and the resulting product was washed with cold
water to remove any unreacted ammonium acetate. The crude

product was finally recrystallized from methanol to afford the
pure products 5a–5n.

Ethyl 2,7,7-trimethyl-5-oxo-4-phenyl-1,4,5,6,7,8-hexahydro-
quinoline-3-carboxylate (5a). IR (KBr): 3289, 3080, 2961,
1699, 1612 cm�1; 1H-NMR (300 MHz, CDCl3): d ¼ 7.26–
7.31 (m, 2H), 7.17–7.22 (m, 2H), 7.07–7.11 (m, 1H), 5.85 (s,
1H), 5.05 (s, 1H), 4.05 (q, J ¼ 7.2 Hz, 2H), 2.38 (s, 3H),
2.18–2.31 (m, 4H), 1.19 (t, J ¼ 7.2 Hz, 3H), 1.08 (s, 3H),

0.94 (s, 3H); 13C-NMR (75 MHz, CDCl3): d ¼ 195.70,
167.47, 148.72, 147.05, 143.67, 127.96, 127.83, 125.98,
111.92, 105.93, 59.78, 50.72, 40.85, 36.55, 32.64, 29.41,
27.08, 19.24, 14.17; Anal. Calcd. for C21H25NO3: C, 74.31; H,
7.42; N, 4.13; Found: C, 74.23; H, 7.48; N, 4.19.

Ethyl 4-(4-methylphenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5b). IR (KBr): 3276,
3078, 2960, 1702, 1646 cm�1; 1H-NMR (300 MHz, CDCl3): d
¼ 7.16 (d, J ¼ 8.4 Hz, 2H), 7.03 (d, J ¼ 8.4 Hz, 2H), 5.69 (s,

1H), 5.07 (s, 1H), 4.09 (q, J ¼ 7.2 Hz, 2H), 2.37 (s, 3H), 2.32
(s, 3H), 2.16–2.29 (m, 4H), 1.23 (t, J ¼ 7.2 Hz, 3H), 1.06 (s,
3H), 0.95 (s, 3H); 13C-NMR (75 MHz, CDCl3): d ¼ 195.68,
167.39, 148.74, 146.95, 143.71, 127.97, 127.83, 126.07,
112.01, 105.98, 59.83, 50.77, 40.92, 36.59, 32.73, 29.45,

27.06, 19.81, 19.23, 14.16; Anal. Calcd. for C22H27NO3: C,
74.76; H, 7.70; N, 3.96; Found: C, 74.85; H, 7.66; N, 3.90.

Ethyl 4-(4-methoxyphenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5c). IR (KBr): 3279, 3079,
2959, 1702, 1646 cm�1; 1H-NMR (300 MHz, CDCl3): d ¼
7.21 (d, J ¼ 8.4 Hz, 2H), 6.73 (d, J ¼ 8.4 Hz, 2H), 5.75 (s,
1H), 4.99 (s, 1H), 4.06 (q, J ¼ 7.2 Hz, 2H), 3.74 (s, 3H), 2.37
(s, 3H), 2.17–2.30 (m, 4H), 1.20 (t, J ¼ 7.2 Hz, 3H), 1.07 (s,
3H), 0.94 (s, 3H); 13C-NMR (75 MHz, CDCl3): d ¼ 195.65,
167.51, 157.72, 148.18, 143.21, 139.60, 128.91, 113.20,

112.21, 106.24, 59.75, 55.08, 50.73, 40.95, 35.67, 32.64,
29.41, 27.13, 19.31, 14.21; Anal. Calcd. for C22H27NO4: C,
71.52; H, 7.37; N, 3.79; Found: C, 71.61; H, 7.40; N, 3.70.

Ethyl 4-(4-chlorophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5d). IR (KBr): 3274, 3206,
3085, 2938, 1705, 1606 cm�1; 1H-NMR (300 MHz, CDCl3):

Table 2

Glycine-catalyzed Hantzsch condensation to polyhydroquinoline derivatives.a

Product Ar Time (min) Yieldb (%)

Mp (�C)

Obs Lit

5a C6H5 1 95 203–205 202–204 [15(a)]

5b 4-CH3C6H4 1 96 259–260 260–261 [15(a)]

5c 4-CH3OC6H4 1 98 256–257 257–259 [15(a)]

5d 4-ClC6H4 2 97 246–248 245–246 [21]

5e 3-ClC6H4 2 94 192–193 –

5f 4-BrC6H4 2 96 254–256 253–255 [15(a)]

5g 3-BrC6H4 2 93 235–237 234–236 [16]

5h 4-FC6H4 2 95 184–186 184–186 [15(a)]

5i 4-NO2C6H4 3 93 243–245 243–244 [21]

5j 3-NO2C6H4 3 91 176–177 178–179 [21]

5k 4-OH-3-CH3OC6H3 2 94 211–213 211–212 [21]

5l 4-(CH3)2NC6H4 2 95 232–233 229–231 [15(a)]

5m 2-Furyl 2 90 247–249 246–248 [15(a)]

5n 2,4-Cl2C6H3 2 94 243–245 242–244 [21]

aMicrowave heating performed on 180 W power and 80�C temperature.
b Isolated yield.
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d ¼ 7.14–7.23 (m, 2H), 7.05–7.11 (m, 2H), 5.77 (s, 1H), 5.02
(s, 1H), 4.05 (q, J ¼ 7.2 Hz, 2H), 2.41 (s, 3H), 2.16–2.37 (m,
4H), 1.19 (t, J ¼ 7.2 Hz, 3H), 1.08 (s, 3H), 0.94 (s, 3H); 13C-
NMR (75 MHz, CDCl3): d ¼ 195.64, 167.31, 149.20, 144.53,
133.55, 129.11, 128.08, 126.23, 111.14, 105.12, 59.79, 50.67,

40.64, 36.58, 32.59, 29.34, 27.01, 19.06, 14.13; Anal. Calcd.
for C21H24ClNO3: C, 67.46; H, 6.47; N, 3.75; Found: C,
67.34; H, 6.52; N, 3.78.

Ethyl 4-(3-chlorophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5e). IR (KBr): 3274,

3202, 3074, 2934, 1704, 1605 cm�1; 1H-NMR (300 MHz,
CDCl3): d ¼ 7.08–7.24 (m, 4H), 5.78 (s, 1H), 5.03 (s, 1H),
4.06 (q, J ¼ 7.2 Hz, 2H), 2.43 (s, 3H), 2.19–2.39 (m, 4H),
1.20 (t, J ¼ 7.2 Hz, 3H), 1.09 (s, 3H), 0.95 (s, 3H); 13C-NMR
(75 MHz, CDCl3): d ¼ 195.66, 167.25, 149.28, 144.41,

133.53, 129.10, 128.05, 126.19, 111.11, 105.10, 59.78, 50.64,
40.61, 36.57, 32.55, 29.31, 27.04, 19.05, 14.13; Anal. Calcd.
for C21H24ClNO3: C, 67.46; H, 6.47; N, 3.75; Found: C,
67.51; H, 6.44; N, 3.70.

Ethyl 4-(4-bromophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5f). IR (KBr): 3274, 3205,
3072, 2955, 1702, 1604 cm�1; 1H-NMR (300 MHz, CDCl3): d
¼ 7.18–7.23 (m, 2H), 7.02–7.08 (m, 2H), 6.56 (s, 1H), 5.03 (s,
1H), 4.02–4.11 (m, 2H), 2.34 (s, 3H), 2.12–2.28 (m, 4H), 1.22

(t, J ¼ 7.2 Hz, 3H), 1.08 (s, 3H), 0.95 (s, 3H); 13C-NMR (75
MHz, CDCl3): d ¼ 195.38, 167.76, 148.87, 145.69, 143.71,
131.03, 129.73, 111.14, 106.05, 59.79, 50.67, 40.64, 36.28,
32.59, 29.34, 27.01, 19.16, 14.15; Anal. Calcd. for
C21H24BrNO3: C, 60.29; H, 5.78; N, 3.35; Found: C, 60.42; H,

5.71; N, 3.29.
Ethyl 4-(3-bromophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-

hexahydroquinoline-3-carboxylate (5g). IR (KBr): 3275, 3204,
3074, 2957, 1703, 1605 cm�1; 1H-NMR (300 MHz, CDCl3): d
¼ 7.40 (s, 1H), 7.21–7.26 (m, 2H), 7.04–7.09 (m, 1H), 6.60 (s,

1H), 5.02 (s, 1H), 4.02–4.12 (m, 2H), 2.35 (s, 3H), 2.13–2.29
(m, 4H), 1.21 (t, J ¼ 7.2 Hz, 3H), 1.07 (s, 3H), 0.95 (s, 3H);
13C-NMR (75 MHz, CDCl3): d ¼ 195.56, 167.16, 149.08,
144.00, 131.04, 129.25, 126.87, 122.02, 111.42, 105.43, 59.90,

50.67, 40.89, 36.63, 32.69, 29.36, 27.13, 19.31, 14.17; Anal.
Calcd. for C21H24BrNO3: C, 60.29; H, 5.78; N, 3.35; Found:
C, 60.20; H, 5.83; N, 3.42.

Ethyl 4-(4-fluorophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5h). IR (KBr): 3287, 3209,

2960, 1697, 1615 cm�1; 1H-NMR (300 MHz, CDCl3): d ¼
7.21–7.26 (m, 2H), 6.89–7.03 (m, 2H), 5.69 (s, 1H), 5.11 (s,
1H), 4.07 (q, J ¼ 7.2 Hz, 2H), 2.35 (s, 3H), 2.14–2.28 (m,
4H), 1.20 (t, J ¼ 7.2 Hz, 3H), 1.08 (s, 3H), 0.94 (s, 3H); 13C-
NMR (75 MHz, CDCl3): d ¼ 195.65, 167.55, 153.72, 149.27,

144.60, 138.63, 129.51, 112.17, 106.25, 59.84, 50.78, 40.97,
36.12, 32.71, 29.42, 27.15, 19.31, 14.22; Anal. Calcd. for
C21H24FNO3: C, 70.57; H, 6.77; N, 3.92; Found: C, 70.46; H,
6.74; N, 3.88.

Ethyl 4-(4-nitrophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5i). IR (KBr): 3285, 3203,
3078, 2964, 1676, 1605, 1515 cm�1; 1H-NMR (300 MHz,
CDCl3): d ¼ 8.07 (d, J ¼ 8.4 Hz, 2H), 7.47 (d, J ¼ 8.4 Hz,
2H), 5.75 (s, 1H), 5.15 (s, 1H), 4.04 (q, J ¼ 7.2 Hz, 2H), 2.42

(s, 3H), 2.11–2.35 (m, 4H), 1.17 (t, J ¼ 7.2 Hz, 3H), 1.09 (s,
3H), 0.91 (s, 3H); 13C-NMR (75 MHz, CDCl3): d ¼ 195.38,
166.82, 154.50, 148.88, 146.16, 144.48, 128.92, 123.28,
110.99, 104.83, 60.04, 50.57, 40.93, 37.18, 32.67, 29.32,

27.01, 19.37, 14.15; Anal. Calcd. for C21H24N2O5: C, 65.61;
H, 6.29; N, 7.29; Found: C, 65.56; H, 6.33; N, 7.37.

Ethyl 4-(3-nitrophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5j). IR (KBr): 3283, 3210,
3079, 2958, 1705, 1608, 1532 cm�1; 1H-NMR (300 MHz,

CDCl3): d ¼ 8.10 (s, 1H), 7.98 (d, J ¼ 8.1 Hz, 1H), 7.73 (d, J
¼ 7.5 Hz, 1H), 7.35 (t, J ¼ 7.8 Hz, 1H), 5.88 (s, 1H), 5.15 (s,
1H), 4.06 (q, J ¼ 6.9 Hz, 2H), 2.41 (s, 3H), 2.12–2.36 (m,
4H), 1.19 (t, J ¼ 6.9 Hz, 3H), 1.10 (s, 3H), 0.94 (s, 3H); 13C-
NMR (75 MHz, CDCl3): d ¼ 195.52, 166.90, 149.15, 148.20,

144.52, 134.73, 128.54, 122.81, 121.23, 111.09, 104.99, 60.02,
50.54, 40.84, 36.95, 32.70, 29.32, 27.02, 19.33, 14.13; Anal.
Calcd. for C21H24N2O5: C, 65.61; H, 6.29; N, 7.29; Found: C,
65.70; H, 6.34; N, 7.20.

Ethyl 4-(4-hydroxy-3-methoxyphenyl)-2,7,7-trimethyl-5-
oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5k). IR
(KBr): 3399, 3292, 2934, 1698, 1591 cm�1; 1H-NMR (300
MHz, DMSO-d6): d ¼ 8.99 (s, 1H), 8.63 (s, 1H), 6.69 (s, 1H),
6.49–6.58 (m, 2H), 4.74 (s, 1H), 4.40 (q, J ¼ 6.9 Hz, 2H),

2.50 (s, 3H), 1.95–2.39 (m, 7H), 1.16 (t, J ¼ 6.9 Hz, 3H),
1.01 (s, 3H), 0.88 (s, 3H); 13C-NMR (75 MHz, DMSO-d6): d
¼ 194.49, 167.10, 149.39, 146.78, 144.49, 139.10, 119.59,
114.98, 112.03, 110.22, 104.14, 59.05, 55.49, 50.35, 35.07,
32.16, 29.29, 26.42, 18.28, 14.28; Anal. Calcd. for

C22H27NO5: C, 68.55; H, 7.06; N, 3.63; Found: C, 68.61; H,
7.11; N, 3.58.

Ethyl 4-(4-dimethylaminophenyl)-2,7,7-trimethyl-5-oxo-
1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5l). IR (KBr):
3280, 3207, 3079, 2954, 1700, 1607 cm�1; 1H-NMR (300

MHz, CDCl3): d ¼ 7.15 (d, J ¼ 8.4 Hz, 2H), 6.59 (d, J ¼ 8.7
Hz, 2H), 5.70 (s, 1H), 4.95 (s, 1H), 4.06 (q, J ¼ 7.2 Hz, 2H),
2.87 (s, 6H), 2.18–2.36 (m, 7H), 1.22 (t, J ¼ 7.2 Hz, 3H),
1.07 (s, 3H), 0.97 (s, 3H); 13C-NMR (75 MHz, CDCl3): d ¼
195.56, 167.65, 148.97, 147.59, 142.75, 135.81, 128.58,

112.47, 106.55, 59.72, 50.76, 40.94, 35.29, 32.70, 29.41,
27.33, 19.42, 14.25; Anal. Calcd. for C23H30N2O3: C, 72.22;
H, 7.91; N, 7.32; Found: C, 72.10; H, 7.95; N, 7.38.

Ethyl 4-(furan-2-yl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-hexa-
hydroquinoline-3-carboxylate (5m). IR (KBr): 3287, 3220,
3086, 2932, 1675, 1605 cm�1; 1H-NMR (300 MHz, CDCl3): d
¼ 7.18 (s, 1H), 6.20 (s, 1H), 6.00 (s, 1H), 5.89 (s, 1H), 5.25
(s, 1H), 4.12–4.16 (m, 2H), 2.19–2.39 (m, 7H), 1.25 (t, J ¼
6.9 Hz, 3H), 1.10 (s, 3H), 1.02 (s, 3H); 13C-NMR (75 MHz,

CDCl3): d ¼ 195.57, 167.34, 157.94, 150.61, 144.26, 140.85,
111.13, 105.03, 103.07, 59.83, 50.63, 36.88, 32.48, 29.71,
27.03, 19.08, 14.17; Anal. Calcd. for C19H23NO4: C, 69.28; H,
7.04; N, 4.25; Found: C, 69.17; H, 7.10; N, 4.28.

Ethyl 4-(2,4-dichlorophenyl)-2,7,7-trimethyl-5-oxo-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate (5n). IR (KBr): 3287, 3204,
3088, 2936, 1703, 1607 cm�1; 1H-NMR (300 MHz, CDCl3): d
¼ 7.30 (d, 1H), 7.22 (s, 1H), 7.10 (d, 1H), 6.13 (s, 1H), 5.23
(s, 1H), 3.97–4.06 (m, 2H), 2.38 (s, 3H), 2.18–2.36 (m, 4H),
1.18 (t, J ¼ 7.2 Hz, 3H), 1.07 (s, 3H), 0.94 (s, 3H); 13C-NMR

(75 MHz, CDCl3): d ¼ 195.41, 167.23, 149.38, 142.42,
133.67, 132.78, 132.04, 129.13, 126.86, 111.13, 104.59, 60.11,
50.58, 41.07, 32.73, 29.12, 27.37, 19.11, 14.17; Anal. Calcd.
for C21H23Cl2NO3: C, 61.77; H, 5.68; N, 3.43; Found: C,

61.84; H, 5.71; N, 3.39.
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Few amino derivatives of benzo[de]benzo[4,5]imidazo[2,1-a]isoquinolin-7-one having amino groups
at different positions of the rings are prepared and characterized. Solvent-dependent emission and
changes in emission properties on protonation of amine group are observed.

J. Heterocyclic Chem., 47, 199 (2010).

INTRODUCTION

The organic compounds having fluorophores that are

sensitive to environment are of great importance [1–5] in

chemistry and biology. The fluorescence emission spectra

of some heterocyclic compounds such as benzo [de]ben-

zo[4,5]imidazo[2,1-a]isoquinoline (Fig. 1) are sensitive to

environment [6–8], and some of such heterocyclic com-

pounds are used as organic photoconductive materials [9].

Therefore, the functionalization of such heterocyclic com-

pounds is expected to form derivatives that may possess

interesting optical properties [10]. Heterocyclic com-

pounds having more numbers of delocalized aromatic

rings in conjugation to each other would lead to better as

well as novel optical properties [9]. With an interest to

identify and characterize and also to understand optical

properties of compounds bearing fluorophores that are sen-

sitive to environment, we have synthesized few heterocy-

clic compounds as shown in Figure 1. We have studied

fluorescence emission of these compounds and compared

with some of their derivatives.

RESULTS AND DISCUSSION

Synthesis of the heterocycles. The compounds 2 and

4 were prepared by the reactions as depicted in Schemes

1 and 2. The condensation of 1,8-naphthalic anhydride

with 4-nitro 1,2-diaminobenzene in acetic acid gave 11-

nitro-benzo[de] benzo[4,5] imidazo[2,1-a] isoquinolin-7-

one (1). Although this reaction is expected to give two

isomeric products, we obtained a single isomeric prod-

uct. This is due to the fact that such cyclization process

passes through imide intermediates. It is recently shown

that only one imide isomer is formed in this reaction

before cyclization. This was shown by trapping the in-

termediate imide derivative in dimethylformamide

(DMF) as a solvent. The formation of specific imide in

this reaction, between the two possible isomers, may be

attributed to the ease of attack of the less sterically

crowded [11] amino group at p-position to the nitro

group of 4-nitro 1,2-diaminobenzene. The reduction of

the nitro group of the compound 1 resulted in the forma-

tion of the corresponding amine 2. Acetic acid is found

VC 2010 HeteroCorporation
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to be appropriate solvent for the synthesis of 2.

Recently, we have discussed about the role of solvent in

the formation of similar heterocycles [11] and also men-

tioned about the usefulness of acetic acid in the synthe-

sis of such heterocycles. Similarly, the condensation

reaction of 3-nitro-1,8-naphthalic anhydride with 1,2-

diaminobenzene gave a mixture of isomeric products,

namely 2-nitro-benzo[de]benzo[4,5]imidazo[2,1-a]one-

methane and 5-nitro-benzo[de]benzo[4,5]imidazo[2,1-

a]isoquinolin-7-one (3). We could not separate the two

isomers by conventional chromatographic techniques

such as preparative thin layer (TLC) or column chroma-

tography. The 1H-NMR chemical shift and the integra-

tion values of the mixture of isomers suggest formation

of almost an equimolar mixture of the two isomers. In

an earlier report, it was suggested that similar reaction

under microwave irradiation in the presence of alumina

resulted only one isomer [12], but in our case we have

failed to obtain pure isomer through the reaction condi-

tion described herein, and the isomeric product separa-

tion of 3 was not successful. However, the condensation

reaction of 3-nitro-1,8-naphthalic anhydride with 1,2-

diaminobenzene under solvothermal condition in acetic

acid at 150�C in an autoclave gave only one isomer.

The 1H-NMR spectra of this isomer obtained from this

reaction is given as Supporting Information. It has eight

peaks in aromatic region and tallies the structure of 2-

nitro-benzo[de]benzo[4,5]imidazo[2,1-a]one methane.

The assignment of the 1H-NMR of this compound is on

the assumption that the simulated 1H-NMR of other iso-

mer namely 5-nitro-benzo[de]benzo[4,5]imidazo[2,1-

a]isoquinolin-7-one shows proton signals at relatively

high chemical shift than the 2-nitro-benzo[de]ben-

zo[4,5]imidazo[2,1-a]one methane. As the optical prop-

erties of these two isomers and derivatives are indistin-

guishable, we proceeded to take the mixture of isomers

for optical study described in the Experimental section.

The reduction of the nitro groups of these isomers (3)

was carried out by hydrogen gas with a catalytic amount

of palladized carbon to prepare two isomeric amine

derivatives 4 (Scheme 2). In the case of 1, we have

obtained only one isomer because of the presence of

nitro-group on diamino benzene ring, which could dif-

ferentiate the two amino groups on the ring in terms of

reactivity. The nitro group on the compound 1 was

reduced to amino group, and the amino group was fur-

ther functionalized to various derivatives 5–8 as illus-

trated in Scheme 3. Methyl and acyl derivatives (9–12)

of compound 4 were also synthesized by similar proce-

dure (Scheme 4).

Optical properties. The compounds 2 and 4 show

solvatochromic properties, and the absorption features of

2 and 4 differ in different solvents, which are listed in

Table 1. The compounds 2 and 4 are derived from a

planar aromatic ring system, which is derived from 1,8-

naphthalic anhydride [6]. The imides derived from naph-

thalic anhydride are useful as fluorescence probes, and

their applications are decided by the presence of tether

connecting two similar or dissimilar molecules [12]. The

compounds 2 and 4 have reasonable fluorescence emis-

sion properties on excitation at appropriate wavelengths.

The UV–visible absorption spectra as well as fluores-

cence emission spectra of several derivatives of 11-

amino benzo[de]benzo[4,5]imidazo[2,1-a]isoquinolin-7-

one (2) are recorded and listed in Table 2. Among the

nitro and amino group (compounds 1 and 2), the later

shifts the fluorescence emission towards higher wave-

length. In the case of substituted amines, it is observed

that the substituent attached on nitrogen also leads to

emission to higher wavelength. Among the N-substituent
compounds 5–8, the highest shift is observed in N-ben-
zoylated derivative (7). It is attributed to the fact that

benzoate group participates in delocalization of electrons

with the aromatic ring of the heterocycle. The fluores-

cence emission of 2 in dichloromethane solution is

Figure 1. Structure of the heterocycles.

Scheme 1
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observed at 508 nm upon excitation at 410 nm. The

compound 2 is found to be fluorescence inactive in

methanol. Accordingly, the fluorescence emission of the

2 observed from dichloromethane solution also gets

quenched on addition of methanol (Fig. 2). The fluores-

cence emission spectra of various derivatives of 11-

amino-benzo[de]benzo[4,5]imidazo[2,1-a]isoquinolin-7-

one (2) and mixture of 2-amino-benzo[de]benzo[4,5]-

imidazo[2,1-a]isoquinolin-7-one and 5-amino-benzo[de]-

benzo[4,5]imidazo[2,1-a]isoquinolin-7-one (4) were also

recorded, and the emission wavelengths and quantum

yields are listed in Table 2. Although the compound 4 is

a mixture of two isomers, in none of the cases, we could

obtain any distinguishable fluorescence emission features

of the two isomers. The wavelength shifts and intensity

changes in various derivatives of 2 and 4 predominantly

occur from the electronic effect caused to the overall

electronic environment by the presence of the substitu-

ents. It is important to note that the emission spectra of

naphthalimide fluorophores having amine groups are pro-

ton responsive [13], and such compounds have relevance

in recognition of anions [14].

In the case of compound 2, the protonation causes

shift in the fluorescence emission to a lower wavelength

from the parent compound. For example, the parent

compound 2 in dichloromethane on excitation at 410 nm

emits at 514 nm, and the shifts to 508 and 498 nm,

respectively, on addition of 1 and 2 equiv of hydrochlo-

ric acid (HCl).

The emission spectra of 4 are highly solvent depend-

ent. A solution of 4 on excitation at 410 nm in dichloro-

methane, acetonitrile, and methanol shows fluorescence

emission at 491 (U ¼ 0.458), 527, and 562 nm, respec-

tively [Fig. 3(a)]. Such large characteristic shifts in

emission spectra make it possible to distinguish these

three solvents. From Table 1, it is clear that the com-

pound 4 shows very small solvatochromicity in visible

spectra, whereas it shows a large shift in emission spec-

tra on change of solvents. This suggests that a polar

excited state capable of forming exciplex with different

solvents is involved in the fluorescence emission.

Addition of methanol to dichloromethane solution of

4 changes its fluorescence emission; initially, the emis-

sion occurring due to excitation at 410 nm decreases,

but the emission shifts to a higher wavelength and on

gradual addition of methanol it once again increases and

reaches the emission wavelength that corresponds to the

observed emission wavelength from a methanolic solu-

tion of 4 [Fig. 3(b)]. Similarly, the addition of methanol

to an acetonitrile solution of 4 shifts the fluorescence

emission to higher wavelength [Fig. 3(c)]. The com-

pound 4 also shows proton responsive fluorescence

Scheme 2

Scheme 3
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emission, which is dependent on the hydrogen ion con-

centrations. For example, treatment of a solution of 4

with HCl (1 equiv) causes a change of fluorescence

emission from 491 to 501 nm, and on addition of 2

equiv of the acid, the emission occurs at 510 nm [Fig.

3(d)]. These results suggest that the protonation effects

the delocalization of electrons of the amino group,

which in turn contributes to the changes in the emission

spectra of these compounds. The solvato-emissive prop-

erties can be attributed to the stabilization of polar

exited state by polar solvent, whereas the proton respon-

sive nature is attributed to the hydrogen bonding by

protic solvent and protonation by mineral acid. Similar

properties are seen in receptors of carboxylic acids [15].

CONCLUSIONS

A large shift in fluorescence emission wavelength is

observed on introduction of amino group at different

positions of benzo[de]benzo[4,5]imidazo[2,1-a]isoquino-

lin-7-one. Different organic solvents such as dichloro-

methane, acetonitrile, and methanol can be distinguished

from the emission wavelengths of the 4 in these sol-

vents. Depending on the position of an amino group on

the rings and protonation of the amino groups at differ-

ent positions, the fluorescence emissions shifts to higher

or lower wavelength.

EXPERIMENTAL

UV–visible spectra were recorded on Perkin Elmer Lamda
25 UV–visible spectrometer, and the fluorescence spectra were

recorded on Perkin Elmer LS-55 fluorescence spectrometer.

Scheme 4

Table 1

Effect of solvent on the visible spectra of 2 and 4.

Solvent

kmax

(nm)

e (M�1

cm�1)

R ¼ NH2, R1, R2 ¼ H (2) Dichloromethane 430 12,727

R ¼ NH2, R1, R2 ¼ H (2) Methanol 437 10,227

R ¼ NH2, R1, R2 ¼ H (2) Acetonitrile 444 9545

R ¼ H, R1, R2 ¼ H/NH2 (4) Dichloromethane 427 11,212

R ¼ H, R1, R2 ¼ H/NH2 (4) Acetonitrile 432 10,000

R ¼ H, R1, R2 ¼ H/NH2 (4) Methanol 438 9696

Table 2

The visible spectra and fluorescence emission (kex ¼ 410 nm) of

derivatives of 2 and 4.

Dichloromethane

kmax

(nm)

e (M�1

cm�1)

kem
(nm) U

R ¼ NO2 (1) 390 19,772 463 0.134

R ¼ NH2 (2) 430 12,727 508 0.252

R ¼ NHCH3 (5) 395 6818 515 0.060

R ¼ NHCOCH3 (6) 397 6136 545 0.350

R ¼ NHCOC6H5 (7) 401 8409 546 0.452

R¼NHCOCH2Br (8) 393 10,909 518 0.343

R¼NH2 (4) 427 11,212 491 0.288

R¼NHCH3 (9) 375 18,909 538 0.156

R¼NHCOCH3 (10) 401 10,303 493 0.290

R¼NHCOC6H5 (11) 401 19,181 493 0.324

R¼NHCOCH2Br (12) 395 10,393 495 0.215
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The NMR spectra were recorded on a 400 MHz Varian FT-

NMR instrument with TMS as an internal standard. Mass spec-
tra were recorded in a Water LC-MS. The melting points of
the compounds were determined in a Buchi B-540 melting
point apparatus. All the optical measurements were carried out
by dissolving calculated amount of the compounds in spectro-

scopic grade solvents. The fluorescence titrations were carried

out in quartz cuvette by adding different aliquots of titrant/s

by micropipette to a parent solution (3 mL).
Determination of fluorescence quantum yield. Fluo-

rescence quantum yields were determined by calibrating with
perylene (U ¼ 0.94) by fluorescence excitation at 410 nm as
standard. The fluorescence quantum yield was calculated by

using the following formula [16]:

Figure 2. (a) Fluorescence emission (kex ¼ 410 nm) spectra of (i) 2 in dichloromethane: (ii) on addition of 1 mol equiv of HCl and (iii) on addi-

tion of 2 mol equiv of HCl (in each cases 3 mL of 1.1 � 10�5M solution). (b) Effect of the addition of methanol (100 lL aliquots) to a solution

of 2 in dichloromethane.

Quantumyieldð Þsample

Quantumyieldð Þstandard
¼ Absorption of standard Area under the graph of emission spectrað ÞSample

Absorption of sample Area under the graph of emissio spectrað ÞStandard
:

For calculation of the quantum yield of the other samples,
the identical procedures were used.

Synthesis and characterization of various compounds.

Compound 1. A mixture of 1,8-naphthalic anhydride (0.99

g, 5 mmol) and 4-nitro 1,2 diaminobenzene (0.77 g, 5 mmol)

was refluxed in acetic acid (10 mL) for 4 h. The reaction mix-

ture was cooled and water (20 mL ) was added to the reaction
mixture and stirred for 20 min. The precipitate was filtered

and washed several times with water to remove acetic acid.

The product was air dried to obtain 11-nitro-benzo[de]ben-

zo[4,5]imidazo[2,1-a]isoquinolin-7-one in 77% yield. Elemen-

tal Anal. Calcd. for C19H9N3O3; C, 68.57; H, 2.88; Found C,

68.60, H, 2.86. 1H-NMR (400 MHz, CDCl3): 9.17 (d, 1H, J ¼
2.4), 8.75 (m, 4H), 8.51 (dm, 1H, J ¼ 7.2), 8.19 (s, 1H), 7.87

(m, 2H). IR (KBr, cm�1): 1699 (s), 1517 (s), 1335 (s). ESI-

MS: 316.1757 (M þ Hþ) m.p. 415�C.
Compound 2. To a solution of 11-nitro-benzo[de]ben-

zo[4,5]imidazo[2,1-a]isoquinolin-7-one (0.32 g, 1 mmol) in

ethanol/water (2:1, 20 mL), iron powder (35 mmol) and aque-

ous HCl (10%, 5 mL) were added. The mixture was kept at

90�C for 2 h. The reaction mixture was brought to room tem-

perature and then water (10 mL) was added to the reaction

mixture and filtered. The solid product obtained was washed

with water and the product was purified by preparative TLC.

Yield: 55%. Elemental Anal Calcd. for C18H11N3O; C, 75.78;

H, 3.89; Found C, 75.80, H, 3.90. 1H-NMR (400 MHz,

CDCl3) 8.76 (m, 2H), 8.26 (d, 1H, J ¼ 8.4 Hz), 8.1 (d, 1H,

J ¼ 8 Hz), 7.9 (d,1H, J ¼ 2.4 Hz), 7.8 (m, 2H), 7.66 (d, 1H,

J ¼ 8.4 Hz), 6.85 (d, 1H, J ¼ 8.4 Hz), 5.0 (s, 2H).13C-NMR

(CDCl3): 158.9, 145.8, 137.4, 134.3, 134.2, 131.6, 130.8,

129.7, 129.5, 129.3, 127.4, 125.9, 125.7, 123.1, 120.2, 120.1,

118.5, 115.3. IR (KBr, cm�1): 3232 (w), 3363 (s), 1589 (m),

1621 (s), 1697 (s). ESI-MS ¼ 286.1864 (M þ Hþ). m.p.

406�C.
Compound 3. A mixture of 3-nitro-1,8-naphthalic anhydride

(1.22 g, 5 mmol) and 1,2 diaminobenzene (0.54 g, 5 mmol)

was refluxed in acetic acid (20 mL) at 90�C for 4 h. The reac-

tion mixture was cooled and then water (20 mL) was added to

the reaction mixture and stirred for 20 min. The precipitate

was filtered and washed several times with water to remove

acetic acid, and the product was air dried to obtain a mixture

of 2-nitro-benzo[de]benzo[4,5]imidazo[2,1-a]onemethane and

5-nitro-benzo[de]benzo[4,5]imidazo [2,1-a]isoquinolin-7-one in
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86% yield. 1H-NMR (400 MHz, CDCl3): 9.55 (d, J ¼ 4 Hz,
1H) 9.48 (d, J ¼ 4 Hz, 1H), 9.18 (d, J ¼ 4 Hz, 1H), 9.0 (d,

J ¼ 4 Hz, 1H), 8.98 (d, 1H, J ¼ 8 Hz), 8.95 (d, 1H, J ¼ 8
Hz), 8.54 (m, 2H), 8.48 (d, 1H, J ¼ 8 Hz), 8.35 (d, J ¼ 8 Hz,
1H), 7.99 (t, J ¼ 8 Hz, 2H), 7.91–7.94 (m, 2H), 7.50–7.53 (m,
4H). IR (KBr, cm�1): 3444 (m), 3067 (m), 1696 (s), 1596 (m),

1531 (m), 1443 (w), 1343 (s), 1234 (m), 1152 (w), 1039 (w),
751 (m), 557 (w). ESI-MS: 316.1814 (M þ Hþ). m.p. 410�C.

Compound 4. To a solution of mixture of 2-nitro-benzo[de]-
benzo[4,5]imidazo[2,1-a]onemethane and 5-nitro-benzo[de]-

benzo[4,5]imidazo [2,1-a]isoquinolin-7-one (1.58 g, 5 mmol)
in tetrahydrofuran (20 mL), palladized carbon (10%, 0.1 g)

was added. The mixture was stirred under hydrogen atmos-
phere (50 psi) for 24 h, filtered, and the solvent was removed
from filtrate under reduced pressure to get the desired product.
The yield after purification was 85%. 1H-NMR (400 MHz,

CDCl3): 8.48–8.56 (m, 4H), 8.25 (d, J ¼ 3 Hz, 1H), 8.18 (d,
1H, J ¼ 3 Hz), 7.96 (d, J ¼ 8 Hz, 1H), 7.83–7.85 (m, 2H),
7.62–7.67 (m, 2H), 7.43–7.48 (m, 4H), 7.35 (d, J ¼ 3 Hz, 1H)
4.2 (broad s, 2H). 13C-NMR (CDCl3): 158.1, 145.4, 134.2,

Figure 3. The fluorescence emission of (kex ¼ 410 nm): (a) 4 in (i) dichloromethane, (ii) acetonitrile, and (iii) methanol (in each cases 3 mL of 1.1 � 10�5M so-

lution 4); (b) 4 on addition of different aliquots of methanol (50 lL each from 2–6) to a dichloromethane solution of 4; (c) 4 on addition of different aliquots of

methanol (50 lL each from 2–6) to an acetonitrile solution of 4; (d) 4 (1) in dichloromethane and on addition of (2) 1 equiv of HCl or (3) 2 equiv of HCl.
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133.3, 130.0, 128.2, 127.8, 127.4, 125.9, 125.6, 125.4, 123.9,
122.4, 120.1, 118.0, 116.1, 115.7, 112.5. IR (KBr, cm�1):
3448 (w), 3362 (s), 2924 (m), 2851 (m), 1690 (s), 1627 (s),
1550 (w), 1448 (w), 1352 (s), 1330 (s), 1166 (w), 1050 (w),
872 (w), 764 (w). ESI-MS: 286.1957 (M þ Hþ). m.p. 405�C.

Compounds 5–8. The 11-amino-benzo[de]benzo[4,5]imi-
dazo[2,1-a]isoquinolin-7-one (2) was converted to corresponding
N-methyl (5), N-acetyl (6), N-benzoyl (7), and N-bromoacetyl
derivatives (8) by reactions with suitable reagents as follows:

Compound 5. A mixture of compound 1 (0.1 g, 0.35 mmol)

and anhydrous potassium carbonate was refluxed in dry ace-
tone with methyl iodide (0.08 g, 0.53 mmol) for 24 h. The
reaction mixture was evaporated, water (15 mL) and dichloro-
methane (15 mL) were added, the organic layer was separated,
and the product was extracted from the dichloromethane by

evaporation. The compound was further purified by TLC.
Yield: 25 %. 1H-NMR (400 MHz, DMSO-d6): 8.65 (d, 1H,
J ¼ 7.2 Hz), 8.16 (d, 1H, J ¼ 8.4 Hz), 7.98 (d, 1H, J ¼ 8.4

Hz), 7.82 (d, 1H, J ¼ 2.8 Hz), 7.7 (m, 4H), 6.86 (dd, 1H, J ¼
2.8 Hz), 3.0 (s, 3H). IR (KBr, cm�1): 3390 (s), 2924 (s), 2853

(m), 1693 (s), 1621 (s), 1502 (s), 1318 (m). ESI-MS: 300.1132

(M þ Hþ). m.p. 386�C.
Compounds 6–8. The compound 2 (0.06 g, 0.2 mmol) was

mixed with RCOX (for 6, 7 R ¼ CH3, Ph and X ¼ Cl, respec-

tively, whereas for 8 R ¼ BrCH2CO- and X ¼ Br) and trie-
thylamine (0.4 mL) in dry dichloromethane (10 mL). The mix-
ture was stirred overnight at room temperature. On adding 40
mL water to the reaction mixture, the solid products in pure
form were obtained from dichloromethane in quantitative

yield.
Compound 6. 1H-NMR (400 MHz, DMSO-d6): 10.26

(s,1H), 8.9 (s,1H), 8.72 (d, 2H, J ¼ 8 Hz ), 8.54 (d, 1H, J ¼
8.4 Hz), 8.38 (d, 1H, J ¼ 8.4 Hz), 7.94 (m, 2H), 7.8 (d, 1H, J
¼ 8.8 Hz ), 7.64 (d, 1H, J ¼ 8.4 Hz), 2.1 (s, 3H). 13C-NMR

(100 MHz, DMSO-d6): 168.4, 159.8, 149.9, 143.7, 139.2,
137.2, 135.5, 132.1, 131.7, 131.1, 127.4, 127.1, 126.7, 122.5,
119.92, 117.5, 116.9, 115.0, 109.6, 105.9, 24.1. IR (KBr,
cm�1): 3302 (s), 2923 (s), 2852 (m), 1702 (s), 1662 (s), 1597
(m). ESI-MS: 328.1220 (M þ Hþ). m.p. 395�C.

Compound 7. 1H-NMR (400 MHz, DMSO-d6) 10.57 (s, 1H),
8.7 (d, 1H, J ¼ 3.6 Hz), 8.52 (d, 1H, J ¼ 7.6 Hz), 8.36 (d, 1H,

J ¼ 7.2 Hz), 8.15 (d,1H, J ¼ 4.8 Hz), 8.04 (d,1H, J ¼ 4.8 Hz),

7.94 (d, 2H, J ¼ 4.8 Hz), 7.9 (s, 1H), 7.83 (d, 1H, J ¼ 7.2 Hz),

7.63 (d, 2H, J ¼ 4.8 Hz), 7.57 (s, 1H), 7.51 (d, 2H, J ¼ 4.8

Hz). 13C-NMR (100 MHz, DMSO-d6): 165.5, 160.0, 148.63,

139.5, 136.7, 135.3, 135.0, 131.7, 131.4, 131.0, 129.3, 128.4,

127.8, 127.3, 127.0, 126.1, 122.5, 120.0, 119.2, 118.7, 115.0,

111.1, 107.2. IR (KBr, cm�1): 3301 (m), 3071 (m), 1703 (s),

1601 (m), 1699 (s). ESI-MS: 390.1217 (M þ Hþ). m.p. 385�C.
Compound 8. 1H-NMR (400 MHz, DMSO-d6): 10.72 (s,

1H), 8.90 (s, 1H), 8.70 (d, 2H, J ¼ 8.4 Hz), 8.53 (d, 1H, J ¼
8.4 Hz), 8.37 (d, 1H, J ¼ 8.4 Hz), 7.9 (m, 2H), 7.8 (m, 1H),

7.65 (d, 1H, J ¼ 8.4 Hz), 4.1 (s, 2H). 13C-NMR (100 MHz,
DMSO-d6): 170.9, 160.0, 148.5, 136.5, 136.1, 135.5, 132.4,
131.8, 131.3, 127.4, 127.1, 126.2, 122.5, 119.8, 119.47, 119.2,
118.3, 117.6, 106.5, 62.0. IR (KBr, cm�1): 3253 (s), 2959 (s),
1698 (m), 1654 (s), 1737 (s), 1591 (m), 1233 (m). ESI-MS:

405.9840 and 407.9832 (M þ Hþ). m.p. 378�C.
Compounds 9–12. The compounds 9, 10, 11, and 12 were

synthesized from compound 4 by identical procedure that is
described for 5, 6, 7, and 8, respectively.

Compound 9. Yield: 28%. 1H-NMR (400 MHz, CDCl3):
8.53 (m,4H), 8.43 (d, 1H, J ¼ 6.4 Hz), 8.39 (d, 1H, J ¼ 2.8
Hz), 8.32 (d, 1H, J ¼ 2.8 Hz), 8.00 (d, 1H, J ¼ 8.0 Hz), 7.85

(m, 4H), 7.62 (m, 2H), 7.45 (m, 4H), 7.21 (d, 1H, J ¼ 2.4
Hz), 7.10 (d, 1H, J ¼ 2.4 Hz), 3.07 (d, 6H, J ¼ 6.8 Hz). IR
(KBr, cm�1): 3445 (s), 2924 (m), 2852 (w), 2357 (w), 1622
(s), 1430 (m), 1327 (s), 1231 (m), 1159 (w), 927 (w), 842 (w),
763 (m). ESI-MS: 300.1147 (M þ Hþ). m.p. 367�C.

Compound 10. Yield: 82%. 1H-NMR (400 MHz, CDCl3):
9.92 (s,1H), 9.85 (s,1H), 8.43 (s,1H), 8.28 (d, 2H, J ¼ 4.0
Hz), 8.26 (s,1H), 8.15 (d, 1H, J ¼ 4.0 Hz), 8.08 (d, 1H, J ¼
7.2 Hz), 8.00 (t, 2H, J ¼ 5.6 Hz), 7.73 (d, 1H, J ¼ 8.4 Hz),
7.60 (d, 1H, J ¼ 7.2 Hz), 7.34 (m, 2H), 7.28 (t, 2H, J ¼ 8.0

Hz), 6.98 (dd, 4H, J ¼ 3.6 Hz), 2.08 (s, 4H). 13C-NMR (100
MHz, DMSO-d6): 169.1, 160.0, 148.6, 143.2, 138.3, 134.7,
132.4, 131.3, 129.2, 127.2, 125.4, 125.0, 122.8, 122.2, 120.2,
119.7, 119.5, 118.4, 115.1, 45.3. IR (KBr, cm�1): 3433 (s),
2983 (m), 2738 (w), 2678 (w), 1657 (s), 1558 (m), 1347 (m),

1262 (m), 1161 (w), 1035 (m), 878 (w), 767 (m). ESI-MS:
328.1239 (M þ Hþ). m.p. 356�C.

Compound 11. Yield: 84%. 1H-NMR (400 MHz, CDCl3):
10.24 (s, 1H), 10.18 (s, 1H), 8.72 (s, 1H), 8.58 (s, 1H), 8.22

(d, 1H, J ¼ 7.2 Hz), 8.10 (dd, 2H, J ¼ 3.6 Hz), 7.87 (d, 1H, J
¼ 8.4 Hz), 7.70 (t, 4H, J ¼ 8.0 Hz), 7.59 (d, 4H, J ¼ 6.4 Hz),
7.40 (dd, 2H, J ¼ 6.0 Hz), 7.31 (t, 2H, J ¼ 7.6 Hz), 7.15 (m,
5H), 7.04 (m,5H). 13C-NMR (100 MHz, DMSO-d6): 168.2,
166.6, 163.1, 143.5, 138.3, 135.8, 134.6, 133.6, 132.6, 131.5,

131.1, 130.8, 129.91, 129.8, 129.2, 128.4, 128.3, 125.6, 120.0,
115.0. IR (KBr, cm�1): 3394 (s), 3054 (w), 2923 (w), 1788
(m), 1705 (s), 1657 (m), 1543 (s), 1351 (m), 1243 (s), 1174
(m), 1040 (m), 877 (w), 750 (w), 705 (m). ESI-MS: 390.1074
(M þ Hþ). m.p. 362�C

Compound 12. Yield: 80%. 1H-NMR (400 MHz, CDCl3):
10.44 (s, 1H), 10.38 (s, 1H), 8.46 (s, 1H), 8.37 (s, 1H), 8.31
(s, 2H), 8.22 (d, 1H, J ¼ 7.6 Hz), 8.16 (d, 1H, J ¼ 7.2 Hz),
8.03 (t, 1H, J ¼ 6.8 Hz), 7.79 (d, 1H, J ¼ 8.4 Hz), 7.66 (d,
1H, J ¼ 8.0 Hz), 7.35 (m, 3H), 7.14 (m, 2H), 7.05 (dd, 4H, J
¼ 3.2 Hz), 3.64 (s, 4H). 13C-NMR (100 MHz, DMSO-d6):
172.4, 160.5, 149.4, 143.8, 138.2, 135.6, 133.1, 132.0, 130.2,
128.1, 126.2, 125.8, 123.8, 123.0, 120.8, 120.2, 119.9, 115.9,
62.7. IR (KBr, cm�1): 3437 (s), 3274 (s), 1697 (s), 1673 (s),
1599 (m), 1552 (m), 1492 (w), 1431 (m), 1347 (m), 1050 (w),

868 (w), 766 (m), 677 (w). ESI-MS: 405.9780 and 407.9749
(M þ Hþ). m.p. 360�C.
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Pyrolysis of 1,7-di-[(E)-1-morpholinomethylidene]- and 1,7-di-[(E)-1-piperidino-methylidene]-

4,6,10,12-tetramethylamino-2,8-dioxo-1,7-diaza-3,5,9,11-cyclododecatetraene-3,9-dicarbonitrile 6a,b

afforded pyridone 10 in addition to cyanamides 11a,b. On the other hand, pyrolysis of 1-[E-(4-(E-3-
cyano-4,6-dimethyl-2-oxopyridin-1(2H)-ylimino) methylpiperazin-1-yl] methylenamino-4,6-dimethyl-2-
oxo-1,2-dihydropyridine-3-carbonitrile 8 gave 1-amino-4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-car-
bonitrile 13 as well as piperazine. The mechanism of pyrolysis and the effect of stereochemistry of

pyrolyzed substrates on the nature of the pyrolysates are discussed.

J. Heterocyclic Chem., 47, 207 (2010).

INTRODUCTION

N-Aminoheteroaromatics are readily obtainable pre-

cursors [1–5]. The amino function could then be con-

densed with aromatic aldehydes into 1. The gas-phase

pyrolysis of this derivative produces pyridones 2 and

nitriles 3 [6,7]. This approach offers an ideal and envi-

ronmentally friendly methodology for synthesis of

nitriles and related compounds, as no reagents, solvents,

or catalysts are used in these thermal gas-phase reac-

tions [8]. It seemed to us quite feasible that simple alter-

nation in the structure of starting substrates could also

be adopted as a strategy to synthesize cyanamides as

well as organic cyanates (Scheme 1).

RESULTS AND DISCUSSION

In the present article, we report synthesis of different

substituted 1,7-diaza-3,5,9,11-cyclododecatetraene deriv-

atives 4 as well as the results of their pyrolysis in the

gas phase. In a recent investigation, we established that

the reaction of acetylacetone with 2-cyanoacetohydra-

zide in the presence of diethylamine gave a dimeric

product 4 of m/z ¼ 327 (Mþ.þ 1) [7]. Here, the reaction

of the dimeric product 4 with triethylorthoformate

afforded the diiminoformate 5, which is then converted

into 6a,b and 8 through reaction with secondary amines,

namely, morpholine, piperidine, and piperazine. Com-

pound 5 could as well be generated in situ in a one-pot

synthesis by mixing the three products under reflux in

N,N-dimethylformamide. The reaction is facile, clean,

and efficient, and is free from by-products. The struc-

tural assignments of compounds 5–8 were inferred from

their mass spectra and other analytical data. Formation

of 8 is believed to occur via initial conversion of diimi-

noformate 5 to the intermediate iminoformate 7 and sub-

sequent condensation of two molecules of 7 with one

molecule of piperazine (Scheme 2).

Pyrolysing 6a,b in the gas phase gave the expected

1,2-dihydropyridine-3-carbonitrile derivative 10 and cy-

anamide 11a,b via the methyleneamino-1,2-dihydropyri-

dine-3-carbonitrile derivative 9 (Scheme 3). Formation

of these products was confirmed by LCMS and by TLC,

as well as 1H NMR of products of pyrolysis against

VC 2009 HeteroCorporation
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authentic specimens of pyridone 10. On the other hand,

pyrolysis of 8 afforded 13 without formation of 12

(Scheme 4).

The difference in the pyrolytic behavior of 6a,b and 8

is most likely a result of their stereochemistry. Thus, the

pyrolyzed compounds 6a,b exist in the (E) form, while

8 exists in the (Z) form. If one assumes that the pyroly-

sis of 8 (E) occurred via the H-bonded intermediate

(Scheme 3), one would obtain pyridine 10 and dicyana-

mide 12 as pyrolytic products. As the N-aminopyridone

13 was the pyrolytic product obtained from 8 and no

trace of the dicyanamide 12 was detected, it can thus be

expected that 8 exists in the non-H-bonded (Z) form. In

fact here, hydrolysis of 8 under the pyrolytic reaction

conditions took place. To our knowledge such a hydro-

lysis has not been reported earlier. In conclusion, we

could determine structures of pyrolysis products of 6a,b

and 8. In addition, a new and safe route for synthesis of

cyanamide 11a,b is reported. Although 11a,b could be

obtained by treating cyanogen bromide with Mannich

bases [9] and with morpholine compounds [10,11], this

route required the use of hazardous and explosive cya-

nogen bromide reagents.

EXPERIMENTAL

Melting points were determined on a Shimadzu-Gallenkamp
apparatus and are uncorrected. Elemental analysis was by

means of a LECO CHNS-932 Elemental Analyzer. NMR spec-
tra were measured using a Bruker DPX 400 MHz supercon-
ducting spectrometer, and FT-IR measurements were from a
Perkin Elmer 2000 FT-IR system. Mass spectrometric analysis
was carried out on a VG-Autospec-Q high performance tri-sec-

tor GC/MS/MS, and the instrument for HPLC was an Agilent
1100 series LC/MSD with an API-ES/APCI ionization mode.

1,7-Diamino-4,6,10,12-tetramethyl-2,8-dioxo-1,7-diazacyclo-

dodeca-3,5,9,11-tetraene-3,9-dicarbonitrile 4. This compound
was prepared following published procedure. It was obtained

as white crystals from ethanol (yield 94%); m.p. 171–172�C,
Lit. mp. 174�C [7]; IR (KBr): k max/cm�1: 3420, 3332 (NH2),
and 2216 (CN); MS: m/z ¼ 327 (Mþ.þ1). 1H NMR (DMSO):
d ¼ 2.31 (s, 6H, 2CH3), 2.42 (s, 6H, 2CH3), 6.15 (br s, 4H,

2NH2 D2O exchangeable), 6.33 (s, 2H). Anal. Calcd. for
C16H18N6O2 (326.36): C 58.89, H 5.56, N 25.75. Found C
59.00, H 5.49, N 25.89.

4,6,10,12-Tetramethyl-1,7-(diethoxy-dimethylene-amino)-

2,8-dioxo-1,7-diaza-3,5,9,11-cyclododeca-tetraene-3,9-dicar-

bonitrile 5. To a stirred mixture of compound 4 (0.01 mol,
3.26g) in 10 mL of N,N-dimethylformamide was added triethyl
orthoformate (0.01 mol, 1.48 g). The resulted mixture was
refluxed for 15 min. The solvent was removed and resulting
solid was recrystallized from ethanol. Yield 86% (3.77g); m.p.

150�C; IR (KBr): k max/cm�1: 2218 (CN), 1658 (C¼¼O); MS:
m/z ¼ 439 (Mþ.þ 1); 1H NMR (DMSO): d ¼ 1.35 (t, 6H, J ¼
7.04 Hz 2CH3), 2.28 (s, 6H, 2CH3), 2.33 (s, 6H, 2CH3), 4.35

Scheme 1

Scheme 2

Scheme 3

Scheme 4
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(q, 4H, J ¼ 7.04 Hz 2CH2), 6.37 (s, 2H, cycloalkene-H), 8.36
(s, 2H, amidine-H). Anal. Calcd. for C22H26N6O4 (438.49): C
60.26, H 5.98, N 19.17. Found C 60.06, H 5.94, N 19.25.

General procedure for the preparation of compounds

6a,b and 8. To a stirred mixture of compound 5 (0.01 mol,

4.38 g) in 20 mL of DMF was added the appropriate amine
(0.01 mol). The mixture thus obtained was heated under reflux
for 20 hours. The solvent was removed and the resulting solid
was recrystallized from DMF.

4,6,10,12-Tetramethyl-1,7-di-[(E)-1-morpholino-methylidene]

amino-2,8-dioxo-1,7-diaza-3,5,9,11-cyclododecatetraene-3,9-

dicarbonitrile 6a. Yield 85% (4.42 g); m.p. 190�C, brown
crystals from DMF; IR (KBr): m/cm�1: 2216 (CN), 1647
(C¼¼O); MS: m/z ¼ 521 (Mþ.þ 1); 1H NMR (DMSO-d6): d
(ppm) ¼ 2.26 (s, 6H, 2CH3), 2.30 (s, 6H, 2CH3), 3.50–3.54

(m, 8H, morpholino-H), 3.62–3.65 (m, 8H, morpholino-H),
6.30 (s, 2H, cycloalkene-H), 7.93 (s, 2H, amidine-H). Anal.
Calcd. for C26H32N8O4 (520.59): C 59.99, H 6.20, N 21.52.
Found C 60.06, H 6.26, N 21.58.

4,6,10,12-Tetramethyl-2,8-dioxo-1,7-di-[(E)-1-piperidinome-

thylidene]amino-1,7-diaza-3,5,9,11-cyclododecatetraene-3,9-

dicarbonitrile 6b. Yield 92% (4.75 g); m.p. 115�C, brownish
crystals from ethanol; IR (KBr): m/cm�1: 2213 (CN), 1652
(C¼¼O); MS: m/z ¼ 517 (Mþ.þ1); 1H NMR (DMSO-d6): d
(ppm) ¼ 1.50–1.57 (m, 8H, piperidinyl-H), 1.63–1.66 (m, 4H,
piperidinyl-H), 2.25 (s, 6H, 2CH3), 2.29 (s, 6H, 2CH3), 3.29–
3.31(m, 4H, piperidinyl-H), 3.48–3.52 (m, 4H, piperidinyl-H),
6.26 (s, 2H, cycloalkene-H), 7.81 (s, 2H, amidine-H). Anal.
Calcd. for C28H36N8O2 (516.65): C 65.09, H 7.02, N 21.69.

Found C 64.67, H 6.71, N 21.57.
1,1’-{Piperazine-1,4-diylbis[(Z)-methylylidenenitrilo]} bis

(4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile 8. Yield
62% (2.67 g); m.p. >300 �C, buff crystals from DMF; IR
(KBr): m/cm�1: 2217 (CN), 1642 (C¼¼O); MS: m/z ¼ 433

(Mþ.þ1); 1H NMR (DMSO-d6): d (ppm) ¼ 2.29 (s, 6H,
2CH3), 2.31 (s, 6H, CH3), 3.44–3.48 (m, 4H, piperidinyl-H),
3.57–3.64 (m, 4H, piperidinyl-H), 6.30 (s, 2H, pyridyl H-5),
8.00 (s, 2H, amidine-H). Anal. Calcd. for C22H24N8O2

(432.48): C 61.10, H 5.59, N 25.91. Found C 60.69, H 5.72, N
25.68.

General Procedure for Pyrolysis of 6a,b and 8. Each of
compounds 6a–c and 8 was introduced in the reaction tube
(1.5 � 12 cm2 Pyrex), cooled in liquid nitrogen, sealed under

vacuum (0.06 mbar) and placed in the pyrolyser for 900 s at a
temperature of complete pyrolysis. The pyrolysate was then
separated into its constituents by preparative TLC (MERCK,
12 PSC-Platten 20 � 20 cm2, Silica gel 60 F254 2 mm) using
chloroform: petroleum ether (bp 40:60) in 80:20 ratio as elu-

ent, and each constituent was collected, analyzed and charac-
terized. The techniques used include 1H NMR and GC/MS.

Morpholine-4-carbonitrile 11a. MS: m/z ¼ 112 (Mþ.) for
C5H8N2O (112.13). IR ¼ 2220 cm�1 (CN). 1H NMR (CDCl3):
d (ppm) ¼ 3.05–3.08 (m, 2H, morpholinyl-H), 3.21–3.23 (m,

2H, morpholinyl-H), 3.43–3.49 (m, 2H, morpholinyl-H), 3.59–
3.68 (m, 2H, morpholinyl-H). [Lit 1H NMR 90 MHz (CDCl3)
[12]: d (ppm) ¼ 3.2–3.3 (m, 4H), 3.6–3.7 (m, 4H)].

Piperidine-1-carbonitrile 11b. MS: m/z ¼ 110 (Mþ.) for
C6H10N2 (110.16). 1H NMR (CDCl3): d (ppm) ¼ 1.41–1.52
(m, 6H, piperidinyl-H), 3.56–3.78 (m, 4H, piperidinyl-H). Lit
1H NMR 90 MHz (CDCl3) [13]: d (ppm) ¼ 1.45–1.68 (m,
6H), 3.2–3.5 (m, 4H)].

4,6-Dimethyl-2-oxo-1,2-dihydropyridine-3-carbonitrile

10. MS: m/z ¼ 163 (Mþ.) for C8H8N2O (148.16). 1H NMR
(CDCl3): d (ppm) ¼ 2.33 (s, 3H, CH3), 2.40 (s, 2H, CH3),

3.60 (br s, 1H, NH D2O exchangeable), 6.21 (s, 1H, pyridyl
H-5). [Lit 1H NMR 200 MHz (DMSO/CDCl3 2:1 [14]): d
(ppm) ¼ 2.23 (s, 3H), 2.32 (s, 3H), 3.40 (br s, 1H), 6.07 (s,
1H)].

1-Amino-4,6-dimethyl-2-oxo-1,2-dihydropyridine-3-carbo-

nitrile 13. MS: m/z ¼ 163 (Mþ.) for C8H9N3O (163.18). 1H
NMR (CDCl3): d (ppm) ¼ 2.33 (s, 3H, CH3), 2.38 (s, 2H,
CH3), 6.15 (br s, 4H, 2NH2 D2O exchangeable), 6.31 (s, 1H,
pyridyl H-5).
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The first quinolyl substituted 1,2,4-triazole, 3,5-bis(2-quinolyl)-1,2,4-triazole (4), was synthesized
from 2-cyanoquinoline (1) through an intermediate 2-quinolylhydrazidine (2) with 60.4% yield in a sim-
ple way. In the synthetic process of 4, another new intermediate, 1,4-diamino-1,4-bis(2-quinolyl)-2,3-
diaza-1,3-butadiene (3) was obtained in a yield of 81.5%. Additionally, the absolute configurations of

both 3 and 4 were determined by X-ray crystallography.

J. Heterocyclic Chem., 47, 210 (2010).

INTRODUCTION

Over recent years, heterocyclic compounds containing

1,2,4-triazole rings have attracted widespread attention

because of their broad applications as antifungus, antitu-

mor, fungicide, weedicide, and so on [1]. Moreover,

substituted 1,2,4-triazoles are very useful ligands in

coordination chemistry [2–4]. This is mainly because of

that they can act as bridging ligands between transition

metal ions thus providing rich and versatile coordination

modes. More interestingly, their ligand strength is in the

right region to give iron(II) spin-crossover complexes,

which could be used as molecular-based memory devi-

ces, displays and switching materials [5,6].

Although a lot of 1,2,4-triazole compounds with sub-

stituted alkyl, phenyl or pyridyl groups [3,7] have been

synthesized successfully, substituted 1,2,4-triazoles with

quinolyl group, an important alkaloid with stronger con-

jugated system, have never been reported so far.

Recently, we have prepared some new triaryltriazole

compounds [8,9] and their complexes [10–16]. As a

continuation of our investigation on the substituted

1,2,4-triazoles, herein, we present the first synthesis of

3,5-bis(2-quinolyl)-1,2,4-triazole (4) through the nucleo-

philic addition of hydrazine to 2-cyanoquinoline (1)

(Scheme 1). The product 4 was characterized by UV,

FTIR, 1H NMR, TOF-MS spectra, elemental analysis

and single crystal X-ray diffraction. In addition, another

new intermediate, 1,4-diamino-1,4-bis(2-quinolyl)-2,3-

diaza-1,3-butadiene (3), has also been obtained and its

crystal structure was described [17].

RESULTS AND DISCUSSION

Several methods have been reported for the syntheses

of 3,5-diaryl-substituted 1,2,4-triazoles [18–24]. How-

ever, following the method (Scheme 2) reported by Gel-

dard and Lions [23] using 2-cyanoquinoline (1) instead

of 2-cyanopyridine as starting material for the synthesis

VC 2009 HeteroCorporation
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of 4, we did not obtain the corresponding 1,2,4,5-tetra-

zine. The corresponding 1,2,4,5-tetrazine was also not

obtained, though we changed the reaction conditions

such as the molar ratios of the 2-cyanoquinoline and hy-

drazine hydrate, reaction temperature, and replacing hy-

drazine hydrate with anhydrous hydrazine. Instead, two

different intermediates were identified. One is 1,4-dia-

mino-1,4-bis(2-quinolyl)-2,3-diaza-1,3-butadiene (3)

with 81.5% yield after refluxing 1 and hydrazine hydrate

(molar ratios 1:2) for 2 h at 110�C [24]. The other is 2-

quinolylhydrazidine (2) in a yield of 94.6% by stirring 1

and anhydrous hydrazine (molar ratios 1:33) in anhy-

drous ethanol for 3 h at room temperature [25]. The

structure of 3 has been determined by X-ray crystallog-

raphy (Fig. 1). When 3 was heated to 200�C in argon

atmosphere, only trace amounts of compound 4 was

formed. In contrast, when 2 was mixed in acetic acid at

room temperature, 4 was obtained in a yield of 60.4%

[26]. To our knowledge, this is the first report to synthe-

size 3,5-diaryl-substituted 1,2,4-triazoles without involv-

ing the corresponding 1,2,4,5-tetrazine and 1,2,4-triazo-

line intermediates compared with the other methods

[23,24].

The molecular structure of 4 was also confirmed by

X-ray crystallography. Single crystals of 4 were

obtained by slow evaporation of its ethanol solution at

ambient temperature. A structural view with atom-num-

bering scheme is shown in Figure 2 and selected bond

lengths and bond angles are listed in Table 1. The X-ray

structure analysis indicates that 4 consists of two quino-

lyl rings and one triazole ring. These rings do not share

a common plane. The quinolyl ring with N1 atom makes

a dihedral angle of 10.1(4)� with the triazole ring,

whereas the quinolyl ring with N5 atom makes a dihe-

dral angle of 35.5(4)� with respect to the triazole plane.

The dihedral angle between two quinolyl groups is

Scheme 1

Scheme 2
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37.7(4)�. The bond lengths and bond angles in the struc-

ture of 4 are in the usual ranges. In the crystal, the pos-

sibility of NAH���N hydrogen bonds is reduced due to

the presence of the bulky quinolyl groups. However, the

molecules of 4 are further stabilized by CAH���p inter-

actions involving C19-H19 and the phenyl ring at (�1/2

þ x, 1/2�y, 1/2 þ z) [C19���p ¼ 3.588(5) Å and C19-

H19���p ¼ 136.6(4)�] [8].

EXPERIMENTAL

Melting points were determined with an X-4 digital micro-
scope melting-point apparatus (Beijing) and are uncorrected.
UV-vis spectra were recorded on a Perkin-Elmer Lambda 35
spectrophotometer at room temperature. FT-IR spectra were
recorded on a Nicolet 380 FT-IR instrument using KBr disks.
1H NMR spectra were measured on a Bruker AM 500 MHz
spectrometer. Chemical shifts are reported in parts per million
(ppm) downfield from tetramethylsilane (TMS). Mass spectra
were recorded on an Autoflex II TOF/TOF. Elemental analyses
of compounds were performed with an Elementer Varian EL

III instrument. Commercial reagents were used without further
purification unless otherwise stated. 2-Cyanoquinoline (1) was
synthesized according to literature method [27].

2-Quinolylhydrazidine (2). A mixture of 1 (1.54 g, 10

mmol) and anhydrous hydrazine (10.2 mL, 321 mmol) was
stirred in anhydrous ethanol (6.3 mL) at ambient temperature
for 2 h. The solid was collected and washed with cold water.
Then the crude product was recrystallized from anhydrous
ethanol to give yellow needles 1.76 g (94.6%), mp 191–192�C

(lit. mp 191–192�C [25]); IR (m, cm�1): 3436, 3290, 3178,
3061, 3012, 1636, 1599, 1561, 1507, 831, 747, 625, 477. 1H
NMR (CDCl3, ppm): d 4.74 (s, 2H, NH), 5.38 (s, 2H, NH2),

7.51–7.54 (t, 1H, ArH), 7.68–7.71 (t, 1H, ArH), 7.79–7.81 (d,
1H, ArH), 8.05–8.07 (d, 1H, ArH), 8.10–8.15 (m, 2H, ArH).

1,4-Diamino-1,4-bis(2-quinolyl)-2,3-diaza-1,3-butadiene (3).

A mixture of 1 (1.2 g, 7.8 mmol) and hydrazine hydrate (1.2
mL) was stirred at 110�C for 2 h. Upon cooling to ambient

temperature, the solid was collected and recrystallized from
ethyl acetate to give yellow needles 1.08 g (81.5%), mp 178–
180�C; UV (EtOH, nm): 209 (1.32), 240 (1.70), 296 (0.53),
308 (0.51), 332 (0.47, sh). IR (m, cm�1): 3436, 3289, 3180,

3058, 1637, 1598, 1561, 1507, 831, 747, 625, 477. 1H NMR
(CDCl3, ppm): d 5.47 (s, 2H, NH2), 7.54–7.58 (t, 1H, ArH),
7.62–7.76 (t, 1H, ArH), 7.82–7.85 (d, 1H, ArH), 8.07–8.10 (d,
1H, ArH), 8.16–8.17 (t, 2H, ArH). Anal. Calcd. for C20H16N6:
C, 70.57; H, 4.74; N, 24.69. Found: C, 70.68; H, 4.99; N,

24.54.
3,5-Bis(2-quinolyl)-1,2,4-triazole (4). At 0�C, 2 (2.44 g,

13.1 mmol) was mixed with glacial acetic acid (7.5 mL, 131
mmol) and then stirred for 3 h at room temperature. After the
removal of unreacted acid under vacuum, the crude product

was recrystallized from anhydrous ethanol to yield colorless
crystals 1.28 g (60.4%), mp 226–227�C; UV (EtOH, nm): 213
(2.04), 248 (2.27), 306 (0.71), 320 (0.83), 335 (1.00). IR (m,
cm�1): 3174, 3056, 1698, 1615, 1598, 1567, 1502, 836, 769,
615, 476. 1H NMR (CDCl3, ppm): d 7.66 (s, 1H, ArH), 7.84

(s, 1H, ArH), 7.93 (s, 1H, ArH), 8.36 (s, 1H, ArH), 8.43 (s,
1H, ArH), 8.56 (s, 1H, ArH). MS: m/z 324.1 (Mþ þ 1), 323.1
(Mþ), 295.1 (Mþ þ 1 – N2), 294.1 (Mþ – N2). Anal. Calcd.
for C20H13N5: C, 74.28; H, 4.05; N, 21.66. Found: C, 74.42;
H, 4.18; N, 21.52.

Figure 1. A view of 3 showing the atom-numbering scheme. Thermal ellipsoids are shown at the 50% probability level.

Figure 2. A view of 4 showing the atom-numbering scheme. Thermal ellipsoids are shown at the 50% probability level.
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Single-crystal X-ray diffraction analysis of 4. C20H13N5,
Mr ¼ 323.35, monoclinic, P21/c, a ¼ 14.306(3) Å, b ¼
7.0990(14) Å, c ¼ 15.372(3) Å, b ¼ 95.85(3)�, V ¼ 1553.0(5)

Å3, Z ¼ 4, q ¼ 1.383 mg/m3, l ¼ 0.087 mm�1, F(000) ¼
672, R1 ¼ 0.0775 for 1248 observed (I > 2r(I)) reflections
and 0.1822 for all 2939 reflections, Goodness-of-fit ¼ 1.003,
226 parameters.

A colorless block crystal of 4 with dimensions 0.06 � 0.10

� 0.10 mm3 was selected for lattice parameter determination
and collection of intensity data at 293 K on a FR590 CAD4
four-circle diffractometer with monochromated Mo Ka radia-
tion (k ¼ 0.71073 Å) using a y /2y scan mode. The data was
corrected for Lorenz and polarization effects during data

reduction. An empirical absorption correction based on w
scans was applied. The structure was solved by the direct
methods and refined on F2 by full-matrix least-squares meth-
ods using the SHELXL version 5.10 [28]. All nonhydrogen
atoms were refined anisotropically. Hydrogen atoms for CAH

and NAH were placed in calculated positions (0.96 Å),
assigned fixed isotropic thermal parameters at 1.2 times the
equivalent isotropic U of the atoms to which they are attached,
and allowed to ride on their respective parent atoms.

CCDC 736135 contains the supplementary crystallographic
data for this article. These data can be obtained free of charge
from the Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.
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Table 1

Selected bond lengths and angles for 4.

Bond length (Å) Bond angle (�)

N1AC7 1.308 (5) C7AN1AC5 118.1 (4)

N1AC5 1.383 (5) C10AN2AN3 103.6 (3)

N2AC10 1.321 (5) C11AN3AN2 106.9 (3)

N2AN3 1.387 (4) C11AN4AC10 104.5 (3)

N3AC11 1.359 (5) C12AN5AC16 116.1 (4)

N4AC10 1.330 (5) N1AC7AC10 118.6 (4)

N4AC11 1.319 (5) C8AC7AC10 118.4 (4)

N5AC12 1.316 (5) N5AC12AC11 113.2 (4)

N5AC16 1.385 (5) C13AC12AC11 121.0 (4)

C7AC10 1.470 (5)

C11AC12 1.482 (6)
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N-substituted furylmethylimines are prepared by condensing 6-aminocoumarins with furfural, these
on sodium borohydride reduction afford N-[coumarin-60-yl]-2-furylamines. Intramolecular [4þ2] cyclo-
addition of these amines with maleic anhydride results into 3-[N-coumarin-60-yl]-4-oxo-10-oxa-3-azatri-
cyclo[5.2.1.01.5]dec-8-ene-6-carboxylic acids 4a–c. The [4þ2] cycloadducts on p-toluene sulphonic acid
treatment followed by esterification yield the titled compounds. Compound 5a–c was also reduced to

isoindolone alcohol 7a–c by sodium borohydride in the presence of a base. All the compounds have
been tested in vitro for their antimicrobial activity against gram-positive bacteria Bacillus subtilis,
Staphylococcus aureus, one gram-negative bacteria, Escherichia coli, and one fungal strain Candida
albicans at 100 lg/mL concentration.

J. Heterocyclic Chem., 47, 214 (2010).

INTRODUCTION

A variety of heterocyclic compounds bearing isoindo-

lone skeleton reported to possess wide range of biologi-

cal activities, such as antipsychotic [1], antihypertensive

[2], antiviral [3], and antileukemic [4]. Furthermore, iso-

indolones have been widely used as building blocks for

the synthesis of various drugs and natural products.

Likewise, coumarins have also gained considerable syn-

thetic and pharmacological interest for a long time

because of their various biological activities [5–9]. In

continuation of our work [10–15], keeping the biological

profile of the two class of compounds in view, it

appeared of interest to synthesize a molecular entity dis-

playing the structural features of both the class of

compounds.

Intramolecular Diels-Alder reaction of furan (IMDAF)

methodology offers a facile way of constructing isoindo-

lone moiety on a pre-existing 2-furylmethyl amine sys-

tem [16]. In this article, we wish to report the synthesis

of methyl-3-oxo-2,3-dihydro-1H-isoindolone-5-carboxy-
lates using the IMDAF approach.

RESULTS AND DISCUSSION

The required N-substituted 2-furylmethyl-amine 3a–c

was obtained by sodium borohydride reduction of the

N-substituted 2-furylmethimines (2a–c) derived from 6-

amino coumarin (1a–c) and furfural (Scheme 1). Capi-

talizing on the reactivity of the furan nucleus to words

dienophiles in the Diels-Alder reaction, these furyl-

methyl amine were subsequently treated with maleic an-

hydride to afford compound 4a–c.

The formation of stereochemically defined exo-tricy-

clic cycloadduct proceeds smoothly via initial N-acyla-

tion followed by intramolecular Diels-Alder reaction

(one-pot reaction) [17–19] Scheme 2.

In the next step, ring opening followed by aromatiza-

tion of the epoxy isoindolones was accomplished by

subjecting the cycloadduct (4a–c) to p-toluene sulphonic

acid (pTSA) in refluxing toluene [16]. The resultant

product was characterized as 2-[N-coumarin-60-yl]-3-
oxo-2,3-dihydro-1H-isoindolone-5-carboxylic acid (5a–

c). The presence of carboxy function was confirmed by

converting (5a–c) to their corresponding methyl esters

(6a–c) and isoindolone alcohol (7a–c) Scheme 3.

Spectral characterization. Formation of furfural

amines 3a–c was confirmed by the IR spectra, which

showed characteristic ANH stretching at 3438 cm�1. In

its 1H NMR in CDCl3, it showed a singlet at d 4.34

ppm integrating for two methylene protons. The forma-

tion of cycloadduct was confirmed by the absence of

ANH stretching in IR spectra and the presence of char-

acteristic bands for the vibrations of the amide and car-

boxylic group in the regions of 1620–1690 and 1710–

VC 2009 HeteroCorporation
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1726 cm�1, respectively. The 1H NMR spectra of com-

pound 4c contain three characteristic signals for mutu-

ally interacting protons 7-H, 8-H, and 9-H with chemi-

cal shifts of 5.07, 6.50, and 6.65 ppm, respectively, and

coupling constants J7,8 ¼ 1.8 Hz and J8,9 ¼ 5.7 Hz,

respectively. The absence of the J6,7 spin–spin coupling

constant indicates the endo arrangement of the 5-H and

6-H protons (J5,6 ¼ 9 Hz) and the exo arrangement of

the carboxyl and amide constituents. The C-2 protons of

CH2 are magnetically nonequivalent and are observed as

an AB quartet at 4.57 and 3.84 ppm (JAB ¼ 11.4 Hz),

respectively. Compound 5c shows a singlet at d 5.13 for

the CH2 protons along with other signals. Compounds

5a–c were independently confirmed by converting them

into their corresponding methyl-esters, showing stretch-

ing vibration between 1730 and 1735 cm�1 for carbonyl

group of methyl ester. The 1H NMR of compound 6c

shows an additional singlet at d 3.83 ppm for three pro-

tons of methyl ester. 5-Hydroxymethyl-2-[N-coumarin-

60-yl]-3-oxo-2,3-dihydro-1H-isoindolone 7a–c shows

singlet at d 4.68 for CH2AOH protons along with the

other signals.

In vitro antimicrobial evaluation of newly synthesized

compounds was done against three bacterial and one

fungal strain by agar-well diffusion method [20] at 100

lg/mL concentration. Antibacterial activity of the test

compounds was evaluated against two gram-positive

bacteria, Bacillus subtilis and Staphylococcus aureus,
and one gram-negative bacteria, Escherichia coli, using
ampicillin as standard drug. Antifungal activity was

screened against one fungal strain, Candida albicans,
using clotrimazole as standard drug. The results are

given in Table 1.

CONCLUSIONS

In conclusion, a series of novel 2-[N-coumarin-60-yl]-
3-oxo-2,3-dihydro-1H-isoindolone-5-carboxylic acid

(5a–c), methyl-2-[N-coumarin-60-yl]-3-oxo-2,3-dihydro-
1H-isoindolone-5-carboxylate (6a–c), and 5-hydroxy-

methyl-2-[N-coumarin-60-yl]-3-oxo-2,3-dihydro-1H-iso-
indolone (7a–c) were synthesized by IMDAF, and

their antimicrobial activities have been evaluated.

Scheme 1. Reagents and conditions:(a) toluene, reflux, 5 h and (b) NaBH4, MeOH, 0�C, 3 h.

Scheme 2. Reagents and conditions: (a) maleic anhydride, benzene.
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Among the tested compounds, compounds 5c, 6c, and

7c with methyl substitution on fourth and seventh posi-

tions of benzopyran ring have showed significant

activities.

EXPERIMENTAL

Melting points were taken in open capillaries and are uncor-

rected. FTIR spectra (Vmax in cm�1) were recorded on a Perkin

Elmer 400 spectrometer using KBr. NMR spectra were

recorded on JEOL NMR AL300 (300 MHz) using TMS as

standard and mass spectra on a Shimadzu GC-MS QP-2010.

Elemental analyses were carried out in IIT, Mumbai. The reac-

tions are followed up and purity of the products is carried out

on precoated TLC plates (Silica gel 60 F254, Merck), visualiz-

ing the spots in ultraviolet light. All the new compounds gave

satisfactory elemental analyses.

Synthesis of N-[coumarin-60-yl]-2-furylmethinimine (2a–

c). Imines (2a–c) were prepared by refluxing a mixture of
freshly distilled furfuraldehyde and appropriate 6-amino cou-

marin in toluene using Dean-Stark apparatus, refluxing was
continued for 5 h. Toluene was distilled off on a rotary evapo-
rator and the crude imine was used in the next step without
purification.

Table 1

Antibacterial and antifungal activities of the compounds as zone of inhibition (mm) (100 lg/mL).

Comp. Bacillus subtilis Staphylococcus aureus Escherichia coli Candida albicans

5a 14 14 15 16

5b 14 15 14 15.5

5c 18 19 22 18

6a 9 13 13 14

6b 11 14 14 15

6c 16 17.5 18 16

7a 8 10 13 13

7b 10 12 14 15.5

7c 15 14 15 16.5

DMSO Control Control Control Control

Ampicillin 18 19 16 –

Clotrimazole – – – 22

Scheme 3. Reagents and conditions: (a) pTSA, toluene, reflux, (b) MeOH, Conc. H2SO4, reflux, 8 h, and (c) THF, ethylchloroformate, TEA/

NaBH4/MeOH, r.t, 24 h.
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Synthesis of N-[coumarin-60-yl]-2-furylmethylamine (3a–

c). Sodiumborohydride was added in small portions to a solu-
tion of imine (2a–c) in methanol at 0�C for 30 min and there

after at room temp for 3 h, and then acidified with 10% HCl
to pH 1. The resulting mixture was adjusted to pH 11 with aq
NH3 solution and extracted with ethyl acetate. The combined
organic layer was washed with brine, dried (Na2SO4), and con-
centrated in vacuo to give off white solid.

3a. Yield 68%; mp 118–120�C. IR (KBr, cm�1): 3438,
2950, 1710; 1H NMR (CDCl3): d 4.10 (s, 1H, NH, D2O-
exchangable), 4.34 (s, 2H, C6ACH2), 6.25 (d, 1H, J ¼ 9 Hz
C3

0AH), 6.30–6.85 (m, 3H, furfural-H), 6.80 (d, IH, J ¼ 8.7
Hz, C8

0AH), 7.12 (d, 1H, J ¼ 8.7 Hz, C7
0AH), 7.30 (s, 1H,

C5
0AH), 7.64 (d, 1H, J ¼ 9 Hz, C4

0AH). Anal. Calcd. for
C14H11NO3: C, 69.70; H, 4.60; N, 5.81. Found: C, 69.41; H,
4.68; N, 5.65.

3b. Yield 65%; mp 122–124�C. IR (KBr, cm�1): 3435,
2945, 1713; 1H NMR (CDCl3): d 2.20 (s, 3H, C7

0ACH3), 4.05
(s, 1H, NH, D2O-exchangable), 4.28 (s, 2H, C6ACH2), 6.21
(d, 1H, J ¼ 9 Hz, C3

0AH), 6.28–6.85 (m, 3H, furfural-H), 7.08
(s, 1H, C8

0AH), 7.18 (s, 1H, C5
0AH), 7.68 (d, 1H, J ¼ 9 Hz,

C4
0AH). Anal. Calcd. for C15H13NO3: C, 70.58; H, 5.13; N,

5.49. Found: C, 70.41; H, 5.20; N, 5.30.
3c. Yield 62%; mp 123–125�C. IR (KBr, cm�1): 3431,

2950, 1708; 1H NMR (CDCl3): d 2.24 (s, 3H, C7
0ACH3), 2.35

(s, 3H, C4
0ACH3), 3.96 (s, 1H, NH, D2O-exchangable), 4.38

(s, 2H, C6ACH2), 6.19 (s, 1H, C3
0AH), 6.30–6.88 (m, 3H, fur-

fural-H), 7.08 (s, 1H, C8
0AH), 7.28 (s, 1H, C5

0AH); ms: m/z ¼
269 (35%) [Mþ], 188 (25%), 160 (20%), 117 (10%), 81
(100%). Anal. Calcd. for C16H15NO3: C, 71.36; H, 5.61; N,

5.20. Found C, 71.15; H, 5.66; N, 5.31.
Synthesis of 3-[N-coumarin-60-yl)-4-oxo-10-oxa-3-azatri-

cyclo[5.2.1.0
1.5
]dec-8-ene-6-carboxylic acid (4a–c). To a

stirred solution of 3a–c in anhydrous benzene was added ma-
leic anhydride at r.t. The solution was stirred at r.t. for 10 h.
The product was filtered and washed with benzene to yield
cycloadduct 4a–c. Recrystallization from hexane-ethyl acetate
gave desired acids 4a–c as colorless solids.

4a. Yield 88%; mp 220–222�C, IR (KBr, cm�1): 3076,
1725, 1665; 1H NMR (DMSO-d6): d 2.87 (d, 1H, J ¼ 9 Hz,
C6AH), 3.01 (d, 1H, J ¼ 9 Hz, C5AH), 3.80 (d, 1H, J ¼ 11.4
Hz, C2aAH), 4.52 (d, 1H, J ¼ 11.4 Hz, C2bAH), 5.05 (d, 1H,

J ¼ 1.8 Hz, C7AH), 6.50 (dd, 1H, J ¼ 5.7 and 1.8 Hz,
C8AH), 6.65 (d, 1H, J ¼ 5.7 Hz, C9AH), 6.25 (d, 1H, J ¼ 9
Hz, C3

0AH), 6.81 (d, 1H, J ¼ 9 Hz, C8
0AH), 7.08 (d, 1H, J ¼

9 Hz, C7
0AH), 7.20 (s, 1H, C5

0AH), 7.85 (d, 1H, J ¼ 9 Hz,
C4

0AH), 12.30 (s, 1H, COOH). Anal. Calcd. for C18H13NO6:

C, 63.72; H, 3.86; N, 4.13. Found C, 63.51; H, 3.92; N, 4.22.
4b. Yield 86%; mp 225–227�C, IR (KBr, cm�1): 3070,

1722, 1672; 1H NMR (DMSO-d6): d 2.28 (s, 3H, C7
0ACH3),

2.86 (d, 1H, J ¼ 9 Hz, C6AH), 3.05 (d, 1H, J ¼ 9 Hz,
C5AH), 3.77 (d, 1H, J ¼ 11.4 Hz, C2aAH), 4.50 (d, 1H, J ¼
11.4 Hz, C2bAH), 5.09 (d, 1H, J ¼ 1.8 Hz, C7AH), 6.51 (dd,
1H, J ¼ 5.7 and 1.8 Hz, C8AH), 6.62 (d, 1H, J ¼ 5.7 Hz,
C9AH), 6.21 (d, 1H, J ¼ 9 Hz, C3

0AH), 6.89 (s, 1H, C8
0AH),

7.22 (s, 1H, C5
0AH), 7.82 (d, 1H, J ¼ 9 Hz, C4

0AH), 12.25 (s,

1H, COOH). Anal. Calcd. for C19H15O6N: C, 64.59; H, 4.28;
N, 3.96. Found C, 64.29; H, 4.42; N, 4.11.

4c. Yield 82%; mp 221–223�C, IR (KBr, cm�1): 3072,
1720, 1671, 1H NMR (DMSO-d6): d 2.25 (s, 3H, C7

0ACH3),
2.40(s, 3H, C4

0ACH3), 2.95 (d, 1H, J ¼ 9 Hz, C6AH), 3.02

(d, 1H, J ¼ 9 Hz, C5AH), 3.84 (d, 1H, J ¼ 11.4 Hz,

C2aAH), 4.57 (d, 1H, J ¼ 11.4 Hz, C2bAH), 5.07 (d, 1H,
J ¼ 1.8 Hz, C7AH), 6.50 (dd, 1H, J ¼ 5.7 and 1.8 Hz,
C8AH), 6.19 (s, 1H, C3

0AH), 6.65 (d, 1H, J ¼ 5.7 Hz,
C9AH), 7.32 (s, 1H, C8

0AH), 7.64 (s, 1H, C5
0AH), 12.28 (s,

1H, COOH); 13C NMR(DMSOAd6, d): 17.55 (C7
0ACH3),

17.99 (C4
0ACH4), 44.88 (C-2), 50.0 (C-6), 51.50 (C-5), 80.26

(C-7), 88.75 (C-1), 113.80 (C-30), 118.0 (C-80), 123.41 (C-
40a), 128 (C-50), 134.10 (C-8), 135.44 (C70), 136.80 (C-60),
141.43 (C-9), 151.75 (C-80a), 153.0 (C-40), 159.80 (C-20,
C¼¼O), 170.23 (C-4, C¼¼O), 174.0 (COOH); ms: m/z ¼ 367

(45%) [Mþ], 160 (35), 188 (25), 91(60). Anal. Calcd. for
C20H17NO6: C, 65.39; H, 4.66; N, 3.81. Found C, 65.18; H,
4.77; N, 3.94.

Synthesis of 2-[N-coumarin-60-yl]-3-oxo-2,3-dihydro-1H-

isoindolene-5-carboxylic acid (5a–c). A mixture of cycload-

duct 4a–c (1 mmol), toluene, and pTSA (3 mmol) in a flask

equipped with reflux condenser was stirred at refluxing tempera-

ture. The progress of the reaction was monitored by TLC. When

the reaction was complete, toluene was distilled off on a rotary

evaporator. The resulting residue was dissolved in CH2Cl2 and

washed thoroughly with water. The organic layer was washed

with brine, dried over Na2SO4, and concentrated in vacuo to

give solid mass, which was purified by column chromatography

(ethyl acetate–pet ether) to give the desired product.

5a. Yield 50%; mp 280–282�C, IR (KBr, cm�1): 2995,
1716, 1675, 1500; 1H NMR (DMSO-d6): d 5.10 (s, 2H,
C1ACH2), 6.30 (d, 1H, J ¼ 9 Hz, C3

0AH), 7.15 (d, 1H, J ¼ 9
Hz, C7

0AH), 7.20 (d, 1H, J ¼ 9 Hz, C8
0AH), 7.38 (s, 1H,

C5
0AH), 7.75–7.99 (m, 3H, Arom-H), 7.89 (d, 1H, J ¼ 9 Hz,

C4
0AH), 11.89 (s, 1H, COOH). Anal. Calcd. for C18H11NO5:

C, 67.29; H, 3.45; N, 4.36. Found C, 67.12; H, 3.51; N, 4.48.
5b. Yield 48%; mp 284–286�C, IR (KBr, cm�1): 2995,

1720, 1670; 1H NMR (DMSO-d6): d 2.30 (s, 3H, C7
0ACH3),

5.15 (s, 2H, C1ACH2), 6.28 (d, 1H, J ¼ 9 Hz, C3
0AH), 7.20

(s, 1H, C8
0AH), 7.35 (s, 1H, C5

0AH), 7.70–7.95 (m, 3H,
Arom-H), 7.84 (d, 1H, J ¼ 9 Hz, C4

0AH), 11.80 (s, 1H,
COOH). Anal. Calcd. for C19H13NO5: C, 68.06; H, 3.91; N,
4.18. Found C, 67.89; H, 3.96; N, 4.27.

5c. Yield 45%; mp 285–287�C, IR (KBr, cm�1): 2991,

1723, 1674; 1H NMR (DMSO-d6): d 2.26 (s, 3H, C7
0ACH3),

2.38 (s, 3H, C4
0ACH3), 5.13 (s, 2H, C1ACH2), 6.38 (s, 1H,

C3
0AH), 7.30 (s, 1H, C8

0AH), 7.39 (s, 1H, C5
0AH), 7.70–7.99

(m, 3H, Arom-H), 12.05 (s, 1H, COOH); 13C NMR (DMSO-

d6, d): 17.70 (C7
0ACH3), 18.01 (C4

0ACH4), 54.28 (C-1),

114.18 (C-30), 118.17 (C-80), 124. 71 (C-40a), 127.0 (C-50),
130.10 (C-8), 132.0 (C-7), 133.80 (C-70), 135.60 (C-4), 136.44

(C-70), 138.0 (C-5), 138.10 (C-60), 139.20 (C-6), 152.75 (C-

80a), 154.0 (C-40), 159.640 (C-20, C¼¼O), 165.0 (C-3, C¼¼O),

170.20 (COOH); ms. m/z ¼ 349 (65%) [Mþ], 338(55%),

217(100%), 161 (70%). Anal. Calcd. for C20H15NO5: C,

68.76; H, 4.33; N, 4.01. Found C, 68.52; H, 4.41; N, 4.09.

Synthesis of methyl-2-[N-coumarin-60-yl]-3-oxo-2,3-dihy-
dro-1H-isoindolene-5-carboxylate (6a–c). Mixture of com-
pound (5a–c) (1 mmol), conc. H2SO4 (0.5 mL), and absolute

methanol (10 mL) was refluxed for 8 h. Excess methanol was
distilled off by rotary evaporation. The resulting mass was
diluted with ethyl acetate and washed with aq. NaHCO3. The
organic layer was washed with brine, dried over Na2SO4 and
concentrated in vacuo to give the corresponding esters (6a–c),

which were purified by recrystallization using ethyl acetate–pet
ether.
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6a. Yield 62%; mp 170–172�C, IR (KBr, cm�1): 3050,
1730, 1685; 1H NMR (DMSO-d6): 3.80 (s, 3H, OCH3), 4.92
(s, 2H, C1ACH2), 6.32 (d, 1H, J ¼ 9 Hz, C3

0AH), 7.21 (d,

1H, J ¼ 9 Hz, C7
0AH), 7.28 (d, 1H, J ¼ 9 Hz, C8

0AH), 7.50
(s, 1H, C5

0AH), 7.65–7.87 (m, 3H, Arom-H), 7.85 (d, 1H, J ¼
9 Hz, C4

0AH). Anal. Calcd. for C19H13NO5: C, 68.06; H, 3.91;
N, 4.18. Found C, 67.89; H, 3.96; N, 4.29.

6b. Yield 58%; mp 175–177�C, IR (KBr, cm�1): 3045,

1732, 1689; 1H NMR (DMSO-d6): d 2.20 (s, 3H, C7
0ACH3),

3.78 (s, 3H, OCH3), 4.95 (s, 2H, C1ACH2), 6.30 (d, 1H, J ¼ 9
Hz, C3

0AH), 7.32 (s, 1H, C8
0AH), 7.50 (s, 1H, C5

0AH), 7.62–
7.89 (m, 3H, Arom-H), 7.80 (d, 1H, J ¼ 9 Hz, C4

0AH). Anal.
Calcd. for C20H15NO5: C, 68.76; H, 4.33; N, 4.01. Found C,

68.58; H, 4.39; N, 4.12.
6c. Yield 55%; mp 173–175�C, IR (KBr, cm�1): 3045,

1735; 1H NMR (DMSO-d6): d 2.20 (s, 3H, C7
0ACH3), 2.25 (s,

3H, C4
0ACH3), 3.82 (s, 3H, OCH3), 4.98 (s, 2H, C1ACH2),

6.36 (s, 1H, C3
0AH), 7.40 (s, 1H, C8

0AH), 7.60 (s, 1H,
C5

0AH), 7.72–7.87 (m, 3H, Arom-H); 13C NMR (DMSO-d6,
d): 18.20 (C7

0ACH3), 18.91 (C4
0ACH4), 53.28 (OCH3), 53.63

(C-1), 114.84 (C-30), 118.83(C-80), 125. 64 (C-40a), 126.0 (C-
50), 131.10 (C-8), 133.0 (C-7), 133.90 (C-70), 135.60 (C-4),
136.44 (C-70), 136.0 (C-5), 137.10 (C-60), 138.20 (C-6),
150.75 (C-80a), 152.0 (C-40), 158.80 (C-20, C¼¼O), 160.0 (C-3,
C¼¼O), 168.0 (C¼¼O); ms. m/z ¼ 363 (50%) [Mþ], 304 (30%),
188 (60%), 160 (25%). Anal. Calcd. for C21H17NO5: C, 69.41;
H, 4.72; N, 3.85. Found C, 69.22; H, 4.79; N, 3.98.

Synthesis of 5-hydroxymethyl-2-[N-coumarin-60-yl]-3-oxo-
2,3-dihydro-1H-isoindolone (7a–c). To a suspension of the
acid 5a–c (0.3 mmol) in tetrahydrofuran (THF) (6 mL) at
�20�C were added ethyl chloroformate (0.36 mmol) and
triethlyamine (TEA) (0.45 mmol), and the reaction mixture
was stirred at 0�C for 1 h. To the reaction mixture at 0�C
were slowly added solid NaBH4 (0.6 mmol) and MeOH (2
mL), and the reaction mixture was stirred at room temperature
for 24 h. The reaction mixture was diluted with ethyl
acetate and washed with NaHCO3. The organic layer was
washed with brine solution, dried over Na2SO4, and concen-
trated in vacuo. Column chromatographic purification gave
compound (7a–c).

7a. Yield 55%; mp 260–262�C, IR (KBr, cm�1): 3372,
2995, 1716; 1H NMR (DMSO-d6): d 5.12 (s, 2H, C1ACH2),
6.31 (d, 1H, J ¼ 9 Hz, C3

0AH), 7.13 (d, 1H, J ¼ 9 Hz,

C7
0AH), 7.21 (d, 1H, J ¼ 9 Hz, C8

0AH), 7.38 (s, 1H, C5
0AH),

7.75–7.89 (m, 3H, Arom-H), 7.83 (d, 1H, J ¼ 9 Hz, C4
0AH),

4.78 (s, 2H, CH2AOH). Anal. Calcd. for C18H13NO4: C,
70.36; H, 4.23; N, 4.56. Found C, 70.61; H, 4.35; N, 4.76.

7b. Yield 52%; mp 264–266�C, IR (KBr, cm�1): 3378,

2958, 1718; 1H NMR (DMSO-d6): d 2.33 (s, 3H, C7
0ACH3),

5.13 (s, 2H, C1ACH2), 6.21 (d, 1H, J ¼ 9 Hz, C3
0AH), 7.25

(s, 1H, C8
0AH), 7.32 (s, 1H, C5

0AH), 7.70–7.88 (m, 3H,
Arom-H), 7.80 (d, 1H, J ¼ 9 Hz, C4

0AH), 4.72 (s, 2H,
CH2AOH). Anal. Calcd. for C19H15NO4: C, 71.03; H, 4.68; N,

4.36. Found C, 71.25; H, 4.78; N, 4.52.
7c. Yield 50%; mp 268–270�C, IR (KBr, cm�1): 3389,

2990, 1721, 1674; 1H NMR (DMSO-d6): d 2.23 (s, 3H,

C7
0ACH3), 2.36 (s, 3H, C4

0ACH3), 5.10 (s, 2H, C1ACH2),
6.36 (s, 1H, C3

0AH), 7.31 (s, 1H, C8
0AH), 7.35 (s, 1H,

C5
0AH), 7.70–7.99 (m, 3H, Arom-H), 4.68 (s, 2H, CH2AOH);

13C NMR (DMSO-d6, d): 17.70 (C7
0ACH3), 18.09 (C4

0ACH4),
53.28 (C-1), 60.1 (CH2OH) 113.18 (C-30), 118.17 (C-80), 124.
71 (C-40a), 127.0 (C-50), 131.10 (C-8), 132.0 (C-7), 134.80 (C-
70), 135.60 (C-4), 136.44 (C-70), 138.0 (C-5), 138.10 (C-60),
139.20 (C-6), 152.75 (C-80a), 153.0 (C-40), 159.6 (C-20,C¼¼O),
164.0 (C-3, C¼¼O). Anal. Calcd. for C20H17NO4: C, 71.63; H,
5.11; N, 4.18. Found C, 71.88; H, 5.25; N, 4.40.
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Carbodiimide, obtained from aza-Wittig reaction of iminophosphorane with 4-fluorophenyl isocya-
nate, reacted with various nucleophiles under mild conditions to give a series of 2-substituted-3-(4-fluo-

rophenyl)-benzofuro [3,2-d] pyrimidin-4(3H)-ones in satisfactory yield. Their structures were confirmed
using NMR, EI-Ms, IR, and elementary analysis, and compound 7b was further analyzed by single-crys-
tal. The preliminary bioassays indicated that these compounds showed moderate fungicidal activities
against six kinds of fungi at a concentration of 50 mg/L.

J. Heterocyclic Chem., 47, 219 (2010).

INTRODUCTION

Benzofuropyrimidinones are important heterocycles

bearing remarkable biological activities. Some of them

have shown good analgesic, anti-inflammatory, and anti-

microbial activities [1–3], whereas others exhibited good

anticoccidial and blood sugar-lowering activities [4,5].

On the other hand, many examples have been demon-

strated that incorporation of fluorine atom in molecular

structure of heterocyclic compounds often resulted in

the improvement of pharmacological properties of the

compounds as compared to their non-fluorine analogs

[6,7]. The introduction of a fluorine atom to the benzo-

furopyrimidinone system is expected to influence the

biological activities significantly. However, there is

no report of a generally useful synthesis of 2-substi-

tuted-3-(4-fluorophenyl)-benzofuro [3,2-d] pyrimidin-

4(3H)-ones.

The aza-Wittig reactions of functionalized iminophos-

phoranes with isocyanates have been applied to produce

carbodiimides, functional groups consisting of the for-

mula N¼¼C¼¼N, able to undergo a plethora of heterocyc-

lization reactions [8,9]. Here, in continuation of our ear-

lier work [10,11], we wish to report a new method of

the previously unreported incorporation of fluorine atom

in molecular structure of benzofuropyrimidinones via
the aza-Wittig reactions of functionalized iminophos-

phorane with 4-fluorophenyl isocyanate under mild con-

dition, which synthesized 2-substituted-(4-fluorophenyl)-

benzofuro [3,2-d] pyrimidin-4(3H)-ones.

RESULT AND DISCUSSION

Synthesis. The iminophosphorane 2 reacted with p-
fluorophenyl isocyanate to give carbodiimide 3, which

were allowed to react with secondary amines to provide

guanidine intermediates 4 (Y¼R2N). In the presence of

catalytic amount of sodium ethoxide, 4 were converted

easily to 2-dialkylamino-3-p-fluorophenyl-benzofuro
[3,2-d] pyrimidin-4(3H)-ones 5 in satisfactory yields at

room temperature (Scheme 1).

The reaction of carbodiimide 3 with phenols produced

2-aryloxy-3-p-fluorophenyl-benzofuro [3,2-d] pyrimidin-

4(3H)-ones 5 (Y ¼ ArO) in the presence of catalytic

amount of potassium carbonate in good yields. The

direct reaction of carbodiimide 3 with primary alcohol

(ROH) gave 2-alkoxy-3-p-fluorophenyl-benzofuro [3,2-

d] pyrimidin-4(3H)-ones 5 (Y ¼ RO) in excellent yields

in the presence of catalytic amount of RO�Naþ. The

results are listed in Table 1.

The reaction of carbodiimide 3 with primary amine

RNH2 in the presence of EtO�Naþ produced only 2-

alkylamino-3-p-fluorophenyl-benzofuro [3,2-d] pyrimi-

din-4(3H)-ones 7, and the other isomer 8 was not found

(Scheme 2). The same selectivity was also observed in

similar cases [11]. The results are also listed in Table 1.

The structures of all products were confirmed using

NMR, IR, elemental analysis, and MS. The structure of

7 was deduced from its 1H NMR data. Among the pos-

sible regioisomers, we obtained only 7 from the reaction

mixture after recrystallization; the other isomer 8 was

VC 2010 HeteroCorporation
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not found by 1H NMR analysis of the reaction mixture.

Furthermore, a single crystal of 7b was obtained from a

CH2Cl2 solution of 7b. X-ray structure analysis verified

again the proposed structure [12] (Fig. 1), which showed

that all ring atoms in the benzofuro [3,2-d] pyrimidinone

system are essentially coplanar; the C15-C20 phenyl

ring is twisted with respect to it, with a dihedral angle

of 87.35(3)�. Intermolecular C---H. . .O and N---H. . .O
hydrogen bonds link the molecules, helping to stabilize

the crystal structure. Further stability the crystal struc-

ture is provided by offset p–p stacking interactions

involving the fused benzofuro [3,2-d] pyrimidin system

moieties.

Fungicidal activity. The fungicidal activities of com-

pounds 5 and 7 were screened against six kinds of fungi,

Fusarium oxysporum, Rhizoctonia solani, Botrytis cin-
erea, Gibberella zeae, Dothiorella gregaria, and Colle-
totrichum gossypii at a concentration of 50 mg/L

according to the reported method [13] and the results

are also listed in Table 2. It was found that the com-

pounds showed moderate fungicidal activities when fluo-

rine atom was introduced. As a result, fluorine contain-

ing compounds 5i (79%) displayed better fungicidal

activities than non-substituted phenyl compounds 5j

(42%) to B. cinerea.
In conclusion, we have developed an efficient synthe-

sis of 2-substituted-3-(4-fluorophenyl)-benzofuro [3,2-d]

pyrimidin-4(3H)-ones via the aza-Wittig reactions of

functionalized iminophosphorane with 4-fluorophenyl

isocyanate. Because of the mild reaction condition, good

yields, easily accessible starting material, and straight-

forward product isolation, we think that the versatile

synthetic approach discussed here in many cases com-

pares favorably with other existing methods. The pre-

liminary bioassay indicated that all compounds showed

moderate fungicidal activities against six kinds of fungi,

F. oxysporum, R. solani, B. cinerea, G. zeae, D. grega-
ria, and C. gossypii at a concentration of 50 mg/L.

EXPERIMENTAL

The NMR spectrums (CDCl3) were recorded on Varian XL-
400 spectrometer with TMS as an internal standard, and IR
spectrum was taken on a Shimadzu IR-408 Infrared spectrome-

ter in KBr Pellets (m in cm�1). The mass spectra were meas-

Scheme 1

Table 1

Yields of compounds 5 and 7.

Compounds Ar Y(R) Yield (%)a

5a p-F-Ph 84

5b p-F-Ph 85

5c p-F-Ph AN(C2H5)2 87

5d p-F-Ph AN(i-C3H7)2 80

5e p-F-Ph 3,4-dimethylphenoxy 87

5f p-F-Ph 4-Chloro-2-methyl-phenoxy 81

5g p-F-Ph 4-Methyl-phenoxy 88

5h p-F-Ph Methoxy 87

5i p-F-Ph Ethoxy 89

5jb Ph Ethoxy 82

7a p-F-Ph n-Propyl 83

7b p-F-Ph n-Butyl 79

7c p-F-Ph Cyclohexyl 88

7d
b Ph n-Propyl 83

aYields of isolated products based on iminophosphorane 2.
b Ref. 11.

Scheme 2
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ured on a Finnigan Trace MS spectrometer. Elemental analyses
were taken on a Vario EL III elementary analysis instrument.
The melting points were determined on X4 microscopic melt-

ing apparatus (uncorrected). All the solvents and materials
were reagent grade and purified as required.

General procedure for the preparation of 2-dialkyla-

mino-3-(4-fluorophenyl)-benzofuro [3,2-d] pyrimidin-4(3H)-

ones 5a–5d. To a solution of iminophosphorane 2 (0.93 g, 2
mmol) in dry methylene chloride (15 mL) was added p-Fluoro-
phenyl isocyanate (2 mmol) under nitrogen at room tempera-
ture. After the reaction mixture was stood for 8–12 h at 0–
5�C, the solvent was removed off under reduced pressure and

ether/petroleum ether (1:2, 20 mL) was added to precipitate
triphenylphosphine oxide. After filtration, the solvent was
removed to give carbodiimide 3, which was used directly with-
out further purification. To the solution of 3 prepared above in
methylene chloride (15 mL) was added dialkylamine (2

mmol). After the reaction mixture was allowed to stand for
0.5–4 h, the solution was condensed and anhydrous ethanol
(10 mL) with several drops of EtO�Naþ in EtOH was added.

The mixture was stirred for 1–4 h at room temperature. The
solution was concentrated under reduced pressure and the re-
sidual was recrystallized from ethanol and dichloromethane (v/
v ¼ 1:1) at room temperature to give 2-substituted-benzofuro
[3,2-d] pyrimidin-4(3H)-ones 5a–5d.

2-(4-Morpholinyl)-3-(4-fluro-phenyl)-benzofuro [3,2-d] pyr-
imidin-4(3H)-one (5a). White crystals (yield: 0.61 g, 84%),
Mp: 233–234�C. 1H NMR (CDCl3, 400 MHZ) d ¼ 3.15 (t, J
¼ 4.8, 4H, 2 � OCH2), 3.47 (t, J ¼ 4.8, 4H, 2 � NCH2),
7.21–8.03 (m, 8H, Ar-H); IR (KBr): 1701 (C¼¼O), 1538, 1253,

1109 cm�1; MS (70 eV) m/z (%): 365 (Mþ, 60), 320 (69), 308
(93), 214 (40), 130 (56), 102 (47), 86 (48); Anal. Calcd for
C20H16FN3O3 (365.4): C, 65.75; H, 4.41; N, 11.50; Found: C,
65.83; H, 4.50; N, 11.43.

2-(1-Piperidinyl)-3-(4-fluro-phenyl)-benzofuro [3,2-d] pyri-
midin-4(3H)-one (5b). White crystals (yield: 0.62 g, 85%),
Mp: 253–255�C. 1H NMR (CDCl3, 400 MHZ) d ¼1.27–1.47
(m, 6H, 3 � CH2), 3.11–3.14 (m, 4H, 2 � NCH2), 7.19–8.03
(m, 8H, Ar-H); IR (KBr): 1703 (C¼¼O), 1540, 1248, 1098

cm�1; MS (70 eV) m/z (%): 363 (Mþ, 100), 320 (27), 254
(32), 223 (24), 178 (89), 130 (21), 102 (69), 84 (51); Anal.
Calcd for C21H18FN3O2 (363.4): C, 69.41; H, 4.99; N, 11.56;
Found: C, 69.50; H, 5.12; N, 11.44.

2-Diethylamino-3-(4-fluro-phenyl)-benzofuro [3,2-d] pyri-
midin-4(3H)-one (5c). White crystals (yield: 0.61 g, 87%),
Mp: 177–179�C. 1H NMR (CDCl3, 400 MHZ) d ¼ 0.88 (t, J
¼ 7.2 Hz, 6H, 2 � CH3), 3.11 (q, J ¼ 7.2 Hz, 4H, 2 �
NCH2), 7.18–8.03 (m, 8H, Ar-H); IR (KBr): 1704 (C¼¼O),
1537, 1245, 1112 cm�1; MS (70 eV) m/z (%): 351 (Mþ, 90),
322 (100), 254 (46), 228 (77), 184 (48), 130 (66), 102 (75), 94
(52); Anal. Calcd for C20H18FN3O2 (351.4): C, 68.36; H, 5.16;
N, 11.96; Found: C, 68.43; H, 5.25; N, 11.85.

2-Diisopropylamino-3-(4-fluro-phenyl)-benzofuro [3,2-d]
pyrimidin-4(3H)-one (5d). White crystals (yield: 0.61 g, 80%),

Mp: 171–172�C; 1H NMR (CDCl3, 400 MHZ) d ¼ 1.13 (d, J
¼ 6.4 Hz, 12H, 4 � CH3), 3.52 (m, 2H, 2 � NCH), 7.17–8.00
(m, 8H, Ar-H); IR (KBr): 1702 (C¼¼O), 1539, 1245, 1098
cm�1; MS (70 eV) m/z (%): 379 (Mþ, 14), 336 (100), 322

(22), 130 (9.5), 102 (4), 99 (17); Anal. Calcd for

Table 2

The fungicidal activities of 5 and 7 (50 mg/L).

Compounds

Relative inhibition %

Fusarium
oxysporium

Rhizoctonia
solani

Botrytis
cinerea

Gibberella
zeae

Dothiorella
gregaria

Colletotrichum
gossypii

5a 21.1 30.2 45.0 41.4 50.5 31.1

5b 47.5 68.5 78.0 62.9 32.8 43.3

5c 48.5 62.2 75.0 28.6 22.9 48.5

5d 42.2 17.1 25.0 38.6 37.7 28.5

5e 54.3 62.4 50.0 31.4 24.7 48.5

5f 55.6 66.4 58.8 56.1 39.5 65.2

5g 31.1 12.0 30.0 42.9 34.7 64.4

5h 38.5 18.1 75.0 15.7 25.9 32.2

5i 60.7 62.4 79.0 60.0 53.5 60.7

5j 39.8 53.6 42.0 31.2 26.5 47.8

7a 45.9 17.1 57.0 18.6 40.6 21.1

7b 35.9 17.1 35.0 18.6 10.0 38.5

7c 32.2 42.2 55.0 21.4 15.9 38.5

7d 28.5 45.1 35.0 28.6 27.9 48.5

Figure 1. X-ray crystal structure of 7b.
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C22H22FN3O2 (379.4): C, 69.64; H, 5.84; N, 11.07; Found: C,
69.71; H, 5.92; N, 11.00.

General procedure for the preparation of 2-aroxy-3-(4-

fluorophenyl)-benzofuro [3,2-d] pyrimidin-4(3H)-ones 5e–

5g. To the solution of carbodiimide 3 (ca. 2 mmol) prepared

above in CH3CN (15 mL) was added K2CO3 (0.2 mmol) and
ArOH (2 mmol) in anhydrous CH3CN (10 mL). The mixture
was stirred for 6–8 h at 50–60�C. The solution was concen-
trated under reduced pressure and the residue was recrystal-
lized from dichloromethane and ethanol (v/v ¼ 2:1) at room

temperature to give 5e–5g.
2-(3,4-Dimethylphenoxy)-3-(4-fluro-phenyl)-benzofuro [3,2-

d] pyrimidin-4(3H)-one (5e). White crystals (87% yields),
Mp: 172–173�C. 1H NMR (400 MHz, CDCl3) d ¼ 2.25 (s,
6H, 2 � CH3), 6.91–7.84 (m, 11H, Ar-H); 13C NMR (CDCl3,

100 MHz) d ¼ 19.1, 19.8, 112.7, 116.4, 116.6, 118.2, 121.7
(1), 122.3, 123.5, 129.5, 129.8 (2), 130.2, 130.5, 134.3, 135.5,
138.0, 142.0, 149.7, 153.6, 157.2, 161.4, 163.8; IR (KBr):
1698 (C¼¼O), 1536, 1332, 1112 cm�1; MS (70 eV) m/z (%):

400 (47), 262 (100),130 (30),102 (16), 95 (6); Anal. Calcd for
C19H16FN3O2 (400.4): C, 71.99; H, 4.28; N, 7.00. Found: C,
72.05; H, 4.34; N, 6.96.

2-(4-Chloro-2-methyl-phenoxy)-3-(4-fluro-phenyl)-benzofuro
[3,2-d] pyrimidin-4(3H)-one (5f). White crystals (81% yield),

Mp: 241–242�C. 1H NMR (400 MHz, CDCl3) d ¼ 2.18 (s,
3H, Ar-CH3), 7.16–7.82 (m, 13H, Ar-H); 13C NMR (CDCl3,
100 MHz) d ¼ 16.5, 112.8, 116.8, 121.8, 122.2, 123.7, 127.5,
127.7, 129.4, 129.8, 130.2, 131.6, 134.1, 135.7, 142.0, 145.1,
151.5, 153.4, 157.3, 161.6, 164.1. IR (KBr): 1701 (C¼¼O),

1543, 1328, 1098 cm�1; MS (70 eV) m/z (%): 420 (Mþ, 22),
282 (100), 130 (21), 95 (4); Anal. Calcd for C23H14ClFN2O3

(420.1): C, 65.64; H, 3.35; N, 6.66. Found: C, 65.61; H, 3.37;
N, 6.59.

2-(4-Methyl-phenoxy)-3-(4-fluro-phenyl)-benzofuro [3,2-d]
pyrimidin-4(3H)-one (5g). White crystals (88% yield), Mp:
170–172�C. 1H NMR (400 MHz, CDCl3) d ¼ 2.37 (s, 3H, Ar-
CH3), 7.04–7.86 (m, 13H, Ar-H); 13C NMR (CDCl3, 100
MHz) d ¼ 20.8, 112.8, 116.4, 116.7, 120.9, 121.3, 122.9,

123.2, 129.6, 129.8 (2), 130.5, 135.5, 135.7, 142.0, 149.6,
153.5, 157.3, 161.4, 163.9. IR (KBr): 1705 (C¼¼O), 1539,
1346, 1108 cm�1; MS (70 eV) m/z (%): 386 (Mþ, 44), 249
(100), 130 (27), 95 (6); Anal. Calcd for C23H15FN2O3 (386.4):
C, 71.50; H, 3.91; N, 7.25. Found: C, 71.42; H, 3.88; N, 7.19.

General procedure for the preparation of 2-alkoxy-3-(4-

fluorophenyl)-benzofuro [3,2-d] pyrimidin-4(3H)-ones 5h–

5i. To the solution of carbodiimide 3 (ca. 2 mmol) prepared
above in anhydrous ROH (8 mL) was added RO�Naþ (0.2
mmol, 10% equiv) in ROH. The mixture was stirred for 4–6 h

at room temperature. The solution was condensed and the resi-
due was recrystallized from ROH to give 5h–5i.

2-Methoxy-3-(4-florophenyl)-benzofuro [3,2-d] pyrimidin-
4(3H)-one (5h). White crystals (yield: 0.54 g, 87%), Mp: 236–
237�C. 1H NMR (400 MHz, CDCl3) d ¼ 4.04 (s, 3H, CH3),

7.19–8.03 (m, 8H, Ar-H); IR (KBr): 1701 (C¼¼O), 1541, 1340,
1108 cm�1; MS (70 eV) m/z (%): 310 (100), 136 (33), 130
(47), 108 (98), 102 (68), 95 (28), 75 (16); Anal. Calcd for
C19H16FN3O2 (310.3): C, 65.81; H, 3.57; N, 9.03. Found: C,

65.87; H, 3.62; N, 8.98.
2-Ethoxy-3-(4-florophenyl)-benzofuro [3,2-d] pyrimidin-

4(3H)-one (5i). White crystals (yield: 0.56 g, 89%), Mp: 202–
204�C. 1H NMR (400 MHz, CDCl3) d ¼ 1.28 (t, J ¼ 7.2, 3H,

CH3), 4.50 (d, J ¼ 7.2, 2H, CH2), 7.19–8.02 (m, 8H, Ar-H);
IR (KBr): 1699 (C¼¼O), 1540, 1339, 1112 cm�1; MS (70 eV)
m/z (%): 324 (Mþ, 96), 295 (46), 185 (68), 158 (100), 130
(20), 102 (70), 95 (10); Anal. Calcd for C18H13FN2O3 (324.3):
C, 66.66; H, 4.04; N, 8.64. Found: C, 66.71; H, 4.10; N, 8.60.

General procedure for the preparation of 2-alkylamino-

benzofuro [3,2-d] pyrimidin-4(3H)-ones 7a–7c. To the solu-
tion of carbodiimide 3 (ca. 2 mmol) prepared above in methyl-
ene chloride (15 mL) was added alkylamine (2 mmol). After
the reaction mixture was allowed to stand for 0.5–2 h, the so-

lution was condensed and anhydrous ethanol (10 mL) with
several drops of EtO�Naþ in EtOH was added. The mixture
was stirred for 1–4 h at room temperature. The solution was
concentrated under reduced pressure and the residual was
recrystallized from ethanol and dichloromethane (v/v ¼ 1:2) at

room temperature to give 2-alkylamino-benzofuro [3,2-d] pyri-
midin-4(3H)-ones 7a–7c.

3-(4-Fluorophenyl)-2-(n-propylamino)-benzofuro [3,2-d]
pyrimidin-4(3H)-one (7a). White crystals (yield: 0.56 g, 83%),

Mp: 199–200�C; 1H NMR (400 MHz, CDCl3) d ¼ 0.87 (t, J
¼ 7.2 Hz, 3H, CH3), 1.54–1.60 (m, 2H, CH2), 3.42–3.47 (m,
2H, NCH2), 4.11 (s, 1H, NH), 7.30–8.02 (m, 8H, Ar-H); IR
(KBr): 3341 (NAH), 1699 (C¼¼O), 1540, 1342, 1111 cm�1;
MS (70 eV) m/z (%): 337 (Mþ, 32), 294 (100), 185 (35), 160

(64), 130 (71), 102 (82), 95 (53); Anal. Calcd for
C19H16FN3O2 (337.4): C, 67.65; H, 4.78; N, 12.46. Found: C,
67.71; H, 4.84; N, 12.37.

3-(4-Fluorophenyl)-2-(n-butylamino)-benzofuro [3,2-d] pyr-
imidin-4(3H)-one (7b). White crystals (yield: 0.56 g, 79%),

Mp: 191–192�C. 1H NMR (400 MHz, CDCl3) d ¼ 0.89 (t, J
¼ 7.2 Hz, 3H, CH3), 1.25–1.54 (m, 4H, 2 � CH2), 3.43–3.47
(m, 2H, NCH2), 4.14 (s, 1H, NH), 7.29–8.01 (m, 8H, Ar-H);
13C NMR (CDCl3, 100 MHz) d ¼ 13.6, 19.8, 31.0, 41.8,
112.6, 117.6 (2), 121.5, 122.9, 123.0, 129.2, 130.8 (1), 132.9,

144.6, 151.8, 153.6, 157.2, 161.7,164.2. IR (KBr): 3336
(NAH), 1704 (C¼¼O), 1533, 1340, 1115 cm�1; MS (70 eV) m/
z (%): 351 (Mþ, 78), 334 (41),308 (35), 294 (100), 185 (48),
130 (70),102 (82), 95 (52); Anal. Calcd for C20H18FN3O2

(351.4): C, 68.36; H, 5.16; N, 11.96. Found: C, 68.33; H,
5.20; N, 11.89.

2-(Cyclohexylamino)-3-(4-fluorophenyl)-benzofuro [3,2-d]
pyrimidin-4(3H)-one (7c) White crystals (yield: 0.66 g, 88%),
Mp: 188–190�C. 1H NMR (400 MHz, CDCl3) d ¼ 1.05–1.42

(m, 6H, 3 � CH2), 1.60–1.62 (m, 4H, 2 � CH2), 1.96–1.99
(m, 1H, CH), 4.02–4.05 (m, 1H, NH), 7.19–8.04 (m, 9H, Ar-
H); IR (KBr): 1704 (C¼¼O), 1533, 1340, 1115 cm�1; MS (70
eV) m/z (%): 377 (Mþ, 22), 294 (100), 185 (20), 130 (29),102
(30), 98 (27), 55 (26); Anal. Calcd for C22H20FN3O2 (377.4):

C, 70.01; H, 5.34; N, 11.13. Found: C, 69.97; H, 5.37; N,
11.08.

Fungicidal testing. F. oxysporium, R. solani, B. cinereap-
ers, G. zeae, D. gregaria, and C. gossypii were provided
through the courtesy of the Center for bioassay, Central China

Normal University. The tested samples were dissolved in 0.5
mL of DMF, added to a drop of emulsifying agent (Tween 80)
and sterile water at a concentration of 500 mg/L. The solutions
(1 mL) were mixed rapidly with thawed potato glucose agar

culture medium (9 mL) under 50�C. The mixtures were poured
into Petri dishes. After the dishes were cooled, the solidified
plates were incubated with 4 mm mycelium disk, inverted, and
incubated at 28�C for 48 h. The mixed medium without
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sample was used as the blank control. Three replicates of each
test were carried out. The mycelial elongation radius (mm) of
fungi settlements was measured after 48 h of culture. The
growth inhibition rates were calculated with the following
equation: I ¼ [(C�T)/C] � 100%. Here, I is the growth inhibi-

tion rate (%), C is the control settlement radius (mm), and T is
the treatment group fungi settlement radius (mm).

Crystal structure determination. Single crystal X-ray dif-
fraction data for 7b at 292 K on a Bruker Smart Apex Area CCD
equipped with Mo Ka radiation (k ¼ 0.71073 A�). Crystallo-
graphic data (excluding structure factors) for the structures in
this article have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication No. CCDC
671114. Copies of the data can be obtained, free of charge, on
application to CCDC, 12 Union Road, Cambridge CB2 1EZ.
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The derivatives of 5-substituted-2,4-thiazolidinedione have a broad spectrum of biological activities.

In this article, new 5-(arylidene)-3-(4-methylbenzoyl)thiayolidine-2,4-diones 3a–k, with arylidene
groups such as 4-phenylbenzylidene 3a, 3,4-dimethoxybenzylidene 3b, 2-hydroxybenzylidene 3c, 4-
ethoxybenzylidene 3d, 5-methyl-2-furfurylidene 3e, 4-dimethylaminobenzylidene 3f, 1-naphthylidene
3g, 3,4-methylenedioxybenzylidene 3h, 4-benzyloxybenzylidene 3i, benzylidene 3j, and 4-methoxyben-
zylidene 3k, were synthesized by direct acylation of alkali metal salts of 5-arylidene-2,4-thiazolidine-

diones with 4-methylbenzoylchloride. Their structures were confirmed by elemental analysis, IR, 1H
NMR and MS spectroscopy. In addition, crystal structure of the compound 3d was determined using
single-crystal X-ray diffraction data.

J. Heterocyclic Chem., 47, 224 (2010).

INTRODUCTION

Thiazolidinone derivates are reported to show variety

of biological activities. Depending on the substituents,

especially thiazolidinediones can produce different phar-

macological activities such as antibacterial, antifungal

[1], anticonvulsant [2], antidiabetic [3], cyclooxygenase

and lipogenase inhibitory [4], antioxidant [5], and anti-

proliferative [6] activity. Moreover, the importance of 5-

substituted-2,4-thiazolidinedione and their derivatives is

due to their biological activities including antimicrobial

[1] and fungicidal activity [7], as well as their utilization

in a variety of therapeutic areas [8–14].

In some heterocyclylbenzenes [15,16] and substituted

pyrazoles [17], which have herbicidal and defoliant

characteristic, there is a 3-methylbenzoyl substructure.

This study is focused on the link of 5-arylidene-2,4-thia-

zolidinediones and bioactive structural unit, 3-methyl-

benzoyl group, in order to find novel potential herbi-

cides and defoliants. Crystal structure of the selected

compound 3d was also determined using single-crystal

X-ray diffraction data.

RESULTS AND DISCUSSION

The reactive methylene group of the 2,4-thiazolidine-

dione has previously been successfully condensed with

aldehydes, forming respectively 5-arylidene-2,4-thiazoli-

dinediones 1a–k [18]. These compounds were later trans-

formed in their potassium salts 2a–k [19]. By direct acy-

lation of solid alkali metal salts of 5-arylidene-2,4-thiazo-

lidinediones with 4-methylbenzoylchloride in refluxing

dry acetone the corresponding 5-(arylidene)-3-(4-methyl-

benzoyl)thiazolidine-2,4-diones 3a–k were prepared. The

obtained compounds 3a–k were synthesized as yellow

crystals in high yields (56.2–99.4%). The synthesis route

is shown in Scheme 1.

All the newly synthesized compounds were character-

ized by elemental analysis, IR, 1H NMR, and MS (see

VC 2010 HeteroCorporation
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‘‘Experimental’’ section). The elemental analysis and

MS of 5-(arylidene)-3-(4-methylbenzoyl)thiazolidine-

2,4-diones 3a–k, agreed with the molecular formula of

these compounds. The structure of synthesized com-

pounds was confirmed by 1H NMR and IR spectroscopy.
1H NMR spectra 5-(arylidene)-3-(4-methylbenzoyl)thia-

zolidine-2,4-diones 3a–k, clearly showed presence of

benzoyl protons (d � 7.3 and 7.8 ppm) and methyl pro-

tons (d � 2.45 ppm) in comparison with spectra of 5-

arylidene-2,4-thiazolidinediones 1a–k [18]. IR spectra of

all newly synthesized compounds 3a–k, contain charac-

teristic bands attributed to the methyl-benzoyl (C¼¼O,

about 1760 cm�1) and benzoyl (about 1450 and 1600

cm�1) vibrations that are used in the structural charac-

terization of this type of compounds.

Crystal structure of the compound 3d. The molecu-

lar structure of compound 3d is shown in Figure 1, and

selected bond lengths and bond angles are listed in Ta-

ble 1. Bond lengths and angles are in well agreement

with some parent and similar compounds [20–22]. The

main part of molecule, including the side ethoxy group,

is almost planar with dihedral angle between benzyli-

dene and thiazolidine-2,4-dione rings of only 5.8�. This
is as expected, since practically the same angles (5.4�–
5.9�) are found in some similar compounds [20,21]. The

slight deviation from planarity can be attributed to the

short repulsive S���H14–C14 contact with S���C14 dis-

tance of only 3.260(2) Å. On the other hand, dihedral

angle between planes of thiazolidine-2,4-dione and

methylbenzylidene rings is 67.1�.

The characteristic feature in crystal packing is the stack-

ing of molecules in columns running along b-axis (Fig. 2).
These columns further make a regular grid parallel to the

planes (1 0 1) and (1 0 0) [Fig. 2(a)]. Within the columns

there are stacking p�p interactions, which alternatively

involve two benzylidene rings or pairs of both benzylidene

and thiazolidine-2,4-dione rings [Fig. 2(b)]. As, for exam-

ple, distances between planes of two benzylidene rings are

only 3.32 and 3.33 Å the stacking p–p interactions can be

described as very strong. In addition to van der Waals con-

tacts, between the neighboring columns there are several

CAH���O interactions involving mainly C atoms from ter-

minal CH3 groups, as well as few C atoms from 4-methyl-

benzoyl and benzylidene rings. In this way, the columns

are only loosely connected to each other.

On the basis of presented crystal structure of 3d

compound it can be assumed that: (a) in all compounds

(3a–k) the main part of molecule, including benzylidene

and thiazolidine-2,4-dione rings, is almost planar; (b) p–
p interactions between aromatic rings have a predomi-

nant role in molecular packing; (c) in all derivatives the

C11AC12 bond is longer than double (C¼¼C) bond,

while the C12AC13 bond is shorter than the expected

value for a single bond, probably because of delocaliza-

tion of p-electrons through the whole substructure

(C11¼¼CHACarom). This delocalization is a reason why

the attempts to carry out some addition reactions, which

are inherent for the double bond, were unsuccessful.

EXPERIMENTAL

Materials and methods. The solvent and all reagents used
in this study were purchased from commercial suppliers and
were used as received. The melting points were obtained with

Figure 1. The molecular structure of compound 3d.

Table 1

Selected bond lengths (Å) and bond angles (�) for 3d.

Bond lenghts (Å)

SAC11 1.7586(16) NAC9 1.414(2)

SAC10 1.7620(18) NAC8 1.459(2)

O1AC16 1.360(2) C1AC7 1.502(3)

O1AC19 1.450(2) C4AC8 1.471(2)

O2AC10 1.210(2) C9AC11 1.480(2)

O3AC9 1.206(2) C11AC12 1.342(2)

O4AC8 1.200(2) C12AC13 1.450(2)

NAC10 1.397(2) C19AC20 1.501(3)

Bond angles (�)
C11ASAC10 92.30(18) O2AC10AN 125.19(16)

C16AO1AC19 117.49(13) O2AC10AS 123.99(14)

C10ANAC9 116.01(14) NAC10AS 110.78(12)

C10ANAC8 121.01(14) C12AC11AC9 120.63(15)

C9ANAC8 122.44(13) C12AC11AS 128.61(14)

O4AC8AN 118.55(16) C9AC11AS 110.75(12)

O4AC8AC4 124.94(16) C11AC12AC13 131.73(16)

NAC8AC4 116.50(15) O1AC16AC15 124.91(15)

O3AC9AN 123.22(16) O1AC16AC17 115.92(15)

O3AC9AC11 126.70(16) O1AC19AC20 107.02(16)

NAC9AC11 110.04(14)

Scheme 1
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STUART SMP 10 melting point apparatus. Infrared spectra (m
in cm�1) were recorded on a Perkin Elmer FTIR 1725 X spec-

trophotometer using KBr disks. The 1H NMR spectra were
recorded on a Varian Gemini 200 (200 MHz) instrument;
chemical shifts (d) are given relative to tetramethylsilane
(TMS). The mass spectra were obtained on Finnigan MAT–

8230 BE spectrometer with EI–CI source at 200�C, EI: 70 eV,
0.5 mA; CI: 1 m Torr of isobutane, 150 eV, 0.2 mA.

Single-crystals of the compound 3d were obtained by
recrystallization from EtOH. X-ray diffraction data were col-
lected at 150 K on a Nonius Kappa CCD diffractometer using

Mo Ka radiation. The structure was solved by direct methods
and refined by a full-matrix least-squares procedure based on
F2 using the programs from WinGX suite [23]. All nonhydro-
gen atoms were refined anisotropically, while the hydrogen
atoms were found in DF maps and were refined isotropically

with no constraints. Selected crystal data and refinement
results are listed in Table 2.

Syntheses. General procedure for the preparation of the
5-(arylidene)-3-(4-methylbenzoyl)thiazolidine-2,4-diones 3a–
k. 5-Arylidene-2,4-thiazolidinedione potassium salts (1 mmol)

were suspended in dry acetone (20 mL) and 4-methylbenzoyl-
chloride (1 mmol) was added at room temperature. The reac-
tion mixtures were stirred at 60�C for 2 h and cooled to room
temperature. Finally, the reaction mixtures were filtered and

acetone was removed to give the crystalline products. The
products were recrystallized from absolute EtOH.

Figure 2. The packing of molecules 3d (heteroatoms are dark, hydrogen atoms are omitted for clarity): (a) projection onto ac-plane and (b) projec-

tion approximately parallel to the (101) plane.

Table 2

Crystal data and refinement details for 3d.

Empirical formula C20H17NO4S
Formula weight 367.41

Crystal system monoclinic

Space group P21/n
a (Å) 14.4880(5)

b (Å) 6.9780(3)

c (Å) 18.0600(7)

a (�) 90

b (�) 110.7290(10)

c (�) 90

V (Å3) 1707.62(12)

Z 4

Calculated density (g cm�3) 1.429

Absorption coefficient (mm�1) 0.216 mm

F(000) 768

Crystal size (mm) 0.75 � 0.70 � 0.05

H range (�) 3.16–26.37

Limiting indices �17 � h � 18,

�8 � k � 8,

�22 � l � 22

Reflections collected/unique 6383/3453 (Rint ¼ 0.0313)

Data/restraints/parameters 3453/0/304

Goodness-of-fit on F2 1.030

Final R indices [I > 2r(I)] R1 ¼ 0.0378, wR2 ¼ 0.0786

R indices (all data) R1 ¼ 0.0592, wR2 ¼ 0.0874
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5-(4-Phenylbenzylidene)-3-(4-methylbenzoyl)thiazolidine-2,4-
dione (3a). This compound was obtained as yellow crystals
(ethanol), yield 69.3%, mp 183�C; IR, m, cm�1: 3035

(¼¼CAH), 2925, 2794 (CAH), 1762 (C¼¼O), 1716 (C¼¼O),
1693 (C¼¼O), 1603, 1515, 1448 (C¼¼C), 1408 (CAN), 1258,
1177, 1063, 837, 718, 691; 1H NMR (CDCl3), d, ppm (J, Hz):
2.46 (s, 3H, CH3), 7.34 (d, 2Harom, J ¼ 8.0), 7.41–7.73 (m,
9Harom), 7. 87 (d, 2Harom, J ¼ 8.4), 7.99 (s, 1H, ¼¼CH); m/z
(CIMS): 398 (Mþ). Anal. Calcd. for C24H17NO3S (399.5): C,
72.16; H, 4.29; N, 3.51; S, 8.03. Found: C, 72.01; H, 4.21; N,
3.59; S, 8.05.

5-(3,4-Dimethoxybenzylidene)-3-(4-methylbenzoyl)thiazoli-
dine-2,4-dione (3b). This compound was obtained as yellow

crystals (ethanol), yield 56.2%, mp 228�C; IR, m, cm�1: 3007
(¼¼CAH), 2960, 2838 (CAH), 1751 (C¼¼O), 1712 (C¼¼O),
1686 (C¼¼O), 1591, 1512, 1447 (C¼¼C), 1418 (CAN), 1272,
1242, 1180, 1074 (CAO), 857, 730, 678; 1H NMR (CDCl3), d,
ppm (J, Hz): 2.45 (s, 3H, CH3), 3.95 (s, 6H, 2 CH3), 6.96–

7.20 (m, 3Harom), 7.31 (d, 2Harom, J ¼ 8.0), 7.83 (d, 2Harom, J
¼ 8.4), 7.89 (s, 1H, ¼¼CH); m/z (CIMS): 383 (Mþ). Anal.
Calcd. for C20H17NO5S (383.2): C, 62.66; H, 4.74; N, 3.65; S,
8.37. Found: C, 62.50; H, 4.71; N, 3.68; S, 8.57.

5-(2-Hydroxybenzylidene)-3-(4-methylbenzoyl)thiazolidine-
2,4-dione (3c). This compound was obtained as yellow crystals
(ethanol), yield 83.4%, mp 233�C; IR, m, cm�1: 3415 (OAH),
3043 (¼¼CAH), 2764 (CAH), 1745 (C¼¼O), 1701 (C¼¼O), 1681
(C¼¼O), 1602, 1510, 1455 (C¼¼C), 1412 (CAN), 1293, 1265,

1152 (CAO), 838, 750, 684; 1H NMR (CDCl3), d, ppm (J, Hz):
2.47 (s, 3H, CH3), 7.33–7.61 (m, 4Harom), 7.80 (d, 2 Harom, J ¼
8.2), 7.99 (s, 1H, ¼¼CH), 8.11 (d, 2 Harom, J ¼ 8.0); m/z (CIMS):
339 (Mþ). Anal. Calcd. for C18H13NO4S (339.4): C, 63.77; H,
3.86; N, 4.13; S, 9.46. Found: C, 63.47; H, 3.76; N, 3.83; S, 9.55.

5-(4-Ethoxybenzylidene)-3-(4-methylbenzoyl)thiazolidine-
2,4-dione (3d). This compound was obtained as yellow crys-
tals (ethanol), yield 97.4%, mp 178�C; IR, m, cm�1: 3041
(¼¼CAH), 2936, 2883 (CAH), 1755 (C¼¼O), 1716 (C¼¼O),
1690 (C¼¼O), 1596, 1509, 1448 (C¼¼C), 1398 (CAN), 1281,

1176, 1143, 1072 (CAO), 840, 729, 690; 1H NMR (CDCl3), d,
ppm (J, Hz): 1.46 (t, 3H, CH3, J ¼ 7.0), 2.45 (s, 3H, CH3),
4.11 (q, 2H, CH2, J ¼ 7.0), 7.00 (2 Harom, m AA0 J1 ¼ 6.8, J2
¼ 1.99), 7.32 (d, 2Harom, J ¼ 8.0), 7.47 (2 Harom, m BB0 J1 ¼
6.8, J2 ¼ 1.8), 7.84 (2 Harom, m BB0 J1 ¼ 8.4, J2 ¼ 1.8), 7.89

(s, 1H, ¼¼CH); m/z (CIMS): 367 (Mþ). Anal. Calcd. for
C20H17NO4S (367.4): C, 65.38; H, 4.66; N, 3.81; S, 8.73.
Found: C, 65.18; H, 4.62; N, 3.83; S, 8.81.

5-(5-Methyl-2-furfurylidene)-3-(4-methylbenzoyl)thiazoli-
dine-2,4-dione (3e). This compound was obtained as yellow

crystals (ethanol), yield 95.2%, mp 168�C (decomp.); IR, m,
cm�1: 3038 (¼¼CAH), 2920 (CAH), 1758 (C¼¼O), 1711

(C¼¼O), 1681 (C¼¼O), 1611, 1513, 1438 (C¼¼C), 1412 (CAN),

1253, 1159, 1081 (CAO), 864, 731, 690; 1H NMR (CDCl3), d,
ppm (J, Hz): 2.45 (s, 3H, CH3), 6.24 (d, 1Hfuryl, J ¼ 3.5), 6.78

(d, 1Hfuryl, J ¼ 3.5), 7.32 (d, 2 Harom, J ¼ 8.0), 7.60 (s, 1H,

¼¼CH), 7.82 (d, 2Harom, J ¼ 8.4); m/z (CIMS): 327 (Mþ).
Anal. Calcd. for C17H13NO4S (327.4): C, 62.37; H, 4.00; N,

4.28; S, 9.79. Found: C, 62.09; H, 3.90; N, 4.25; S, 9.88.

5-(4-Dimethylaminobenzylidene)-3-(4-methylbenzoyl)thiazo-
lidine-2,4-dione (3f). This compound was obtained as yellow
crystals (ethanol), yield 91.8%, mp 208�C (decomp.); IR, m,
cm�1: 3032 (¼¼CAH), 2911, 2884 (CAH), 1751 (C¼¼O), 1714
(C¼¼O), 1680 (C¼¼O), 1585, 1530, 1441 (C¼¼C), 1379 (CAN),

1296, 1197, 884, 769, 659; 1H NMR (CDCl3), d, ppm (J, Hz):
2.45 (s, 3H, CH3), 3.09 (s, 6H, N (CH3)2), 6.75 (2Harom, m
AA0 J1 ¼ 7.0, J2 ¼ 1.99), 7.33 (2Harom, m AA0 J1 ¼ 7.99, J2 ¼
0.4), 7.44 (2Harom, m BB0 J1 ¼ 7.2, J2 ¼ 1.99), 7.83 (2Harom,
m BB0 J1 ¼ 8.4, J2 ¼ 1.99), 7.85 (s, 1H, ¼¼CH); m/z (CIMS):

366 (Mþ). Anal. Calcd. for C20H18N2O3S (366.4): C, 65.49;
H, 4.95; N, 7.64; S, 8.75. Found: C, 65.29; H, 4.83; N, 7.59;
S, 8.83.

5-(1-Naphthylidene)-3-(4-methylbenzoyl)thiazolidine-2,4-dione
(3g). This compound was obtained as yellow crystals (ethanol),

yield 99.4%, mp 147�C; IR, m, cm�1: 3046 (¼¼CAH), 2909
(CAH), 1762 (C¼¼O), 1717 (C¼¼O), 1690 (C¼¼O), 1603, 1572,
1448 (C¼¼C), 1397 (CAN), 1298, 1181, 891, 736, 641; 1H NMR
(CDCl3), d, ppm (J, Hz): 2.47 (s, 3H, CH3), 7.33 (d, 2Harom, J ¼
8.2), 7.55–8.15 (m, 9Harom), 8.69 (s, 1H, ¼¼CH); m/z (CIMS): 373

(Mþ). Anal. Calcd. for C22H15NO3S (373.4): C, 70.76; H, 4.05;
N, 3.75; S, 8.59. Found: C, 70.57; H, 4.02; N, 3.77; S, 8.66.

5-(3,4-Methylenedioxybenzylidene)-3-(4-methylbenzoul)th-
iazolidine-2,4-dione (3h). This compound was obtained as

yellow crystals (ethanol), yield 71.2%, mp 152�C; IR, m,
cm�1: 3051 (¼¼CAH), 2997, 2908 (CAH), 1752 (C¼¼O), 1713
(C¼¼O), 1689 (C¼¼O), 1607, 1590, 1449 (C¼¼C), 1365 (CAN),
1263, 1066 (CAO), 862, 726, 658; 1H NMR (CDCl3), d, ppm
(J, Hz): 2.46 (s, 3H, CH3), 6.09 (s 2H, AOCH2OA), 7.33 (d,

2Harom, J ¼ 8.2), 6.92–7.12 (m, 3Harom), 7.81 (d, 2Harom, J ¼
7.8), 8.85 (s, 1H, ¼¼CH); m/z (CIMS): 367 (Mþ). Anal. Calcd.
for C19H13NO5S (367.4): C, 62.12; H, 3.57; N, 3.81; S, 8.73.
Found: C, 61.94; H, 3.50; N, 3.77; S, 8.80.

5-(4-Benzyloxybenzylidene)-3-(4-methylbenzoyl)thiazolidine-
2,4-dione (3i). This compound was obtained as yellow crystals
(ethanol), yield 96.3%, mp 144�C; IR, m, cm�1: 3034
(¼¼CAH), 2923, 2882 (CAH), 1763 (C¼¼O), 1716 (C¼¼O),
1687 (C¼¼O), 1593, 1511, 1453 (C¼¼C), 1386 (CAN), 1292,
1149 (CAO), 831, 783, 698; 1H NMR (CDCl3), d, ppm (J,
Hz): 2.45 (s, 3H, CH3), 5.15 (s, 2H, CH2O), 7.07–7.53 (m,
11Harom), 7.82 (2Harom, m BB0 J1 ¼ 6.6, J2 ¼ 1.6), 7.89 (s,
1H, ¼¼CH); m/z (CIMS): 429 (Mþ). Anal. Calcd. for
C25H19NO4S (429.5): C, 69.91; H, 4.46; N, 3.26; S, 7.47.

Found: C, 69.74; H, 4.37; N, 3.23; S, 7.52.
5-Benzylidene-3-(4-methylbenzoyl)thiazolidine-2,4-dione

(3j). This compound was obtained as yellow crystals (ethanol),

yield 86.3%, mp 118�C; IR, m, cm�1: 3056 (¼¼CAH), 2917

(CAH), 1758 (C¼¼O), 1717 (C¼¼O), 1692 (C¼¼O), 1606, 1492

(C¼¼C), 1373 (CAN), 1254, 1182, 883, 686; 1H NMR

(CDCl3), d, ppm (J, Hz): 2.46 (s, 3H, CH3), 7.33 (d, 2Harom, J
¼ 8.0), 7.48–7.55 (m, 5Harom), 7.84 (2Harom, m BB0 J1 ¼ 6.5,

J2 ¼ 1.99), 7.95 (s, 1H, ¼¼CH); m/z (CIMS): 323 (Mþ). Anal.
Calcd. for C18H13NO3S (323.4): C, 66.86; H, 4.05; N, 4.33; S,

9.92. Found: C, 66.66; H, 3.94; N, 4.27; S, 9.98.
5-(4-Methoxybenzylidene)-3-(4-methylbenzoyl)thiazolidine-

2,4-dione (3k). This compound was obtained as yellow crys-

tals (ethanol), yield 90.3%, mp 154�C; IR, m, cm�1: 3069

(¼¼CAH), 2844 (CAH), 1766 (C¼¼O), 1720 (C¼¼O), 1689

(C¼¼O), 1594, 1463 (C¼¼C), 1374 (CAN), 1290, 1151 (CAO),

878, 715, 689; 1H NMR (CDCl3), d, ppm (J, Hz): 2.45 (s, 3H,

CH3), 3.89 (s, 3H, AOCH3), 7.01 (2Harom, m AA0 J1 ¼ 6.8, J2
¼ 1.99), 7.32 (d, 2Harom, J ¼ 8.4), 7.50 (2Harom, m BB0 J1 ¼
7.0, J2 ¼ 1.99), 7.83 (d, 2Harom, J ¼ 8.2), 7.89 (s, 1H, ¼¼CH);

m/z (CIMS): 353 (Mþ). Anal. Calcd. for C19H15NO4S (353.4):

C, 64.57; H, 4.28; N, 3.96; S, 9.07. Found: C, 64.29; H, 4.18;

N, 3.94; S, 9.108.
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A short and efficient route of synthesis and structural characterization of a series of novel N-dichlor-
oacetyl-1,3-oxazolidine derivatives has been developed. These new compounds characterized of the dis-
ubstitution at position 2 by alkyl, cycloalkane, and phenyl were synthesized in good yields via a
sequential procedure involving condensation and acylation. All the compounds are characterized by IR,
1H NMR, 13C NMR, and element analysis.

J. Heterocyclic Chem., 47, 229 (2010).

INTRODUCTION

The herbicide safeners are chemicals that increase the

tolerance of crop plants to herbicides without affecting

the weed control efficacy [1]. Some reports indicate

promising results for the development of safeners for

postemergence herbicides in many kinds of crops. The

discovery of N-dichloroacetyl compounds acted as herbi-

cide safener by the mechanism of increasing the activ-

ities of glutathione-S-transferase (GST) and some herbi-

cidal target enzyme has drawn widespread attention in

agricultural biochemistry [2]. Now many N-dichloroace-
tyl compounds have been commercialized as herbicide

safeners, such as benoxacor, dichlormid, furilazole, and

so on. N-dichloroacetyl oxazolidines are becoming

increasingly important for the development of excellent

biologically active compounds [3]. According to the

theory of structure and activity relationship (SAR), the

substituent structure of the oxazolidines will influence

the bioactivities. To investigate the relationship between

the substituent structure and bioactivity, we designed

and synthesized a series of N-dichloroacetyl oxazoli-

dines with different substituents on 2 and 4 positions.

Oxazolidines are usually prepared from b-hydroxy
amines by a [4þ1] ring synthesis [4], and a few exam-

ples are reported from the [3þ2] cycloaddition of

azomethine ylides and carbonyl compounds (mostly

benzaldehyde) [5], and in other ways [6]. The acylation

of oxazolidines and dichloroacetyl chloride was

achieved by using triethylamine as the attaching acid

agent and benzene as the reaction medium [7]. Among

the commonly used methods, we wished to find a novel

and efficient method for the preparation of series of N-
dichloroacetyl oxazolidine derivatives with different

substituents with NaOH aq.acted as the attaching acid

agent (Scheme 1). The structure of compounds were

listed in Table 1.

RESULTS AND DISCUSSION

We improved the synthetic route reported in the liter-

atures [6,7] by using different attaching acid agent and

reaction temperature without any catalyst. A possible

mechanism for the reaction was depicted in Scheme 2.

Reaction of an aldehyde or a ketone with b-amino alco-

hol yielded an open-chain imine, which existed in equi-

librium with oxazolidine [8]. As oxazolidine can easily

become an imine in the presence of alkaline over 18�C
[9], we chose sodium hydroxide solution rather than

triethylamine as the attaching acid agent. Triethylamine

is soluble in the organic layer and rendered the organic

phase where oxazolidine was present as strong alkaline.

Under the alkaline condition, oxazolidine quickly

became the imine, and hence oxazolidine could not be

attained or were hard to be separated. In contrast,
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sodium hydroxide was insoluble in organic phase, and it

not only kept the organic phase weak alkaline, but also

reacted quickly with side product HCl. The by-product

NaCl could be easily removed from the organic phase.

The yields were higher when NaOH aq. acted as attach-

ing acid agent (Table 2).

Another factor controlling the yield was temperature.

Under the alkaline condition and with a temperature

above 18�C, oxazolidine easily decomposed to imine

(Scheme 2). Furthermore, the reaction of oxazolidine

with dichloroacetyl chloride was exothermic. Therefore,

logically we should employ a low reaction temperature.

However, a suboptimal temperature would prolong the

time required to add dichloroacetyl chloride and result

in superfluous by-products. The reaction temperature

was optimized at �5 to 0�C.
We also probed the effect of stirring time on yields.

The result showed that the yields were higher when eth-

anolamine as the reaction agent than that of 2-amino-1-

butanol. From the structure of 2h we found that the

ethyl steric hindrance effect hindered the reaction of

dichloroacetyl chloride with oxazolidine. Furthermore,

the electron donor inductive effect of ethyl (þI) of 2-

amine-1-butanol decreased the protonation of amino and

hydroxy, which makes it difficult for 2-amine-1-butanol

to react with aldehyde or a ketone.

Finally, the single crystal of 2h was obtained by dis-

solving it in the solvent of ethyl acetate and light petro-

leum, followed by slow evaporation. The colorless crys-

tal with a dimension of 0.26 � 0.20 � 0.18 mm3 was

selected for X-ray diffraction analysis. The bond lengths

and bone angles of the oxazolidine ring were both nor-

mal with the average bond length being 1.466 Å (Table

3). The average bond length of cyclopentyl was 1.501

Å, similar to CAC bond length (1.541 Å). The bond

lengths of C4AN1 and C4AO1 being close to the typi-

cal CAN and CAO bond lengths, respectively (Fig. 1).

The C5AO2 bond length of 1.222(3) Å was indicative

of a double bond C¼¼O (1.21–1.23 Å). The p-p conjunc-

tion between N1 and C5AO2 resulted in shorter bond

length of C5AN1 [1.336(3) Å] than the typical CAN

bond length (1.472 Å; Fig. 1).

In conclusion, we have developed a novel efficient

one-pot synthesis of N-dichloroacetyl-1,3-oxazolidine

derivatives via ring closure and acylation. The advan-

tages of our approach are mild reaction conditions, short

reaction time, easy work-up and high yields of products.

EXPERIMENTAL

Chemistry. The infrared (IR) spectra were taken on a KJ-
IN-27G infrared spectrophotometer (KBr). The 1H NMR spec-
tra and 13C NMR spectra were recorded on a Bruker
AVANVE 300 MHz nuclear magnetic resonance spectrometer

with CDCl3 as the solvent and TMS as the internal standard.
The elemental analysis was performed on FLASH EA1112 ele-
mental analyzer. The melting points were determined on
Beijng Taike melting point apparatus (X-4) and uncorrected.
All the reagents were of analytical reagents grade.

A total of 0.067 mol ethanolamine (or 2-amino-1-butanol)
and 0.067 mol of aldehyde or ketone were mixed with 25 mL
of benzene. The reaction mixture was stirred for 1 h at 33–
35�C. Then the mixture was heated to reflux and water was
stripped off, followed by cooling to 0�C and addition of 7.5

mL of 33% sodium hydroxide solution was added. 7.4 mL
(0.08 mol) of dichloroacetyl chloride was added dropwise with
stirring and cooling in an ice bath. Then stirring was continued
for 2 h. The mixture was rinsed with water until pH ¼ 7. The

organic phase was dried over anhydrous magnesium sulfate
and the benzene was removed under vacuum. 2d-h was sepa-
rated by column chromatography on silica gel. The crude
products 2a-c were recrystallized with ethyl acetate and light
petroleum, white crystal was obtained.

N-dichloroacetyl-2,2-diethyl-1,3-oxazolidine (2a). Yield
68.6%. White crystal, m.p. 55–56�C. Anal. Calcd. for
C9H15Cl2NO2: C 45.18, H 6.32 N 5.86; found: C 45.16, H
6.42, N 5.84. 1H NMRdH (CDCl3) 6.10 (s, 1H, Cl2CHA),
4.09–4.13 (t, J ¼ 6.4 Hz, 2H, CACH2AOA), 3.85A3.89(t, J
¼ 6.4 Hz, 2H, NACH2AC), 2.10–2.17 (q, J ¼ 7.2 Hz, 2H,

Scheme 1. Route for the synthesis N-dichloroacetyl oxazolidines.

Table 1

Compound structure.

Compound No. R1 R2 R3

2a H CH2CH3 CH2CH3

2b H CH3 CH2CH2CH3

2c H CH3 CH2CH(CH3)2
2d H H C6H5

2e H (CH2)4
2f CH2CH3 H H

2g CH2CH3 H CH2CH2CH3

2h CH2CH3 (CH2)4
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CACH2AC) 1.88–1.95(q, J ¼ 7.2 Hz, 2H, CACH2AC) 0.82–
0.87(t, J ¼ 7.4 Hz, 6H, 2 � CH3CA) 13C NMR(CDCl3) d
159.63 101.19 67.06 64.55 46.63 28.04 28.04 7.55 7.55 IR
(KBr) m: 3050–2870 CAH, 1665(C¼¼O), 1410(Cl2HCACOA),
1135 (NACAO).

N-dichloroacetyl-2-methyl-2-n-propyl-1,3-oxazolidine (2b). Yield
62.4%. White crystal, m.p. 60–62�C. Anal. Calcd. for
C9H15Cl2NO2: C 45.18, H 6.32 N 5.86; found: C 45.21, H
6.30, N 5.82. 1H NMRdH (CDCl3) 6.07(s, 1H, Cl2CHA), 4.02–
4.12(m, 2H, CACH2AOA), 3.73–3.90(m, 2H, NACH2AC),

1.85–2.13 (m, 2H, CACH2AC) 1.54(s, 3H, CH3CA) 1.22–
1.37(m, 2H,CACH2AC) 0.87–0.92(t, J ¼ 7.4 Hz, 3H,
ACACH3)

13C NMR(CDCl3) d 159.63 98.23 67.03 63.73
46.15 38.68 22.29 16.61 14.01 IR (KBr) m: 3000-2850 CAH,

1675(C¼¼O), 1430(Cl2HCACOA),1145 (NACAO).
N-dichloroacetyl-2-methyl-2-isobutyl-1,3-oxazolidine (2c). Yield

60.5%. White crystal, m.p. 58–59�C. Anal. Calcd. for
C10H17Cl2NO2: C 47.42 H 6.77 N 5.53; found: C 47.42, H
6.66, N 5.62. 1H NMRdH (CDCl3) 6.06(s, 1H, Cl2CHA), 4.03–

4.12(m, 2H, CACH2AOA), 3.76–3.91(m, 2H, NACH2AC),
1.88–1.99 (m, 2H, CACH2AC) 1.67–1.71(m, 1H, CACHAC)
1.54(s, 3H, CH3CA) 0.93–0.94, (d, J ¼ 6.5 Hz, 3H,
ACACH3) 0.89–0.90, (d, J ¼ 6.5 Hz, 3H, ACACH3)

13C
NMR(CDCl3) d 159.60 98.62 67.10 63.45 45.83 43.96 24.45

24.13 23.62 22.65 IR (KBr) m: 3020–2850 CAH, 1660 (C¼¼O),
1420(Cl2HCACOA), 1147 (NACAO).

N-dichloroacetyl-2-benzyl-1,3-oxazolidine (2d). Yield 58.2%.
White crystal, m.p. 101–103�C. Anal. Calcd. for C11H11

Cl2NO2: C 50.79, H 4.26 N 5.38; found: C 50.66 H 4.29, N
5.40. 1H NMRdH (CDCl3) 7.27–7.46(m, 5H, C6H5A ), 6.33(s,
1H, Cl2CHA), 6.10(s, 1H, NACHAO), 4.12–4.26(m, 2H,
CACH2AOA), 3.80–4.10 (m, 2H, NACH2AC) 13C
NMR(CDCl3) d 160.88, 137.24, 130.41, 129.77, 129.41,

126.53, 90.31, 68.33, 64.63, 45.28 IR (KBr) m: 3010-2875
CAH, 1675 (C¼¼O), 1425(Cl2HCACOA), 1210 (NACAO).

N-Dichloroacetyl-1-oxa-4-aza-spiro-4,4-noncane (2e). Yield
52.5%. White crystal, m.p. 85�C–86�C. Anal. Calcd. for
C9H13Cl2NO2: C 45.56, H 5.53, N 5.91, found: C 45.44 H

5.48 N 5.96. 1H NMRdH (CDCl3) 6.06(s, 1H, Cl2CHA), 4.00–
4.05(t, J ¼ 6.1 Hz, 2H, CACH2AOA), 3.77–3.81(t, J ¼ 6.1
Hz, 2H, NACH2AC), 2.30–2.35 (m, 2H, CACH2AC), 1.88–
1.93 (m, 2H, CACH2AC), 1.66–1.72(m, 4H, CA (CH2)2AC)
13C NMR(CDCl3) d 159.65, 105.72, 66.84, 63.83, 45.58 34.80,
34.80, 24.79, 24.79 IR (KBr) m: 3030–2760 CAH, 1670
(C¼¼O), 1440(Cl2HCACOA), 1141 (NACAO).

N-dichloroacetyl-4-ethyl-1,3-oxazolidine (2f). Yield 44.4%.
Liquid. Anal. Calcd. for C7H11Cl2NO2: C 39.64, H 5.23, N

6.60, found: C 39.76 H 5.22 N 6.57. 1H NMRdH (CDCl3) 5.99
(s, 1H, Cl2CHA), 5.30(s,1H, ANACH2AO), 5.04 (s,1H,
ANACH2AO), 4.05–4.13 (m, 1H, NACHAC), 3.80–4.07 (m,
2H, CACH2AOA), 1.56–1.89 (m, 2H, CACH2AC) 0.88–1.01
(m,3H, ACACH3).

13C NMR(CDCl3) d: 160.50, 79.98, 70.49,

Table 3

Selected bond lengths (Å).

C(11)AC(1) 1.513(5) C(2)AC(3) 1.513(4)

Cl(1)AC(6) 1.763(3) C(2)AC(1) 1.513(4)

Cl(2)AC(6) 1.770(3) C(5)AC(6) 1.525(4)

N(1)AC(5) 1.336(3) C(4)AC(10) 1.528(4)

N(1)AC(2) 1.479(3) C(4)AC(7) 1.530(5)

N(1)AC(4) 1.489(4) C(10)AC(9) 1.522(6)

O(2)AC(5) 1.222(3) C(7)AC(8) 1.507(6)

O(1)AC(4) 1.421(3) C(9)AC(8) 1.416(6)

O(1)AC(3) 1.429(4)

Table 2

Comparison of two catalysts for the formation of 2a and 2f.

Compound no.

Yield (%)

(Et)3N NaOH aq.

2a 25.4 68.6

2f 18.1 44.4

Scheme 2. Equilibrium between imine and oxazolidines.
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68.41, 57.58, 24.02, 9.55 IR (KBr) m: 3095–2878 CAH, 1675
(C¼¼O), 1428(Cl2HCACO), 1145 (NACAO).

N-dichloroacetyl-4-ethyl-2-n-propyl-1,3-oxazolidine (2g). Yield
40.7%. Liquid. Anal. Calcd. for C10H17Cl2NO2: C 47.26, H
6.74, N 5.51, found: C 47.34, H 6.63, N 5.47. 1H NMR dH
(CDCl3) 6.07 (s, 1H, Cl2CHA), 5.17–5.20(m,1H, HAC), 3.89–
4.10 (m, 1H, CACHANA), 3.81–3.86, (m, 2H, OACH2AC),
1.44–2.05(m, 6H, CACH2AC and CA(CH2)2AC) 0.94–

1.01(m, 6H, 2�ACACH3
13C NMR(CDCl3) d 161.56, 91.06,

69.46, 64.97, 60.21, 35.91, 27.06, 18.19, 13.87, 10.77 IR
(KBr) m: 3042–2879 CAH, 1672 (C¼¼O) 1428(Cl2HCACO)
1118(NACAO).

N-Dichloroacetyl-3-ethyl-1-oxa-4-aza-spiro-4,4-noncane
(2h). Yield 46.2%. White crystal, m.p. 74–76�C. Anal. Calcd.
for C11H17Cl2NO2: C 49.64 H 6.44 N 5.26; found: C 49.96, H
6.21, N 5.24. 1H NMRdH (CDCl3) 6.08 (s, 1H, Cl2CHA),
3.88–3.89 (m, H, ANACHAC), 3.78–3.87 (m, 2H, AC
ACH2AOA), 2.18–2.47 (m, 2H, CACH2AC), 1.62–1.91(m,

8H, A(CH2)4A), 0.94–0.96(t, J ¼4.5 Hz, 3H, ACACH3)
13C

NMR(CDCl3) d 160.07, 105.67, 67.06, 65.46, 58.58,
36.34, 33.77, 27.63, 25.10, 24.57, 10.38 IR (KBr) m: 3010–
2950 (CAH) 1660 (C¼¼O) 1435 (Cl2HCACOA) 1120
(NACAO).

Crystal structure determination.

Crystal data for compound 2h. C11H17Cl2NO2, monoclinic,
space group P2(1)/c, a ¼ 8.9980(15) Å, b ¼ 17.829(3) Å, c ¼
8.8091(15) Å, a ¼ 90�, b ¼ 109.974(2)�, c ¼ 90�, V ¼
1322(4) Å3, Z ¼ 4, Dc ¼ 1.331 g cm�3, V ¼ 1328.2(4) Å3, l
¼ 0.475 mm�1, F(000) ¼ 560. Independent reflections were
obtained in the range of 2.41� < y < 28.31�, 3315. The final
least-square cycle gave R1 ¼ 0.0603, xR2 ¼ 0.1231 for 1851
reflections with I > 2r(I). The maximum and minimum differ-

ences of peak and hole are 0.322 and �0.277 e/Å3,
respectively.

Single-crystal diffraction data was measured on a Brukcr
AXSa CCD area-detector diffractometer using graphite mono-
chromated Mo Ka radiation (k ¼ 0.071073 nm) at 273(2) K.

The structure was solved by direct methods using SHELXS-97
program. All the nonhydrogen atoms were refined an isotropi-
cally by the full-matrix least square method on F2 using
SHELXS-97 [10]. The atomic scattering factors and anomalous
dispersion corrections were taken from the International Table

for X-ray Crystallography [11].Crystallographic data (exclud-
ing structure factors) for the structure in this article have been
deposited with the Cambridge Crystallographic Data Centre as
supplementary publication number CCDC 681329. Copies of
the data can be obtained, free of charge, on application to

CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [fax:
þ44(1223)336033 or e-mail: dposit@ccdc.cam.ac.uc]. Each
request should be accompanied by the complete citation of this
article.
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Several tetrasubstituted NAH pyrroles, functionalized with ester or ketone groups at C-3 position,
were prepared by one-pot coupling of secondary propargylic alcohols with 1,3-dicarbonyl compounds
and tert-butyl carbamate, via in situ deprotection of the corresponding pentasubstituted N-Boc pyrroles.
The three-component coupling process was promoted by the combined use of the 16-electron rutheniu-

m(II) catalyst [Ru(g3-2-C3H4Me)(CO)(dppf)][SbF6] (dppf ¼ 1,10-bis(diphenylphosphino)ferrocene) and
trifluoroacetic acid (TFA).

J. Heterocyclic Chem., 47, 233 (2010).

INTRODUCTION

Pyrroles are one of the most prominent heterocyclic

compounds, being present as key structural motifs in

several natural products (for reviews, see [1]), conduct-

ing organic materials (for reviews, see [2]), and bioac-

tive molecules (for reviews, see [3]). Consequently, a

large number of general methods have been developed

to construct these five-membered heterocycles, including

the well-known Knorr, Paal-Knorr, and Hantzch synthe-

ses, 1,3-dipolar cycloaddition reactions, reductive cou-

plings, and aza-Wittig reactions (see, for example, [4]).

However, it is still challenging to prepare polysubsti-

tuted pyrroles directly from inexpensive and readily

available starting materials. In this sense, important

efforts have been made during the last years in the

design of multicomponent strategies (for reviews and

highlights on pyrrole syntheses through multicomponent

reactions, see [5] and for recent examples of multicom-

ponent syntheses of pyrroles, see [6]). Multicomponent

reactions (MCR), in which multiple reactants are com-

bined into a single product, offer significant advantages

over classical linear syntheses since molecular diversity

can be reached from simple precursors in an efficient,

economic, and environmentally friendly manner (see,

for example, [7]).

In this context, we have recently described an effi-

cient one-pot three-component coupling reaction for the

synthesis of fully substituted pyrroles from secondary

propargylic alcohols, 1,3-dicarbonyl compounds (b-dike-
tones or b-keto esters), and primary amines (Scheme 1)

[8]. The process, which is catalyzed by the 16-electron

allyl-ruthenium(II) complex [Ru(g3-2-C3H4Me)(CO)

(dppf)][SbF6] (1; dppf ¼ 1,10-bis(diphenylphosphino)fer-
rocene) and trifluoroacetic acid (TFA), involves the ini-

tial propargylation of the 1,3-dicarbonyl compound pro-

moted by TFA, subsequent condensation between the

resulting c-keto alkyne A and the primary amine to

afford a b-enamino ester or ketone B, which undergoes

a ruthenium-catalyzed 5-exo-dig annulation to give the

final pyrrole (indium(III) chloride is also able to pro-

mote efficiently these propargylation/condensation/cyclo-

isomerization tandem reactions [9]; we note that

involvement of propargylic alcohols in multicomponent

syntheses of pyrroles is scarcely documented [10]).

Following this route, which allows the direct introduc-

tion of carbonyl functionalities onto the pyrrolic skele-

ton and tolerates the presence of a wide variety of func-

tional groups in the starting materials, a large number of

pentasubstituted pyrroles could be synthesized in good

to excellent yields [8]. As an extension of these studies,

herein, we report on the applicability of this one-pot
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three-component reaction for the synthesis of tetrasubsti-

tuted NAH pyrroles.

RESULTS AND DISCUSSION

In our first report, we already attempted the prepara-

tion of NAH pyrroles by coupling secondary propargylic

alcohols with 1,3-dicarbonyl compounds in the presence

of simple ammonia sources such as NH4OH or NH4Cl.

Unfortunately, the desired products were not formed

using these inexpensive reagents, the reactions leading

instead to the major formation of tetrasubtituted furans

as the result of the known 5-exo-dig annulation of c-
keto alkyne intermediates A [11]. Only the use of prop-

argylamine allowed us the preparation of this type of

molecules (one example), via TFA-promoted scission of

the CAN bond on the initially formed pentasubstituted

N-propargyl pyrrole [8]. However, an extremely long

reaction time (4 days) was required reducing consider-

ably the synthetic interest of the process. This fact

prompted us to search for a more appropriate NH source

compatible with the propargylation/condensation/cycloi-

somerization sequence outlined in Scheme 1. Thus, our

attention turned firstly to ammonium carbamate since it

was successfully employed by Zhan and coworkers in

related reactions using InCl3 as promoter [9]. However,

the reactions, which were performed in the presence of

variable amounts of this reagent (1–10 equiv.), led again

to the major formation of furans with only traces of the

desired NH pyrroles being detected by GC/MS in the

crude reaction mixtures. Neither the use of primary

silylamines, such as NH2SiPh3, gave to the desired

results. Finally, we were pleased to find that commer-

cially available tert-butyl carbamate is compatible with

our one-pot three-component reaction. Thus, as shown

in Scheme 2, treatment of THF solutions of propargylic

alcohols 2a–e with ethyl acetoacetate and tert-butyl car-
bamate (1:1:1 molar ratio) in the presence of 50 mol %

of TFA and 5 mol % of complex 1 led, after 24 h of

heating (75�C), to the selective formation of pyrroles

3a–e, which were isolated in 60–82% yield after appro-

priate chromatographic workup.

Characterization of 3a–e was straightforward by fol-

lowing their analytical and spectroscopic data. In partic-

ular, the presence of the NAH unit was unambiguously

confirmed by the appearance of: (i) an intense absorp-

tion band at about 3300 cm�1 in their IR spectra, and

(ii) a singlet signal at about 8 ppm in their 1H-NMR

spectra. Pyrroles 3a–e result from the TFA-mediated hy-

drolysis of the tert-butyl ester (Boc) group in the ini-

tially formed pentasubstituted pyrroles C (detected mon-

itoring the reactions by GC/MS) and subsequent decar-

boxylation of the resulting intermediates D (The Boc

group is a versatile and commonly used protecting

group for the pyrrole nitrogen atom, being easily remov-

able in acidic media. See, for example, [12]).

Following the same approach, NH-pyrroles 4a–d and

5a–b (Fig. 1) could also be synthesized in 64–79% yield

employing methyl acetoacetate and 2,4-pentanedione as

the 1,3-dicarbonyl compound, respectively, thus con-

firming the generality of this transformation.

In summary, an efficient MCR reaction for the prepa-

ration of tetrasubstituted NAH pyrroles, functionalized

with carbonyl groups at C-3 position, has been devel-

oped using the catalytic system [Ru(g3-2-C3H4Me)(-

CO)(dppf)][SbF6]/TFA. The results reported herein rep-

resent a new example of the utility of the allyl-rutheniu-

m(II) complex 1 in synthetic organic chemistry (for an

account on the applications of complex 1 in synthesis,

see [13]).

Scheme 1
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EXPERIMENTAL

Infrared spectra were recorded on a Perkin-Elmer 1720-XFT
spectrometer. NMR spectra were recorded on a Bruker DPX-
300 instrument at 300 MHz (1H) or 75 MHz (13C). The chemi-
cal shift values (d) are given in parts per million and are

referred to the residual peak of the deuterated solvent used
(CDCl3). DEPT experiments have been carried out for all the
compounds reported. GC/MS measurements were performed
on a Agilent 6890N equipment coupled to a 5973 mass detec-
tor (70 eV electron impact ionization) using a HP-1MS col-

umn. Elemental analyses were acquired with a Perkin-Elmer
2400 microanalyzer. Flash chromatography was performed
using Merck silica gel 60 (230–400 mesh). All reagents were
obtained from commercial suppliers and used without any fur-

ther purification, with the exception of complex 1 [14] and
propargylic alcohols 2b–e [15] which were prepared by fol-
lowing the methods reported in the literature.

General procedure for the catalytic reactions. The appro-
priate propargylic alcohol 2a–e (1 mmol), 1,3-dicarbonyl com-

pound (1 mmol), and tert-butyl carbamate (1 mmol) were
introduced into a sealed tube under a nitrogen atmosphere.
THF (0.5 mL), complex 1 (0.049 g, 0.05 mmol), and TFA (37
lL, 0.5 mmol) were then added at room temperature, and the
resulting solution was heated at 75�C for 24 h. After elimina-

tion of the solvent under reduced pressure, the crude reaction
mixture was purified by column chromatography over silica
gel using an ethyl acetate/hexane mixture (1:10 v/v) as eluent.
1H and 13C{1H} NMR spectra, as well as melting points,
obtained for compounds 3a [9], 3b [16], 3d [8], 3e [9], 4a

[16], 4c [16], 5a [17], and 5b [18] were in complete accord
with those described in the literature. Characterization data for
the novel pyrroles 3c and 4b,d are as follows:

4-(3-Methoxyphenyl)-2,5-dimethyl-1H-pyrrole-3-carboxylic
acid ethyl ester (3c) Orange solid; Yield: 0.169 g (62%); mp:
144�C; IR (Nujol): 3311 (NAH), 1683 (C¼¼O) cm�1; 1H-NMR

(300 MHz, CDCl3): d 1.08 (t, J ¼ 7.1 Hz, 3H), 2.10, 2.49, and
3.80 (s, 3H each), 4.09 (q, J ¼ 7.1 Hz, 2H), 6.78–6.86 (m,
3H), 7.24 (m, 1H), 8.21 (s, 1H) ppm; 13C{1H} NMR (75

MHz, CDCl3): d 11.1, 13.5, 14.0, 55.1, 59.0, 110.5, 111.3,
116.0, 122.1, 123.0, 123.5, 128.1, 133.5, 137.6, 158.7, 165.7
ppm; GC-MS (EI, 70 eV): m/z 273 (100%, Mþ), 244 (60), 227
(55), 198 (18), 184 (25), 168 (20), 156 (15), 115 (15); Anal.
Calcd. for C16H19O3N: C, 70.31; H, 7.01; N, 5.12. Found: C,

70.44; H, 7.19; N, 5.06.
4-(2-Methoxyphenyl)-2,5-dimethyl-1H-pyrrole-3-carboxylic

acid methyl ester (4b) Orange solid; Yield: 0.205 g (79%);
mp: 138�C; IR (Nujol): 3314 (NAH), 1683 (C¼¼O) cm�1; 1H-
NMR (300 MHz, CDCl3): d 2.05, 2.47, 3.59, and 3.75 (s, 3H

each), 6.90–6.99 (m, 2H), 7.15 (dd, J ¼ 7.4 and 1.7 Hz, 1H),
7.26 (td, J ¼ 8.0 and 1.7 Hz, 1H), 8.31 (s, 1H) ppm; 13C{1H}
NMR (75 MHz, CDCl3): d 11.1, 13.4, 50.3, 55.3, 110.3,
111.1, 117.7, 119.9, 123.8, 125.2, 127.6, 131.5, 133.6, 157.4,
166.4 ppm; GC-MS (EI, 70 eV): m/z 259 (85%, Mþ), 228

(15), 212 (100), 200 (50), 184 (60), 168 (18), 154 (15), 128
(35), 115 (45), 15 (90); Anal. Calcd. for C15H17O3N: C, 69.48;
H, 6.61; N, 5.40. Found: C, 69.55; H, 6.74; N, 5.52.

4-(4-Methoxyphenyl)-2,5-dimethyl-1H-pyrrole-3-carboxylic
acid methyl ester (4d) Orange solid; Yield: 0.199 g (77%);

Figure 1. Structures of the NH-pyrroles 4a–d and 5a–b.

Scheme 2
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mp: 140�C; IR (Nujol): 3295 (NAH), 1687 (C¼¼O) cm�1; 1H-
NMR (300 MHz, CDCl3): d 2.08, 2.48, 3.64, and 3.82 (s, 3H
each), 6.89 and 7.18 (d, J ¼ 8.6 Hz, 2H each), 8.15 (s, 1H)
ppm; 13C{1H} NMR (75 MHz, CDCl3): d 11.1, 13.7, 50.3,
55.1, 110.1, 112.8, 122.0, 123.4, 128.4, 131.2, 133.9, 157.7,

166.3 ppm; GC-MS (EI, 70 eV): m/z 259 (100%, Mþ), 244
(20), 228 (20), 198 (18), 184 (23), 168 (24), 156 (30), 115
(40), 42 (60), 15 (80); Anal. Calcd. for C15H17O3N: C, 69.48;
H, 6.61; N, 5.40. Found: C, 69.31; H, 6.78; N, 5.59.
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Tetrahedron 1999, 55, 6555.

[18] Boberg, F.; Garburg, K. H.; Goerlich, K. J.; Pipereit, E.;

Redelfs, E.; Ruhr, M. J Heterocycl Chem 1986, 23, 1853.

236 Vol 47V. Cadierno, J. Gimeno, and N. Nebra

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



An Efficient One-Pot Synthesis of Some New 2,4-Diaryl
Pyrido[3,2-c]coumarins as Potent Antimicrobial Agents

Bhaskar S. Dawane,a* Shankaraiah G. Konda,a* Ragini G. Bodade,b

and Raghunath B. Bhosalec

aOrganic Research Laboratory, Department of Chemistry, Yeshwant Mahavidyalaya,

Nanded 431602, Maharashtra, India
bSchool of Life sciences, Swami Ramanand Teerth Marathwada University,

Nanded 431606, Maharashtra, India
cSchool of Chemical Sciences, Solapur University, Solapur 413255, Maharashtra, India

*E-mail: bhaskardawane@rediffmail.com or kondasg@rediffmail.com

Received May 2, 2009

DOI 10.1002/jhet.234

Published online 21 December 2009 in Wiley InterScience (www.interscience.wiley.com).

Poly(ethylene glycol) (PEG-400) has been used as sustainable, nonvolatile, and environmental
friendly reaction solvent for the synthesis of title compounds. Various diaryl pyrido[3,2-c]coumarins

have been synthesized in one step by reacting 4-hydroxy-7-methyl-coumarin with a,b-unsaturated
ketones in the presence of ammonium acetate. Further, in vitro antimicrobial (antibacterial and antifun-
gal) activities of the compounds were screened against different pathogens. The results revealed that
most of them showed potent activity.

J. Heterocyclic Chem., 47, 237 (2010).

INTRODUCTION

Coumarins are well-known natural products and may

exhibit high level of biological activity [1]. Coumarins

are also used as food additives, in cosmetics [2], as op-

tical brightening agents [3], dispersed fluorescent and

laser dyes [4]. For instance, coumarin nucleus is present

in promising drug candidates as nonpeptidic HIV

protease inhibitors [5], topoisomerase II [6], and tyro-

sine kinase [7] inhibitors. Coumarins fused with pyri-

dines have also been reported to posses antiallergic [8],

anticoagulant [9], antidiabetic [10], and analgesic [11]

properties, being characterized by a phenanthrene like

structure as found in tetrahydrocannabinol. Pyrido[3,2-

c]coumarin, the back bone of naturally occurring alka-

loid, santiagonamine [12] isolated from Berberis Dawi-

nii (Barberidaca). This alkaloid has interesting wound

healing properties [13]. Owing to such interesting prop-

erties, synthesis of pyrido-coumarins has remained an

active subject of interest. However, a survey of these

literatures quotes reveals that the most of the methods

are multistep or difficult starting materials. Hence, it

VC 2009 HeteroCorporation
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was thought worthwhile to envisage a synthesis of

pyrido-fused coumarins.

RESULTS AND DISCUSSION

In view of the current emphasis on green chemistry

[14], our approach is to reduce the use of solvents that

are volatile organic compounds (VOCs), which are

potentially toxic and hazardous [15]. Recently, liquid

polymers or low-melting polymers have emerged as al-

ternative green reaction media with unique properties

such as thermal stability, commercial availability, non-

volatility, immiscibility with a number of organic sol-

vents, and recyclability. Poly(ethylene glycols) (PEGs)

are preferred over other polymers because they are inex-

pensive, completely nonhalogenated, easily degradable,

and of low toxicity [16]. Many organic reactions have

been carried out using PEGs as solvent or cosolvent

such as Heck reaction [17], asymmetric dihydroxylation

[18], Suzuki crosscoupling reaction [19], oxydehydroge-

nation of alcohols and cyclic dienes, oxidation of sul-

fides and the Wacker reaction [20], and partial reduction

reaction of alkynes [21]. The use of PEG as a recyclable

solvent system for the metal mediated radical polymer-

ization of methyl methacrylate and styrene has also

been reported [22].

As quoted by Kroehnke [23], reaction of a,b-unsatu-
rated ketones with the active methylene function of

phenacyl bromide pyridinium salt of ammonium acetate

and acetic acid yields pyridine. This methodology has

been successfully utilized by us for the synthesis of vari-

ety of pyridyl substituted coumarins. In this article,

here, we wish to report the expeditious synthesis of

novel pyrido-fused coumarin derivatives (3a–l) under

benign reaction solvent.

The starting 4-hydroxy-7-methyl-coumarin (1) was

prepared by the literature procedure using an appropri-

ately m-cresol and malonic acid, a Lewis acid (ZnCl2)

and as condensing agent phosphorous oxychloride

(POCl3), whereas the a,b-unsaturated carbonyl com-

pounds (2a–l) were already reported [24]. Thus, various

2,4-diaryl pyrido[3,2-c]coumarins 3(a–l) have been syn-

thesized by reacting 4-hydroxy-7-methyl-coumarin 1

with a,b-unsaturated ketones 2(a–l) in the presence of

ammonium acetate in PEG-400 (Scheme 1).

Mechanism of pyrido-coumarin formation. The

formation of products 3(a–l) involves the Kroehnke’s

mechanism. Mannich bases provide the required a,b-un-
saturated ketones in situ during the course of reaction,

to which the Micheal addition of coumarioyl methyl

pyridinium salts takes place resulting in a 1,5-dionyl

pyridinium (not isolated) derivative, which subsequently

cyclization in the presence of ammonium acetate afford

the 2,4-diaryl pyrido[3,2-c]coumarins (Scheme 2). The

Scheme 1

Scheme 2
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presence of IR absorption bands in the region 1660–

1690 cm�1 clearly indicates that >C¼¼O group of chal-

cone has been transformed into coumarin (lactone). 1H

NMR revealed that singlet of methyl proton at d 2.30–

2.50 ppm. The multiplet at d 7.00–8.20 is due to aro-

matic protons. A singlet of phenolic proton appeared at

d 11.00–12.50 ppm (D2O exchangeable).

In summary, we have demonstrated an efficient,

one-pot method toward the expeditious synthesis of 2,4-

diaryl pyrido[3,2-c]coumarins using PEG-400 as an

alternative reaction solvent. The advantages of the present

protocol are the simplicity of operation, the high yields of

products, the recyclability of PEG-400 and preclusion of

the usage of volatile organic solvents. Antimicrobial and

antifungal activities of the all synthesized compounds

were summarized in Table 2. The compounds 3b, 3d, 3e,

3f, 3h, 3j, and 3l showed good antibacterial activity

against one or more bacteria. Compounds 3a, 3c, 3d, 3i,

and 3k were found to be active against Escherichia coli.
On the other hand, the compounds 3i, 3k was found to be

active against Salmonella typhi. The compounds 3i, 3j,

and 3k were also found to be active against Bacillus subti-
lis. Most of the compounds showed inhibitory effect

against fungi. The compounds 3a, 3c, 3d, 3g, 3j, and 3l

showed most potent activity against all pathogens than

other tested compounds. The substitution of hydroxyl

group in position 2 and presence of halo groups in 3 and 5

positions of aryl nucleus, which may enhance the antimi-

crobial activity of the products against various pathogens.

EXPERIMENTAL

Melting points were determined by open capillary method and
were uncorrected. IR spectra were recorded (in KBr pallets) on

Shimadzu spectrophotometer. 1H NMR spectra were recorded
(in DMSO-d6) on Avance-300 MHz spectrometer using TMS as

an internal standard. The mass were recorded on EI-Shimazdu-

GC-MS spectrometer. Elemental analyses were performed on a
Carlo Erba 106 Perkin-Elmer model 240 analyzer.

Chemistry

General procedure for the synthesis of a,b-unsaturated
carbonyl compounds (2a–l)24. A mixture of substituted 2-

hydroxy acetophenone (5 mmol), 1-phenyl-3-(4-sustituted phe-
nyl) pyrazol-4-carboxaldehyde (5 mmol), KOH (1 mmol), and
PEG-400 (20 mL) was stirred at 40�C for 1 h. After comple-
tion of the reaction (monitored by TLC), the crude mixture
was worked up in ice cold water (100 mL). Separated product

was filtered out. The PEG-400 was recovered from water and
utilized to synthesize further chalcones.

Typical procedure for the synthesis of 2,4-diaryl pyr-
ido[3,2-c]coumarins (3a–l). To a well-stirred solution of 4-
hydroxy-7-methyl-coumarin 1 (0.528 g; 6 mmol) in PEG-400

(20 mL) was added ammonium acetate (6.0 g) followed by chal-
cone 2a (2.514 g; 6 mmol) in PEG-400 (10 mL). The reaction
mixture was stirred at room temperature for 30 min and then
refluxed gently on oil-bath at 130�C for the period as shown in

Table 1. After completion of the reaction (checked by TLC), the
reaction mixture was allowed to reach room temperature and
was poured into ice cold water (100 mL). The resultant solid
was filtered, washed with 2 � 5 mL ice cold water and recrys-
tallized by chloroform to give pure product 3a.

To check the reusability of the solvent, the filtrate was
evaporated to remove water leaving PEG behind in the con-
tainer and subjected for second run by charging the same sub-
strates. The results of the first and second experiments were
almost consistent in yield.

3-(4-Chloro-phenyl)-1-[3-(4-chloro-phenyl)-1-phenyl-1H-pyr-
azol-4-yl]-7-methyl-9-oxa-4-aza-phenanthren-10-one (3a). IR
(KBr cm�1/tmax): 1668, 1598 cm�1; 1H NMR (DMSO-d6): d
2.35 (s, 3H, CH3), 7.10–8.15 (m, 17H, ArAH), 8.90 (s, 1H,
-5H of pyrazole) ppm; MS (m/z): 574 [Mþ], 576 [M þ 2],

578 [M þ 4]; Anal. Found for C34H21O2N3Cl2: C, 71.02; H,
3.61; N, 7.34 requires: C, 71.19; H, 3.78; N, 7.21%.

3-(5-Chloro-2-hydroxy-phenyl)-1-[3-(4-chloro-phenyl)-1-phe-
nyl-1H-pyrazol-4-yl]-7-methyl-9-oxa-4-aza-phenanthren-10-one
(3b). IR (KBr cm�1/tmax): 3413, 1671, 1605 cm�1; 1H NMR
(DMSO-d6): d 2.33 (s, 3H, CH3), 7.16–8.24 (m, 16H, ArAH),

Table 1

Physical and analytical data of 2,4-diaryl-pyrido[3,2-c]coumarins.

Product R1 R2 R3 R4 R5 Timea Yield (%)b MP (�C)

3a H H Cl H Cl 2 85 240

3b OH H H Cl Cl 3 89 266

3c OH Br H Cl Cl 2 83 258

3d OH I H Cl Cl 2 85 230

3e OH H OH H Cl 3 82 172

3f OH H Me Cl Cl 3 86 260

3g OH Cl OH Cl Cl 2 81 243

3h OH I Me Cl Cl 3 85 251

3i OH H H Cl OH 2 86 265

3j OH Br H Cl OH 2 85 170

3k OH I H Cl OH 3 81 255

3l OH I H Me OH 3 85 225

a Time in hours.
b Pure isolated yields of products.
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8.89 (s, 1H, -5H of pyrazole), 11.26 (s, 1H, AOH, D2O
exchangeable) ppm; MS (m/z): 590 [Mþ], 592 [M þ 2], 594
[M þ 4]; Anal. Found for C34H21O3N3Cl2: C, 69.16; H, 3.51;

N, 7.08 requires: C, 69.21; H, 3.68; N, 7.22%.
3-(3-Bromo-5-chloro-2-hydroxy-phenyl)-1-[3-(4-chloro-phe-

nyl)-1-phenyl-1H-pyrazol-4-yl]-7-methyl-9-oxa-4-aza-phenanth-
ren-10-one (3c). IR (KBr cm�1/tmax): 3433, 1679, 1606 cm�1;
1H NMR (DMSO-d6): d 2.38 (s, 3H, CH3), 7.18–8.25 (m,

15H, ArAH), 8.90 (s, 1H, -5H of pyrazole), 11.64 (s, 1H,
AOH, D2O exchangeable) ppm; MS (m/z): 669 [Mþ], 671
[M þ 2], 673 [M þ 4], 675 [M þ 6]; Anal. Found for
C34H20O3N3Cl2Br: C, 61.06; H, 3.05; N, 6.21 requires: C,

60.88; H, 3.19; N, 6.34%.
3-(5-Chloro-2-hydroxy-3-iodo-phenyl)-1-[3-(4-chloro-phenyl)-

1-phenyl-1H-pyrazol-4-yl]-7-methyl-9-oxa-4-aza-phenanthren-
10-one (3d) IR (KBr cm�1/tmax): 3421, 1681, 1604 cm�1; 1H
NMR (DMSO-d6): d 2.43 (s, 3H, CH3), 7.15–8.25 (m, 15H,

ArAH), 8.91 (s, 1H, -5H of pyrazole), 11.68 (s, 1H, AOH,
D2O exchangeable) ppm; MS (m/z): 716 [Mþ], 718 [M þ 2],
720 [M þ 4]; Anal. Found for C34H20O3N3Cl2I: C, 57.04; H,
2.81; N, 5.85 requires: C, 57.18; H, 2.72; N, 5.97%.

3-(2,4-Dihydroxy-phenyl)-1-[3-(4-chloro-phenyl)-1-phenyl-
1H-pyrazol-4-yl]-7-methyl-9-oxa-4-aza-phenanthren-10-one
(3e). IR (KBr cm�1/tmax): 3398, 3152, 1676, 1602 cm�1; 1H
NMR (DMSO-d6): d 2.38 (s, 3H, CH3), 5.68 (s, 1H, OH),
7.16–8.22 (m, 16H, ArAH), 8.90 (s, 1H, -5H of pyrazole),
12.22 (s, 1H, AOH, D2O exchangeable) ppm; MS (m/z): 572

[Mþ], 574 [M þ 2]; Anal. Found for C34H22O4N3Cl: C,
71.36; H, 3.81; N, 7.31 requires: C, 71.49; H, 3.95; N,
7.38%.

3-(5-Chloro-2-hydroxy-4-methyl-phenyl)-1-[3-(4-chloro-phe-
nyl)-1-phenyl-1H-pyrazol-4-yl]-7-methyl-9-oxa-4-aza-phenanth-
ren-10-one (3f). IR (KBr cm�1/tmax): 3410, 1670, 1602 cm�1;

1H NMR (DMSO-d6): d 2.24 (s, 3H, CH3), 2.48 (s, 3H, CH3),
7.14–8.21 (m, 15H, ArAH), 8.91 (s, 1H, -5H of pyrazole),
11.31 (s, 1H, AOH, D2O exchangeable) ppm; MS (m/z): 604

[Mþ], 606 [M þ 2], 608 [M þ 4]; Anal. Found for
C35H23O3N3Cl2: C, 69.51; H, 3.86; N, 6.91 requires: C, 69.64;
H, 3.97; N, 6.85%.

3-(3,5-Dichloro-2,4-dihydroxy-phenyl)-1-[3-(4-chloro-phenyl)-
1-phenyl-1H-pyrazol-4-yl]-7-methyl-9-oxa-4-aza-phenanthren-
10-one (3g). IR (KBr cm�1/tmax): 3412, 3168, 1681, 1606
cm�1; 1H NMR (DMSO-d6): d 2.38 (s, 3H, CH3), 6.26 (s, 1H,
OH), 7.15–8.25 (m, 14H, ArAH), 8.90 (s, 1H, -5H of pyraz-
ole), 12.28 (s, 1H, AOH, D2O exchangeable) ppm; MS (m/z):

641 [Mþ], 643 [M þ 2], 645 [M þ 4], 647 [M þ 6]; Anal.
Found for C34H20O4N3Cl3: C, 63.76; H, 3.11; N, 6.58 requires:
C, 63.62; H, 3.25; N, 6.65%.

3-(5-Chloro-2-hydroxy-3-iodo-4-methyl-phenyl)-1-[3-(4-chloro-
phenyl)-1-phenyl-1H-pyrazol-4-yl]-7-methyl-9-oxa-4-aza-phenan-
thren-10-one (3h). IR (KBr cm�1/tmax): 3433, 1682, 1605
cm�1; 1H NMR (DMSO-d6): d 2.26 (s, 3H, CH3), 2.52 (s, 3H,
CH3), 7.18–8.26 (m, 14H, ArAH), 8.90 (s, 1H, -5H of pyraz-
ole), 12.06 (s, 1H, AOH, D2O exchangeable) ppm; MS (m/z):
730 [Mþ], 732 [M þ 2], 734 [M þ 4]; Anal. Found for

C35H22O3N3Cl2I: C, 57.61; H, 3.01; N, 5.78 requires: C,
57.56; H, 3.04; N, 5.75%.

3-(5-Chloro-2-hydroxy-phenyl)-1-[3-(4-hydroxy-phenyl)-1-
phenyl-1H-pyrazol-4-yl]-7-methyl-9-oxa-4-aza-phenanthren-
10-one (3i). IR (KBr cm�1/tmax): 3398, 3169, 1666, 1599

cm�1; 1H NMR (DMSO-d6): d 2.38 (s, 3H, CH3), 7.14–8.18
(m, 16H, ArAH), 8.86 (s, 1H, -5H of pyrazole), 10.48 (s,
1H, OH), 11.78 (s, 1H, AOH, D2O exchangeable) ppm; MS
(m/z): 572 [Mþ], 574 [M þ 2]; Anal. Found for

C34H22O4N3Cl: C, 71.36; H, 3.91; N, 7.31 requires: C,
71.51; H, 3.78; N, 7.39%.

Table 2

Antimicrobial activities of synthesized products (3a–l).

Product

Bacteriaa Fungi germination

Ec St Sa Bs An Af Pc Fm

3a 21 19 16 19 RD RD �ve �ve

3b 12 10 08 10 �ve �ve RD RD

3c 19 22 21 20 �ve �ve �ve �ve

3d 18 14 16 08 RD RD þve þve

3e 19 12 10 14 RD �ve RD RD

3f 08 10 07 14 þve þve þve þve

3g 22 20 18 22 �ve �ve RD �ve

3h 09 12 15 12 þve þve þve þve

3i 21 20 19 18 �ve �ve �ve �ve

3j 19 12 18 16 RD RD �ve RD

3k 20 16 19 22 �ve �ve �ve �ve

3l 18 12 15 18 RD �ve �ve RD

Control – – – – þve þve þve þve

Penicillin 22 22 24 24 NA NA NA NA

Nystatin NA NA NA NA �ve �ve �ve �ve

Ec, Escherichia coli; St, Salminella typhi; Sa, Staphylococcus aureus; Bs, Bacillus subtilis; An, Aspergillus niger; Af, Aspergillus flavus; Fm, Fusar-
ium moniliforme, Pc, Penicillium chrysogenum. þve, Growth; �ve, No growth; RD, reduced growth, NA, not applicable.
a Zone of inhibition in millimeters.
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3-(3-Bromo-5-chloro-2-hydroxy-phenyl)-1-[3-(4-hydroxy-phe-
nyl)-1-phenyl-1H-pyrazol-4-yl]-7-methyl-9-oxa-4-aza-phenanth-
ren-10-one (3j). IR (KBr cm�1/tmax): 3405, 3188, 1672, 1602

cm�1; 1H NMR (DMSO-d6): d 2.36 (s, 3H, CH3), 7.16–8.22
(m, 15H, ArAH), 8.71 (s, 1H, -5H of pyrazole), 10.61 (s, 1H,
OH), 12.23 (s, 1H, AOH, D2O exchangeable) ppm; MS (m/z):
650 [Mþ], 652 [M þ 2], 654 [M þ 4]; Anal. Found for
C34H21O4N3ClBr: C, 62.72; H, 3.21; N, 6.51 requires: C,

62.84; H, 3.35; N, 6.46%.
3-(5-Chloro-2-hydroxy-3-iodo-phenyl)-1-[3-(4-hydroxy-phe-

nyl)-1-phenyl-1H-pyrazol-4-yl]-7-methyl-9-oxa-4-aza-phenanth-
ren-10-one (3k). IR (KBr cm�1/tmax): 3416, 3196, 1675, 1608
cm�1; 1H NMR (DMSO-d6): d 2.38 (s, 3H, CH3), 7.15–8.26

(m, 15H, ArAH), 8.84 (s, 1H, -5H of pyrazole), 10.68 (s, 1H,
OH), 12.32 (s, 1H, AOH, D2O exchangeable) ppm; MS (m/z):
698 [Mþ], 700 [M þ 2]; Anal. Found for C34H21O4N3ClI: C,
58.54; H, 3.05; N, 6.01 requires: C, 58.62; H, 3.23; N, 6.14%.

3-(2-Hydroxy-3-iodo-4-methyl-phenyl)-1-[3-(4-hydroxy-phe-
nyl)-1-phenyl-1H-pyrazol-4-yl]-7-methyl-9-oxa-4-aza-phenanth-
ren-10-one (3l). IR (KBr cm�1/tmax): 3396, 3159, 1678, 1604
cm�1; 1H NMR (DMSO-d6): d 2.24 (s, 3H, CH3), 2.42 (s, 3H,
CH3), 7.16–8.25 (m, 15H, ArAH), 8.88 (s, 1H, -5H of pyraz-

ole), 10.51 (s, 1H, OH), 12.36 (s, 1H, AOH, D2O exchange-
able) ppm; MS (m/z): 677 [Mþ]; Anal. Found for
C35H24O4N3I: C, 62.01; H, 3.59; N, 6.18 requires: C, 62.18;
H, 3.68; N, 6.11%.

Biology. All the synthesized compounds 3(a-l) were

screened for their in vitro antimicrobial activity by agar well
diffusion method [25]. Antibacterial activity was checked
against bacteria Escherichia coli, Salmonella typhi, Staphylo-
coccus aureus, and Bacillus subtilis. The culture strains of bac-
teria maintained on nutrient agar slant at 37 6 2�C tempera-

ture for 24–48 h. Antifungal activity was studied against As-
pergillus niger, Aspergillus flavus, Penicillium chrysogenum,
and Fusarium moniliforme. The results were compared with
Penicillin and Nystatin, respectively. All the culture strains of
fungi maintained on potato dextrose agar (PDA) slant at 27 6
2�C temperature for 24–28 h, till sporulation. Spore of strains
were transferred in 5 mL of sterile water containing 1%
Tween-80 (to suspend the spore properly). The spores were
counted by Hemocytometer (106 CFU/mL). Sterile plate PDA
was prepared containing 2% agar 0.1 mL of each fungal spore

suspension was spread on each plate and incubated at 27 6
2�C temperature for 12 h. After incubation well prepared using
sterile cork borer and each agar well was filled with 0.1 mL
pyrido coumarin solution of concentration 50, 100, and 250

lg/mL for screening minimum inhibitory concentration (MIC).
Dimethyl sulfoxide (DMSO) was used as control without
compound.

The plates were kept in refrigerator for 20 min for diffusion
and then incubated at 27 6 2�C temperature for 24–28 h in in-

cubator. After incubation, zone of inhibition of compounds
was measured in millimeters, along with control and standard.
MIC value of pyrido coumarins was obtained 100 lg/mL for
both antibacterial and antifungal activity. Results of the study
are shown in Table 2.
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This review summarizes the methods for preparing 1H-benzimidazole-2-acetonitriles and their reactions
in the past years, some of which have been applied to the synthesis of biologically active molecules. The
main reactions are divided into several groups according to some types of the fused benzimidazoles.

J. Heterocyclic Chem., 47, 243 (2010).

1. INTRODUCTION

1H-Benzimidazole-2-acetonitriles are convenient pre-

cursors which have been extensively utilized in hetero-

cyclic synthesis. Many reactions were developed in the

last decades for which the reactivity of 1H-benzimida-

zole-2-acetonitriles towards diverse reagents was utilized

for the synthesis of nitrogen bridged heterocycles. From

the point of view for biological activities, benzimidazole

derivatives are useful intermediates and subunits for the

development of molecules having pharmaceutical or bio-

logical interests [1,2]. Also, substituted benzimidazole

derivatives have found applications in diverse therapeu-

tic areas such as antiulcer drugs, anticancer drugs, anti-

viral drugs, and antiprotozoan species [3–6]. The main

purpose of this review is to present a survey of the liter-

ature on the synthesis and reactions of 1H-benzimida-

zole-2-acetonitriles during the last decades.
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2. METHODS FOR SYNTHESIS OF

1H-BENZIMIDAZOLE-2-ACETONITRILES

Two major approaches have been developed for the

synthesis of 1H-benzimidazole-2-acetonitriles. The first

approach involves the construction of the 1H-benzimida-

zole-2-acetonitriles by cyclization of o-phenylenediamine

derivatives with reagents such as cyanoacetic acid ester,

ethyl 2-cyanoacetimidate, and cyanoacetamide. The sec-

ond method entails ring transformation of benzodiaze-

pine-3-carbonitrile.

2.1. From o-phenylenediamine derivatives. 1H-
Benzimidazole-2-acetonitriles 1 were synthesized by

fusion of o-phenylenediamines and cyanoacetate at high

temperature (Scheme 1) [7–15].

Katsuyama and Kubo have been reported the synthesis

of 5-hydroxymethyl-1H-benzimidazole-2-acetonitrile 2

starting from 3,4-diaminobenzoic acid (Scheme 2) [16].

Ethyl 2-cyanoacetimidate hydrochloride was con-

verted into 1H-benzimidazole-2-acetonitrile 3 by fusion

with 1,2-phenylenediamine (Scheme 3) [17].

Compound 3 was prepared by condensation of 1,2-

phenylenediamine with cyanoacetamide in an inert or-

ganic solvent (Scheme 4) [18].

Cyclocondensation of enaminonitriles (R ¼ CO2Et,

Bz) with o-pheylenediamine gave 1H-benzimidazole-2-

acetonitrile 4 (Scheme 5) [19].

2.2. Ring transformation of benzodiazepine-3-

carbonitrile. Treatment of benzodiazepine-3-carbonitrile

5 with methoxyamine hydrochloride resulted in the ring

transformation of oxime 6 whose hydrolysis and neutrali-

zation gave the target molecule (Scheme 6) [20,21].

Ring cleavage of benzodiazepines 7 (R ¼ Me, Et)

with methylamine provided dihydropyrimidines 8, which

underwent ring transformations and hydrolysis to furnish

2-(1H-benzo[d]imidazol-2-yl)-3-(methylamino)acryloni-

trile 9 (Scheme 7) [22].

3. SYNTHESIS OF FUSED BENZIMIDAZOLES

3.1. Pyrrolobenzimidazoles. Elwan has reported the

synthesis of pyrrolo[1,2-a]benzimidazoles 12. The reac-

tion of 1H-benzimidazole-2-acetonitrile 3 with hydrazo-

noyl halides (10a, X ¼ Cl; R1 ¼ Me; R2 ¼ H, Cl, Me;

10b, X ¼ Br; R1 ¼ Ph; R2 ¼ H, NO2, Me) in the pres-

ence of triethylamine led to the formation of pyr-

rolo[1,2-a]benzimidazoles 12. It has been suggested that

the reaction starts from the nucleophilic substitution of

the halogen with the benzimidazole carbanion to provide

intermediate 11, which upon dehydration gives the pyr-

rolobenzimidazoles 12 (Scheme 8) [23].

Awadallah et al. revised the structure of 12 into the

3-arylazo-2-methylpyrrolo[1,2-a]benzimidazoles (13, Ar

¼ 4-Cl-C6H4, 4-Br-C6H4) by the X-ray crystallography

(Scheme 9) [24].

On the other hand, the reaction of hydrazonoyl chlor-

ides (14 X ¼ Cl; R1 ¼ Et; R2 ¼ H, Cl, Me, NO2; R2 ¼
H; R1 ¼ Me; R2 ¼ Cl) with 1H-benzimidazole-2-aceto-

nitrile 3 in the presence of sodium ethoxide yielded the

pyrazolopyrrolobenzimidazole 16 via the intermediates

15 (Scheme 10) [23,25].

Condensation of the benzimidazoline 17 with the 2-

aminothiophene-3-carboxylates 18 [R1 ¼ Ph, R2 ¼ H

(18a); R1R2 ¼ (CH2)4 (18b)] in DMF at 100�C provided

the tetrahydropyrrolothienopyrimidinediones 19 in 42–

67% yields. The reaction of compound 17 with triethyl-

amine produced pyrrolobenzimidazole 20. This reactivity

was explained in terms of steric factors of 17 in which

the substituent shields the heterocyclic nitrogen atom and

hinders intramolecular alkylation (Scheme 11) [26].

Reaction of dichloromaleimide with 1H-benzimida-

zole-2-acetonitriles followed by intramolecular cycli-

zation of 21 furnished 1,3-dioxo-1,3-dihydropyrrolo

[30,40:4,5]pyrrolo[1,2-a]benzimidazoles 22 (R ¼ H, Me)

[27] (Scheme 12).

The pyrrolo[1,2-a]benzimidazole-3-carbonitrile 24

was prepared by reaction of compound 3 with oxalic

acid bis(p-tolylimidoyl) chloride 23 in the presence of

triethylamine (Scheme 13) [28].

Treatment of 1-alkyl-4,5-dichloro-3-nitropyridazin-6-

one (25, R1 ¼ Et, Me) with ambident nucleophiles (i.e.,
1H-benzimidazole-2-acetonitriles) in the presence of potas-

sium carbonate led to selective substitution of a chorine

Scheme 1

Scheme 2 Scheme 4

Scheme 3
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Scheme 6

Scheme 7

Scheme 8
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Scheme 9

Scheme 10

Scheme 11
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atom by the quaternary carbon atom of the carbanion

formed from a substituted acetonitrile 26 (Scheme 14) [29].

Reaction of 2,3-dichloro-5,6-dicyanopyrazine with 3

led to a-(3-chloro-5,6-dicyanopyrazin-2-yl)-a-(2-azahe-
teroaryl)acetonitriles 27. Subsequent heating in pyridine

causes an intramolecular cyclization to yield condensed

pyrrolo[b]pyrazine 28 (Scheme 15) [30].

The nucleophilic substitution reaction of hexachloro-

benzene with 1-methyl-1H-benzimidazole-2-acetonitrile

yielded the condensed indole 29 (Scheme 16) [31].

Scheme 12

Scheme 13

Scheme 14

Scheme 15

Scheme 16
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3.2. Pyridobenzimidazoles. Condensation of the pyri-

dine ring with benzimidazole, that is, the passage to pyrido-

benzimidazoles, extended the spectrum of biological activity

[32,33]. The main methods for preparation of pyridobenzi-

midazoles starting from 2-cyanomethylbenzimidazoles can

be occurred via Knoevenagel reaction followed by cyclo-

condensation, Michael addition, reaction with enaminones,

and cyclocondensation with b-dicarbonyl compounds.

3.2.1. Knoevenagel reaction. Cyclization of 30 with

malononitrile or ethyl cyanoacetate (R ¼ aromatic subs.;

R1 ¼ CN, CO2Et) in ethanol in the presence of piperidine

produced pyridobenzimidazoles 31(Scheme 17) [34].

Highly fluorescent 7-(diethylamino)benzimidazo[1,2-

a]quinoline-3-carbonitrile 33 was prepared by cycliza-

tion of 4-(diethylamino)-2-methoxybenzaldehyde 32

with 3 (Scheme 18) [35].

Reaction of the 3 with 2,6-dihalobenzaldehydes (34,

X ¼ F, Cl, Br) in dioxane led to cinnamonitriles 35 and

intramolecular cyclization in DMF benzo[4,5]imi-

dazo[1,2-a]quinoline-6-carbonitriles 36 which was

obtained directly by refluxing in DMF containing trie-

thylamine (Scheme 19) [36,37].

1-Aryl-3-chloro-4-isoquinolinecarbaldehydes (37; R ¼
4-chlorophenyl, 2,3-dichlorophenyl, 3- and 4-nitro-

phenyl) were condensed with 3 in DMF to produce

diheteroarylpropenenitriles (38, same R), which cyclized

to yield 39 (same R) [38] (Scheme 20).

The condensation of 1-phenylpyrazole-4-carboaldehydes

(40, R ¼ Me, Ph) with benzimidazole-2-acetonitrile 3 led

to the formation of fluorescent 3-methyl-1-phenyl-1H-pyra-
zolo[4.3:5,6]pyrido[1,2-a]benzimidazole-5-carbonitrile 41.

Similar condensation of 2-chloro-7-methylquinoline-3-car-

baldehyde 42 furnished the corresponding 1,2-fused benzi-

midazo heterocycle 43 (Scheme 21) [39,40].

Chromenes (44, R ¼ H, Cl, Br, Me, Et) reacted with

3 in ethylene glycol to yield pyridobenzimidazoles 45 in

65–80% yields (Scheme 22) [41].

Ring transformations of pentose glycals (46, R1 ¼ H,

R2 ¼ BnO; R1 ¼ BnO, R2 ¼ H) with 3 furnished the

pyridiobenzimidazoles 47 (Scheme 23) [42,43].

Vilsmeier-Haack reaction of 3-b-acetoxyandrostan-17-
one 48 with phosphorus oxychloride and DMF produced

3-b-acetoxy-17-chloro-16-formyl-5a-androst-16-ene 49.

Reaction of 49 with 1H-benzimidazole-2-acetonitrile 3

in refluxing ethanolic solution furnished benzimidazolo-

pyridoandrostane 51 in 82% yield, However, the inter-

mediate 50 was yielded in 70% in the presence of piper-

idine (Scheme 24) [44].

3.2.2. Michael addition. Michael addition of 3 to

chalcone in ethanol having a catalytic amount of piperi-

dine led to the formation of pyridobenzimidazole 52

(Scheme 25) [45,46].

Addition of 1H-benzimidazole-2-acetonitrile 3 to ary-

lidenemalononitrile 53 produced 1-amino-3-aryl pyr-

ido[1,2-a]benzomidazole-2,4-dicarbonitrile 54 (R ¼
aryl). Compounds 54 reacted with formamide yielding

4-amino-5-arylpyrimido[50,40:5,6]pyrido[1,2-a]benzimid-

azole-6-carbonitrile 55 (R ¼ aryl) [47,48] (Scheme 26).

Reaction of arylidene-1H-benzimidazol-2-ylacetoni-

triles 56 with 1H-benzimidazole-2-acetonitrile 3 fur-

nished pyrido[1,2-a]benzimidazole 57 (Scheme 27) [49].

The formation of pyridobenzimidazole 61 can be

achieved by addition of active methylene component 3

Scheme 17

Scheme 18

Scheme 19

Scheme 20
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to 4-ethoxymethylene-2-phenyl-5-oxazolone 58 to form

the intermediate 59, which underwent intramolecular

acylation at the nitrogen atom of benzimidazole nucleus

with cleavage of oxazolone ring to form intermediate

60. Finally, elimination of ethanol furnished pyridoben-

zimidazole 61 (Scheme 28) [50].

Ethyl 2-cyano-3-(5-chloro-1,3-diphenylpyrazol-4-yl)a-

crylate 62 underwent Michael addition with 3 to pro-

duce pyrido[1,2-a]benzimidazole 63 (Scheme 29) [51].

Cyclocondensation of 3-aryl-2-(2-benzimidazolyl)a-

crylonitrile 64 (R ¼ 1-naphthyl, Ph, 4-MeOC6H4, 4-

ClC6H4) with ethyl acetoacetate and cyanoacetohydra-

zide gave pyridobenzimidazolones 65, and aminopyrido-

benzimidazoles 66, respectively (Scheme 30) [52].

Treatment of 1-(methyl 2-O-benzyl-4,6-O-benzyli-
dene-3-deoxy-a,a-D-altropyranosid-3-yl)-4-phenyl-but-3-
yn-2-one 67 with 3 produced benz[4,5]imidazo[1,2-

a]pyridine-4-carbonitrile derivative 68 (Scheme 31)

[53].

3.2.3. Reaction with enaminones. Enaminone deriva-

tives are highly reactive intermediates and are exten-

sively used for the synthesis of heterocyclic compounds.

Dawood et al., have reported the synthesis of pyr-

ido[1,2-a]benzimidazole derivative 70 by reaction of 1-

(benzo[d]thiazol-2-yl)-3-(dimethylamino)prop-2-en-1-one

69 with 3 in ethanol in the presence of piperidine

(Scheme 32) [54].

The reaction of enaminonitrile 71 with 3 was also

conducted in refluxing ethanol in the presence of a cata-

lytic amount of piperidine to afford 3-amino-2-(benzo-

thiazol-2-yl)carbonylpyrido[1,2-a]-benzimidazole-4-car-

bonitrile 72 (Scheme 33) [55].

Also, treatment of enaminonitrile [2-(benzothiazol-2-yl)-

3-(N,N-dimethylamino)-prop-2-enenitrile] 73 with 3 in

refluxing ethanol in the presence of catalytic amount of pi-

peridine afforded 3-amino-2-(benzothiazol-2-yl)pyrido[1,2-

a]benzimidazol-4-carbonitrile 74 (Scheme 34) [56].

Pyrido[1,2-a]benzimidazoles 76 were synthesized by

reacting 3-aryl-2-(N,N-dimethylamino)methylene-3-oxo-

propanenitriles 75 with 3 [31,55,57]. Elmaati et al. in
2002 have been reported the synthesis of pyridobenzimi-

dazole 78. Reaction of enaminone of acetoacetanilide 77

with 3 yielded the target compound 78 (Scheme 35)

[57].

Hassanien in 2005, reported the reaction of methyl 2-

benzoyl-3-dimethylaminopropenoate 79 with 2-(1H-ben-
zo[d]imidazol-2-yl)acetonitrile 3 in refluxing acetic acid

in the presence of ammonium acetate to produce methyl

4-cyano-3-phenylbenzimidazo[1,2-a]pyridine-2-carboxy-
late 80, but not 81 (Scheme 36) [58].

Microwave irradiation of dimedone 82, dimethylfor-

mamidedimethyl acetal and 3 in iso-propanol and a cata-

lytic amount of piperidine led to the formation of tetra-

hydrobenzo[4,5]imidazo[1,2-a]quinolin-6-yl cyanide 83

(Scheme 37) [59].

The enaminone 2-dimethylaminomethylene-1,3-indan-

dione 84 reacted with 3 to produce indenofluorene 85

[33], while its reaction with 2-dimethylaminomethylene-

3-(phenylhydrazono)indan-1-one 86 furnished diazainde-

nofluorene derivative 87 (Scheme 38) [60].

Scheme 21 Scheme 22

Scheme 23
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Scheme 26

Scheme 24

Scheme 25

Scheme 27
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Scheme 28

Scheme 29

Scheme 30

Scheme 31

Scheme 32



Benzo[4,5]imidazo[1,2-a]pyridine-2,4-dicarbonitrile
89 was obtained via treatment of enaminone 88 with

1H-benzimidazole-2-acetonitrile 3 in ethanol and has a

catalytic amount of piperidine (Scheme 39) [61,62].

3.2.4. Reaction with b-dicarbonyl compounds. 3-Meth-

ylpyrido[1,2-a]benzimidazole-4-carbonitrile 90 (prepared

by the condensation of 3 and ethyl acetoacetate) is for-

mylated with DMF-POCl3 to 2-formyl-3-methylpyr-

ido[1,2-a]benzimidazol-4-carbonitrile 91(Scheme 40)

[63].

1-Oxo-1H,5H-pyrido[1,2-a]benzimidazole-4-carboni-

triles 94 by fusing 3 with some ethyl acetoacetate 92 in

the presence of ammonium acetate or with ethyl b-ami-

nocrotonate 93 (R ¼ H, R1 ¼ Me) [64] (Scheme 41).

Pyrido[1,2-a]benzimidazole-4-carboxylic acid 95 was

prepared in excellent yield by condensation of 3 with

acetyl acetone followed by hydrolysis of the nitrile

group by sulfuric acid (Scheme 42) [65,66].

Pyrrolo[30,40:3,4]pyrido[1,2-a]benzimidazoles 97 [R ¼
Bu, Bn, MeOCH2CH2, O(CH2CH2)2NCH2CH2, 2-furyl-

CH2, 4-MeC6H4, 2-MeC6H4] were prepared in two

steps. The condensation of 3 with ethyl 4-chloro-3-oxo-

butanoate led to the formation of 3-chloromethyl-1,5-

dihydro-1-oxopyrido[1,2-a]benzimidazole-4-carbonitrile

96. Amination of 96 with primary amines yielded 97

(Scheme 43) [67].

Condensation of benzimidazole 98 with ethoxymethy-

lenemalonic acid esters (99, R ¼ Et, Me) and acetoace-

tic ester gave the corresponding pyrido[1,2-a]benzimida-

zoles 100, 101 (Scheme 44) [7].

Cycloalkylpyrido[1,2-a]benzimidazoles 102–104 were

prepared by reaction of 3 with dimethyl 2-oxocyclopen-

tane-1,3-dicarboxylate, dimethyl 3-oxocyclopentane-1,2-

dicarboxylate, or methyl 2-oxocyclohexanecarboxylate

in the presence of two equivalent of ammonium acetate

at 140�C, these compounds exhibited a good in vitro an-

tineoplastic activity especially against most of the leuke-

mia cell lines (Scheme 45) [68–70].

3.2.5. C-acylation. 2-Chloronicotinoyl chloride reacted

with 1-methyl-benzimidazole-2-acetonitriles, to give

97% conjugated nitrile 105 which cyclized on heating to

give the corresponding 1,8-naphthyridine 106 in high

yield (Scheme 46) [71].

Scheme 33

Scheme 34

Scheme 35
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1-Methyl-benzimidazole-2-acetonitriles condensed

with 2-haloaromatic esters (107, X ¼ Cl, F; R ¼ H,

O2N; R1 ¼ Me, Et) in refluxing acetonitrile containing

potassium or cesium carbonate to give condensed iso-

quinolones 108 (Scheme 47) [72–74].

3-Hydroxy-1H,5H-pyrido[1,2-a]benzimidazol-1-ones

(110, R ¼ Et, Bu, PhCH2, Ph) were prepared by cycli-

zation of 1H-benzimidazole-2-acetonitrile with the

dicarboxylate 109 (Scheme 48) [75,76].

Condensed azine 112 was prepared by cyclization of

the corresponding benzothiophene 111 in refluxing ether

(Scheme 49) [77].

3.2.6. Miscellaneous methods. A one-step synthesis

of benzimidazolo[1,5-a]pyridine 114 was reported. The

reaction of 2-(2-phenylhydrazono)malononitrile 113

with 3 in refluxing ethanol yielded the target molecule

114 (Scheme 50) [78].

2-Imino-N0-p-arylpropanehydrazonoyl cyanide (115, R

¼ Me, OMe, NO2) were condensed with 3 in acetic acid

to give the corresponding 3-methylpyrido[1,2-a]benzimi-

dazoles 116 which then oxidized with cuprous acetate in

DMF to triazolo[4,5-b]pyrido[10,20-a]benzimidazoles 117

(Scheme 51) [79].

Reaction of 3 with 3-aminobut-2-enenitrile 118

afforded 1-amino-3-methylpyrido[1,2-a]benzimidazole-

4-carbonitrile 119 (Scheme 52) [80].

Compound 3 reacted with sodium salts of 3-hydroxy-

methylene-2-alkanones (120, R ¼ H, Me, R1 ¼ Me,

aryl) in piperidine acetate and aqueous ethanol to yield

two isomeric structures 121 and 122. The X-ray analysis

confirmed the presence of 121 in the solid state (Scheme

53) [81].

The cycloannulation of dianion 123 derived from 3

with the acyclic ketene dithioacetals (124, R ¼ Ph, Me)

produced 4-cyano-1-phenyl (or 1-methyl)-3-(methyl-

thio)-pyrido[1,2-a]benzimidazoles 125 in good yields

via the intermediate 124 (Scheme 54) [82].

Benzimidazole-2-acetonitriles (R ¼ H, Me) were

treated with carbon disulphide and dimethyl sulfate to

furnish thioesters 126. Reactions of (126, R ¼ H, Me)

with methyl 2-cyano-3,3-bis(methylthio)acrylate (127a,

X ¼ CO2Me), 2-[bis(methylthio)methylene]malononi-

trile (127b, X ¼ CN), and 2-(ethoxymethylene)malono-

nitrile gave pyridobenzimidazoles (128, R1 ¼ SMe, Z ¼
O, NH; R1 ¼ H, Z ¼ NH) (Scheme 55) [83].

Scheme 36

Scheme 37

Scheme 38
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Scheme 39

Scheme 40

Scheme 41

Scheme 42

Scheme 43

Scheme 44



The reaction of 3 with triethyl orthoformate and hip-

puric acid derivatives in refluxing acetic anhydride

afforded pyrido[1,2-a]benzimidazole derivatives 131 via
the intermediates 129 then 130. The latter cyclizes via
water elimination to yield pyrido[1,2-a]benzimidazole

derivatives 131 (Scheme 56) [84].

Thermal condensation of 3 with diethyl ethoxymethy-

lenemalonate in diphenyl ether at 240–250�C gave 75%

yield ethyl 4-cyano-3-hydroxypyrido[1,2-a]benzimida-

zole-2-carboxylate 132 (Scheme 57) [33].

Base-catalyzed condensation-cyclization of 3 with 4-

(methylthio)-2-oxo-6-aryl-2H-pyran-3-carbonitriles (133,

Ar ¼ aryl, 3-pyridyl, 4-pyridyl) led to the formation of

pyrido[1,2-a]benzimidazoles 134 as a major product and

pyrano[4,3-d]pyrido[1,2-a]benzimidazoles 135 as a

minor one (Scheme 58) [85].

Reactions of 2-chlorobenzonitriles (136, R ¼ H, NO2)

and 2-chloro-3-quinolinecarbonitrile with 1H-benzimida-

zole-2-acetonitriles (R1 ¼ H, Me, Et) gave condensed

isoquinolinimines (137; R ¼ H, NO2; X ¼ NH, NMe,

NEt) and condensed 1,8-naphthyridinimines (138; X ¼
NMe) [86] (Scheme 59).

2-(2-Hydroxyethyl)-1-oxo-pyrido[l,2-a]benzimidazole-

4-carbonitrile 139 was prepared by reacting 3 with 2-

acetylbutyrolactone in the presence of ammonium ace-

tate, whereas the 2-benzamido compound 140 was

obtained by reacting 3 with 4-ethoxymethylene-2-phe-

nyloxazolin-5-one (Scheme 60) [87].

Cyanamide in the presence of methanol, s-triazine

and 3 gave primary product cyanoethene 141 which was

stabilized via intermediate 142 to give pyridobenzimida-

zole 143 (Scheme 61) [88].

The reaction of 3-methylthio-4-phenyl-1,2-dithiolium

perchlorate 144 with 3 in a mixture of acetonitrile/diox-

ane in the presence of triethylamine gave two products.

The major product was cyanopyridobenzimidazole 145

formed by initial reaction of acetonitrile at the unsubsti-

tuted 5-position of the dithiole ring, followed by ring

opening and recyclization. The other product was

dithiole 146 (Scheme 62) [89].

Reactions of 3 with diketene in acetic acid at room

temperature gave C-acetoacetyl derivative 147 which

easily cyclized to give 4-cyano-3-methylpyrido[1,2-

a]benzimidazole-1(5H)-one 148 (Scheme 63) [90].

Scheme 46

Scheme 45
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The nucleophilic attack of carbanion of 1H-benzimid-

azole-2-acetonitriles (R ¼ H, Me) at C-4 of pyrimidine

ring in 149 led to the formation of the non-isolated in-

termediate 150, which underwent intramolecular cycliza-

tion through acylation at the nitrogen atom of benzimid-

azole leading to pyridopyrimidine 151 (Scheme 64)

[91].

3.3. Pyrimidobenzimidazoles. A one-step synthesis

of azolo[500,100:30,40][1,2,4]triazino[50,60:4,5]pyrimido

[1,6-a]benzimidazoles (155, Z ¼ N, CH) has been

achieved by the reaction of ethyl 2-cyanomethyl-1H-
benzimidazole-1-carboxylate 152 with heterocyclic dia-

zonium salts 153 through the formation of the interme-

diate 154 (Scheme 65) [92].

Acylation of 2-(1H-imidazol-2-yl)acetonitriles (R ¼
H, Me) by haloalkyl isocyanates (156, Ar ¼ Ph, 4-tolyl,

4-anisyl) followed by heterocyclization of 157 afforded

1,2,3,5-tetrahydrobenzo[4,5]imidazo[1,2-c]pyrimidines

158 (Scheme 66) [93].

Compound 3 reacted with ethyl chloroformate in the

presence of triethylamine to give N- and C-acyl deriva-
tives 152 and 159 respectively, which separated by frac-

tional crystallization from dioxane. Reaction of C-acyl

derivative 159 with guanidine sulfate in dry pyridine

and sodium methoxide gave 1-amino-3-hydroxy-4-cya-

nopyrimidino[1,6-a]benzimidazole 160 (Scheme 67)

[94].

Abdelhamid et al. have reported the synthesis of ben-

zimidazo[1,2-c]pyrimidine-4-carbonitriles 162. Treat-

ment of 2-(1-ethoxycarbonyl)benzimidazoylacetonitrile

152 with isothiocyanates (R ¼ Me, Ph) in the presence

of potassium hydroxide gave the target compounds 162

in good yield via the formation of thioanilide intermedi-

ate 161 (Scheme 68) [95,96].

The reaction of 3 with sulfur, arylisothiocyanates, and

carbon disulfide has been reported by Ivachtchenko

et al. [97] and Badawy et al. [98] to give 163 which

underwent methylation to give 164 (Scheme 69).

The mechanism of the reaction has described as fol-

lows (Scheme 70):

Five-component condensation of isothiocyanates (R1

¼ 4-EtO, 3-MeO), sulfur, 1H-benzimidazole-2-acetoni-

trile 3, triethylamine, and carbon disulfide furnished

triethylammonium 3-aryl-[1,3]thiazolo[40,50:4,5]pyrimido

[1,6-a]benzimidazole-2(3H)-thioxo-5-thiolates 166, the

alkylation of 166 led to 3-aryl-5-R-thio-[1,3]thiazo-

lo[40,50:4,5]pyrimidino[1,6-a]benzimidazole-2(3H)-thio-
nes 167 (R2 ¼ Me, 2-(methyl)-1,3-dioxolane,

CH2CO2Et) [97] (Scheme 71).

A buffered solution of 1,2,4-triazole-5-diazoium salt

168 was coupled with 1-methylbenzimidazole-2-yl-ace-

tonitrile 3 to yield the corresponding hydrazones 169,

intramolecular cyclization of the latter compound gave

triazolo[5,1-c]-1,2,4-triazine 170. Similarly, indazole-3-

diazonium chloride 171 also coupled readily with 3 to

yield hydrazone 172 which cyclized in refluxing pyri-

dine to produce 1,2,4-triazino[3,4-b]indazole 173 in to

two tautomeric forms [99] (Scheme 72).

Compound 3 reacted with a variety of N-acyl imidates

(174, R1 ¼ Me, Et; R2 ¼ Me, Et, Ph) under microwave

irradiation in open vessels to give the corresponding

pyrimido[1,6-a]benzimidazoles 175 [100] (Scheme 73).

Compound 3 condensed with aminoesters (176, R1 ¼
Ph, 4-EtOC6H4, 2- and 4-ClC6H4, 2,5-Cl2C6H3, 2-naph-

thyl, PhNMe; R2 ¼ alkyl) to give 60–75% cyanoketones

177, which underwent acid-catalyzed intramolecular

cycloaddition to give 78–87% title compounds (178, R1

¼ Ph, 4-EtOC6H4, 2-ClC6H4, PhNMe). Refluxing (178,

R1 ¼ Ph) with anhydrides or acid chlorides gave 72–

98% tetracyclic cyclocondensation products (179, R3 ¼
Me, Et, 2-XC6H4; X ¼ H, F, Cl, Br, iodo) [101]

(Scheme 74).

Badawey et al. [102] reported that 3 (R ¼ H, Me)

was allowed to react with ethoxycarbonylisocyanate at

Scheme 47 Scheme 49

Scheme 48

Scheme 50
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room temperature to afford the intermediate 180, which

was readily cyclized in boiling bromobenzene to the

corresponding 7,8-disubstituted-1,3-dioxo-2H,5H-pyri-

mido[1,6-a]benzimidazole-4-carbonitrile 181 in excellent

yield (Scheme 75).

Reaction of 3 with cyanoamide (182, R ¼ SMe,

SCH2Ph, 4-phenylpiperazino, Me, 4-MeC6H4, 4-ClC6H4,

2-furyl, 2-thienyl; R1 ¼ SMe, SCH2Ph, OMe) and b-
diketones (183, R2 ¼ Me, Ph) gave the pyrimido[1,6-

a]benzimidazole-4-carbonitrile 184(Scheme 76) [103].

Compound 3 and 2-(2,2,2-trifluoro-N-methylacetami-

do)benzoyl chloride 185 gave the 1-acylbenzimidazole

186, which was cyclized with sodium t-butoxide in pyri-

dine to give quinolone 187, which was cyclized with

Scheme 51

Scheme 52

Scheme 53

Scheme 54
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acid chlorides, anhydrides, or triethylorthoformate to

give 188 (Scheme 77) [104].

Pyrimido[1,6-a]benzimidazole 189 was prepared by

heating of 3 with trichloroacetonitrile followed by cyclo-

condensation with triethylorthoformate (Scheme 78) [105].

2-Amino-3-(benzimidazol-2-yl)-1,8-naphthyridine 190

was obtained by condensation of 2-aminonicotinalde-

hyde with 3. 7-Arylbenzimidazo[10,20:1,6]pyrimido[4,5-

b][1,8]naphthyridines (192, R ¼ Ph, 4-MeC6H4, 2-

thienyl, etc.) were prepared by oxidation of the 6,7-dihy-

dro derivatives 191, which were obtained by condensa-

tion of benzaldehydes with 2-amino-3-(2-benzimida-

zolyl)-1,8-naphthyridine 190 (Scheme 79) [106].

Pyrroloquinoline 194 was prepared in good yield by

treating 1H-benzimidazole-2-acetonitrile 3 with quino-

line derivative 193 in refluxing pyridine containing so-

dium t-butoxide. Cyclization of 194 by refluxing acetic

anhydride gave 85% 195 (Scheme 80) [107].

Scheme 55

Scheme 56

Scheme 57

Scheme 58
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Scheme 59 Scheme 60

Scheme 61

Scheme 62

Scheme 63



Benzimidazolylchromones (198, X ¼ O, S) were pre-

pared in high yields by cyclocondensation of hydroxy

aromatic carboxylic acid methyl esters or 2-mercapto-

methylbenzoate 197 with 3. Acylation of 198 with acid

chlorides (R ¼ Me, Ph, Pr) gave benzimidazolobenzo-

thiopyranopyrimidine 199 (Scheme 81) [108–110].

Cyclocondensation of 3 with hydrazones (200, R1 ¼
H, 2-, 3-, 4-Me, 4-Br) gave 90–99% 201 which were

cyclized by acyl chlorides or anhydrides to give 80–

94% 202 [R1 as above, R2 ¼ H, Me, Et, Ph, 3,4,5-

(MeO)3C6H2] [110,111] (Scheme 82).

Treatment of 2,3,5-trimethyl-1,4-benzoquinone with 3

(R ¼ H, Me) gave 2-amino-3-(benzimidazol-2-yl)ben-

zo[b]furans 203 in high yield, respectively. Compound

203 were converted to 87–98% 204 (R1 ¼ R2 ¼ H; R1

¼ Me, R2 ¼ Ac; R1 ¼ Et, R2 ¼ COEt; R1 ¼ Pr, R2 ¼

Scheme 64

Scheme 65

Scheme 66
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Scheme 68

Scheme 69

Scheme 67

Scheme 70



Scheme 71

Scheme 72
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Scheme 73

Scheme 74

Scheme 75

Scheme 76

Scheme 77



Scheme 78

Scheme 79

Scheme 80

Scheme 81
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Scheme 82

Scheme 83

Scheme 84
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COPr; R1 ¼ Ph, R2 ¼ Bz) by treatment with anhydrides

trialkylorthoformate or acid chlorides (Scheme 83)

[112].

Reaction of dimethyl N-cyanodithioiminocarbonate

with 3 can be utilized for the synthesis of 2-amino-5-

cyano-4-(methylthio)pyrimidino[1,6-a]benzimidazole

206, by reaction in dioxane containing a catalytic

amount of potassium hydroxide at room temperature

(Scheme 84) [113].
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The Lewis acid catalyzed synthesis and chromatographic purification of isatoic anhydride-derived 2-
(20-anilinyl)-1,3-benzoxazole (2) can result in the co-isolation of 2 and a light pink colored impurity
(<5%). This latter species has been identified (NMR, single crystal X-ray diffraction, mp) as 20-
hydroxy-2-aminobenzanilide (3), which represents a predictable intermediate in the formation of 2.
Compound 3 crystallizes in an orthorhombic crystal system of space group P212121 with four molecules

in the unit cell (a ¼ b ¼ c ¼ 90�; a ¼ 6.715 (2) Å, b ¼ 12.100 (4) Å, c ¼ 13.321 (4) Å; V ¼ 1082.2
(6) Å3). Pure 2 is characterized as a colorless, high-melting solid; unlike the dark colored oil that is iso-
lated if 2 contains traces of 3.

J. Heterocyclic Chem., 47, 268 (2010).

INTRODUCTION

Oxazoles, 2-oxazolines (i.e., 4,5-dihydro-1,3-oxazoles)
and 1,3-benzoxazoles represent an important group of

organic heterocyclic compounds. These materials have

found widespread applications as ligands in transition

metal and main group coordination chemistry and as im-

portant monomers in polymer science. In addition, these

heterocycles are used in medicinal chemistry and in

regio-selective and enantio-selective synthesis [3–12].

Our own interests lie in the design and application

of novel oxazoles for metal-mediated catalysis and

in fundamental studies of inorganic structural chemistry

[13–18]. Several years ago, Gajare et al. demonstrated

that isatoic anhydride (i.e., 2H-3,1-benzoxazine-2,4(1H)
dione: 1; Scheme 1) [19–21] can be used as a useful

synthon for the production of o-anilinyl-oxazolines,
-oxazines, and -benzoxazoles [22]. Their coupling strat-

egy involved the application of kaolinitic clay as a

Lewis acid promoter of decarboxylative coupling and

subsequent dehydrative ring formation reactions between

1 and x-aminoalcohols (Scheme 1; E ¼ A(CRR0)nA

(n ¼ 2 or 3), oAC6H4). Our independent study of this

reaction using ZnCl2 [23] or ZnBr2 [24,25] as catalyst

had revealed that the desired product of the above reac-

tion between 1 and o-aminophenol, viz. 2-(1,3-benzoxa-
zol-2-yl)aniline (2: i.e., 2-[o-anilinyl]-1,3-benzoxazole:
Scheme 1), can be problematic to isolate in pure form

by these reaction protocols [22,23]. Details of this inves-

tigation are reported herein.

RESULTS AND DISCUSSION

We were perplexed by the earlier disclosure (and

indeed in our own synthesis and purification by similar

means) [23,24] that compound 2, following chromato-

graphic isolation, often takes the form of a dark colored

analytically pure oil. Compared with the variety of other

structurally analogous materials that we had made, it

seemed unusual that this compound should exist as a

liquid under ambient conditions. A thorough search of

the literature reveals that compound 2 has in fact been

previously reported by several different synthetic

VC
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methodologies and in all cases reported as a colorless

solid. However, there is considerable discrepancy as to

the exact mp of 2 (reported mps: 126�C [26]; 113–

115�C [27]; 105–105.5�C [28]; 105�C [29]). On one

occasion in our own laboratories, we also obtained the

said material as an off-white solid with a mp of 103–

105�C (which we likewise reported in 2003 [23]), a

property consistent with that reported independently by

both Culbertson et al. [29] and Igeta and coworkers

[28]. These conflicting observations promoted us to re-

examine both 2 and the ‘‘oil’’ material more closely,

and we have thus found that flash chromatographic iso-

lation of 2 using EtOAc/hexanes (v/v: 50/50 or 25/75)

mixtures often leads [22,23] to the contamination of 2

with a small amount of a second light pink-colored

compound (3). When this impurity is present, impure 2

does indeed take the form of a viscous tar-like oil which

is typically dark in color. This material is usually iso-

lated when the accompanying solvent is removed expe-

ditiously by, for example, rotary evaporation. An inter-

esting facet of this oil is the acceptable level of analyti-

cal purity (calculated for C13H10N2O: C 74.28, H 4.76,

N 13.33; found [22]: C 74.48, H 4.26, N 13.61%). We

have succeeded in isolating 2 that is free of 3 by careful

fractional crystallization of the resulting mixture dis-

solved in EtOAc/hexanes. Slow solvent removal by

evaporation under ambient conditions (in open test

tubes) leads to the gradual precipitation of a white mate-

rial in the form of needles (identified as 2) and a second

crystalline light pink-colored solid (3), which is present

in quite small amounts relative to that of 2. Investigation

of this latter material isolated in this way via 1H NMR

spectroscopy and mp measurements (mp: 136–136.5�C)
reveals very similar properties to those reported [30]

some 40 years ago for 20-hydroxy-2-aminobenzanilide

(lit. mp: 139–140�C: Fig. 1). This compound is an

obvious and predictable intermediate [19–21,23] in the

synthesis of 2 from 1. To obtain unequivocal evidence

on the nature of 3, a single crystal X-ray diffraction

study was carried out. Compound 3, 20-hydroxy-2-ami-

nobenzanilide (Fig. 1), crystallizes in the P212121 space

group with four molecules in the unit cell (see Table 1).

The molecules contain virtually co-planar aromatic

groupings and intra-molecular H-bonding between the

amide oxygen atom (O1) and the NH2 group

(O1���HAN2 ¼ 2.024 Å) and the amide H-atom and the

O-atom of the phenolic AOH functionality

(O2���H1AN1 ¼ 2.132 Å). In addition, a close inter-mo-

lecular contact is found between the H of this AOH

group (i.e., H2C) and O1 (O1���H2C ¼ 1.773 Å). An

ORTEP representation of a molecule of 3 from the unit

cell is shown in Figure 1.

The off-white needle form of 2 (mp: 103–105�C) iso-
lated above was subjected to recrystallization from boil-

ing pet. spirit (60–80�C bp range) to yield initially a

cream colored material in the form of very thin needles

(mp: 106–108�C). This crop was subsequently recrystal-

lized a second time from the same solvent to give color-

less needles (mp: 109–111�C). The variability in mp

behavior of 2 may be due to its sensitivity to gradual

yellowing (presumably oxidation) under ambient

Figure 1. (a) A molecular representation of 3. (b) An ORTEP diagram

of a molecule of 3 found in the unit cell. [Color figure can be viewed

in the online issue, which is available at www.interscience.wiley.com.]

Scheme 1

Table 1

Selected bond distances (Å), bond angles (deg), and dihedral angles

(deg) for compound 3 with estimated standard deviations in

parentheses (see Fig. 1).

Bond distances

O1–C1 1.235 (2)

O2–C9 1.364 (2)

N1–C1 1.349 (2)

N1–C8 1.410 (2)

N2–C3 1.371 (2)

Bond angles

C8–N1–C1 129.68 (11)

O1–C1–N1 121.86 (11)

Dihedral angle

C8–N1–C1–C2 173.11 (11)
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conditions. We have been unable to recrystallize 2 from

hydrocarbon media to a point in which the measured mp

mimics that disclosed by Padmaja et al. (126�C: to our

knowledge the highest mp reported for 2) [26]. Their

method used glacial acetic acid for recrystallization.

Using this solvent gave white material of mp 113–

114�C. It should also be noted that the analytical purity

of 2, as described in [22], could contain traces of 3. For

example, the contamination of a sample of 2 by 1% by

weight of 3 (corresponding to 9.3 molecules of 3 per

100 that of 2) gives a calculated elemental analysis

(calc.: C 74.16; H 4.79; N 13.38%) consistent with 2

(vide supra) and this concentration of impurity makes it

unlikely that 3 would be easily spotted by NMR spec-

troscopy. Despite these facts, it does appear as if all

these levels of purity of 2 are still of sufficient quality

for the use of this material in subsequent syntheses

[23,31,32].

EXPERIMENTAL

Isolation of 2-(1,3-benzoxazol-2-yl)aniline (2) and 20-
hydroxy-2-aminobenzanilide (3). The synthesis of com-
pounds 2 and 3 was carried out as described in reference [23].

Purification of the reaction mixture via flash chromatography
(1/1 v/v hexanes/EtOAc) using �50 g of silica on a column of
2 cm diameter yielded �40 fractions (�15 mL each in test
tubes). These extractions were left to evaporate in open air
(fumehood) of which the first 15 contained solid pure (NMR)

2 (yield 36% [23]); fractions 16–18, which were slightly pink
in color, yielded about 50 mg of 3 (0.4%) and a small amount
of 2. Compounds 2 and 3 were then separated manually from
these fractions. The latter fractions contained species which
could not be unequivocally identified (NMR). Properties of 2:

mp 113–114�C (AcOH; lit.: see text); pmr (d, 400 MHz, deu-
terochloroform): data was consistent to within experimental
error to that reported (lit. [28]). Properties of 3: mp: 136–
136.5�C (1/1 v/v hexanes/EtOAc; lit. [30] 139–140�C); pmr

(d, 600 MHz, deuterochloroform containing �10% hexadeu-
tero-dmso), 9.11 (s, br, 1H, NH), 8.75 (s, br, 1H, OH), 7.71
(dd, 1H, J ¼ 1.7, 7.8, ArH), 7.34 (dd, 1H, J ¼ 1.5, 7.9, ArH),
7.00 (td, 1H, J ¼ 1.2, 7.2, ArH), 6.75 (m, 1H, ArH), 6.72 (dd,
1H, J ¼ 1.8, 7.8, ArH), 6.63 (m, 2H, ArH), 6.52 (dd, 1H, J ¼
1.2, 7.8, ArH), 6.46 (td, 1H, J ¼ 1.2, 7.2, ArH), 2.60 (s, v. br,
NH2); cmr (d, 150 MHz, deuterochloroform containing �10%
hexadeutero-dmso), 167.5 (C¼¼O), 148.7, 147.1, 132.1, 127.6,
126.3, 124.4, 121.0, 119.3, 117.0, 116.0, 115.9, 115.5.

Crystal data for 3. The structure of complex 3 was solved

using previously described methods [33]. Formula
C13H12N2O2, MW: 229.24, orthorhombic, space group
P212121, a ¼ 6.715 (2) Å, b ¼ 12.100 (4) Å, c ¼ 13.320 (4)
Å, a ¼ b ¼ c ¼ 90�, V ¼ 1082.2 (6) Å3, Dc ¼ 1.401 g/cm3,
Z ¼ 4. Crystal size: 0.80 � 0.71 � 0.56 mm3, light pink. Tem-

perature ¼ 173 (2) K, k(MoKa) ¼ 0.71073 Å, Absolute coeffi-
cient ¼ 0.097 mm�1, F(000) ¼ 480, y range for data collec-
tion: 2.27–32.46�, hkl range: –4 to 10, –17 to 18, –20 to 18.
Reflexions collected: 16,294, Independent reflexions: 3893

[R(int) ¼ 0.0581], Completeness to y ¼ 32.46�: 99.9%,
Absorption corr.: numerical, max. and min. transmission:

0.9479, 0.9265, refinement method: full-matrix least-squares
on F2, data/restraints/parameters: 3893/0/202, GOF on F2:
1.042, final R indices [I > 2r(I)] R1 ¼ 0.0446, wR2 ¼
0.1126, R indices (all data): R1 ¼ 0.0544, wR2 ¼ 0.1193,
absolute structure parameter: 0.7 (10), largest diff. peak and

hole: 0.241–0.272 eÅ�3. The molecular representation found
in Figure 1 was drawn using ORTEP-III for Windows [34]. CCDC

#747662 contains the supplementary crystallographic data for
this article. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via www.ccdc.

cam.ac.uk/data_request/cif.

CONCLUSIONS

This investigation has demonstrated that compound 2

(i.e., 2-[1,3-benzoxazol-2-yl]aniline) can be problematic

to isolate in very pure form under the reaction condi-

tions described independently by us and Gajare et al.
Contamination of 2 by its ring opened precursor (20-
hydroxy-2-aminobenzanilide: 3) can lead to the isolation

of analytically ‘‘pure’’ material in an oil-like form. Cau-

tion is likewise advised as to the measurement of the

purity of solid 2 by mp determination although lower

melting point material appears to be of sufficient purity

for later synthetic applications. Material with the most

pronounced mp behavior is that which has been recrys-

tallized from glacial acetic acid as described previously

[26]. The contaminant of 2, viz. 3, has been fully char-

acterized (mp, NMR, X-ray diffraction).
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Amidoalkyl naphthol derivatives have been synthesized in good yields in a one-pot condensation of
b-naphthol, aromatic aldehydes and urea in presence of TMSCl/NaI at room temperature. Ring closure

of amidoalkyl naphthol derivatives occurred at 140�C to afford 1,2-dihydro-1-arylnaphtho[1,2-e]
[1,3]oxazin-3-one derivatives.

J. Heterocyclic Chem., 47, 272 (2010).

INTRODUCTION

Multicomponent reactions have emerged as powerful

strategies with the emphasis on the search for atom-effi-

cient transformations of easily available starting materi-

als into complex organic molecules, which provide max-

imum diversity are encouraging on economy and envi-

ronmental grounds [1]. One such example is the reaction

of b-naphthol and aldehydes with urea to produce ami-

doalkyl naphthols or oxazinone derivatives. Benzoxazin-

4-one derivatives are an important class of heterocyclic

compounds [2–5], which exibit many industrial,

research, and clinical applications. Naphthalene con-

densed oxazinone derivatives are known to possess

interesting pharmacological and reported as antibacterial

agents [6]. These compounds have also been used in the

preparation of chiral amino phosphine ligands for asym-

metric catalysis [7]. Even though a large number of

methods [8–15] were reported for the preparation of in-

termediate compounds (amidoalkyl naphthols), ring clo-

sure reactions to give naphthalene condensed oxazinone

derivatives have not been thoroughly investigated [16–

19]. This has stimulated significant interest and there is

always considerable demand in exploring more milder,

convenient, practical, and efficient reagents for their

synthesis using multicomponent reactions. Therefore, the

development of simple, convenient, and practical proce-

dures for the synthesis of naphtho[1,2-e][1,3]oxazin-3-

one derivatives continue to be a challenging endeavor in

synthetic organic chemistry.

RESULTS AND DISCUSSION

TMSCl/NaI combination has been explored in various

organic transformations [19]. In continuation of our

efforts to explore the synthetic utility of TMSCl/NaI

combination [20], herein we report a three-component

approach for the one-pot synthesis of a series of ami-

doalkyl naphthols and naphthoxazinones under different

reaction conditions using TMSCl/NaI (Scheme 1).

Initially, we examined the reaction of naphthol (1),

benzaldehyde (2), and urea (3) in the presence of TMSCl/

NaI in CH3CN at room temperature and found to give the

corresponding intermediate amidoalkyl naphthol deriva-

tive 4a in 81% yield. The structure of the product was

confirmed by spectral data and compared with the authen-

tic sample. Similarly, other aromatic aldehydes were also

reacted to give the intermediate compounds in good

yields at room temperature (Scheme 2) and the results are

presented in Table 1. Under present conditions, formation

of side products, such as, dibenzoxanthenes was not

observed. When an intermediate amidoalkyl naphthol de-

rivative 4a was heated in DMF at 140�C for 1.2 h cycliza-

tion occurred to produce the naphthoxazinone 5a. Encour-

aged by this result, the reaction of b-naphthol (1), benzal-
dehyde (2), and urea (3) in the presence of TMSCl/NaI in

CH3CN/DMF (4:1) was directly heated at 140�C and

found to give the cyclized product, naphthoxazinone 5a

exclusively within 1 h, without isolating the intermediate

4a. To find out the scope and generality of this reaction,

we turned our attention to various substituted aldehydes.

VC 2010 HeteroCorporation
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The aromatic aldehydes containing both electron-donat-

ing and electron-withdrawing groups afforded the desired

products. All the reactions were clean at 140�C and

the corresponding cyclized products 5b–m were obtained

in good yields without isolating intermediate compounds

4. The results are summarized in Table 2. The products

were characterized by spectral data and known com-

pounds were compared with the authentic samples data.

In summary, we have demonstrated an efficient proto-

col for the synthesis of amidoalkyl naphthols and naph-

thoxazinone derivatives using TMSCl/NaI as promoter.

The notable features of this method are mild reaction

conditions, greater selectivity, simplicity in operation,

which make it an attractive and very useful process for

the synthesis of amidoalkyl naphthol and naphthoxazi-

none derivatives of biological importance.

EXPERIMENTAL

Melting points were recorded on Buchi R-535 apparatus and
are uncorrected. IR spectra were recorded on a PerkinElmer
FTIR 240-c spectrophotometer using KBr optics. 1H NMR
spectra were recorded onVarian-unity 300 spectrometer in
CDCl3 using TMS as internal standard. Mass spectra were

recorded on a Finnigan MAT 1020 mass spectrometer operat-
ing at 70 eV.

General procedure for the synthesis of amidoalkyl naph-

thol derivatives 4 and naphthoxazinones 5. To a mixture of
1 equiv. of b-naphthol, 1 equiv. of aromatic aldehyde and 1.5

equiv. of urea in acetonitrile (10 mL) was added 1.5 equiv. of

TMSCl and 1.5 equiv. of NaI at 0�C and stirred at room tem-
perature (see Table 1). After completion, followed by TLC,
acetonitrile was removed and ethyl acetate was added to the
residue. Ethyl acetate was washed with water, sodium thiosul-
fate, and brine solution, dried, and concentrated. The crude

residue was purified by column chromatography (EtOAc/hex-
ane, 1:3) to afford the pure product 4.

A mixture of intermediate amidoalkyl naphthol derivative 4

in DMF was heated at 140�C for 1–3 h. After completion of
cyclization reaction, followed by TLC, water was added and

extracted with ether. The organic layer was washed with water
and brine solution, dried, and concentrated. The crude residue
was purified by column chromatography (EtOAc/hexane, 1:3)
to afford naphthoxazinone product 5.

General procedure for the one-pot synthesis of naphthox-

azinones 5. To a mixture of 1 equiv. of b-naphthol, 1 equiv.
of aromatic aldehyde and 1.5 equiv. of urea in acetonitrile/di-
methyl formamide (6 mL:1.5 mL; 4:1) was added 1.5 equiv.
of TMSCl and 1.5 equiv. of NaI at 0�C and stirred at 140�C
(see Table 2). After completion, followed by TLC, solvent
mixture was removed by rotary evaporation and ethyl acetate
was added to the residue. Ethyl acetate was washed with
water, sodium thiosulfate, and brine solution, dried, and con-
centrated. The crude residue was purified by column chroma-

tography (EtOAc/hexane, 1:3) to afford the pure product 5.
Spectral data of amidoalkyl naphthol derivatives 4.

Compound 4a. mp 212�C; 1H NMR (300 MHz, DMSO): 5.55
(s, 2H), 7.22.7.51 (m, 9H), 7.63–7.81 (m, 2H), 7.94–8.20 (d, J ¼
7.8 Hz, 2H), 9.80 (s, 1H). IR (KBr): 3450, 3210, 1640, 1575,

1510, 1425, 1360, 1242, 816 cm�1. ESI MS: m/z 292 (Mþ).
Compound 4b. mp 208�C; 1H NMR (200 MHz, DMSO):

5.61 (s, 2H), 7.05–7.42 (m, 8H), 7.65–7.83 (d, J ¼ 11.2 Hz,
1H), 8.23 (d, J ¼ 8.2 Hz, 1H), 9.95 (s, 1H). IR (KBr): 3420,
3320, 1651, 1570, 1520, 1420, 1362, 1242, 815 cm�1. ESI

MS: m/z 326 (Mþ).
Compound 4c. mp 193�C; 1H NMR (300 MHz, DMSO):

3.75 (s, 3H), 5.53 (s, 2H), 7.52–7.81 (m, 8H), 7.95–8.12 (m,
2H), 8.24 (d, J ¼ 8.2 Hz, 2H), 9.65 (s, 1H). IR (KBr): 3410,

3320, 1650, 1578, 1523, 1425, 1362, 1240, 780 cm�1. ESI
MS: m/z 322 (Mþ).

Scheme 1 Table 1

TMSCI/NaI catalyzed synthesis of amidoalkyl naphthols (4).a,b

Entry Aldehyde Time (h) Yield (%) mp (�C)

4a 1.5 81 212

4b 1.8 79 208

4c 1.2 78 193

4d 3 78 198

4e 2.3 81 179

aAll products were confirmed by their spectral data and compared

with authentic samples.
b Isolated yields after purification.

Scheme 2
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Compound 4d. mp 198�C; 1H NMR (300 MHz DMSO):
5.65 (s, 2H), 7.52–7.65 (m, 8H), 7.72–7.96 (m, 2H), 8.34 (d, J
¼ 8.3 Hz, 2H), 9.73 (s, 1H). IR (KBr): 3445, 3322, 1646,

1575, 1530, 1415, 1360, 1242, 816, 780 cm�1. ESI MS: m/z
308 (Mþ).

Compound 4e. mp 179�C; 1H NMR (200 MHz, DMSO):
2.13 (s, 3H), 5.56 (s, 2H), 6.92–7.85 (m, 8H), 7.93–8.13 (m,
2H), 8.34 (d, J ¼ 8.3 Hz, 2H), 9.63 (s, 1H). IR (KBr): 3420,

3326, 1652, 1572, 1475, 1365, 1241, 860, 781 cm�1. ESI MS:
m/z (%) 306 (Mþþ1).

Spectral data of naphthoxazines 5.

Compound 5a. mp 219�C; 1H NMR (300 MHz, DMSO):
6.12 (d, J ¼ 2.26 Hz, 1H), 7.24–8.12 (m, 3H), 8.88 (brs, 1H).

IR (KBr): 3296, 1721, 1517, 720 cm�1. ESI MS: m/z 275 (Mþ).
Compound 5b. mp 208�C; 1H NMR (300 MHz, DMSO):

6.21 (s, 1H), 7.26–8.10 (m, 10H), 8.92 (brs, 1H). IR (KBr):
3229, 3142, 1734, 1517, 747 cm�1. ESI MS: m/z 310
(Mþþ1).

Compound 5c. mp 203�C; 1H NMR (200 MHz, CDCl3):
6.23 (s, 1H), 7.31–8.02 (m, 10H), 8.94 (brs, 1H). IR (KBr):
3126, 1751, 1509, 736 cm�1. ESI MS: m/z (%) 293 (Mþ).

Compound 5d. mp 221�C; 1H NMR (200 MHz, DMSO):

6.21 (s, 1H), 7.20–8.13 (m, 10H), 8.90 (brs, 1H). IR (KBr):
3229, 3146, 1730, 1515, 723 cm�1. ESI MS: m/z 377
(MþþNa).

Compound 5e. mp 182�C; 1H NMR (300 MHz, DMSO):
5.6 (s, 1H), 7.32–8.20 (m, 10H), 8.55 (brs, 1H), 11.10 (s, 1H).

IR (KBr): 3673, 3215, 1701, 1551, 746 cm�1. ESI MS: m/z
291 (Mþ).

Compound 5f. mp 187�C; 1H NMR (200 MHz, DMSO):
3.76 (s, 3H), 6.24 (s, 1H), 7.20–8.01 (m, 10H), 8.65 (brs, 1H).
IR (KBr): 3149, 2942, 1733, 1607, 1510, 842, 723 cm�1. ESI

MS: m/z 305(Mþ).
Compound 5g. mp 166�C; 1H NMR (300 MHz, DMSO):

2.03 (s, 3H), 6.26 (s, 1H), 7.26–8.05 (m, 10H), 8.86 (brs, 1H).
IR (KBr): 3148, 2921, 1735, 1512, 723 cm�1. ESI MS: m/z
289 (Mþ).

Compound 5h. mp 172�C; 1H NMR (300 MHz DMSO):
1.25 (s, 6H), 2.56 (m, 1H), 6.01 (d, J ¼ 2.86 Hz, 1H), 7.24–
8.08 (m, 10H), 8.82 (brs, 1H). IR (KBr): 3281, 2924, 1729,
1513, 830 cm�1. ESI MS: m/z 317 (Mþ).

Compound 5i. mp 178�C; 1H NMR (200 MHz, DMSO):

1.24 (s, 6H), 1.31 (s, 3H), 6.30 (s, 1H), 7.40–8.19 (m, 10H),
8.92 (brs, 1H). IR (KBr): 3203, 2959, 1727, 1515, 828, 740
cm�1. ESI MS: m/z (%) 332 (Mþþ1).

Compound 5j. mp 199�C; 1H NMR (300 MHz, DMSO):

6.13 (s, 1H), 7.21–8.06 (m, 10H), 8.92 (brs, 1H). IR (KBr):
3220, 3142, 1729, 1513, 820, 748 cm�1. ESI MS: m/z 309
(Mþ).

Compound 5k. mp 222�C; 1H NMR (200 MHz, DMSO):
6.20 (s, 1H), 7.18–8.06 (m, 10H), 8.91 (brs, 1H). IR (KBr):

3252, 3140, 1730, 1512, 823, 758 cm�1. ESI MS: m/z 355
(Mþþ1).

Compound 5l. mp 172�C; 1H NMR (200 MHz, CDCl3):
3.78 (s, 3H), 6.12 (s, 1H), 7.03–8.06 (m, 10H), 8.93 (s, 1H).
IR (KBr): 3149, 1733, 1510, 814, 743 cm�1. ESI MS: m/z 306
(Mþþ1).

Compound 5m. mp 191�C; 1H NMR (200 MHz, DMSO):
6.01 (d, J ¼ 3.38 Hz, 1H), 6.98–8.01 (m, 10H), 8.56 (brs, 1H).
IR (KBr): 3423, 3299, 1730, 1515, 812, 743 cm�1. ESI MS:
m/z 292 (Mþþ1).

Table 2

TMSCI/NaI catalyzed synthesis of naphtho[1,2-e][ ]

benzoxazinones (5).a,b

Entry Aldehyde Time (h) Yield (%) mp (�C)

5a 2 78 219

5b 2.6 86 208

5c 1.5 86 203

5d 1.9 79 221

5e 2.4 89 182

5f 1.6 78 187

5g 2.4 86 166

5h 3 81 172

5i 2.5 80 178

5j 4 62 199

5k 3.2 68 222

5l 4.9 66 172

5m 5 71 189

aAll products were characterized by spectral data and compared with

the authentic samples.
b Isolated pure products.
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Synthesis of several potential impurities and/or degradation products of zaleplon is identified. All the
prepared compounds were unambiguously identified by NMR techniques. Spectral characteristics (IR,
UV, MS) of these compounds are also given.

J. Heterocyclic Chem., 47, 276 (2010).

INTRODUCTION

Zaleplon (1) is a nonbenzodiazepine hypnotic belong-

ing with zolpidem and zopiclon to the so-called Z-hyp-

notic class [1,2]. Clinical results have shown that zale-

plon is efficacious in the treatment of insomnia where

difficulty in falling asleep is the primary problem. Zale-

plon unlike many other hypnotic drugs does not inter-

fere with sleep architecture and can be administered for

up to 5 weeks without the risk of dependence or

rebound insomnia upon discontinuation [3].

Most of the described methods [4–7] of preparation

of zaleplon are based on reaction of N-[3-[(2E)-3-(dime-

thylamino)prop-2-enoyl]phenyl]-N-ethylacetamide (2a)

with 5-amino-1H-pyrazol-4-carbonitrile (3a) under

acidic conditions. The original patent [4] describes the

reaction in anhydrous acetic acid, but under these condi-

tions considerable amounts of the corresponding isomer

4 is formed. Much better results are achieved using

aqueous acetic [5] or formic [6] acids. Probably the best

results regarding purity and yields are obtained when

the reaction is done in aqueous alcohols in the presence

of hydrochloric acid [7,8] (Scheme 1).

One of the principal parts of documentation of any

active pharmaceutical ingredient (API) is description of

impurities and/or degradation products which can be

present. Identified impurities should be included in the

specification when they are present at a level higher

than the identification threshold, which is usually

0.10%. These impurities must be not only identified but

also either isolated or independently synthesized.

Several impurities of zaleplon, including regioisomer

4 and compounds 5–8, have recently been isolated and

identified [9]. We have recently reported synthesis of

zaleplon regioisomer 4 based on the Suzuki-Miyaura

coupling [10]. To the best of our knowledge, no report

on the synthesis of compounds 5–8 has been published

VC 2010 HeteroCorporation
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and therefore we decided to synthesize these and other

potential impurities as standards.

From the structures, it is evident that compounds 5

and 6 are process-related impurities formed by reaction

of the corresponding impurities in 2 with 3a. On the

other hand, compounds 7 and 8 are products of hydroly-

sis of zaleplon leading to the nitrile group hydrolysis

and anilide group hydrolysis, respectively. Our initial

stress tests of zaleplon envisaged also formation of other

similar impurities, as shown in Scheme 2, and therefore

we decided to synthesise them.

RESULTS AND DISCUSSION

During our development of generic zaleplon, we

decided to prepare compounds 5–13 as standards. Com-

pounds 5 and 6 were prepared analogously as zaleplon

starting from commercially available compound 2b and

compound 2c, respectively. Compound 2c was prepared

Scheme 1. Formation of zaleplon (1) and its regioisomer 4.

Scheme 2. Possible degradation pathways of zaleplon under stress tests conditions.
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from 2b using sodium hydride/iodomethane. For the

synthesis of compounds 8, 11–13, we decided to start

from 2d (R1 ¼ CHO, R2 ¼ H), which was easily

obtained from 3-aminoacetophenone by subsequent for-

mylation, folowed by treatment with DMFDMA. Com-

pound 2d then provided 2e using NaH/DMF and EtI.
1H NMR spectra of all of the compounds 2 showed

that the methyl groups are nonequivalent as a result of

the hindered rotation of dimethylamino group.

Compounds 2b and 2c heated with pyrazole 3a in

EtOH or MeOH and small amounts of concentrated hy-

drochloric acid provided good yields of the correspond-

ing products 5 and 6. Formyl derivative 2e under the

same conditions, was completely deprotected to give

compound 8. When the reaction was done with anhy-

drous solution of HCl in EtOH or in formic acid, the

corresponding formyl derivative 14 was obtained

(Scheme 3).

We intended to prepare amide impurity 7 by aminoly-

sis of the corresponding ethyl ester and we also hoped

that hydrolysis of this ester can provide acid 9. For this

purpose we prepared pyrazolecarboxylate 3b using a

modification of the literature procedure [11]. Similarly,

also the corresponding benzyl ester 3c was prepared

[12]. Using general procedure described above, starting

from compounds 2a and 2e, esters 15-18 were prepared

(Scheme 4).

Aminolysis of both esters 15 and 16 to the corre-

sponding amides 19 and 20 was very sluggish even

using saturated ethanolic ammonia at 100�C under pres-

sure; the mixtures after five days still contain about 10%

of the starting compounds. Compound 19 was also

Scheme 3. Preparation of process-related impurities 5 and 6 and impurity 8.

Scheme 4. Preparation of esters 15–18.
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obtained using catalysis [13] with MgBr2, which short-

ened the reaction time but the crude mixture contained

several impurities not present in case the reaction was

done without the catalyst (Scheme 5).

Our initial attempts to synthesize acid 9 by hydrolysis

of the corresponding ester 15 led under all conditions

used to complex mixtures. Therefore the benzyl esters

17 and 18 were prepared and their hydrogenolytic

debenzylation provided the corresponding acids 9 and

12 (Scheme 6). However, prolongation of the reaction

time led to partial overreduction providing compounds

having molecular weight higher by 4H (LC-MS).

Initially we tried to avoid direct condensation of com-

pounds 2a and 2e with 3-amino-4-pyrazol carboxylic

acid (3d) and its amide (3e) since we expected partial

hydrolysis and decarboxylation during the reaction.

When we tried to do the reaction of 2a with 3d in a

mixture of ethanol and hydrochloric acid, a mixture of

the required acid 9 and its ethyl ester 15 was formed.

However, we found that at 50�C in acetic acid the reac-

tion is clean to give the required product 9 in good

yield. Similarly, using formic acid and the following hy-

drolysis with aqueous hydrochloric acid, unsubstituted

compound 12 was obtained (Scheme 7).

EXPERIMENTAL

Reagents used in the synthesis were purchased from Sigma-
Aldrich and were used without purification.

Melting points were measured on a Kofler block and are

uncorrected. The IR spectra were measured on a Nicolet
Nexus FTIR instrument (Thermo) by accumulation of 64 scans
with 4 cm�1 resolution using the ATR technique (ZnSe crys-
tal); wavenumbers are given in cm�1. The UV spectra were
recorded on a Hewlett-Packard 8452A spectrophotometer

(ethanol) in the range 190–400 nm. NMR experiments were
carried out on a Bruker Avance 250. The Mass spectra [MS/
MS; ionization mode APCI(þ)] were measured on an API
3000 PE machine (Sciex Instruments, Applied Biosystems).

Scheme 5. Aminolysis of esters 15 and 16.

Scheme 6. Debenzylation of benzyl esters 17 and 18.
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The purity of the prepared substances was evaluated by TLC
on silica gel (FP KG F 254, Merck). Flash chromatography
was performed on silica gel Merck, particle size 0.04–0.063
mm. Centrifugally accelerated axial chromatography was done

using CyclographTM instrument (Analtech) with silica gel pre-
scraped rotors.

N-[3-[(2E)-3-(Dimethylamino)prop-2-enoyl]phenyl]-N-me-

thylacetamide (2c). N-[3-[(2E)-(3-(Dimethylamino)prop-2-
enoyl]phenyl]acetamide (2b, 5.8 g, 25 mmol) was added to a

stirred 50% suspension of NaH (1.5 g) in DMF (80 mL) and
the mixture was stirred under nitrogen for 1 h. Then a solu-
tion of iodomethane (5 g, 35 mmol) in DMF (10 mL) was
added dropwise to the mixture and stirred at ambient temper-
ature for 2.5 hrs. The mixture was poured into water (300

mL), washed with hexane and then the aqueous layer was
extracted with CH2Cl2 (5 � 50 mL, 5 � 20 mL). The extract
was washed with brine and dried with MgSO4. Crystallization
of the residue after evaporation from ethyl acetate provided

5.2 g of yellow crystals (91%), mp 140–144�C. IR: CH 2815,
C¼¼O 1637, C¼¼C 1585, 1538, CH 1367 cm�1. 1H NMR
(CDCl3): d 1.89 (s, 3H, CH3CO), 2.88 (s, 3H, NCH3), 3.17
(s, 3H, NCH3), 3.29 (s, 3H, NCH3), 5.65 (d, J ¼ 12.5, 1H,
¼¼CHCO), 7.26-7.87 (m, 5H, ArAH, ¼¼CHAN); 13C NMR

(CDCl3): 22.45, 37.10, 45.15, 91.66, 126.07, 126.62, 129.29,
129.43, 142.32, 144.56, 154.65, 170.46, 186.96. Anal. Calcd.
for C14H18N2O2: C 68.27; H 7.37; N 11.37. Found: C 68.22;
H 6.94; N 11.06. HRMS Calcd. for C14H19N2O2 (MþH)þ

247.14465. Found: 247.14406.

N-(3-Acetylphenyl)formamide. A mixture of 3-aminoaceto-
phenone (10 g, 0.07 mol) and formic acid (100 mL) was
refluxed for 10 hrs. Residue after evaporation was then crystal-
lized from toluene (charcoal) to provide 10.5 g of beige crys-
tals (87%); mp 92–94�C [ref. 14 mp 93–94�C (Et2O)]. IR: NH

3256, 3194, 3139, CH 3076, 3021, C¼¼O 1667, C¼¼C 1591,
1556, 1477 cm�1. 1H NMR (CDCl3): d 2.61 (s, 3H, CH3),
7.27-8.07 (m, 4H, ArAH), 8.44 (s, 1H, CHO). Anal. Calcd. for
C9H9NO2: C 66.25; H 5.56; N 12.06. Found: C 66.38; H 5.78;

N 12.34. HRMS Calcd. for C9H10NO2 (MþH)þ 164.07116.
Found: 164.07104.

N-[3-[(2E)-3-(Dimethylamino)prop-2-enoyl]phenyl]forma-

mide (2d). A solution of N-(3-acetylphenyl)formamide (3.25

g, 20 mmol) and DMFDMA (4.5 g, 37.8 mmol) in DMF (8
mL) was refluxed for 8 hrs and then stirred overnight. The
formed yellow crystals were filtered off; yield 2.5 g (66%), mp
162–165�C. IR: NH 3229, 3184, CH 3066, 2846, 2767, C¼¼O
1698, 1636, C¼¼C 1595, 1516 cm�1. 1H NMR (DMSOd6): d
2.91 (s, 3H, NCH3), 3.14 (s, 3H, NCH3), 5.73 (d, 1H, J ¼
12.5, [dnond]CHCO), 7.37-8.01 (m, 5H, ArAH, ¼¼CHAN),
8,30 (s, 1H, CHO), 10.23 (bs, 1H, NH). Anal. Calcd. for
C12H14N2O2: C 66.04; H 6.47; N 12.84. Found: C 66.21; H
6.67; N 13.01. HRMS Calcd. for C12H15N2O2 (MþH)þ

219.11335. Found: 219.11310.
N-[3-[(2E)-3-(Dimethylamino)prop-2-enoyl]phenyl]-N-eth-

ylformamide (2e). Compound 2d (2.52 g, 11.6 mmol) was
added to a stirred 50% suspension of NaH (0.7 g, 14.6 mmol)
in DMF (40 mL), and the mixture was stirred under nitrogen
for 1 h. The mixture was cooled with ice-water and a solution
of iodoethane (2.3 g, 15 mmol) in DMF (5 mL) was added
dropwise and stirred at ambient temperature for 4 hrs. After
that the mixture was poured into water and extracted with
CH2Cl2. The extract was washed with brine and dried with
MgSO4. Crystallization of the residue after evaporation from
ethyl acetate provided 0.63 g of yellow crystals (22%), mp
69–73�C. IR: CH 2922, 2809, C¼¼O 1667, 1634, C¼¼C 1548,
1482 cm�1. 1H NMR (CDCl3): d 1.17 (t, 3H, J ¼ 7.2, CH3),
2.96 (s, 3H, NCH3), 3.17 (s, 3H, NCH3), 3.85 (q, 2H, J ¼ 7.2,
NCH2), 5.71 (d, 1H, J ¼ 12.3, ¼¼CHCO), 7.23-7.86 (m, 5H,
ArAH, ¼¼CHAN), 8.38 (s, 1H, CHO). Anal. Calcd. for
C14H18N2O2: C 68.27; H 7.37; N 11.37. Found: C 68.21; H
7.52; N 11.51. HRMS Calcd. for C14H19N2O2 (MþH)þ

247.14465. Found: 247.14392.
General procedure for the synthesis of compounds 5, 6,

15, 17. Typically, a mixture of 3-(dimethylamino)-1-phenyl-

prop-2-en-1-one 2 (10 mmol) and pyrazole 3 (10 mmol), etha-
nol (50 mL) and hydrochloric acid (1 mL) was refluxed for 1
h. The mixture was cooled down, the formed precipitate was
filtered off to give the crude product, which was then crystal-
lized from an appropriate solvent.

Scheme 7. Preparation of amides and acids by direct condensation.
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N-[3-(3-Cyanopyrazolo[1,5-a]pyrimidin-7-yl)phenyl]acetamide
(5). This compound was obtained after crystallization from i-
PrOH in 77% yield according to the above general procedure;

mp 257–261�C (ref. 15 mp 254–255�C). IR: NH 3314, CH

3092, CN 2235, C¼¼O 1687, C¼¼C þ C¼¼N 1615, 1583, 1538,

1478 cm�1. UV kmax (log e): 204 (4.30), 234 (4.60), 338

(3.91). 1H NMR (CDCl3): d 2.09 (s, 3H, CH3CO), 7.50-8.34

(m, 5H, ArAH), 8.86 (s, 1H, H-2), 8.90 (d, 1H, J ¼ 5.0, H-5),

10.23 (bs, 1H, NH). 13C NMR (CDCl3): 23.94, 81.34, 110.62,

113.37, 119.89, 122.01, 124.27, 129.05, 129.82, 139.41,

147.20, 147.51, 151.05, 153.71, 168.65. Anal. Calcd. for

C15H11N5O: C 64.97; H 4.00; N 25.26. Found: C 65.22; H

3.94; N 12.26. HRMS Calcd. for C15H12N5O (MþH)þ

278.10419. Found: 278.10364.
N-[3-(3-Cyanopyrazolo[1,5-a]pyrimidin-7-yl)phenyl]-N-meth-

ylacetamide (6). This compound was obtained after crystalliza-

tion from i-PrOH in 60% yield according to the above general

procedure; mp 202–205�C. IR: CH 3075, CBN 2231, C¼¼O

1645, C¼¼C þ C¼¼N 1613, 1549, 1479 cm�1. UV kmax (log e):
204 (4.40), 232 (4.58), 338 (3.85). 1H NMR (CDCl3): d 2.01

(s, 3H, CH3CO), 3.36 (s, 3H, CH3N), 7.21-7.51 (m, 2H,

ArAH), 7.68 (t, 1H, J ¼ 10.0, H-14), 7.94-7.99 (m, 2H,

ArAH), 8.44 (s, 1H, H-2), 8.81 (d, 1H, J ¼ 5.0, H-5). 13C

NMR (CDCl3): 22.63, 35.76, 83.73, 109.87, 112.51, 128.41,

129.57, 130.35, 131.03, 131.65, 143.47, 146.94, 147.11,

151.32, 152.61, 169.63. Anal. Calcd. for C16H13N5O: C 65.97;

H 4.50; N 24.04. Found: C 66.12; H 4.65; N 24.36. HRMS

Calcd. for C16H14N5O (MþH)þ 292.11983. Found: 292.11948.

Ethyl 7-[3-[acetyl(ethyl)amino]phenyl]pyrazolo[1,5-a]pyri-
midin-3-carboxylate (15). This compound was obtained after

crystallization from EtOH in 93% yield according to the above

general procedure; mp 127–132�C. IR: OH 3390, CH 2971,

C¼¼O 1688, 1651, C¼¼C þ C¼¼N 1602, 1547, 1489 cm�1. UV

kmax (log e): 206 (4.36), 234 (4.42), 340 (3.79). 1H NMR

(CDCl3): d 1.18 (t, 3H, J ¼ 7.1, NCH2CH3), 1.41 (t, 3H, J ¼
7.1, OCH2CH3), 1.95 (s, 3H, CH3CO), 3.81 (q, 2H, J ¼ 7.1,

NCH2), 4.45 (q, 2H, J ¼ 7.1, OCH2), 7.14 (d, 1H, J ¼ 2.7, H-

6), 7.29-8.01 (m, 4H, ArAH), 8.61 (s, 1H, H-2), 8.89 (d, 1H, J
¼ 2.7, H-5). 13C NMR (CDCl3): 13.11, 14.51, 23.00, 44.09,

60.47, 103.33, 109.11, 128.72, 129.60, 130.20, 131.11, 131.67,

143.30, 146.48, 147.41, 148.91, 152.44, 162.47, 169.87. Anal.

Calcd. for C19H20N4O3: C 64.76; H 5.72; N 15.90. Found: C

64.36; H 5.93; N 16.17. HRMS Calcd. for C19H21N4O3

(MþH)þ 353.16137. Found: 353.16077.

Benzyl 7-(3-(N-ethylacetamido)phenyl)pyrazolo[1,5-a]pyri-
midin-3-carboxylate (17). This compound was obtained after

flash chromatography (hexane–acetone 6 : 4) and following

crystallization from EtOH in 62% yield according to the above

general procedure (reaction time 4 hrs); mp 112–114�C. IR:

CH 2968, 2930, C¼¼O 1694, 1652, C¼¼C þ C¼¼N 1610, 1545,

1480. UV kmax (log e): 206 (4.54), 234 (4.52), 340 (3.95). 1H

NMR (CDCl3): d 1.17 (t, 3H, J ¼ 7.2, CH3), 1.94 (s, 3H,

CH3CO), 3.82 (q, 2H, J ¼ 7.2, NCH2), 5.46 (s, 2H, OCH2),

7.12-8.00 (m, 10H, ArAH), 8.62 (s, 1H, H-2), 8.82 (d, 1H, J
¼ 5.0, H-5). 13C NMR (CDCl3): 13.12, 22.99, 44.07, 65.94,

103.08, 109.12, 128.05, 128.18, 128.50, 128.67, 129.61,

130.19, 131.12, 131.66, 136.42, 143.38, 146.47, 147.47,

149.15, 152.37, 162.10, 169.75. Anal. Calcd. for C24H22N4O3:

C 69.55; H 5.35; N 13.52. Found: C 69.44; H 5.39; N 11.67.

HRMS Calcd. for C24H23N4O3 (MþH)þ 415.17702. Found:

415.17682.

N-[3-(3-Cyanopyrazolo[1,5-a]pyrimidin-7-yl)phenyl]-N-eth-
ylformamide (14). A mixture of 2e (0.62 g, 2.5 mmol) and pyr-

azole 3a (0.3 g, 2.7 mmol) was dissolved in ethanol (10 mL)

and then a saturated solution of HCl in ethanol (1 mL) was

added. The mixture was refluxed for 3–4 hrs, evaporated and the

residue was crystallized from MeOH provided 0.45 g (62%) of

yellow crystals; mp 125–128�C. IR: CH 3089, 2974, CBN

2230, C¼¼O 1678, C¼¼C þ C¼¼N 1611, 1552, 1493 cm�1. UV

kmax (log e): 204 (4.41), 234 (4.63), 338 (3.89). 1H NMR

(CDCl3): d 1.24 (t, 3H, J ¼ 7.5, CH3), 3.95 (q, 2H, J ¼ 7.5

CH2), 7.14-8.65 (m, 8H, ArAH, NCHO). 13C NMR (CDCl3):

13.09, 40.15, 83.51, 109.90, 111.09, 112.48, 124.83, 126.98,

127.46, 130.36, 131.01, 141.54, 146.60, 147.17, 151.07, 152.60,

161.69. Anal. Calcd. for C16H13N5O: C 65.97; H 4.50; N 24.04.

Found: C 66.23; H 4.72; N 24.24. HRMS Calcd. for C16H14N5O

(MþH)þ 292.11984. Found: 292.11935.

General procedure for the synthesis of compounds 8, 16,

18, 10, 13. Typically, a mixture of 3-(dimethylamino)-1-phenyl-

prop-2-en-1-one 2 (10 mmol), pyrazole 3 (10 mmol), ethanol

(50 mL) and 10% hydrochloric acid (10 mL) was refluxed for 1

h. The mixture was evaporated, the residue was triturated with

10% Na2CO3, the insoluble portion was filtered off to give the

crude product, which was then crystallized from an appropriate

solvent.

7-[3-(Ethylamino)phenyl]pyrazolo[1,5-a]pyrimidin-3-carboni-
trile (8). This compound was obtained after crystallization

from EtOH in 95% yield according to the above general proce-

dure; mp 172–179�C. IR: CH 3071, 2707, 2662, 2478, CBN

2227, C¼¼C þ CAN 1612, 1544, 1495 cm�1. UV kmax (log e):
206 (4.15), 234 (4.32), 338 (3.68). 1H NMR (DMSO): d 1.24

(t, 3H, J ¼ 7.5, CH3), 3.26 (q, 2H, J ¼ 7.5, CH2), 7.26-8.91

(m, 7H, ArAH). 13C NMR (DMSO): 12.75, 81.32, 110.65,

113.37, 129.60, 130.39, 147.20, 147.50, 151.05, 153.69. Anal.

Calcd. for C15H13N5: C 68.42; H 4.98; N 26.60. Found: C

68.18; H 4.73; N 26.86. HRMS Calcd. for C15H14N5 (MþH)þ

264.12492. Found: 264.12436.
Ethyl 7-[3-(ethylamino)phenyl]pyrazolo[1,5-a]pyrimidin-3-

carboxylate (16). This compound was obtained after crystalli-

zation from EtOH in 84% yield according to the above general

procedure; mp 189–202�C. IR: CH 3072, 2664, 2485, C¼¼O

1705, C¼¼C þ C¼¼N 1611, 1581, 1548, 1494 cm�1. UV kmax

(log e): 208 (4.31), 244 (4.44), 340 (3.84). 1H NMR (DMSO):

d 1.25 (t, 3H, J ¼ 7.2, NCH2CH3), 1.33 (t, 3H, J ¼ 7.2,

OCH2CH3), 3.29 (q, 2H, J ¼ 7.5, NCH2), 4.34 (q, 2H J ¼
7.2, OCH2), 7.33-7.90 (m, 5H, ArAH), 8.66 (s, 1H, H-2), 8.89

(d, 1H, J ¼ 5.0, H-5). 13C NMR (DMSO): 12.53, 14.40,

44.09, 59.55, 101.97, 109.88, 128.55, 129.61, 130.22, 130.98,

131.09, 131.76, 143.33, 146.68, 146.85, 148.16, 153.01,

161.69. Anal. Calcd. for C17H18N4O2: C 65.79; H 5.85; N

18.05. Found: C 65.47; H 6.04; N 18.25. HRMS Calcd. for

C17H19N4O2 (MþH)þ 311.15080. Found: 311.15021.

Benzyl 7-[3-(ethylamino)phenyl]pyrazolo[1,5-a]pyrimidin-3-
carboxylate (18). This compound was obtained after flash
chromatography (hexane–acetone 7 : 3 to hexane–acetone–
methanol 7 : 3 : 1) followed by crystallization from EtOH in
60% yield according to the above general procedure; mp 145–

157�C. IR: CH 3051, 2964, 2518, 2378, C¼¼O 1695, C¼¼C þ
C¼¼N 1608, 1588, 1544, 1492 cm�1. UV kmax (log e): 210
(4.35), 246 (4.46), 338 (3.88). 1H NMR (CDCl3): d 1.47 (t,
3H, J ¼ 7.2, CH3), 3.50 (q, 2H, J ¼ 7.5, NCH2), 5.44 (s, 2H,
OCH2), 7.13-8.86 (m, 12H, ArAH), 11.50 (bs, NH). 13C NMR
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(CDCl3): 11.00, 48.21, 66.01, 103.06, 109.51, 124.77, 126.43,
128.07, 128.14, 128.50, 130.44, 131.97, 135.93, 136.31,
145.58, 147.39, 148.99, 152.64, 162.13. Anal. Calcd. for
C22H20N4O2: C 70.95; H 5.41; N 15.04. Found: C 70.68; H
5.33; N 15.22. HRMS Calcd. for C22H21N4O2 (MþH)þ

373.16645. Found: 373.16605.
N-Ethyl-N-(3-pyrazolo[1,5-a]pyrimidin-7-ylphenyl)acetamide

(10). This compound was obtained after crystallization from
EtOH in 72% yield according to the above general procedure;
mp 105–108�C. IR: CH 3051, 2973, C¼¼O 1646, C¼¼C þ
C¼¼N 1600, 1537, 1393 cm�1. UV kmax (log e): 204 (4.33),
234 (4.61), 350 (3.55). 1H NMR (DMSO): d 1.04 (t, 3H, J ¼
7.1, CH3), 1.82 (s, 3H, CH3CO), 3.70 (q, 2H, J ¼7.1, NCH2),
6.84 (d, 1H, J ¼ 2.2, H-3), 7.31 (d, 1H, J ¼ 4.3, H-6), 7.53
(d, 1H, J ¼ 7.9, H-40 or H-60), 7.67 (t, 1H, J ¼ 7.9, H-50),
8.07 (m, 1H, H-20), 8.13 (d, 1H, J ¼ 7.9, H-40 or H-60), 8.27
(d, 1H, J ¼ 2.2, H-2), 8.62 (d, 1H, J ¼ 4.3, H-5). 13C NMR
(DMSO): 12.90, 22.64, 43.07, 96.61, 107.85, 129.16, 129.67,
130.61, 131.79, 142.56, 144.46, 144.50, 149.34, 149.48,

170.03. Anal. Calcd. for C16H16N4O: C 68.55; H 5.75; N
19.99. Found: C 68.46; H 5.90; N 20.16. HRMS Calcd. for
C16H17N4O (MþH)þ 281.14024. Found: 281.13962.

N-Ethyl-N-(3-pyrazolo[1,5-a]pyrimidin-7-ylphenyl)amine
(13). This compound was obtained after crystallization from EtOH

in 66% yield according to the above general procedure; mp 185–
190�C. IR: CH 3062, 2913, 2661, 2483, C¼¼Cþ C¼¼N 1606, 1580,
1538, 1452 cm�1. UV kmax (log e): 204 (4.08), 232 (4.53), 352
(3.62). 1H NMR (DMSO): d 1.27 (t, 3H, J ¼ 7.2, CH3), 3.37 (q,
2H, J ¼ 7.2, CH2), 6.85 (d, 1H, J ¼ 2.4, H-3), 7.25 (d, 1H, J¼ 4.4,

H-6), 7.46 (d, 1H, J ¼ 7.3, H-40 or H-60), 7.61 (t, 1H, J ¼ 7.9, H-
50), 7.85 (d, 1H, J ¼ 7.3, H-40 or H-60), 7.97 (m, 1H, H-20), 8,28 (d,
1H, J ¼ 2.4, H-2), 8.64 (d, 1H, J ¼ 4.4, H-5), 11.75 (bs, NH). 13C
NMR (DMSO): 12.07, 42.96, 96.60, 107.75, 128.33, 129.24,
129.70, 130.33, 131.72, 142.72, 144.50, 144.94, 149.30, 149.54.

Anal. Calcd. for C14H14N4: C 70.57; H 5.92; N 23.51. Found: C
70.21; H 5.66; N 23.04. HRMS Calcd. for C14H15N4 (MþH)þ

239.12967. Found: 239.12918.
7-(3-(N-Ethylacetamido)phenyl)pyrazolo[1,5-a]pyrimidine-

3-carboxamide (19).

Method A. A mixture of compound 15 (1 g, 2.8 mmol) and
ethanol saturated with ammonia (10 mL) was heated in a pres-
sure tube at 100�C for 5 days (TLC; toluene–ethanol–dioxane–
ammonia 5 : 2 : 4 : 1). The residue after evaporation was puri-

fied by flash chromatography (hexane–acetone, 7 : 3) to give
0.65 g of crude compound 19 and its crystallization (EtOH)
provided 0.45 g (50%) of yellowish crystals; mp 233–237�C.
IR: NH 3394, 3121, CH 2984, C¼¼O 1652, C¼¼C þ C¼¼N
1622, 1597, 1544, 1482 cm�1. UV kmax (log e): 206 (4.49),

234 (4.51), 350 (3.82). 1H NMR (DMSO): d 1.06 (t, 3H, J ¼
7.2, NCH2CH3), 1.85 (s, 3H, CH3CO), 3.72 (q, 2H, J ¼ 7.2,
CH2), 7.54-8.20 (m, 7H, 5 � ArAH, 1 � CONH2), 8.61 (s,
1H, H-2), 8.86 (d, 1H, J ¼ 4.5, H-5). 13C NMR (DMSO):
12.91, 22.67, 43.37, 105.49, 109.32, 128.81, 129.43, 129.75,

130.11, 131.12, 142.63, 145.73, 146.09, 147.53, 151.86,
162.54, 169.70. UV kmax (log e): 206 (4.49), 234 (4.51), 350
(3.82). Anal. Calcd. for C17H17N5O2: C 63.15; H 5.30; N
21.66. Found: C 63.38; H 5.48; N 21.99. HRMS Calcd. for

C17H18N5O2 (MþH)þ 324.14605. Found: 324.14551.
Method B. The procedure is similar as Method (A), only 0.2 g

of MgBr2 was added and the mixture was heated for 1 day to pro-
vide after chromatography 38% of 19.

Method C. A mixture of 2a (0.2 g, 0.8 mmol), 3-amino-4-
pyrazol carboxamide (3e; 0.1 g, 0.8 mmol), and ethanol (3.8
mL) with concentrated HCl (0. 1 mL) was heated in a vial at

50�C for 24 hrs. A solid precipitated during the heating. The
mixture was cooled down, the precipitate was filtered off to
give 0.17 g of yellow crystals (66%); mp 233–237�C.

7-[3-(Ethylamino)phenyl]pyrazolo[1,5-a]pyrimidin-3-car-

boxamide (20). Using Method A described for the preparation

of 7-[3-[acetyl(ethyl)amino]phenyl]pyrazolo[1,5-a]pyrimidin-3-
carboxamide (19), compound 20 was obtained in 60% yield; mp
193–203�C. IR: NH 3366, 3305, 3116, CH 2950, C¼¼O 1666,
C¼¼C þ C¼¼N 1626, 1543, 1513, 1472 cm�1. UV kmax (log e):
206 (4.07), 246 (4.15), 350 (3.81). 1H NMR (DMSO): d 1.20 (t,

3H, J ¼ 7.1, CH3), 3.10 (q, 2H, J ¼ 7.1, CH2), 5.90 (t, 1H, J ¼
5.3, NH), 6.80-7.38 (m, 5H, ArAH), 7.50 (s, 1H, CONH2), 7.63
(s, 1H, CONH2), 8.59 (s, 1H, H-2), 8.81 (d, 1H, J ¼ 4.5, H-5).
13C NMR (DMSO): 14.21, 37.22, 105.17, 108.77, 112.55,
114.79, 116.61, 129.06, 130.45, 145.60, 146.80, 148.18, 148.88,

151.77, 162.64. Anal. Calcd. for C15H15N5O: C 64.04; H 5.37; N
24.90. Found: C 63.87; H 5.22; N 25.34. HRMS Calcd. for
C15H16N5O (MþH)þ 282.13549. Found: 282.13510.

7-(3-(N-Ethylacetamido)phenyl)pyrazolo[1,5-a]pyrimidine-

3-carboxylic acid (9). A mixture of N-[(2E)-3-[3-(dimethyla-
mino)prop-2-enoyl]phenyl]-N-ethylacetamide (2a, 1 g, 4
mmol), 3-amino-4-pyrazolecarboxylic acid (3d; 0.5 g, 4
mmol), acetic acid (20 mL) was stirred at 50�C for 24 hrs.
The mixture was evaporated, the residue was dissolved in

CH2Cl2 and extracted with 10% solution of Na2CO3 (5 � 8
mL). Insoluble particles were filtered off from the collected
aqueous portions and the clear solution was acidified with ace-
tic acid. Then the solution was extracted with CH2Cl2 (10 �
15 mL) and the extract was dried with MgSO4. The residue af-

ter evaporation was triturated with water and the insoluble por-
tion was filtered off to give 0.3 g (48%); mp 195–200�C
(decomp.). IR: NH 3293, CH 2973, 2934, C¼¼O 1652, 1575,
1544, C¼¼C þ C¼¼N 1402, CO 1299 cm�1. UV kmax (log e):
206 (4.11), 236 (4.33), 352 (3.56). 1H NMR (250 MHz,

DMSO): 1.05 (t, 3H, J ¼ 7.1, NCH2CH3), 2.08 (s, 3H,
COCH3), 3.72 (q, 2H, J ¼ 7.1, CH2), 7.31 (d, 1H, J ¼ 4.4, H-
6), 7.54 (d, 1H, J ¼ 7.6, H-40 or H-60), 7.67 (d, 1H, J ¼ 7.6,
H-50), 8.01 (m, 1H, H-20), 8.11 (d, 1H, J ¼ 7.6, H-40 or H-60),
8.34 (s, 1H, H-2), 8.65 (d, 1H, J ¼ 4.4, H-5). 13C NMR

(DMSO): 12.93, 22.65, 43.55, 107.78, 111.84, 128.59, 129.17,
129.67, 130.67, 131.81, 142.60, 145.00, 146.92, 147.06,
150.34, 165.72, 174.69. HRMS Calcd. for C17H17N4O3

(MþH)þ 325.13007. Found: 325.129469.

7-(3-(N-Ethylamino)phenyl)pyrazolo[1,5-a]pyrimidine-3-

carboxylic acid (12). A mixture of N-[(2E)-3-[3-(dimethylami-
no)prop-2-enoyl]phenyl]-N-ethylformamide (2a) (2e, 0.25 g, 1
mmol), 3-amino-4-pyrazolecarboxylic acid (3d; 0.13 g, 1
mmol), formic acid (4 mL) was stirred at 75�C for 16 hrs. The

mixture was evaporated and the residue was stirred with concen-
trated hydrochloric acid (3 mL) at 50�C for 15 min. The residue
after evaporation was dissolved in water (10 mL), alkalized with
10% NaOH and extracted with diethyl ether (2 � 5 mL). The
extract was dried with MgSO4 and the residue after evaporation

containing according to TLC pure product of decarboxylation 13

(50 mg, 21%). The aqueous layer was neutralized with acetic
acid and extracted with dichloromethane (3 � 10 mL). The
extract was washed with water and dried with MgSO4. The resi-
due after evaporation was triturated with water and the insoluble
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portion was filtered off to provide 0.19 g (64%) of yellowish
crystals; mp 198–206�C (decomp.). IR: CH 2981, 2941, C¼¼O
1667, 1652, NH 1538, CO 1231 cm�1. UV kmax (log e): 204
(4.35), 236 (4.43), 352 (3.40). 1H NMR (250 MHz, DMSO):
1.18 (t, 3H, J ¼ 7.2, NCH2CH3), 3.07 (q, 2H, J ¼ 7.2, CH2),

6.78 (d, 1H, J ¼ 4.4, H-6), 7.14-7.35 (m, 4H, arom. H), 8.57 (s,
1H, H-2), 8.78 (d, 1H, J ¼ 4.4, H-5). 13C NMR (DMSO): 14.23,
37.99, 109.22, 112.57, 114.69, 114.97, 116.62, 129.02, 130.17,
130.61, 147.01, 147.97, 152.40, 163.23, 173.05. HRMS Calcd.
for C15H14N4O3 (MþH)þ 298.106590. Found: 298.11893.
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[8] Rádl, S. (Zentiva), WO 37,824 (2004); Chem Abstr 2004,

143, 43894.

[9] Bharathi, C.; Prabahar, K. J.; Prasad, C. S.; Karavana, K.

M.; Magesh, S.; Handa, V. K.; Nadala, R.; Naidu, A. J Pharm Biomed

Anal 2007, 44, 101.
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A simple and highly efficient procedure for the Biginelli condensation reaction of aldehydes,

b-ketoesters, urea, or thiourea catalyzed by Ceric ammonium nitrate (CAN) as a Lewis-acid at ambient
temperature is described. The procedure proved to be simple and of high yield.

J. Heterocyclic Chem., 47, 284 (2010).

INTRODUCTION

Dihydropyrimidines (DHPMs) and their derivatives

are class of heterocycles that posses a wide range of bi-

ological and therapeutic properties. They act as calcium

channel blockers, antihypertensive agents, and a-la-
antagonists and neuropeptide Y (NPY) antagonists [1–

3]. Furthermore, several bioactive isolated marine alka-

loids, in particular, the batzelladine alkaloids were found

to contain 2-amino-1,4-dihydropyrimidine carboxylate

core that have been found to be potent HIV gp-120-

CD4 inhibitors [4–6]. They also have known to posses

antibacterial, antiviral, antitumor and anti-inflammatory

activities [7,8]. Thus, a synthesis of these heterocyclic

molecules has been of much importance in current

years.

The most simple and direct method for their synthesis

was first reported by Biginelli [9] since more than 100

years ago; it involves a three one-pot condensation of

benzaldehyde, ethyl acetoacetate, and urea under strong

acidic conditions with a low yield. In the past 10 years,

several one-pot methodologies for the synthesis of

DHPM derivatives were developed. This involves the

use of several catalysts such as lanthanide triflates [10],

ZrCl4 [11], VCl3 [12], PPh3 [13], InBr3 [14], GaX3 [15],

H3BO3 [16], KAl(SO4)2�12H2O supported on silica [17],

Y(NO3)3�6H2O [18], Ce(NO3)3�6H2O [19], CeCl3 and

InCl3 [20], Nafion-H [21]. Microwave heating [22],

ultrasound irradiation [23], and ionic liquids [24] were

also performed as green techniques for their synthesis.

Very recently, an efficient synthesis of DHPMs utilizing

CaF2 in refluxing EtOH [25], Cu(NH2SO3)2 in refluxing

acetic acid [26] and the use of etidronic acid catalyst

[27] were reported. However, many drawbacks were

associated with such synthesis such as the use of expen-

sive reagents, strong acidic conditions, long reaction

times, and low to moderate yields. Consequently, there

is a need to develop a new efficient and simple method

using inexpensive and environmentally benign catalyst.

Ceric ammonium nitrate (CAN) was tested as an alter-

native catalyst. It is worth mentioning that the

CeCl3�7H2O or Ce(NO3)3�6H2O catalyzed synthesis of

DHMPs suffers from some drawbacks such as the use of

fairly high amounts of catalysts (100–20 mol %) or

heating at 80�C.
Ceric ammonium nitrate (CAN) is a convenient and

widely used reagent for affecting a broad spectrum of

synthetic transformations due to its many advantages

such as solubility in water and various organic solvents,

inexpensiveness, ecofriendly nature, uncomplicated han-

dling, fast conversions, and convenient work-up proce-

dure which make CAN a potent catalyst in organic syn-

thesis. Although DHMPs has been previously synthe-

sized utilizing CAN as one electron oxidant [28] under

ultrasound irradiation, we found that there is no need

for sonification as the reaction proceeds smoothly at am-

bient temperature. Also, we do believe that CAN acts as

a Lewis acid catalyst because of the applicability of our

protocol for the synthesis of DHMP thiones. The use of

CAN as a Lewis-acid catalyst in CAN bond formation
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in heterocyclic chemistry is somehow limited [29].

Thus, in continuation to our efforts in the synthesis of

azoles and azines [30,31] via simple and high-yielding

protocol, we report herein and for the first time a novel

three component one-pot synthesis of Biginelli 3,4-dihy-

dropyrimidine-2(1H)-ones and 2-(1H)-thiones in high

yields via the reaction of aromatic aldehydes, ethyl ace-

toacetate, urea, or thiourea using CAN as catalyst at am-

bient temperature.

RESULTS AND DISCUSSION

When aryl aldehydes 1 was treated with ethyl aceto-

acetate 2 and urea or thiourea 3 in MeOH (10 mL) in

the presence of CAN (10 mol %) at ambient tempera-

ture (27�C), and the reaction mixture was left overnight,

the dihydropyrimidinones/thiones 4 were obtained in a

high yield (cf. Scheme 1). The optimization of the reac-

tion was investigated. For this goal, we explored the

effect of catalyst molar ratio and solvent effect on the

overall yield. Our investigation clearly revealed that

addition of (10 mol %) of CAN to the reaction mixture

containing 1:1:1.2 molar ratio of 1:2:3 at ambient tem-

perature was optimal for the formation of the condensa-

tion products. In addition, MeOH was found to be the

best solvent among those tested (H2O, EtOH, THF).

To study the scope of the procedure, a variety of aro-

matic, heteroaromatic, and a,b-unsaturated aldehydes

were utilized. In all cases, the reaction proceeds

smoothly in a high yield with a slight decrease in the

yield when the aryl substituent involves a strong elec-

tron donating group. However, attempts to apply this to

simple aliphatic aldehydes were unsuccessful (Table 1).

A proposed mechanism to account for the formation

of 4 is demonstrated in Scheme 2.

CONCLUSIONS

In conclusion, a catalytic amount of ceric ammonium

nitrate (CAN) efficiently catalyzes the three component

one-pot synthesis of Biginelli condensation product in

MeOH at ambient temperature. The procedure proved to

be simple, highly efficient, produces excellent yields

which make it a useful and important addition to the

well-known Biginelli reaction.

EXPERIMENTAL

Melting points were determined on a Shimadzu-Gallenkamp
apparatus and are uncorrected. Elemental analyses were
obtained on a LECO CHNS-932 Elemental Analyzer. Infrared
spectra were recorded in KBr on a Perkin-Elmer 2000 FTIR

system. 1H-NMR and 13C-NMR (DMSO-d6) spectra were
determined on a Bruker DPX spectrometer operating at 400
MHz for 1H-NMR and 100 MHz for 13C-NMR in DMSO-d6
as solvents and TMS as internal standard; chemical shifts are
reported in d (ppm). Mass spectra were measured on VG

Autospec Q MS 30 and MS 9 (AEI) spectrometers, with EI
70 eV.

Scheme 1

Table 1

CAN catalyzed one-pot synthesis of Biginelli 3,4-dihydropyridin-

2(1H)-ones and their corresponding 2-(1H)-thiones.

Entry Ar X

Yield

(%)

mp (�C)

Found Lit.

4a C6H5 O 95 202–203 201–204 [26]

4b 4-CH3OC6H4 O 93 203–205 204–206 [26]

4c 4-CH3C6H4 O 94 213–215 212–213 [26]

4d 3-NO2C6H4 O 96 225–227 226–228 [26]

4e 4-ClC6H4 O 93 212–214 212–214 [5]

4f 2-Furyl O 88 204–206 205–207 [5]

4g C6H5CH¼¼CH O 84 241–242 241–243 [28]

4h C6H5 S 94 207–209 207–209 [26]

4i 4-CH3OC6H4 S 92 150–152 150–152 [32]

4j 4-NO2C6H4 S 93 108–110 109–111 [32]

Scheme 2
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General procedure for the synthesis of compounds

4a–j. To a mixture of each of aldehyde 2a–i (10 mmol), ethyla-
cetoacetate (10 mmol), urea or thiourea (12 mmol) dissolved in

MeOH (20 mL), was added cerium IV ammonium nitrate (10
mol %). The reaction mixture was stirred at room temperature
(27�C) overnight. Brine solution was then added to the mixture
and the salt formed was collected by filtration and recrystallized
from EtOH to afford pure samples of compounds 4a–j.

Ethyl 6-methyl-2-oxo-4-phenyl-1,2,3,4-tetrahydro-5-pyrimi-
dinecarboxylate 4a. Mp 201–203�C. IR (KBr): 3230 and 3200
(2NH), 1685 and 1664 (CO) cm�1. 1H-NMR (400 MHz,
DMSO): d ¼ 1.12 (t, 3H, J ¼ 7.2 Hz, CH3), 2.32 (s, 3H,
CH3), 4.02 (q, 2H, J ¼ 7.2 Hz, CH2), 5.09 (d, 1H, J ¼ 4 Hz,

pyrimidyl 4-H), 6.87 (t, 1H, J ¼ 7.3 Hz, Ar-H), 7.30 (t, 2H, J
¼ 7.5 Hz, Ar-H), 6.35 (t, 2H, J ¼ 7.5 Hz, Ar-H), 9.66 (s, 1H,
NH), 10.44 (s, 1H, NH). ms (EI, 70 eV): m/z ¼ 278 (Mþ,
100). Anal. Calcd for C14H16O3N2 (260.29): C, 64.60; H, 6.20;
N, 10.76. Found: C, 64.62; H, 6.22; N, 10.78.

Ethyl 4-(4-methoxyphenyl)-6-methyl-2-oxo-1,2,3,4-tetrahy-
dro-5-pyrimidinecarboxylate 4b. Mp 203–205�C. IR (KBr):
3230 and 3204 (2NH), 1688 and 1664 (CO) cm�1. 1H-NMR
(400 MHz, DMSO): d ¼ 1.10 (t, 3H, J ¼ 7.2 Hz, CH3), 2.24

(s, 3H, CH3), 3.72 (s, 3H, OCH3), 4.00 (q, 2H, J ¼ 7.2 Hz,
CH2), 5.09 (d, 1H, J ¼ 3.2 Hz, pyrimidyl 4-H), 6.87 (d, 2H, J
¼ 8.4 Hz, Ar-H), 7.14 (d, 2H, J ¼ 8.4 Hz, Ar-H), 7.68 (s, 1H,
NH), 9.15 (s, 1H, NH). ms (EI, 70 eV): m/z ¼ 290
(Mþ,100).Anal. Calcd for C15H18O4N2 (290.31): C, 62.05; H,

6.24; N, 9.64. Found: C, 61.85; H, 6.28; N, 9.66.
Ethyl 4-(4-methoxyphenyl)-6-methyl-2-thioxo-1,2,3,4-tetra-

hydro-5-pyrimidinecarboxylate 4h. Mp 150–152�C. IR (KBr):
3230 and 3204 (2NH), 1688 and 1664 (CO) cm�1. 1H-NMR
(400 MHz, DMSO): d ¼ 1.12 (t, 3H, J ¼ 7.1 Hz, CH3), 2.29

(s, 3H, CH3), 3.73 (s, 3H, OCH3), 4.00 (q, 2H, J ¼ 7.1 Hz,
CH2), 5.08 (d, 1H, J ¼ 3.5 Hz, pyrimidyl 4-H), 6.93 (d, 2H, J
¼ 8.5 Hz, Ar-H), 7.13 (d, 2H, J ¼ 8.5 Hz, Ar-H), 9.26 (s, 1H,
NH), 10.3 (s, 1H, NH). ms (EI, 70 eV): m/z ¼ 306 (Mþ, 100).
Anal. Calcd for C15H18O3N2S (306.38): C, 58.80; H, 5.92; N,

9.14; S, 10.47. Found: C, 58.78; H, 5.88; N, 9.12; S, 10.44.
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A series of 1,3,6-trisubstituted and 1,3,5,6-tetrasubstituted pyrazolo [3,4-b] pyridines 5 have been syn-
thesized by series of reactions on 1-phenyl-3-carboxylate pyrazolone to obtain o-aminoaldehyde, which
undergo facile condensation with various a-methylene ketones, nitriles, and esters, furnish fused pyri-

dine derivative in good yield.

J. Heterocyclic Chem., 47, 287 (2010).

INTRODUCTION

Pyrazolo[3,4-b]pyridines as aza-analogues of inda-

zoles are attractive targets in organic synthesis because

of their significant biological activities, such as hypogly-

cemic [1], psychotropic [2], cytotoxic [3], antiviral [4],

fungicidal [5], antiasthmatic [6], antiallergic [7], antitu-

mor [8], and antibacterial [9]. These compounds were

also used in coronary of neurodegenerative diseases

[10,11]. A number of pyrazolo[3,4-b]pyridines display

interesting anxiolytic activity (e.g., tracazolate), which

are potentially biologically active compounds as new

inhibitors of xantine oxidases [12]. They have proved to

be active against gram-positive and gram-negative bac-

teria [13] and also as compounds for inhibition of cho-

lesterol formation [14].

o-Aminoaldehydes are the key intermediates for the

synthesis of various biologically active heterocycles,

e.g., [15,16]. The Friedlander condensation of o-amino-

aldehyde with ketones furnished required tri/tetra cyclic

pyrazolo[3,4-b]pyridine. The required starting compound

i.e., ethyl 4,5-dihydro-5-oxo-1-phenyl-1H-carboxylate 1

is prepared by esterification of ethyl 4,5-dihydro-5-oxo-

1-phenyl-1H-carboxylicacid [17].

o-Aminoaldehyde 4, the key starting compound, was

obtained by series of reactions including Vilsmeir-Haack

formylation of 1 to furnish o-chloroaldehyde 2, which

on SN2 displacement of chloride (Cl�) by azide (AN3)

yield 3 in 68% yield. Compound 3 on reductions with

sodium dithionate Na2S2O4 yields two products o-ami-

noaldehyde 4 in 80% and triazine-5-carboxylate 5 in

20%. The formation of compound 5 can be rationalized

by condensation of carbonyl with electronegative nitro-

gen of azide.

Compounds 4 and 5 were separated on column and

were characterized by spectroscopic and analytical

methods (Scheme 1), e.g., IR spectra of 4 and 5 both

showed ester carbonyl stretching at 1760 cm�1, whereas

only 4 showed doublet at 3451 and 3347 cm�1 for NH2

and 2712 and 1716 cm�1for CHO groups. The peaks

due to NH2 and CHO are absent in IR spectra of 5. The
1H-NMR of 4 and 5 also help lot to distinguish between

4 and 5. The NH2 and CHO protons were observed at d
5.91 and 10.26 in compound 4 and both of these signals
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are absent in 5. While compound 5 showed a sharp

singlet at d 8.31 for C4H. The elemental analyses were

also in agreement with the proposed structures of 4

and 5.

The novel Friedlander condensation of o-aminoalde-
hyde 4 with a-methylene ketones, nitriles, and esters
containing active methylene groups was carried out in
the presence of piperidine offered fused pyridines in
good yields. Thus, the condensation of aromatic methyl

ketones 6 and 4 under ethanol reflux furnishes 7 in 60–
65% yields. The cyclic ketones 8 on condensation with
4 yield tricyclic pyridines 9 in 60–65% yield.

Similarly, o-aminoaldehyde 4 on condensation with

dimedone or cyclohexane 1,2-dione 10 offered 11 in

60% yield. Compound 11 is a-methylene ketones func-

tionality, which has potential to generate new hetero-

cycles (Scheme 2). All the obtained compounds were

well characterized by IR, 1H-, 13C-NMR, and mass

Scheme 1

Scheme 2
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spectroscopy given in the Experimental section. In all

above reaction, the ester group remains intact in the

product. The reactions reported here provide a versatile

method for synthesis of various substituted 3-ethycar-

boxy pyrazolo[3,4-b]pyridines. We have extended Fried-

lander condensation using nitriles and esters having re-

active methylene group to generate libraries of new het-

erocycles having multifunctional groups. Reactions with

reactive methylene such as aroylacetonitrile 12 and

malanonitrile 14 with 4 furnished 6-aryl 5-cyanopyra-

zloyridines 13 and 6-amino-5-cyanopyrazloyridines 15

in 60–65% yield. Another multifunctional heterocycle

17 was obtained by condensation of diethylmalonate

with o-aminopyrazole 4 (Scheme 2). The IR, 1H-NMR,
13C-NMR, Mass, and elemental analysis confirm all

structures of these synthesized compounds.

EXPERIMENTAL

Melting points were determined on a Gallenkamp melting
point apparatus and are uncorrected. IR spectra were recorded
as KBr pellets on a Schimadzu FFTIR-408 spectrophotometer.
1H, 13C-NMR spectra were recorded on a Varian XL-300 (300
MHz, 75 MHz) spectrometer in DMSO-d6 or CDCl3 using
TMS as an internal standard, and chemical shifts are expressed
in d (ppm) unit. Elemental analyses were carried out on Hosli
CH-Analyzer and are within 60.3 of the theoretical percen-
tages. All reactions were monitored by thin-layer chromatogra-
phy carried out on 0.2-mm silica gel (sd Fine Chemicals, 60–
120 mesh powder). Common reagent grade chemicals are either
commercially available and were used without further purifica-
tion or prepared by standard literature procedures.

Ethyl-5-chloro-4-formyl-4,5-dihydro-1H-pyrazole-3-car-

boxylate (2). To a solution of ethyl-4,5 dihydro-5-oxo-1-phe-
nyl-1H-pyrazole-3-carboxylate 1 (0.1 mol, 23.2 g) in dimethyl
formamide (0.5 mol, 37 mL) was added phosphorous oxychlor-
ide (0.3 mol, 46 mL) in small portions at 10–15�C with stirring.

The reaction mixture was stirred at 65–70�C for 4 h and poured
into ice-cold water (900 mL). The precipitated product was fil-
tered by suction, washed with water, and recrystallized. Color-
less prism (ethanol), mp. 135–136�C, yield 24.5 g (78%), IR:
3417m, 2720, 1739s, 1671m, 1597w cm�1. 1H-NMR (CDCl3):

d 1.34 (t, 3H, J ¼ 6.8 Hz, CH3), 4.41 (q, 2H, J ¼ 6.8 Hz,
OCH2), 7.54–7.61 (m, 5H, Ar-H), 10.31 (S, 1H, CHO). Anal.
Calcd. for C13H11Cl N2O3: C, 56.03; H, 3.98; N, 10.05. Found:
C, 56.25; H, 3.70; N, 10.23.

Ethyl-5-azido-4-formyl-4,5-dihydro-1-phenyl-1H-pyraz-

ole-3-carboxylate (3). To the solution of ethyl-5-chloro-4-
formyl-4,5-dihydro-1H-pyrazole-3-carboxylate 2 (27.869 g, 0.1
mol) in dimethylformamide (150 mL), sodium azide (7.15 g,
0.109 mol) was slowly added for 30 min. The reaction mixture
was stirred for 4 h (TLC check, toluene/acetone 8:2) and

poured in ice-cold water (1000 mL). The precipitated solid
was filtered on suction pump and dried to give colorless prism
(ethanol), mp. 75–76�C. Yield 19.38 g (68%), IR: 3419m,
3390m, 2164m, 1720s, 1668m, 1597w cm�1. 1H-NMR

(CDCl3): d 1.33 (t, J ¼ 6.8 Hz, 3H, CH3); 4.46 (q, J ¼ 6.8
Hz, 2H, AOCH2); 7.50–7.60 (m, 5H, Ar-H), 10.26 (s, 1H

CHO). Anal. Cacld. for C13H11N5O3: C, 54.74; H, 3.89; N,
24.55. Found: C, 54.67; H, 3.78; N, 24.38. m/z (70 eV): 285.

General procedure for the synthesis of ethyl-5-amino-4-

formyl-4,5-dihydro-1-phenyl-1H-pyrazole-3-carboxylate (4)

and ethyl-7-phenyl-7H-pyrazolo[3,4-d][1,2,3]triazene-5-car-

boxylate (5). A mixture of ethyl-5-azido-4-formyl-4,5-dihy-
dro-1-phenyl-1H-pyrazole-3-carboxylate (25 g, 0.089 mol) and
sodium dithionate (0.1 mol, 17.4 g) in ethanol (275 mL) was
refluxed for 3 h (TLC check, toluene/acetone, 8:2). The mix-
ture was then poured into ice-cold water (800 mL). The pre-

cipitated solid was filtered by suction, washed with water, and
dried. The obtained solid was separated by column chromatog-
raphy using silica 60–120 mesh powder and eluting with tolu-
ene/acetone as 9:1. mp. 183–184�C, yield 18.44 g (80%), pale-
yellow-color needles (ethanol) IR: 3451m, 3347m, 2712s,

1716m, 1677s, 1597w cm�1. 1H-NMR (CDCl3): d 1.41 (t, J ¼
7.2 Hz, 3H, CH3), 4.49 (q, J ¼ 7.2 Hz, 2H, OCH2), 5.91 (bs,
2H, exchange with D2O, NH2), 7.47–7.48 (m, 5H, Ar-H),
10.26 (s, 1H, CHO). 13C-NMR (75 MHz DMSO-d6) 15.0,

61.9, 105.6, 125.5, 129.7 (2C’S), 130.6 (2C’S), 137.4, 143.0,
151.4, 162.2, 186.3. Anal. Calcd. for C13H13N3O3: C, 60.22;
H, 5.05; N,16.21. Found: C, 60.34; H, 5.23; N, 16.46.

Ethyl-7-phenyl-7H-pyrazolo[3,4-d][1,2,3]triazene-5-car-

boxylate (5). Yellow needle (ethanol) mp. 216–217�C, yield
4.61 g (20%), IR: 2980m, 1760s, 1710s, 1610m, 1510s cm�1.
1H-NMR (CDCl3): d 1.44 (t, J ¼ 6.2 Hz, 3H, CH3), 4.45 (q,

J ¼ 6.2 Hz, 2H, AOCH2), 7.43–7.48 (m, 5H, Ar-H), 8.31 (s,

1H, CH). Anal. Calcd. for C13H11N5O2: C, 57.99; H, 4.12; N,

26.01. Found: C, 57.82; H, 4.20; N, 26.18.

General procedure for the synthesis of 1-phenyl-1H-pyr-

azolo-[3,4-b]pyridine-3-carboxylate (7a–g). A mixture of 4

(0.2 g, 7.0 mmol) and substituted acetophenone 6 (0.12 g, 8.0

mmol) in ethanol (15–20 mL) with catalytic amount of pipere-

dine (0.5 mL) was refluxed for 3 h (TLC check. toluene/ace-

tone, 8:2). The reaction mixture was then cooled to room

temperature, and the obtained solid was collected by suction

filtration, washed with ethanol, and recrystallized.

Ethyl-6-(2-hydroxyphenyl)-1-phenyl-1H-pyrazolo-[3,4-

b]pyridine-3-carboxylate (7a). Colorless prism (methanol)

mp. 140–141�C, yield 1.5 g (60%), IR: 3450m, 1835s, 1730s,

1668m cm�1. 1H-NMR (DMSO-d6): d 1.43 (t, J ¼ 6.8 Hz,

3H, CH3), 4.45 (q, J ¼ 6.8 Hz, 2H, OCH2), 7.0 (t, J ¼ 7.1 Hz,

2H Ar-H), 7.2 (t, J ¼ 7.1 Hz, 2H, Ar-H), 7.6 (d, 1H, J ¼ 6.8

Hz, Ar-H), 8.0–8.1 (m, 5H, Ar-H), 8.3 (d, J ¼ 6.8 Hz,1H, Ar-

H), 11.90 (bs, 1H AOH). 13C-NMR (75 MHz, DMSO-d6)
15.1, 62.0, 115.2, 118.4, 119.6, 120.4, 122.2, 123.6 (2C),

128.9, 130.3, 130.5 (2C), 132.8, 133.1, 136.3, 138.7, 149.4,

157.9, 158.6, 162.0. Anal. Calcd. for C21H17N3O3: C, 70.18;

H, 4.77; N,11.69. Found: C, 70.24; H, 4.58; N,11.87. m/z (70

eV): 359 [M þ 1].

Ethyl-6-(3,5-bis(trifluoromethyl)phenyl)-1-phenyl-1H-pyr-

azolo[3,4-b]pyridine-3-carboxylate (7b). Colorless needle

(ethanol/water, 8:2), mp. 168–170�C, yield 1.94 g (58%), IR:

3280m, 1710s, 1640w cm�1. 1H-NMR (CDCl3): d 1.42 (t, J ¼
6.8 Hz, 3H, CH3), 4.46 (q, 2H, J ¼ 6.8 Hz, AOCH2), 7.45 (d,

J ¼ 8.1 Hz, 2H, Ar-H), 7.56 (d, J ¼ 8.1 Hz, 2H, Ar-H), 8.14

(s, 1H, Ar-H), 8.25 (d, J ¼ 7.6 Hz, 2H, Ar-H), 8.48 (d, J ¼
7.6 Hz, 2H, Ar-H), 8.70 (s, 1H, Ar-H). Anal. Calcd. for

C23H15F6N3O2: C, 57.63; H, 3.15; N, 8.77. Found: C, 57.48;

H, 3.29; N, 8.84; m/z (70 eV) ¼ 482 [M þ 1, 90%], 481 [M

þ 1, 60%], 480, 439, 338, 254.
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Ethyl-6-(4-bromophenyl)-1-phenyl-1H-pyrazolo[3,4-b]pyr-
idine-3-carboxylate (7c). Colourless needles (ethanol/water,

8:2), mp. 170–172�C, yield 1.76 g (60%), IR: 1760w, 1620m,

1091w cm�1. 1H-NMR (300 MHz, CDCl3): d 1.50 (t, J ¼ 6.8

Hz, 3H, CH3), 4.60 (q, J ¼ 6.8 Hz, 2H, OCH2), 8.31 (dd, J ¼
8.2 and 2.3 Hz 2H, Ar-H), 7.92 (dd, J ¼ 8.2 and 2.3 Hz, 2H,

Ar-H), 7.23–7.7 (m, 5H, Ar-H), 9.01 (d, 1H, J ¼ 8.60 Hz, Ar-

H); 9.21 (d, 1H, J ¼ 8.60 Hz Ar-H). Anal. Calcd. for

C21H16BrN3O2: C, 59.73; H, 3.82; N, 9.95. Found C, 59.68;

H, 3.79; N, 9.90.

Ethyl-6-methyl-1-phenyl-1H-pyrazolo [3,4-b]pyridine-3-
carboxylate (7d). Colorless needles (ethanol/water, 8:2) mp.

136–137�C, yield 1.21 g (62%), IR: 2350s, 1668m, 1610s,
1540w, 1410w cm�1. 1H-NMR (CDCl3): d 1.41 (t, J ¼ 6.8
Hz, 3H, CH3), 4.40 (q, J ¼ 6.8 Hz, 2H, CH2), 2.67 (s, J ¼
6.6 Hz, 3H, CH3), 7.22 (t, J ¼ 6.3 Hz, 2H, Ar-H), 7.61 (t, J ¼
6.3 Hz, 1H, Ar-H), 8.0–8.1 (m, 2H, Ar-H), 8.32 (d, J ¼ 7.3

Hz, 1H, Ar-H), 8.60 (d, J ¼ 7.2 Hz, 1H, Ar-H). Anal. Calcd.
for: C16H15N3O2 Calcd: C, 68.34, H, 5.37, N,14.94. Found: C,
68.33, H, 5.36, N, 14.90.

Ethyl-6-(4-chlorophenyl)-1-phenyl-1H-pyrazolo[3,4-b]pyr-

idine-3-carboxylate (7e). Colorless needles (ethanol: water,

8:2) mp. 186–187�C, yield 1.45 g (55%). IR: 2339m, 1668s,
1630w, 1576s cm�1. 1H-NMR (CDCl3): d 1.70 (t, J ¼ 6.4 Hz,
3H, CH3), 4.41 (q, J ¼ 6.4 Hz, 2H, OCH2), 7.23–7.70 (m, 5H,
Ar-H), 7.75 (d, J ¼ 8.2 Hz, 2H, Ar-H), 7.99 (d, J ¼ 8.2 Hz,
2H Ar-H), 8.11 (d, J ¼ 8.2 Hz, 1H, Ar-H), 8.32 (d, J ¼ 8.3

Hz, 1H, Ar-H). Anal. Calcd. for C21H16ClN3O2: C, 66.76; H,
4.27; N, 11.12. Found: C, 59.54; H, 3.98; N, 11.32.

Ethyl-1,6 diphenyl-1H-pyrazolo [3,4-b] pyridine-3-car-

boxylate (7f). Colorless needles (ethylacetate), mp.176–177�C,
yield 1.44 g (60%). IR: 2339m, 1587w cm�1 1H-NMR
(CDCl3): d 1.70 (t, J ¼ 6.4 Hz, 3H, CH3), 4.45 (q, J ¼ 6.4
Hz, 2H, OCH2), 7.23–7.70 (m, 10H, Ar-H), 7.75 (d, J ¼ 8.1
Hz, 1H, Ar-H), 8.11 (d, J ¼ 8.1 Hz, 1H, Ar-H). Anal. Calcd.
for: C21H17N3O2: C, 73.45; H, 4.99; N, 12.24. Found: C,

73.26; H, 4.75; N, 12.42.
General procedure for the synthesis of pyrazolo-[4,3-

e]pyridine-3-carboxylate (9a, b). The mixture of 4 (0.2 g, 7.0
mmol) and aromatic ketones 8 (7.0 mmol) with catalytic
amount of piperedine (0.2 mL) was dissolved in ethanol (15

mL). The reaction mixture was then refluxed for 4 h (TLC
check, toluene/acetone, 8:2). The reaction mixture was then
cooled to room temperature, and the obtained solid was col-
lected by suction filtration, washed with ethanol, and recrystal-
lized to furnish compound 9.

Ethyl-1-phenyl-1,5,6,7-tetrahydrocyclopenta[b]pyrazolo
[4,3-e]pyridine-3-carboxylate (9a). Colorless needles (etha-
nol/DMF, 5:1), mp.160–161�C, yield 1.39 g (65%). IR:
1740m, 1605s, 1510 w cm�1. 1H-NMR (DMSO-d6): d 1.43 (t,

3H, J ¼ 6.8 Hz, CH3), 2.21 (t, 2H, J ¼ 6.4 Hz, CH2), 3.21 (t,
J ¼ 6.4 Hz, CH2), 3.45 (t, 2H, J ¼ 6.4 Hz, CH2), 4.51 (q, 2H,
J ¼ 6.8 Hz, OCH2), 7.17–8.32 (m, 5H, Ar-H), 8.44 (s, 1H,
C4H). m/z (70 eV): 307 (M þ 1, 90%). 13C-NMR (75 MHz,
DMSO-d6). 144.2, 160.4, 60.9, 14.1, 110.3,147.8, 134.0, 33.1,
135.5, 165.1, 34.9, 25.3, 139.7, 120.2, 129.4, 126.3, 129.4,
120.2. Anal. Cacld. for C18H16N3O2: C, 70.34; H, 5.58; N,
13.67. Found: C, 70.30; H, 5.62; N, 13.60.

Ethyl-1-phenyl-5,6,7,8-tetrahydro-1H-pyrazolo-[3,4-b]

quinoline-3-carboxylate (9b). Colorless needles (ethanol/

DMF, 5:1), mp. 163–164�C, yield 1.33 g (62%), IR: 1742w,

1605s, 1510 w cm�1. 1H-NMR (CDCl3): d 1.52 (t, J ¼ 6.4
Hz, 3H, CH3), 2.10 (t, J ¼ 6.4 Hz, 4H, 2 (CH2), 2.90 (t, J ¼
6.4 Hz, 2H, CH2), 3.01 (t, 2H, J ¼ 6.4 Hz, CH2), 4.60 (q, J ¼
7.1 Hz, 2H, OCH3), 7.5–8.10 (m, 5H, Ar-H), 8.20 (s, 1H.
C4AH). Anal. Calcd. for C18H17N3O2: C, 71.01; H, 5.96; N,

13.08. Found: C, 71.11; H, 5.98; N, 13.11.
General procedure for the synthesis of pyrazolo [3,4-

b]quinoline-3-carboxylate (11a, b). The mixture of 4 (0.2 g,

7.0 mmol) and dimedone 10 (7.0 mmol) with catalytic amount

of piperedine (0.2 mL) was refluxed in ethanol (15 mL) for 4

h (TLC check). The reaction mixture was then cooled to room

temperature, and the obtained solid was collected by suction

filtration, washed with ethanol, and recrystallized to afford

compound 11.

Ethyl-5,6,7,8-tetrahydro-5-oxo-1-phenyl-1H-pyrazolo [3,4-

b]quinoline-3-carboxylate (11a). Colorless needles (ethanol/
DMF, 8:2), mp. 201–202�C, yield 1.31 g (56%). IR: 2990w,
1740s, 1640s, 1620s, 1590w, 1410w cm�1. 1H-NMR (CDCl3):
1.40 (t, J ¼ 6.8 Hz, 3H, CH3), 2.10 (t, 4H, J ¼ 6.3 Hz,

2CH2), 2.72 (t, 2H, J ¼ 6.8 Hz, CH2), 3.24 (t, J ¼ 6.3 Hz,
2H, CH2), 4.51 (q, 2H, J ¼ 6.8 Hz, CH2), 7.5–8.20 (m, 5H,
Ar-H), 8.90 (s, 1H, Ar-H). m/z (70 eV): 335 (M þ 1, 80%).
Anal. Calcd. for: C19H17N3O3: C, 68.05; H, 5.11; N, 12.53.
Found: C, 68.11; H, 5.06; N, 12.48.

Ethyl-5,6,7,8-tetrahydro-7,7-dimemehtyl-5-oxo-1-phenyl-

1H-pyrazolo[3,4-b]quinoline-3-carboxylate (11b). Colorless
needles (ethanol/DMF, 8:2), mp. 204–206�C, yield 1.40 g
(60%), IR: 2980m, 1750m, 1700, 1640, 1410 cm�1. 1H-NMR
(DMSO-d6): d 1.42 (t, J ¼ 6.8 Hz, 3H, CH3), 2.47 (s, 2H,

CH2), 2.62 (s, 3H, CH3), 3.20 (s, 3H, CH3), 3.28 (s, 2H,
OCH2), 7.45 (t, 1H, Ar-H), 7.62 (t, J ¼ 7.1 Hz, 2H, Ar-H),
8.21 (d, J¼ 7.1 Hz 1H, Ar-H), 8.90 (s,1H, C4AH). m/z (70
eV): 363[M þ 1]. 13C-NMR(75 MHz, DMSO-d6), 144.2,

160.4, 60.9, 14.2, 110.3, 147.8, 135.9, 133.1, 168.1, 52.3, 33.2,
53.2, 196.9,26.7, 26.7, 139.7, 120.2, 129.4, 126.3, 129.3,
120.2. Anal. Calcd. for C21H21N3O3: C, 69.41; H, 5.82; N,
11.56. Found: C, 69.43; H, 5.78; N, 11.52.

General procedure for the synthesis of pyrazolo-[3,4-

b]pyridine-3-carboxylate (13a–d). The mixture of 4 (0.2 g, 7.0

mmol), benzoylacetonitrile 12 (7.0 mmol), and catalytic amount

of piperedine (0.5 mL) were dissolved in ethanol (15 mL). The

reaction mixture was then refluxed for 4 h (TLC check, toluene/

acetone, 8:2). The mixture was then cooled to room temperature,

and the obtained solid was collected by suction filtration,

washed with ethanol, and recrystallized to afford compound 13.

Ethyl-6-(4-chlorophenyl)-5-cyano-1-phenyl-1H-pyrazolo-

[3,4-b]pyridine-3-carboxylate (13a). Colorless solid (etha-

nol/DMF, 8:2), mp. 246–247�C, yield 1.74 g (62%), IR:
3000w, 2240w, 1740m, 1680m, 1620s, 1510, 1420w cm�1.
1H-NMR (DMSO-d6): d 1.62 (t, 3H, J ¼ 6.8 Hz, CH3), 4.70
(q, J ¼ 6.8 Hz, 2H, AOCH2), 7.1–7.82 (m, 5H, ArH), 7.92 (d,
J ¼ 6.8 Hz, 2H, CH2), 8.15 (d, J ¼ 8 Hz, 2H, CH2), 9.01 (s,

1H, C4H).
13C-NMR (75 MHz, DMSO-d6), 110.3, 147.8,

163.9, 108.7, 141.3, 134.4, 144.2, 160.4, 60.9, 14.1, 129.0,
129.4, 132.9, 129.4, 129.0, 139.7, 120.2, 129.4, 126.3, 129.4,
120.2, 117.0. Anal. Calcd. for C22H15ClN4O2: C, 65.59; H,
3.75; N, 13.91. Found: C, 65.59; H, 3.75; N, 13.91.

Ethyl-6-(4-bromophenyl)-5-cyano-1-phenyl-1H-pyrazolo[3,

4-b]pyridine-3-carboxylate (13b). Pale-yellow-color solid
(ethanol/DMF, 8:2), mp. 261–262�C, yield 1.87 g (55–58%),
IR: 2240s, 1780s, 1680w, 1620s, 1510w, 1420w cm�1. 1H-
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NMR (CDCl3): d 1.60 (t, J ¼ 6.74 Hz, 3H, CH3), 4.70 (q, J ¼
6.74 Hz, 2H, OCH2), 7.20–7.80 (m, 5H, Ar-H), 7.92 (d, J¼
8.2 Hz, 2H, CH2), 8.18 (d, J ¼ 8.2 Hz, 2H, CH2), 9.03 (s, 1H,
Ar-H). Anal. Calcd. for C22H15BrN4O2: C, 59.08; H, 3.38;
N,12.53. Found: C, 59.13; H, 3.35; N, 12.48.

Ethyl-6-(2,4-bis(trifluoromethyl)phenyl)-5-cyano-1-phenyl-

1H-pyrazolo[3,4-b]pyridine-3-carboxylate (13c). Pale-yellow-
color solid (ethanol/DMF, 8:2), mp. 190–192�C, yield 2.10 g
(60%), IR: 3100s, 2250s, 1710m, 1610m, 1540w, 1410w
cm�1. 1H-NMR (CDCl3): d 1.51 (t, 3H, J ¼ 6.8 Hz, CH3),

4.60 (q, 2H, J ¼ 6.8 Hz, CH2), 7.58–7.61 (m, 5H, Ar-H), 8.08
(s, 1H, Ar-H), 8.82 (s, 1H, Ar-H), 8.46 (s, 1H, Ar-H), 9.11 (s,
1H, C4H). Anal. Calcd. for C24H14F6N4O2: C, 57.15; H, 2.80;
N, 11.11. Found: C, 57.10; H, 2.83; N, 11.08.

Ethyl-5-cyano-6-(3,5-difluorophenyl)-1-phenyl-1H-pyra-

zolo [3,4-b] pyridine-3-carboxylate (13d). Colorless needles
(ethanol/DMF, 8:2), mp. 204–206�C. Yield 1.64 g (58–60%),
IR: 3080w, 2240s, 1745m, 1620s, 1540m, 1420w cm�1. 1H-
NMR (CDCl3): d 1.55 (t, J ¼ 6.8 Hz, 3H, CH3), 4.60 (q, J ¼
6.8 Hz, 2H, AOCH2), 7.10 (dd, J ¼ 8.3 and 2.3 Hz, 1H, Ar-
H), 7.40 (d, J ¼ 8 Hz, 1H, Ar-H), 7.50 (d, J ¼ 2.3 Hz, 1H,
Ar-H), 7.55–7.85 (m, 5H, Ar-H), 9.10 (s, 1H, Ar-H). Anal.
Calcd. for C22H14F2N4O2: C, 65.35; H, 3.49; N, 13.86. Found:
C, 65.31; H, 3.46; N, 13.84.

Ethyl-6-amino-5-cyano-1-phenyl-1H-pyrazolo[3,4-b]pyri-
dine-3-carboxylate (15). To the reaction mixture of 4 (0.2 g,
7.0 mmol) and malononitrile 14 (0.05 g, 8.0 mmol) in ethanol
(15 mL), catalytic amount of piperedine (0.5 mL) was added.
The reaction mixture was refluxed for 4 h (TLC check, tolu-

ene/acetone, 8:2) and then cooled to room temperature. The
separated solid was filtered by suction to afford colorless nee-
dles (ethanol/DMF, 8:2), mp. 206–207�C, yield 1.40 g (65%),
IR: 3476w, 2240s, 1610s, 1590w, 1554w cm�1. 1H-NMR
(DMSO-d6): d 1.55 (t, J ¼ 6.8 Hz, 3H, CH3), 4.60 (q, J ¼ 6.8

Hz, 2H, OCH2), 5.40 (bs, 2H, NH2, D2O exchange), 7.20–8.10
(m, 5H, Ar-H), 8.6 (s, 1H, Ar-H). 13C-NMR (75 MHz,
DMSO-d6): d 15.0 (2C), 62.1 (2C), 91.9, 108.6, 117.5, 122.8,
128.2, 130.1, 139.1, 140.0, 152.4, 159.8,161.7. Anal. Calcd.

for C16H13N5O2: C, 62.51; H, 4.26; N, 22.79. Found: C,
62.53; H, 4.23; N, 22.75.

Diethyl 6,7-dihydro-6-oxo-1-phenyl-1H-pyrazolo [3,4-

b]pyridine-3,5-dicarboxylate (17). A mixture of 4 (0.2 g, 7.0
mmol) and diethylmalonate 16 (0.14 g, 9.0 mmol) in ethanol

(15 mL) with catalytic amount of piperedine (0.5 mL) was
refluxed for 4 h (TLC check, toluene/acetone, 8:2). The reac-
tion mixture was cooled at room temperature. The separated
solid was filtered by suction to afford pale-yellow solid (etha-
nol/DMF, 8:2), mp. 142–143�C, yield 1.73 g (70%), IR:

3450w, 1710s, 1674s, 1610s, 1595w cm�1. 1H-NMR (DMSO-
d6): d 1.20 (t, J ¼ 6.4 Hz, 3H, CH3), 1.42 (t, J ¼ 6.8 Hz, 3H,
CH3), 4.11 (q, J ¼ 6.3 Hz, 2H, OCH2), 4.39 (q, J ¼ 6.3 Hz,
2H, AOCH2); 7.25–8.30 (m, 5H, Ar-H), 8.40 (s, 1H, C4H);
12.60 (bs, 1H, NH). m/z (70 eV): 354 [M � 1]. 13C-NMR (75

MHz, DMSO-d6): d 14.1 (2C), 61.0 (2C), 139.7, 120.2, 129.4,
126.3, 129.4, 120.2, 143.4, 97.0, 136.6, 161.2, 120.9, 135.8,
165.0, 160.4. Anal. Calcd. for C18H17N3O5: C, 60.84; H, 4.82;
N, 11.83. Found: C, 60.83; H, 4.85; N, 11.80.
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Silica-bonded S-sulfonic acid (SBSSA) has been found to be an efficient catalyst for the synthesis of
1,8-dioxo-decahydroacridines and 1,8-dioxo-octahydroxanthenes in excellent yields. The former have
been synthesized from aromatic aldehydes, amines, and 5,5-dimethyl-1,3-cyclohexanedione, whereas the

latter from this mixture without amines. The method is an easy access to functionalized acridine and
xanthene derivatives. The catalyst can be reused.

J. Heterocyclic Chem., 47, 292 (2010).

INTRODUCTION

The development of heterogeneous catalysts for fine

chemical synthesis has become a major area of research.

The potential advantages of these materials over homo-

geneous systems (simplified recovery and reusability,

the potential for incorporation in continuous reactors

and micro reactors) can lead to novel and environmen-

tally benign chemical procedures for academia and

industry [1]. From this viewpoint, catalytic reactions

lead to valuable processes, because the use of stoichio-

metric reagents that are often toxic poses inherent limi-

tations from both an economical and an environmental

viewpoint and in specific relation to product purification

and waste management [2]. It is clear that green chemis-

try not only requires the use of environmentally benign

reagents and solvents but also it is very crucial to

recover and reuse the catalyst. One way to overcome

the problem of recyclability of the traditional acid cata-

lyst is to chemically anchor their reactive center onto a

large surface area inorganic solid carrier to create new

organic–inorganic hybrid catalyst [3]. In these types of

solids, the reactive centers are highly mobile similar to

homogeneous catalysts and at the same time these spe-

cies have the advantage of being recyclable in the same

fashion as heterogeneous catalysts. In view of this, sev-

eral types of solid sulfonic acid functionalized silica

(both amorphous and ordered) have been synthesized

and applied as an alternative to traditional sulfonic acid

resins and homogeneous acids in catalyzing chemical

transformations [4,5]. Application of solid acids in or-

ganic transformation has an important role, because

these species have many advantages, such as, simplicity

in handling, decreased reactor and plant corrosion prob-

lems, and more environmentally safe disposal [4–10].

1,8-Dioxo-9-aryl-10-aryl-decahydroacridines and their

derivatives are polyfunctionalized 1,4-dihydropyridine

derivatives. In recent years, 1,4-dihydropyridines and

their derivatives have attracted strong interest for the

treatment of cardiovascular diseases, such as, angina

pectoris [11] and hypertension [12]. Acridine derivatives

have been used to synthesize labeled conjugates with

medicinals, peptides, proteins, and nucleic acids [13–15]

that exhibit antitumor and DNA-binding properties.

Multicomponent reactions (MCRs) constitute, an

VC 2010 HeteroCorporation

292 Vol 47



especially attractive synthetic strategy, for rapid and ef-

ficient library generation because the products are

formed in a single step and diversity can be achieved

simply by varying the reaction components [16]. Thus,

new routes utilizing a MCR protocol for the synthesis of

these molecules can attract considerable attention in the

search for rapid-entry methods to these heterocycles.

Reportedly, the conventional synthesis of acridines

and their derivatives has been performed in an organic

acid, such as, HOAc [17]. Recently, few methodologies

have been reported in the literature for the synthesis of

decahydroacridines [18]. Each of these methods has lim-

itations, such as, poor yields, cumbersome work up pro-

cedure, and generation of polluting effluents [17].

Xanthenes are an important class of organic com-

pounds that find use as dyes, fluorescent material for

visualization of biomolecules, and in laser technologies

due to their useful spectroscopic properties [19]. Xan-

thenes have also received significant attention from

many pharmaceutical and organic chemists essentially

because of the broad spectrum of their biological and

pharmaceutical properties, such as, antiviral [20], anti-

bacterial [21], antinociceptive activities [22] as well as

efficiency in photodynamic therapy [23] and anti-inflam-

matory activities [24]. There are several reports in the

literature for the synthesis of 1,8-dioxooctahydroxan-

thene derivatives using aromatic aldehydes and 5,5-di-

methyl-1,3-cyclohexanedione, these include InCl3�4H2O

in ionic liquid [25], solid-state condensation by grinding

at room temperature [26], diammonium hydrogen phos-

phate [27], p-dodecylbenzenesulfonic acid in water [28],

Fe3þ-montmorilonite [29], NaHSO4-SiO2 or silica chlo-

ride [30], amberlyst-15 [18d], silica sulfuric acid [31],

tetrabutylammonium hydrogen sulfate [32], trimethylsi-

lylchloride [33], 1-butyl-3-methylimidazolium hydrogen

sulfate [34], montmorillonite K-10-supported [35], and

covalently anchored sulfonic acid on silica gel [36].

Each of these methods have their own advantages but

also some of them often suffer from one or more disad-

vantages, such as, prolonged reaction time, tedious

work-up processes, low yield [37], expensive reagents

[18d,25], and hazardous organic solvents [37]. Conse-

quently, there is scope for further innovation of methods

with milder reaction conditions, short reaction times,

increase in variation of the substituents in the compo-

nents, and better yields in the synthesis of 1,8-dioxode-

cahydroacridines and 1,8-dioxo-octahydroxanthenes,

which can be possibly achieved by choosing silica-

bonded S-sulfonic acid (SBSSA) as a catalyst for this

MCR.

RESULTS AND DISCUSSION

Recently, we have reported the preparation of SBSSA

and its application as catalyst for the synthesis of 1,1-

diacetates [5a], quinoxaline [5b], and coumarin deriva-

tives [5c] (Scheme 1).

In our continued interest in the development of a

highly expedient methodology for the synthesis of fine

chemicals and heterocyclic compounds of biological

importance [38], we report here the synthesis of 1,8-

dioxo-9-aryl-10-aryl-decahydroacridines and 1,8-dioxo-

octahydroxanthenes in the presence of SBSSA as a

heterogeneous solid acid (Scheme 2).

To determine the scope of the designed protocol, a

number of commercially available aromatic aldehydes

have condensed with dimedone and aryl amines under

optimized reaction conditions, and the results are sum-

marized in Table 1. We investigated further the elec-

tronic effect of different substituents present on the alde-

hyde component. It was observed that a wide range of

aldehydes having both electron-donating and electron-

withdrawing groups were equally facile for the reaction,

resulting in the formation of decahydroacridine deriva-

tives in very good yields. We also observed that various

aniline derivatives reacted smoothly under the reaction

conditions.

Scheme 1. Preparation of silica bonded S-sulfonic acid.

Scheme 2. Synthesis of 1,8-dioxo-9-aryl-10-aryl-decahydroacridines and 1,8-dioxo-octahydroxanthene using SBSSA as catalyst.
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Table 1

Synthesis of 1,8-dioxo-9-aryl-10-aryl-decahydroacridines derivatives in the presence of SBSSA under reflux conditions.a

Entry Ar Ar0 Product Time (h) Yieldb (%)

1 4-ClAC6H4 4-MeAC6H4

5a

1.0 96

2 3-NO2AC6H4 4-MeAC6H4

5b

2.5 85

3 4-MeSAC6H4 4-MeAC6H4

5c

3.0 93

4 3-CNAC6H4 4-MeAC6H4

5d

4.5 89

5 3-NO2AC6H4 3-CNAC6H4

5e

3.0 84

6 3-HOAC6H4 3-CNAC6H4

5f

3.0 92

7 4-ClAC6H4 3-HOAC6H4

5g

2.5 95

8 4-NO2AC6H4 2-HOAC6H4

5h

1.5 96

a Reaction conditions: Dimedone (2 mmol), aldehyde (1 mmol), aniline derivative (1 mmol), catalyst (0.03 g) in refluxing ethanol.
b Isolated yield.
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Table 2

Synthesis of 1,8-dioxo-octahydroxanthenes derivatives in the presence of SBSSA in ethanol under reflux conditions.a

Entry Ar Product Time (h) Yieldb (%)

1 C6H5

6a

10.0 98

2 4-ClAC6H4

6b

4.0, 4.0, 4.5, 5.0, 5.0 92, 91, 89, 91, 90

3 4-BrAC6H4

6c

3.0 96

4 2-ClAC6H4

6d

5.0 90

5 3-ClAC6H4

6e

5.0 90

6 4-NO2AC6H4

6f

2.0 95

7 2-NO2AC6H4

6g

3.0 87

8 3-NO2AC6H4

6h

3.0 94

9 4-MeOAC6H4

6i

6.0 91

(Continued)
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Encouraged by these results, we carried out reaction

of 5,5-dimethyl-1,3-cyclohexanedione (3) and aromatic

aldehydes (4) in the presence of SBSSA (0.03 g) in

refluxing ethanol, which afforded 1,8-dioxo-octahydrox-

anthene derivatives 6a–n in excellent yields within a

short period of time (Scheme 2, Table 2). Here also the

aromatic aldehydes containing both electron-donating

and electron-withdrawing groups afforded the products

in high yields.

The practical synthetic efficiency of this reaction was

highlighted by the reaction of terephthaldehyde (7) and

isophthaldehyde (8) with dimedone (3) to give structur-

ally complex xanthenone derivatives (6k and 6l),

Scheme 3.

An important feature of this method is that the hetero-

cyclic functionality present in the molecule remains

Table 2

(Continued)

Entry Ar Product Time (h) Yieldb (%)

10 4-MeAC6H4

6j

9.0 91

11 4-OHCAC6H4

6k

5.0 64

12 3-OHCAC6H4

6l

7.0 65

13 3-Pyridyl

6m

6.0 71

14 C6H5ACH¼¼CHA

6n

3.0 94

a Reaction conditions: Dimedone (2 mmol), aldehyde (1 mmol), catalyst (0.03 g) in refluxing ethanol.
b Isolated yield.

Scheme 3. Synthesis of bis(1,8-dioxo-octahydroxanthenes).

Scheme 4. Synthesis of 9-(pyridine-3-yl)-1,8-dioxo-octahydroxanthene.
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unaffected. This fact was amply demonstrated by the

reaction of pyridine-3-caboxaldehyde (9) with dimedone

(3), which gave 9-(pyridine-3-yl)-1,8-dioxo-octahydrox-

anthene (6m) in excellent yield (Scheme 4).

The possibility of recycling the catalyst was examined

using the condensation reaction of 5,5-dimethyl-1,3-

cyclohexanedione and 4-chlorobenzaldehyde in ethanol

under the optimized conditions. When the reaction was

complete, the mixture was filtered and the remaining

was washed with warm ethanol, and the catalyst reused

in the next reaction. The recycled catalyst could be

reused four times without any additional treatment. No

observation of any appreciable loss in the catalytic ac-

tivity of SBSSA was observed (Table 2, entry 2).

In conclusion, we have developed an efficient method

for the synthesis of 1,8-dioxo-9-aryl-10-aryl-decahydro-

acridines and 1,8-dioxo-octahydroxanthenes in high

yields using SBSSA as a catalyst. The catalyst was

recovered and reused without any noticeable loss of

reactivity. The mild reaction conditions and simplicity

of the procedure offers improvements over many exist-

ing methods.

EXPERIMENTAL

General. Chemicals were purchased from Fluka, Merck,

and Aldrich Chemical Companies. All of the products are
known, except 5c–5h, and characterized by comparison of
their spectral (IR, 1H NMR) and physical data with those
reported in literature. SBSSA was prepared according to our

previous reported procedure [5].
General procedure for the synthesis of 1,8-dioxo-9-aryl-

10-aryl-decahydroacridines derivatives. To a solution of an
aromatic aldehyde (1 mmol), 5,5-dimethyl-1,3-cyclohexane-
dione (2 mmol) and aryl amine (1 mmol) in ethanol (2 mL) in

a round-bottom flask, SBSSA (0.03 g) was added. The mixture
was heated under reflux conditions and the reaction was moni-
tored by TLC. After completion of the reaction, the mixture
was filtered and the remaining was washed with warm ethanol
in order to separate catalyst. Then, water (20 mL) was added

to the filtrate and was allowed to stand at room temperature
for 1 h. During this time, crystals of the pure product were
formed, which were collected by filtration and dried. For fur-
ther purification, if needed, the products were recrystalized
from hot ethanol. The spectral data are given below.

9-(4-Chlorophenyl)-3,4,6,7-tetrahydro-3,3,6,6-tetramethyl-10-
p-tolylacridine-1,8-(2H,5H,9H,10H)-dione (5a). mp 273–
275�C, (ref. 18e, 270–271�C); 1H NMR (CDCl3, 500 MHz), d:
0.82 (s, 6H), 0.97 (s, 6H), 1.87 (d, 2H, J ¼ 17.4 Hz), 2.08–

2.15 (m, 4H), 2.22 (d, 2H, J ¼ 16.2 Hz), 2.51 (s, 3H), 5.26 (s,
1H), 7.12 (d, 2H, J ¼ 8.2 Hz), 7.23 (d, 2H, J ¼ 8.3 Hz),
7.36–7.40 (m, 4H); 13C NMR (CDCl3, 125 MHz), d: 21.73,
27.15, 30.15, 32.80, 32.87, 42.18, 50.60, 114.56, 128.56,
129.13, 129.74, 130.05, 131.84, 136.60, 140.06, 145.34,

150.64, 196.21.
3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(3-nitrophenyl)-10-

p-tolylacridine-1,8-(2H,5H,9H,10H)-dione (5b). mp 289–

291�C, (ref. 18e. 285–287�C); 1H NMR (CDCl3, 500 MHz), d:
0.81 (s, 6H), 0.99 (s, 6H), 1.92 (dd, 2H, J1 ¼ 17.5 Hz, J2 ¼
0.9 Hz), 2.15 (d, 4H, J ¼ 16.6 Hz), 2.24 (d, 2H, J ¼ 16.2 Hz),
2.52 (s, 3H), 5.38 (s, 1H), 7.14–7.23 (m, 2H), 7.40–7.45 (m,
3H), 7.97–8.01 (m, 2H), 8.25 (t, 1H, J ¼ 1.9 Hz); 13C NMR

(CDCl3, 125 MHz), d: 21.71, 27.05, 30.10, 32.87, 33.31,
42.13, 50.53, 114.21, 121.53, 122.37, 129.22, 129.95, 130.93,
131.79, 135.70, 136.38, 140.22, 148.85, 151.26, 196.11.

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(4-(methylthio)-
phenyl)-10-p-tolyl-acridine-1,8-(2H,5H,9H,10H)-dione (5c). mp

239�C; IR (KBr): 3080, 2960, 2880, 1639, 1570, 1505, 1360,
1220, 882, 838, 730, 562, 520 (cm�1); 1H NMR (CDCl3, 500
MHz), d: 0.84 (s, 6H), 0.97 (s, 6H), 1.87 (d, 2H, J ¼ 17.5
Hz), 2.10 (d, 2H, J ¼ 17.5 Hz), 2.15 (d, 2H, J ¼ 16.2 Hz),
2.22 (d, 2H, J ¼ 16.2 Hz), 2.46 (s, 3H), 2.52 (s, 3H), 5.26 (s,

1H), 7.12 (d, 2H, J ¼ 7.7 Hz), 7.19 (d, 2H, J ¼ 8.1 Hz),
7.36–7.40 (m, 4H); 13C NMR (CDCl3, 125 MHz), d: 16.59,
21.71, 27.23, 30.15, 32.76, 32.80, 42.20, 50.64, 114.85,
127.26, 128.86, 135.52, 136.79, 139.92, 144.06, 150.38,

196.23; Anal. Calc. C, 76.66; H, 7.26; N, 2.88; S, 6.60; Found
C, 76.49; H, 7.09; N, 2.67.

3-(1,2,3,4,5,6,7,8,9,10-Decahydro-3,3,6,6-tetramethyl-1,8-dioxo-
10-p-tolylacridin-9-yl)benzonitrile (5d). mp 256–257�C; IR
(KBr): 3080, 2960, 2880, 2320, 1638, 1590, 1558, 1480, 1450,

1360, 1308, 1220, 1140, 998, 930, 842, 830, 720 (cm�1); 1H
NMR (CDCl3, 500 MHz), d: 0.80 (s, 6H), 0.94 (s, 6H), 1.86
(d, 2H, J ¼ 17.5 Hz), 2.09 (d, 2H, J ¼ 14.6 Hz), 2.12 (d, 2H,
J ¼ 12.5 Hz), 2.19 (d, 2H, J ¼ 16.2 Hz), 2.47 (s, 3H), 5.24 (s,
1H), 7.05 (d, 1H, J ¼ 7.9 Hz), 7.10 (d, 2H, J ¼ 8.3 Hz), 7.15

(t, 1H, J ¼ 7.8 Hz), 7.33–7.36 (m, 3H), 7.39 (d, 1H, J ¼ 1.7
Hz); 13C NMR (CDCl3, 125 MHz), d: 21.68, 27.13, 30.09,
32.77, 33.00, 42.13, 50.60, 114.36, 126.46, 126.65, 128.42,
128.98, 129.66, 130.06, 134.13, 136.50, 140.06, 148.68,
150.83, 196.09; Anal. Calc. C, 80.14; H, 6.94; N, 6.03; Found

C, 79.97; H, 6.77; N, 5.87.
3-(1,2,3,4,5,6,7,8-Octahydro-3,3,6,6-tetramethyl-9-(3-nitro-

phenyl)-1,8-dioxo-acridin-10(9H)-yl)benzonitrile (5e). mp
266–268�C; IR (KBr): 3080, 2960, 2880, 2203, 1643, 1635,

1595, 1578, 1440, 1362, 1240, 1220, 1140, 879, 801, 699
(cm�1); 1H NMR (CDCl3, 500 MHz), d: 0.83 (s, 6H), 1.01 (s,
6H), 1.83 (d, 2H, J ¼ 17.4 Hz), 2.13 (d, 2H, J ¼ 17.5 Hz),
2.17 (d, 2H, J ¼ 16.4 Hz), 2.26 (d, 2H, J ¼ 16.3 Hz), 5.37 (s,
1H), 7.46 (t, 1H, J ¼ 7.9 Hz), 7.63–7.68 (m, 2H), 7.82 (t, 1H,

J ¼ 7.8 Hz), 7.91–7.95 (m, 2H), 8.00 (dd, 1H, J1 ¼ 8.2 Hz, J2
¼ 1.4 Hz), 8.21 (s, 1H); 13C NMR (CDCl3, 125 MHz), d:
27.15, 30.04, 33.03, 33.23, 42.35, 50.39, 114.91, 117.53,
121.77, 122.26, 129.47, 133.82, 135.62, 140.17, 148.26,
148.81, 149.80, 195.90; Anal. Calc. C, 72.71; H, 5.90; N,

8.48; Found C, 72.57; H, 5.76; N, 8.32.
3-(1,2,3,4,5,6,7,8-Octahydro-9-(3-hydroxyphenyl)-3,3,6,6-tet-

ramethyl-1,8-dioxo-acridin-10(9H)-yl)benzonitrile (5f). mp
>300�C decomp.; IR (KBr): 3250, 3080, 2960, 2880, 2320,
1610, 1590, 1555, 1500, 1460, 1410, 1340, 1260, 1240, 1142,

1110, 838, 710 (cm�1); 1H NMR [CDCl3-DMSO-d6 (2%), 500
MHz], d: 0.72 (s, 6H), 0.85 (s, 6H), 1.63 (d, 2H, J ¼ 17.3
Hz), 1.94 (d, 2H, J ¼ 17.3 Hz), 2.01 (d, 2H, J ¼ 16.2 Hz),
2.08 (d, 2H, J ¼ 16.2 Hz), 5.06 (s, 1H), 6.47 (dd, 1H, J1 ¼
7.8 Hz, J2 ¼ 2.0 Hz), 6.75–6.78 (m, 4H), 6.93 (t, 1H, J ¼ 7.8
Hz), 7.48 (d, 1H, J ¼ 7.3 Hz), 7.62 (t, 2H, 7.8 Hz), 7.76 (d,
1H, J ¼ 7.8 Hz), 8.5 (brs, 1H); 13C NMR [CDCl3-DMSO-d6
(2%), 125 MHz], d: 27.05, 29.86, 32.31, 32.64, 41.99, 50.39,
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113.56, 114.84, 114.94, 117.68, 119.27, 129.10, 133.47,
135.01, 140.06, 147.30, 149.16, 157.50, 195.72; Anal. Calc. C,
77.23; H, 6.48; N, 6.00; Found C, 77.09; H, 6.33; N, 5.81.

9-(4-Chlorophenyl)-3,4,6,7-tetrahydro-10-(3-hydroxyphenyl)-
3,3,6,6-tetramethyl-acridine-1,8-(2H,5H,9H,10H)-dione (5g). mp
267–269�C; IR (KBr): 3390, 3120, 2960, 2880, 1639, 1595,
1560, 1480, 1443, 1360, 1305, 1220, 1140, 998, 935, 840,
720, 560 (cm�1); 1H NMR [CDCl3-DMSO-d6 (2%), 500
MHz], d: 0.68 (s, 6H), 0.83 (s, 6H), 1.82 (d, 2H, J ¼ 17.5
Hz), 1.97–2.09 (m, 6H), 5.07 (s, 1H), 6.54–6.58 (m, 2H), 6.90
(d, 1H, J ¼ 5.0 Hz), 7.07 (d, 2H, J ¼ 8.3 Hz), 7.20–7.24 (m,
3H), 9.52 (brs, 1H); 13C NMR [CDCl3-DMSO-d6 (2%), 125
MHz], d: 26.93, 30.03, 32.66, 41.73, 50.52, 114.12, 128.39,
128.62, 131.63, 139.76, 145.27, 150.96, 195.40; Anal. Calc. C,
73.17; H, 6.35; Cl, 7.45; N, 2.94; Found C, 73.01; H, 6.19; N,
2.81.

3,4,6,7-Tetrahydro-10-(2-hydroxyphenyl)-3,3,6,6-tetramethyl-
9-(4-nitrophenyl)-acridine-1,8-(2H,5H,9H,10H)-dione (5h). mp
>300�C decomp.; IR (KBr): 3380, 3120, 2960, 2880, 1638,

1595, 1520, 1360, 1340, 1220, 1140, 998, 860, 827 (cm�1);
1H NMR [CDCl3-DMSO-d6 (2%), 500 MHz], d: 0.67 (s, 6H),
0.84 (s, 6H), 1.84 (d, 2H, J ¼ 17.5 Hz), 1.98 (d, 2H, J ¼ 16.3
Hz), 2.04–2.10 (m, 4H), 5.18 (s, 1H), 6.55–6.59 (m, 2H), 6.92

(d, 2H, J ¼ 7.9 Hz), 7.21–7.24 (m, 1H), 7.47 (d, 2H, J ¼ 8.7
Hz), 7.98 (d, 2H, 8.7 Hz), 9.48 (brs, 1H); 13C NMR [CDCl3-
DMSO-d6 (2%), 125 MHz], d: 26.95, 29.98, 32.68, 41.73,
50.44, 113.44, 123.69, 129.14, 139.58, 146.38, 154.10, 196.09;
Anal. Calc. C, 71.59; H, 6.21; N, 5.76; Found C, 71.43; H,

6.09; N, 5.29.
General procedure for the synthesis of 1,8-dioxo-octahy-

droxanthene derivatives. To a solution of an aromatic alde-
hyde (1 mmol) and 5,5-dimethyl-1,3-cyclohexanedione (2
mmol) in ethanol (2 mL) in a round-bottom flask, SBSSA

(0.03 g) was added. The mixture was heated under reflux con-
ditions and the reaction was monitored by TLC. After comple-
tion of the reaction, the mixture was filtered and the remaining
was washed with warm ethanol in order to separate catalyst.
Then, water (20 mL) was added to the filtrate and was allowed

to stand at room temperature for 1 h. During this time, crystals
of the pure product were formed, which were collected by fil-
tration and dried. For further purification if needed, the prod-
ucts recrystalized from hot ethanol. The NMR data are given

below.
3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-phenyl-2H-xanthene-

1,8-(5H,9H)-dione (6a). mp 203–204�C, (ref. 32, 204–206�C);
1H NMR (CDCl3, 500 MHz), d: 1.02 (s, 6H), 1.13 (s, 6H),
2.19 (d, 2H, J ¼ 16.2 Hz), 2.26 (d, 2H, J ¼ 16.2 Hz), 2.50 (s,

4H), 4.78 (s, 1H), 7.12 (t, 1H, J ¼ 7.2 Hz), 7.24 (t, 2H, J ¼
7.5 Hz), 7.32 (d, 2H, J ¼ 7.6 Hz). 13C NMR (CDCl3, 125
MHz), d: 27.75, 29.69, 32.26, 32.61, 41.29, 51.18, 116.07,
126.76, 128.45, 128.80, 144.54, 162.70, 196.76.

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(4-chlorophenyl)-2H-
xanthene-1,8-(5H,9H)-dione (6b). mp 230–232�C, (ref. 33,
230–232�C); 1H NMR (CDCl3, 500 MHz), d: 1.03 (s, 6H),
1.14 (s, 6H), 2.20 (d, 2H, J ¼ 16.3 Hz), 2.27 (d, 2H, J ¼ 16.3
Hz), 2.50 (s, 4H), 4.75 (s, 1H), 7.22 (d, 2H, J ¼ 8.5 Hz), 7.27
(d, 2H, J ¼ 8.5 Hz). 13C NMR (CDCl3, 125 MHz), d: 27.72,
29.68, 31.89, 32.61, 41.28, 51.13, 115.69, 128.63, 130.19,
132.45, 143.13, 162.83, 196.71.

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(4-bromophenyl)-2H-
xanthene-1,8-(5H,9H)-dione (6c). mp 240–241�C, (ref. 33,

240–242�C); 1H NMR (CDCl3, 500 MHz), d: 1.03 (s, 6H), 1.14
(s, 6H), 2.20 (d, 2H, J ¼ 16.3 Hz), 2.27 (d, 2H, J ¼ 16.3 Hz),
2.50 (s, 4H), 4.74 (s, 1H), 7.21 (d, 2H, J ¼ 8.4 Hz), 7.37 (d,
2H, J ¼ 8.4 Hz). 13C NMR (CDCl3, 125 MHz), d: 27.73, 29.69,
31.98, 32.62, 41.28, 51.12, 115.63, 120.66, 130.60, 131.57,

143.64, 162.82, 196.69.
3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(2-chlorophenyl)-2H-

xanthene-1,8-(5H,9H)-dione (6d). mp 225–227�C, (ref. 32,
225–227�C); 1H NMR (CDCl3, 500 MHz), d: 1.05 (s, 6H), 1.13
(s, 6H), 2.19 (d, 2H, J ¼ 16.2 Hz), 2.26 (d, 2H, J ¼ 16.2 Hz),

2.48 (s, 4H), 5.03 (s, 1H), 7.09 (dt, 1H, J1 ¼ 7.6 Hz, J2 ¼ 1.6
Hz), 7.19 (dt, 1H, J1 ¼ 7.6 Hz, J2 ¼ 1.1 Hz), 7.26 (dd, 1H, J1
¼ 7.9 Hz, J2 ¼ 1.0 Hz),), 7.46 (d, 1H, J ¼ 7.3 Hz). 13C NMR
(CDCl3, 125 MHz), d: 27.79, 29.69, 32.28, 32.43, 41.25, 51.14,
114.13, 126.74, 128.20, 130.56, 133.34, 133.88, 140.32, 163.37,

196.84.
3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(3-chlorophenyl)-2H-

xanthene-1,8-(5H,9H)-dione (6e). mp 184–186�C, (ref. 32,
182–184�C); 1H NMR (CDCl3, 500 MHz), d: 0.99 (s, 6H),

1.09 (s, 6H), 2.17 (d, 2H, J ¼ 16.2 Hz), 2.22 (d, 2H, J ¼ 16.2
Hz), 2.46 (s, 4H), 4.71 (s, 1H), 7.06 (dt, 1H, J1 ¼ 9.1 Hz, J2
¼ 1.5 Hz), 7.13 (t, 1H, J ¼ 7.9 Hz), 7.21 (d, 1H, J ¼ 1.2
Hz),), 7.23 (t, 1H, J ¼ 1.3 Hz). 13C NMR (CDCl3, 125 MHz),
d: 27.79, 29.62, 32.16, 32.63, 41.27, 51.13, 115.51, 127.05,

127.40, 128.75, 129.65, 134.28, 146.54, 162.99, 196.67.
3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(4-nitrophenyl)-2H-

xanthene-1,8-(5H,9H)-dione (6f). mp 222–223�C, (ref. 32,
221–223�C); 1H NMR (CDCl3, 500 MHz), d: 1.02 (s, 6H),
1.15 (s, 6H), 2.20 (d, 2H, J ¼ 16.3 Hz), 2.29 (d, 2H, J ¼ 16.3

Hz), 2.53 (s, 4H), 4.86 (s, 1H), 7.51 (dd, 2H, J1 ¼ 7.0 Hz, J2
¼ 1.7 Hz), 8.12 (dd, 2H, J1 ¼ 7.0 Hz, J2 ¼ 1.7 Hz). 13C
NMR (CDCl3, 125 MHz), d: 27.70, 29.64, 32.64, 32.79, 41.27,
51.03, 114.96, 123.83, 129.78, 146.92, 151.94, 163.36, 196.63.

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(2-nitrophenyl)-2H-
xanthene-1,8-(5H,9H)-dione (6g). mp 252–254�C, (ref. 32,
248–249�C); 1H NMR (CDCl3, 500 MHz), d: 0.98 (s, 6H),
1.07 (s, 6H), 2.13 (d, 2H, J ¼ 16.2 Hz), 2.21 (d, 2H, J ¼ 16.2
Hz), 2.45 (s, 4H), 5.51 (s, 1H), 7.21 (dt, 1H, J1 ¼ 7.7 Hz, J2
¼ 1.4 Hz), 7.34 (d, 1H, J ¼ 7.5 Hz), 7.41 (dt, 1H, J1 ¼ 7.5
Hz, J2 ¼ 1.2 Hz),), 7.73 (d, 1H, J ¼ 8.1 Hz). 13C NMR
(CDCl3, 125 MHz), d: 28.00, 29.16, 29.36, 32.48, 41.26,
51.04, 114.60, 125.03, 127.59, 131.46, 132.40, 138.46, 150.27,
163.44, 196.73.

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(3-nitrophenyl)-2H-
xanthene-1,8-(5H,9H)-dione (6h). mp 170–172�C, (ref. 32,
170–172�C); 1H NMR (CDCl3, 500 MHz), d: 0.98 (s, 6H),
1.10 (s, 6H), 2.15 (d, 2H, J ¼ 16.3 Hz), 2.24 (d, 2H, J ¼ 16.3
Hz), 2.49 (s, 4H), 4.82 (s, 1H), 7.38 (t, 1H, J ¼ 7.9 Hz), 7.79

(d, 1H, J ¼ 7.7 Hz), 7.96 (dd, 1H, J1 ¼ 8.0 Hz, J2 ¼ 1.9
Hz),), 8.02 (t, 1H, J ¼ 1.9 Hz). 13C NMR (CDCl3, 125 MHz),
d: 27.72, 29.61, 32.52, 32.66, 41.23, 51.06, 114.96, 122.06,
123.02, 129.21, 136.07, 146.74, 148.73, 163.46, 196.76.

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(4-methoxyphenyl)-
2H-xanthene-1,8-(5H,9H)-dione (6i). mp 242–244�C, (ref. 32,
240–242�C); 1H NMR (CDCl3, 500 MHz), d: 0.98 (s, 6H),
1.08 (s, 6H), 2.15 (d, 2H, J ¼ 16.3 Hz), 2.21 (d, 2H, J ¼ 16.3
Hz), 2.44 (s, 4H), 3.71 (s, 3H), 4.68 (s, 1H), 6.74 (dd, 2H, J1
¼ 6.8 Hz, J2 ¼ 1.9 Hz), 7.19 (dd, 2H, J1 ¼ 6.8 Hz, J2 ¼ 1.9
Hz). 13C NMR (CDCl3, 125 MHz), d: 27.76, 29.69, 31.38,
32.61, 41.29, 51.20, 55.52, 113.89, 116.21, 129.73, 136.98,
158.38, 162.48, 196.86.
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3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-p-tolyl-2H-xanthene-
1,8-(5H,9H)-dione (6j). mp 215–217�C, (ref. 32, 217–218�C); 1H
NMR (CDCl3, 500 MHz), d: 0.98 (s, 6H), 1.09 (s, 6H), 2.15 (d,

2H, J ¼ 16.3 Hz), 2.20–2.23 (m, 5H), 2.45 (s, 4H), 4.70 (s, 1H),
7.00 (d, 2H, J ¼ 8.0 Hz), 7.17 (d, 2H, J ¼ 8.0 Hz). 13C NMR
(CDCl3, 125 MHz), d: 21.47, 27.80, 29.69, 31.86, 32.62, 41.30,
51.20, 116.19, 128.66, 129.20, 136.17, 141.63, 162.51, 196.80.

3,4,6,7-Tetrahydro-9-(4-(2,3,4,5,6,7,8,9-octahydro-3,3,6,6-tet-
ramethyl-1,8-dioxo-1H-xanthen-9-yl)phenyl)-3,3,6,6-tetra-
methyl-2H-xanthene-1,8(5H,9H)-dione (6k). mp >300�C
(dec.), (ref. 34, >300�C); 1H NMR (CDCl3, 500 MHz), d:
0.87 (s, 12H), 0.99 (s, 12H), 2.07 (d, 4H, J ¼ 16.2 Hz), 2.11
(d, 4H, J ¼ 16.2 Hz), 2.33 (d, 4H, J ¼ 17.6 Hz), 2.39 (d, 4H,

J ¼ 17.6 Hz), 4.59 (s, 2H), 6.99 (s, 4H); 13C NMR (CDCl3,
125 MHz), d: 27.80, 29.41, 31.03, 32.57, 41.12, 51.10, 115.91,
128.16, 142.15, 162.93, 196.73.

3,4,6,7-Tetrahydro-9-(3-(2,3,4,5,6,7,8,9-octahydro-3,3,6,6-tet-
ramethyl-1,8-dioxo-1H-xanthen-9-yl)phenyl)-3,3,6,6-tetramethyl-
2H-xanthene-1,8(5H,9H)-dione (6l). mp 238–240�C, (ref. 32,
236–238�C); 1H NMR (CDCl3, 500 MHz), d: 1.03 (s, 12H),
1.11 (s, 12H), 2.16 (d, 4H, J ¼ 16.2 Hz), 2.21 (d, 4H, J ¼
16.2 Hz), 2.46 (d, 4H, J ¼ 17.4 Hz), 2.56 (d, 4H, J ¼ 17.4

Hz), 4.72 (s, 2H), 7.07–7.09 (m, 3H), 7.15 (s, 1H). 13C NMR
(CDCl3, 125 MHz), d: 28.02, 29.57, 31.76, 32.56, 41.27,
51.27, 116.01, 126.84, 128.18, 128.66, 144.04, 162.72, 196.66.

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-(pyridin-3-yl)-2H-
xanthene-1,8(5H,9H)-dione (6m). mp 184–186�C, (ref. 34,

184–186�C); 1H NMR (CDCl3, 500 MHz), d: 1.01 (s, 6H),
1.12 (s, 6H), 2.18 (d, 2H, J ¼ 16.3 Hz), 2.26 (d, 2H, J ¼ 16.3
Hz), 2.50 (s, 4H), 4.73 (s, 1H), 7.16–7.18 (m, 1H), 7.72–7.75
(dt, 1H, J1 ¼ 7.8 Hz, J2 ¼ 1.9 Hz), 8.36 (dd, 1H, J1 ¼ 4.7
Hz, J2 ¼ 1.5 Hz), 8.45 (d, 1H, J ¼ 1.9 Hz); 13C NMR

(CDCl3, 125 MHz), d: 27.79, 29.58, 32.63, 41.20, 51.03,
115.11, 123.44, 136.96, 140.07, 148.04, 149.90, 163.24,
196.73.

3,4,6,7-Tetrahydro-3,3,6,6-tetramethyl-9-styryl-2H-xanthene-
1,8-(5H,9H)-dione (6n). mp 174–176�C, (ref. 32, 176–178�C);
1H NMR (CDCl3, 500 MHz), d: 1.16 (s, 12H), 2.31 (d, 2H, J
¼ 16.3 Hz), 2.35 (d, 2H, J ¼ 16.3 Hz), 2.45 (d, 2H, J ¼ 18.7
Hz), 2.50 (d, 2H, J ¼ 17.8 Hz), 4.44 (d, 1H, J ¼ 6.0 Hz), 6.30
(d, 1H, J ¼ 16.0 Hz), 6.36 (dd, 1H, J1 ¼ 16.0 Hz, J2 ¼ 6.0
Hz), 7.17–7.20 (m, 1H), 7.26 (t, 2H, J ¼ 7.5 Hz), 7.31 (dd,

2H, J1 ¼ 7.1 Hz, J2 ¼ 1.4 Hz). 13C NMR (CDCl3, 125 MHz),
d: 28.02, 28.32, 29.66, 32.62, 41.38, 51.28, 114.95, 126.77,
127.51, 128.70, 130.84, 131.76, 137.69, 163.44, 196.91.
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Núcleo de Quı́mica de Heterociclos (NUQUIMHE), Departamento de Quı́mica, Centro de Ciências

Naturais e Exatas, Universidade Federal de Santa Maria, 97.105-900, Santa Maria, RS, Brazil

*E-mail: mmartins@base.ufsm.br

Received June 10, 2009

DOI 10.1002/jhet.309

Published online 23 February 2010 in Wiley InterScience (www.interscience.wiley.com).

An efficient microwave-assisted synthesis of 1-carboxymethyl-5-trifluoromethyl-5-hydroxy-4,5-dihy-
dro-1H-pyrazoles from the cyclocondensation reaction between enones [CF3C(O)C(R

2) ¼ C(R1)(OR),

where R2 ¼ H, Me; R1 ¼ H, Me, Et, Pr, i-Pr, t-Bu, i-Bu, Ph, 4-NO2-Ph, 4-Cl-Ph, 4-Br-Ph, 4-F-Ph and
R ¼ Me, Et] and methyl hydrazinocarboxylate under solvent-free conditions is reported. This process is
an efficient alternative to the traditional thermal heating and furnishes the heterocyclic compounds in
good to excellent yields in a short reaction time. To show the versatility of 1-carboxymethyl-5-trifluoro-

methyl-5-hydroxy-4,5-dihydro-1H-pyrazoles, dehydration reactions of these compounds are also
demonstrated.

J. Heterocyclic Chem., 47, 301 (2010).

INTRODUCTION

In recent years, the progress in the field of solvent-

free reactions has gained significance because of the

high efficiency, operational simplicity and environmen-

tally benign processes. The use of microwave energy to

heat chemical reactions on a laboratory scale is growing

at a rapid rate. In many instances, controlled microwave

heating under sealed vessel conditions has been shown

to dramatically reduce reaction times, increase product

yields, and enhance product purities by reducing

unwanted side reactions when compared to conventional

synthetic methods [1,2]. The advantages of this useful

technology have more recently also been exploited in

the context of multistep total synthesis [3] and medicinal

chemistry/drug discovery [4] and have additionally

penetrated other important fields [5–8]. The use of

microwave irradiation in chemistry has thus become

such a popular technique in the scientific community

that it might be assumed that, in a few years, most

chemists will probably use microwave energy to heat

chemical reactions on a laboratory scale [9]. In this con-

text, the use of microwave-assisted organic synthesis

(MAOS) has emerged as an alternative and efficient

tool, especially in heterocyclic synthesis [10]. 4,5-Dihy-

dropyrazoles are important nitrogen-containing five-

membered heterocyclic compounds, with an extensive

application in the agrochemical [11] and pharmaceutical

fields [12–15]. 4,5-Dihydropyrazoles are quite stable,

and have inspired chemists to utilize this fragment in

bioactive moieties to synthesize new compounds pos-

sessing biological activities. In addition, the presence of

fluorine at strategic positions in the molecules can alter

the course of the reaction as well as the biological prop-

erties of the product [16]. Several 4,5-dihydropyrazoles

have played a crucial role in the development of theoret-

ical studies in heterocyclic chemistry and are also exten-

sively used building blocks in organic chemistry [11].

The introduction of halogens and halogenated groups

into organic molecules often confers significant and use-

ful changes in their chemical and physical properties.
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Therefore, methods for the synthesis of halogenated

compounds have received considerable interest in recent

years, in particular, fluorinated compounds [17a,b]. The

presence of a trifluoromethyl group into cyclic com-

pounds especially at a strategic position of drug mole-

cules has become an important aspect of pharmaceutical

research owing to the unique physical and biological

properties of fluorine [17c]. The steric requirement of

the fluorine atom resembles that of hydrogen (Van der

Waals radii: CF3 ¼ 1.35 Å versus CH3 ¼ 1.29 Å). Thus

substitution of a methyl by a trifluoromethyl group in a

drug candidate usually allows the trifluoromethylated

analog to be comparable in size and follow similar

drug-protein interactions of parent methyl compound.

However, the strong covalent bonding of CAF bond

(116 kcal mol�1) versus that of the CAH bond (100

kcal mol�1) [17d] can often avoid unwanted metabolic

transformations. The high electronegativity of fluorine

enables a trifluoromethyl group to decrease the electron

density and the basicity or enhance the electrophilicity

of the neighboring functional groups within a molecule.

In many systems, the substitution of the methyl group

by a trifluoromethyl group results in added lipophilicity

(pCF3 ¼ 1.07 versus pCH3 ¼ 0.50) [17e], which may

lead to easier absorption and transportation of the mole-

cules within biological systems and thereby improve the

overall pharmacokinetic properties of drug candidates.

General methods for the preparation of these com-

pounds involve reactions of hydrazine derivatives with tri-

fluoromethylated precursors such as 1-trifluoromethylated

1,3-diketones [18], b-alkoxyvinyl trifluoromethyl ketones

[19], b-trifluoromethyl enaminones [20], and others [21–

25]. 1,3-Dipolar cycloaddition reactions of diazoalkanes

or nitrilimines with olefins or alkynes have also been car-

ried out, but this procedure has been little used in pyrazole

synthesis because 1,3-dipoles are often difficult to prepare

and are potentially explosive [26]. In recent years, we

have developed a general synthesis of 1,1,1-trihalo-4-

methoxy-3-alken-2-ones [27], important halogen-contain-

ing building blocks, and shown their usefulness in hetero-

cyclic preparations, such as isoxazoles, pyrazoles, pyrroli-

dinones, pyrimidines, pyridines, thiazines, and diazepines

[27]. Our research group is continuously interested in a

more environmentally benign synthesis, which can be

demonstrated by our recent articles that focus on solvent-

free synthesis [28] and the use of ionic liquids as reaction

media [29], associated to efficient techniques such as

microwave [30] and ultrasound irradiation [31]. In our

sustained interest on the study of heterocyclic synthesis,

herein, we wish to report a mild and efficient microwave-

assisted method for the preparation of 1-carboxymethyl-5-

trifluoromethyl-5-hydroxy-4,5-dihydro-1H-pyrazoles and

their derivatives, 5-trifluoromethylpyrazoles, under sol-

vent-free conditions.

RESULTS AND DISCUSSION

The enones 1a–m were obtained from the acylation

reaction of enol ether or acetal with trifluoroacetic anhy-

dride in accordance with the methodology developed in

our laboratory [27]. Methyl hydrazinocarboxylate 2 was

obtained commercially.

The synthesis of 1-carboxymethyl-5-trifluoromethyl-5-

hydroxy-4,5-dihydro-1H-pyrazoles 3a–m was performed

in a microwave equipment specially designed for organic

synthesis. The reaction was carried out under solvent-free

conditions by the mixture of enones 1a–m with methyl

hydrazinocarboxylate 2, in a molar ratio of 1:1.25, respec-

tively, under solvent-free conditions in a range of time

between 6 and 8 min and at temperatures indicated in

Scheme 1. Under these reaction conditions, the products

4,5-dihydro-1H-pyrazoles 3a–m were obtained in good to

high yields and in short reaction times (Scheme 1).

The scope of this microwave-assisted method devel-

oped for 4,5-dihydropyrazoles was demonstrated by using

enones with various substituents (R1). The results obtained

show that the presence of a substituent R1 in the 4-position

of the enone 1 influenced the reaction conditions. Enones

containing 4-alkyl and 4-aryl substituents were more reac-

tive and presented shorter reaction times, while the non-

substituted enone 1a (R1 ¼ H) required a longer reaction

time. This behavior can be explained by the inductive and

hyperconjugative/mesomeric effects of the alkyl and aryl

substituents, which make the C-b of the enone more

Scheme 1

Reactanta R R2 R1 Product

T
(�C)

Time

(min)

Yield

(%)b

1a Et H H 3a 100 8 78

1b Me H Me 3b 100 6 90

1c Me H Et 3c 100 6 92

1d Me H Pr 3d 100 6 89

1e Me H i-Pr 3e 100 6 90

1f Me H t-Bu 3f 100 6 80

1g Me H i-Bu 3g 100 6 87

1h Me H Ph 3h 50 6 82

1i Me H 4-NO2-Ph 3i 50 6 73

1j Me H 4-Cl-Ph 3j 50 6 90

1k Me H 4-Br-Ph 3k 50 6 85

1l Me H 4-F-Ph 3l 50 6 80

1m Et Me H 3m 100 6 50

aMolar ratio of reactants 1:2 was of 1:1.25.
b Yields of isolated products.
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reactive. It is also possible to note that aryl substituted

enones (1h–l) furnished the products at lower

temperatures.

Although the 4,5-dihydropyrazoles 3b,m have been

reported in the literature, their synthesis and spectral charac-

terization have not yet been reported. 4,5-Dihydropyrazoles

3 showed sets of 1H and 13C NMR data that correspond to

the proposed structures. Compounds 3 showed 1H NMR

chemical shifts of the diastereotopic methylene protons (H-

4a and H-4b) as a characteristic AB-system and as a doublet

at the range of 3.10–3.74 ppm, respectively, with a geminal

coupling constant at the range of 2J 18–20 Hz. Previous

studies have demonstrated that the doublet in the low field

is correspondent to the hydrogen ‘‘cis’’ in relation to the

hydroxyl group [32]. The same compounds showed 13C

NMR spectra with typical chemical shifts of 4,5-dihydro-

pyrazole rings at the ranges of 144.3–153.9 (C-3), 38.5–

45.6 (C-4), 89.3–92.0 (C-5), 122.5–124.3 (CF3).

The efficiency of this synthetic route was more apparent

when the same reaction was performed using conventional

thermal heating. Under these conditions of heating, the

addition of a solvent was necessary. Ethanol was the sol-

vent chosen due to its polarity and environmental proper-

ties that make it a good solvent for cyclocondensation

reactions. The reaction of enone 1m with methyl hydrazi-

nocarboxylate 2 was performed in a molar ratio of 1:1.25,

respectively. After 20 h, at room temperature the product

3m was isolated in moderate yield (70%).

Many studies have shown that the presence of the tri-

fluoromethyl group in 4,5-dihydro-1H-pyrazoles is one

of the important factors involved in their stability [27].

Thus, it is extremely important to investigate the possi-

bility of dehydrating 4,5-dihydropyrazoles to obtain the

aromatic 1-carboxymethyl-pyrazoles. In a strategy to

obtain the dehydrated products using microwave irradia-

tion, the reaction of enones 1 with methyl hydrazinocar-

boxylate 2 was carried out in a molar ratio of 1:1.2

under solvent-free conditions at 200�C. However, the 1-

carboxy-5-trifluoromethylpyrazole was not obtained, and

the formation of 5-dehydropyrazoles 4a,b,h was

observed, as a result of dehydration with simultaneous

loss of the carboxylate group (Scheme 2). Product 4h

was obtained after only 12 min of irradiation at 200�C,
demonstrating that the dehydration reaction under MW

conditions was sensitive to the substituent effect, and

that the phenyl substituent stabilized the products 1-car-

boxy-5-trifluoromethyl-4,5-dihydro-1H-pyrazoles.
This failure to obtain dehydrated 5-trifluoromethyl-

1H-pyrazole was a surprise, considering that in previous

studies [33], we obtained similar trihalomethylated 4,5-

dihydropyrazoles containing a strong electron-withdraw-

ing group attached to the N1-atom, where it was possi-

ble to eliminate a water molecule and to obtain the aro-

matic pyrazole without the loss of the N1-group, by stir-

ring the reaction mixture in ethanol, for 24 hours, at

45�C, followed by reflux in the presence of sulfuric acid

for 4 hours. However, we also observed that some 4,5-

dihydropyrazoles with an electron-withdrawing group

attached to the N1-atom underwent dehydration when

heated, with the simultaneous loss of the methyl carbox-

ylate group leading to the formation of 5-trifluorome-

thylpyrazole [34]. Scheme 3 shows the mechanistic

pathway for the formation of products 4a,b,h [35].

Firstly, the base removes the acid hydrogen leading to

water elimination. Then, ester hydrolysis occurs by

nucleophilic attack of water on the carboxyl carbon of

the ester and subsequent decarboxylation, leading to

NH-pyrazole formation.

In summary, we have developed a simple and fast

microwave-assisted and solvent-free method to obtain

both 1-carboxymethyl-5-trifluoromethyl-5-hydroxy-4,5-

dihydro-1H-pyrazoles and their 5-dehydropyrazoles

derivatives. This method furnished the products in high

to excellent yields through the employment of an envi-

ronmentally benign approach.

EXPERIMENTAL

Unless otherwise indicated, all common reactants and sol-
vents were used as obtained from commercial suppliers with-
out further purifications. Reactions were performed using a
CEM Discover (300 W) microwave mono Mode for Synthesis
controlled by Synergis Version 3.5.9 software. The irradiation

power was established at a maximum level of 200 W, the in-
ternal vessel pressure at a maximum level of 250 psi. The
exact power and pressure was different for each reaction and
depended on the reaction temperature, as shown in Figures 1
and 2. The reaction temperatures were constant and recorded

by an infrared probe provided by the instrument manufacturer
for direct monitoring of the internal temperature, as shown in
Figures 1 and 2. Reactions to obtain 3a–m were performed in
simultaneous cooling mode (Power On) and with maximum

stirring, while the reactions to obtain 4a,b,h were performed in
Power Off mode.

Scheme 2

Enone R R1 T (�C) Time (min) Producta Yieldb (%)

1a Et H 200 8 4a 74

1b Me Me 200 6 4b 94

1h Me Ph 200 12 4h 80

aMolar ratio of reactants 1:2 was 1:1.2.
b Yield of isolated products.
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1H and 13C NMR spectra were recorded on a Bruker DPX

400 (1H at 400.13 MHz and 13C at 100.62 MHz) in 5 ppm
sample tubes at 298 K (digital resolution 6 0.01 ppm) in
CDCl3/TMS solutions. Mass spectra were registered in a HP
5973 MSD connected to a HP 6890 GC and interfaced by a
Pentium PC. The GC was equipped with a split-splitless injec-

tor, autosampler, cross-linked to a HP-5 capillary column (30
m 0.32 mm of internal diameter), and helium was used as the
carrier gas. All melting points were determined on a Reichert
Thermovar apparatus.

Conventional method typical procedure for the synthesis

of 1-carboxymethyl-5-trifluoromethyl-5-hydroxy-4,5-dihydro-

1H-pyrazoles (3m). Enones 1m (1 mmol), methyl hydrazino-
carboxylate 2 (1.2 mmol) and ethanol (3 mL) were placed into
a round-bottom flask equipped with a stir bar. The mixture
was stirred at room temperature during 20 h. After the comple-

tion of the reaction, ethanol was removed, dichloromethane
(10 mL) was added and the solution was washed with water (3
� 10 mL). The organic layer was dried with Na2SO4 and the
solvent was removed under reduced pressure. The product 3m

was obtained in their pure form without further purification.
Microwave irradiation typical procedure for the synthe-

sis of 1-carboxymethyl-5-trifluoromethyl-5-hydroxy-4,5-

dihydro-1H-pyrazoles (3a–m). Enones 1a–m (1 mmol) and
methyl hydrazinocarboxylate 2 (1.25 mmol) were placed into a

10 mL reaction vessel equipped with a stir bar. The mixture
was irradiated at 50 or 100�C (Scheme 1), the power irradiated
during the reaction was in the range of 45–80 W, where the
internal pressure was of 31–34 psi. The reaction was per-
formed in simultaneous cooling mode (Power On) with high

magnetic stirring, during the times and temperatures described
in Scheme 1. After completion of the reaction, dichlorome-
thane (10 mL) was added and the solution was washed with
water (3 � 10 mL). The organic layer was dried with Na2SO4

and the solvent was removed under reduced pressure. The

products 3a-m were obtained in their pure form without fur-
ther purification.

Typical procedure for the synthesis of 5-trifluoromethyl-

1H-pyrazoles (4a,b,h). Enones 1a,b,h (1 mmol) and methyl

hydrazinocarboxylate 2 (1.2 mmol) were placed into a 10 mL
reaction vessel equipped with a stir bar. The mixture was irra-

diated at 200�C, the power irradiated during the reaction was

in the range of 25–200 W, where the internal pressure was of
54–86 psi. The reaction was performed without simultaneous
cooling (Power Off) at high magnetic stirring, during the times
and temperatures described in Scheme 2. After the completion
of the reaction, dichloromethane (10 mL) was added and the

solution was washed with water (3 � 10 mL). The organic
layer was dried with Na2SO4 and the solvent was removed
under reduced pressure. The products 4a,b,h were obtained in
their pure form without further purification.

1-Carboxymethyl-5-trifluoromethyl-5-hydroxy-4,5-dihydro-

1H-pyrazole (3a). Oil; 1H NMR (400 MHz, CDCl3) d (ppm)
3.17 (d, 1H, 2J ¼ 19 Hz, H4b), 3.36 (d, 1H, 2J ¼ 19 Hz,
H4a), 3.89 (s, 3H, OMe), 6.95 (s, 1H, H3). 13C NMR (100
MHz, CDCl3) d (ppm) 44.8 (C4), 53.5 (OMe), 89.3 (q, 2J ¼
33 Hz, C5), 122.85 (q, 1J ¼ 286 Hz, CF3), 144.3 (C3), 153.5

(C¼¼O). GC/MS (m/z, %) 212 (Mþ, 8), 181 (5), 143 (100), 69
(25).

1-Carboxymethyl-5-trifluoromethyl-5-hydroxy-3-methyl-4,5-

dihydro-1H-pyrazole (3b). M.p. 54-56�C; 1H NMR (400 MHz,

CDCl3) d (ppm) 2.07 (t, 3H, CH3, H9), 3.13 (d, 1H, 2J ¼ 19
Hz, H4b), 3.38 (d, 1H, 2J ¼ 19 Hz, H4a), 3.88 (s, 3H, OMe).
13C NMR (100 MHz, CDCl3) d (ppm) 15.1 (CH3), 44.8 (C4),
53.3 (OMe), 90.6 (q, 2J ¼ 34 Hz, C5), 122.9 (q, 1J ¼ 286 Hz,
CF3), 153.4 (C3), 153.9 (C¼¼O). GC/MS (m/z, %) 226 (Mþ,
23), 195 (5), 157 (100), 126 (5) 98 (10), 81 (18).

1-Carboxymethyl-3-ethyl-5-trifluoromethyl-5-hydroxy-4,5-

dihydro-1H-pyrazole (3c). M.p. 82–84�C; 1H NMR (400
MHz, CDCl3) d (ppm) 1.17 (t, 3H, CH3, H10), 2.43 (q, 2H,
CH2, H9), 3.07 (d, 1H, 2J ¼ 19 Hz, H4b), 3.23 (d, 1H, 2J ¼
19, H4a), 3.85 (s, 3H, OMe). 13C NMR (100 MHz, CDCl3) d
(ppm) 10.3 (CH3), 22.9 (CH2), 44.7 (C4), 53.4 (OMe), 90.4 (q,
2J ¼ 34 Hz, C5), 122.9 (q, 1J ¼ 286 Hz, CF3), 153.7 (C3),
158.5 (C¼¼O). GC/MS (m/z, %) 240 (Mþ, 15), 209 (5), 171
(100), 112 (10), 95 (18).

1-Carboxymethyl-5-trifluoromethyl-5-hydroxy-3-propyl-4,5-

dihydro-1H-pyrazole (3d). M.p. 49–53�C; 1H NMR (400
MHz, CDCl3) d (ppm) 0.94 (t, 3H, CH3, H11), 1.60 (q, 2H,
CH2, H10), 2.35 (t, 2H, CH2, H9), 3.08 (d, 1H, 2J ¼ 19 Hz,

H4b), 3.24 (d, 1H, 2J ¼ 19 Hz, H4a), 3.87 (s, 3H, OMe). 13C
NMR (100 MHz, CDCl3) d (ppm) 13.2 (CH3), 19.5 (CH2),

Scheme 3
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31.4 (CH2), 44.9 (C4), 53.4 (OMe), 90.4 (q, 2J ¼ 34 Hz, C5),
122.9 (q,1J ¼ 286 Hz, CF3), 153.8 (C3), 157.5 (C¼¼O). GC/
MS (m/z, %) 254 (Mþ, 19), 185 (100), 153 (38), 142 (10),
125 (10).

1-Carboxymethyl-5-trifluoromethyl-5-hydroxy-3-(1-meth-

ylethyl)-4,5-dihydro-1H-pyrazole (3e). M.p. 69–71�C; 1H
NMR (400 MHz, CDCl3) d (ppm) 1.18 (s, 6H, 2CH3, H10),
2.76 (d, 1H, CH, H9), 3.10 (d, 1H, 2J ¼ 18 Hz, H4b), 3.27 (d,
1H, 2J ¼ 18 Hz, H4a), 3.88 (s, 3H, OMe); 13C NMR (100
MHz, CDCl3) d (ppm) 26.4 (CH3), 21.9 (CH3), 22.3 (CH),

38.5 (C4), 53.5 (OMe), 90.4 (q, 2J ¼ 34 Hz, C5), 153.6 (C3),

157.0 (C¼¼O), 123.2 (q,1J ¼ 286 Hz, CF3); GC/MS (m/z, %)
254 (Mþ, 30), 211 (5), 185 (100), 153 (38), 126 (8.5).

1-Carboxymethyl-5-trifluoromethyl-5-hydroxy-3-(1,1-dime-

thylethyl)-4,5-dihydro-1H-pyrazole (3f). M.p. 97–99�C; 1H
NMR (400 MHz, CDCl3) d (ppm) 1.21 (s, 9H, 3CH3, H10),

3.13 (d, 1H, 2J ¼ 18 Hz, H4b), 3.29 (d, 1H, 2J ¼ 18 Hz,
H4a), 3.88 (s, 3H, OCH3);

13C NMR (100 MHz, CDCl3) d
(ppm) 27.6 (3 CH3), 42.5 (C4), 58.0 (OMe), 90.9 (q, 2J ¼ 34
Hz, C5), 123.1 (q, 1J ¼ 286 Hz, CF3), 153.9 (C3), 164.2
(C¼¼O); GC/MS (m/z, %) 268 (Mþ, 19), 199 (100), 167 (19),

140 (10).

Figure 1. Range of temperature (1) and power (2) furnished by MW for obtaining compound 3a. [Color figure can be viewed in the online issue,

which is available at www.interscience.wiley.com.]
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1-Carboxymethyl-5-trifluoromethyl-5-hydroxy-3-(2-meth-

ylpropyl)-4,5-dihydro-1H-pyrazole (3g). M.p. 41–43�C; 1H

NMR (400 MHz, CDCl3) d (ppm) 0.99 (2s, 6H, 2CH3, H11),
1.94 (q, 1H, CH, H10), 2.30 (t, 2H, CH2, H9), 3.12 (d, 1H, 2J
¼ 19 Hz, H4b), 3.28 (d, 1H, 2J ¼ 19 Hz, H4a), 3.91 (s, 3H,
OCH3);

13C NMR (100 MHz, CDCl3) d (ppm) 13.1 (CH3),
29.0 (CH2), 28.0 (CH2), 21.8 (CH2), 45.06 (C4), 57.38 (OMe),

90.8 (q, 2J ¼ 34 Hz, C5), 122.7 (q,1J ¼ 286 Hz, CF3), 153.17
(C3), 157.35 (C¼¼O); GC/MS (m/z, %) 268 (Mþ, 33), 251
(4.5), 199 (100), 167 (40).

1-Carboxymethyl-3-phenyl-5-trifluoromethyl-5-hydroxy-4,5-

dihydro-1H-pyrazole (3h). M.p. 153–155�C; 1H NMR (400
MHz, CDCl3) d (ppm) 3.55 (d, 1H, 2J ¼ 18 Hz, H4a), 3.69 (d,

1H, 2J ¼ 18 Hz, H4b), 3.94 (s, 3H, OCH3), 7.43–7.45 (m, 3H,
H-Ar), 7.69–7.73 (m, 2H, H-Ar); 13C NMR (100 MHz,
CDCl3) d (ppm) 43.3 (C4), 53.8 (OMe), 91.6 (q, 2J ¼ 34 Hz,

C5), 123.5 (q, 1J ¼ 286 Hz, CF3), 130.9, 129.7, 128.7, 126.6
(C-Ar), 152.9 (C3), 158.2 (C¼¼O); GC/MS (m/z, %) 288 (Mþ,
85), 257 (2), 229 (2), 219 (100).

1-Carboxymethyl-3-(4-nitrophenyl)-5-trifluoromethyl-5-

hydroxy-4,5-dihydro-1H-pyrazole (3i). M.p. 180–182�C;
1H NMR (400 MHz, CDCl3) d (ppm) 3.59 (d, 1H, 2J ¼ 18
Hz, H4b), 3.74 (d, 1H, 2J ¼ 18 Hz, H4a), 3.97 (s, 3H, OCH3),
8.20–8.31 (m, 4H, H-Ar); 13C NMR (100 MHz, CDCl3) d
(ppm) 43.1 (C4), 54.1 (OMe), 92.0 (q, 2J ¼ 34 Hz, C5),
122.85 (q, 1J ¼ 286 Hz, CF3), 150.5, 135.7, 127.5, 124.0 (C-

Figure 2. Range of temperature (1) and power (2) furnished by MW for obtaining compound 4a. [Color figure can be viewed in the online issue,

which is available at www.interscience.wiley.com.]
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Ar), 148.9 (C3), 153.7 (C¼¼O); GC/MS (m/z, %) 333 (Mþ,
28), 316 (1), 274 (1), 264 (100).

1-Carboxymethyl-3-(4-chlorophenyl)-5-trifluoromethyl-5-

hydroxy-4,5-dihydro-1H-pyrazole (3j). M.p. 107–109�C; 1H
NMR (400 MHz, CDCl3) d (ppm) 3.61 (d, 1H, 2J ¼ 19 Hz,

H4a), 3.66 (d, 1H, 2J ¼ 19 Hz, H4b), 3.94 (s, 3H, OCH3),
7.40 (d, 2H, H-Ar), 7.69 (d, 2H, H-Ar); 13C NMR (100 MHz,
CDCl3) d (ppm) 43.2 (C4), 55.9 (OMe), 91.4 (q, 2J ¼ 34 Hz,
C5), 124.3 (q, 1J ¼ 286 Hz, CF3), 137.1, 129.1, 128.4, 127.6
(C-Ar), 151.8 (C3), 153.9 (C¼¼O); GC/MS (m/z, %) 323 (Mþ

þ Hþ, 30), 322 (90), 253 (100), 209 (70), 137 (60).
1-Carboxymethyl-3-(4-bromophenyl)-5-trifluoromethyl-5-

hydroxy-4,5-dihydro-1H-pyrazole (3k). M.p. 148–151�C; 1H
NMR (400 MHz, CDCl3) d (ppm) 3.51 (d, 1H, 2J ¼ 18 Hz,
H4a), 3.65 (d, 1H, 2J ¼ 18 Hz, H4b), 3.94 (s, 3H, OCH3),

7.56 (s, 4H, H-Ar); 13C NMR (100 MHz, CDCl3) d (ppm)
43.1 (C4), 53.8 (OMe), 90.4 (q, 2J ¼ 32 Hz, C5), 122.9 (q, 1J
¼ 287 Hz, CF3), 132.1, 128.8, 128.1, 125.5 (C-Ar), 151.8
(C3), 153.8 (C¼¼O); GC/MS (m/z, %) 367 (Mþ, 82), 297

(100), 280 (1).
1-Carboxymethyl-3-(4-fluorophenyl)-5-trifluoromethyl-5-

hydroxy-4,5-dihydro-1H-pyrazole (3l). M.p. 145–147�C; 1H
NMR (400 MHz, CDCl3) d (ppm) 3.52 (d, 1H, 2J ¼ 18 Hz,
H4a), 3.66 (d, 1H, 2J ¼ 18 Hz, H4b), 3.94 (s, 3H, OCH3),

7.11 (d, 2H, H-Ar), 7.72 (d, 2H, H-Ar); 13C NMR (100 MHz,
CDCl3) d (ppm) 43.3 (C4), 53.8 (OCH3), 91.3 (q, 2J ¼ 34 Hz,
C5), 122.5 (q,1J ¼ 286 Hz, CF3), 165.6, 163.1, 128.8, 115.9
(C-Ar), 151.8 (C3), 153.9 (C¼¼O); GC/MS (m/z, %) 306 (Mþ,
75), 237 (100), 218 (6).

1-Carboxymethyl-5-trifluoromethyl-5-hydroxy-4-methyl-

4,5-dihydro-1H-pyrazole (3m). M.p. 68–71�C; 1H NMR
(400 MHz, CDCl3) d (ppm) 1.27 (d, 1H, CH3), 1.43 (q, 1H,
CH), 3.92 (s, 3H, OCH3), 6.87 (s, 1H, CH); 13C NMR (100
MHz, CDCl3) d (ppm) 9.9 (CH3), 47.7 (C4), 53.7 (OMe), 89.4

(q, 2J ¼ 34 Hz, C5), 123.2 (q, 1J ¼ 286 Hz, CF3), 149.7 (C3),
154.1 (C¼¼O); GC/MS (m/z, %) 227 (Mþ þ Hþ, 13), 209
(27), 157 (100), 113 (24).

5-Trifluoromethyl-1H-pyrazole (4a). Oil; 1H NMR (400

MHz, CDCl3) d (ppm) 6.60 (d, 1H, 3J ¼ 2.0 Hz, H4), 7.86 (d,
1H, 3J ¼ 2.0 Hz, H3), 13.57 (s, 1H, NH). 13C NMR (100
MHz, CDCl3) d (ppm) 141.3 (q, 2J ¼ 36.7 Hz, C5), 130.5
(C3), 122.1 (q, 1J ¼ 267.7 Hz, CF3), 103.2 (C4). GC/MS (m/z,
%) 136 (Mþ, 100), 117 (49), 69 (65).

5-Trifluoromethyl-3-methyl-1H-pyrazole (4b). M.p. 89–
90�C; 1H NMR (400 MHz, CDCl3) d (ppm) 2.33 (s, 3H, Me),
6.30 (s, 1H, H4), 12.89 (s, 1H, NH); 13C NMR (100 MHz,
CDCl3) d (ppm) 10.3 (Me), 102.8 (C4), 121.5 (q, 1J ¼ 287
Hz, CF3), 141.4 (C3), 142.8 (q, 2J ¼ 34 Hz, C5); GC/MS (m/

z, %) 150 (Mþ, 100), 131 (45), 101 (40), 81 (40), 51 (22).
5-Trifluoromethyl-3-phenyl-1H-pyrazole (4h). Oil; 1H NMR

(400 MHz, CDCl3) d (ppm) 6.80 (s, 1H, H4), 7.26–7.59 (m,
5H, H-Ar). 13C NMR (100 MHz, CDCl3) d (ppm) 145.1 (C3),
143.5 (q, 2J ¼ 38.1 Hz, C5), 121.1 (q, 1J ¼ 268.6 Hz, CF3),

100.9 (C4), 125.6, 127.9, 129.1, 129.3 (C-Ar). GC/MS (m/z,
%) 212 (Mþ, 100), 193 (9), 143 (25), 77 (27).
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The preparation of new 3-amino-2-furfurylthieno[2,3-b]pyridines (1a,b, 69–80%) is described. Subse-
quent acidic rearrangement of 1a,b afforded two new annulated heterocyclic products, 5a,b, pyrrolo-

thieno[2,3-b]pyridines (45–74%), and 6, pyridothieno[2,3-b]pyrrolizine (22%), depending on reaction
conditions.

J. Heterocyclic Chem., 47, 309 (2010).

INTRODUCTION

Thieno[2,3-b]pyridine derivatives are well known to

possess varied biological and pharmacological activities,

and hence, their synthesis has been of interest to

chemists [1–7]. We have successively used different

thieno[2,3-b]pyridine derivatives as intermediates for

synthesis of some interesting conjugated and annulated

heterocyclic systems [8–11].

Thus, continuing our investigation along this line, we

herein wish to report the synthesis and acid catalyzed

transformations of N-{2-[(5-methyl-2-furyl)(phenyl)me-

thyl]thieno[2,3-b]pyridin-3-yl}acetamides.

RESULTS AND DISCUSSION

The preparation and transformations of 3-amino-2-fur-

furylthieno[2,3-b]pyridines (e.g. 1, Scheme 1) under

acid conditions have attracted our attention because

these substances could be considered as heteroanalogues

of ortho-aminobenzylfurans, which were converted into

indole derivatives via the furan ring recyclization under

acid conditions [12–14] (Scheme 1).

The 3-amino-2-furfurylthieno[2,3-b]pyridines 1 were

prepared easily from 3-amino-2-benzoylthieno[2,3-b]pyr-
idines 2 according to Scheme 2. This approach included

an acetylation of aminoketones 2 with acetyl chloride

followed by reduction of carbonyl group and alkylation

of 2-methylfuran with the alcohols obtained. A mixture

of 70% HClO4, acetic anhydride, and acetic acid

(HClO4:Ac2O:AcOH ¼ 5.6:3.3:5.2 mmoles) was used as

a catalyst for the last stage. The application of the cata-

lyst allowed to decrease undesired side-transformations

of alcohols 4a,b and 2-methylfuran during the reaction

[15].

A new heterocyclic system—pyridothienopyrrole 5—

was made from 1 by successive treatment with concen-

trated HCl in acetic acid under heating (Scheme 3). A

cleavage of the protective acetyl group was observed

during the reaction.

An attempt to recyclize 1 on heating in ethanolic HCl

solution gave the unusual results: if 1b (R ¼ Me) was

smoothly converted into the corresponding pyridothieno-

pyrrole 5b (64%), 1a (R ¼ H) gave two substances. We

found that in addition to the expected 5a (45%) another

product—a compound 6 (22%)—was isolated from the

reaction mixture (Scheme 3).

The structure of 6 is assigned by X-ray analysis

[Fig.(1)] [16]. The crystal was grown from CH2Cl2-

petroleum ether mixture. Pyrrolidine moiety of the mol-

ecule is practically planar: the angle between planes

C(7)-N(2)-C(10)-C(6) and C(7)-C(8)-C(9) is 176.1�.
H(8b)-C(8)-C(7)-C(19), H(8a)-C(8)-C(7)-H(9a), H(9b)-

C(9)-C(8)-H(8b), and H(9a)-C(9)-C(8)-H(8a) torsion

VC 2010 HeteroCorporation
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angles equals 4.6, 2.4, 2.1, and 4.7�, correspondingly.

Phenyl substituent is located in a plane forming an angle

of 3.4� with the heterocyclic core.

We suppose that the formation of 5a and 6 proceeds

as follows: the furan ring opening leads to a diketone,

which in turn reacts with amino group to afford A

(Scheme 4). The aromatization of A leads to pyrrole

ring formation as observed earlier for benzylfurans [11–

13] to give compound 5a (Path a). Another route—pyr-

rolizine 6 formation—is a concurrent process. Probably,

compound 6 is provided by ring closure of dihydropyr-

rolothienopyridine A with side chain carbonyl group to

produce a cyclic semiaminal B (Path b). The interaction

between the semiaminal B and EtOH molecule allows

fixing the pyrrolizine ring as ethoxy derivative which

then converts into 6.

We found that all efforts to furnish the pyrrolizine 6

by heating of the ketone 5a under identical conditions

failed. In our opinion, this result confirms the proposed

mechanism: the alkylation occurs before the aromatiza-

tion of the pyrrole ring. On treating 1a,b with HCl/

AcOH mixture only 5a,b (74%, 61%) were formed. In

this case the Path a is predominant because of the equi-

librium between cyclic seminal B and A.

As to the recyclization of 1b, we suppose that the

Me-substituent in position 4 of the pyridine ring pre-

vents the pyrrolidine ring closure, probably, due to steric

factors. So in this case, the Path a is the only possible

way for the reaction.

In conclusion, acid-catalyzed transformations of 2-fur-

furylthieno[2,3-b]pyridines have been studied, and the

unusual intramolecular N-alkylation of pyrrole ring

under acid condition has been disclosed. Possible mech-

anism of the reaction has been proposed.

EXPERIMENTAL

Melting points are uncorrected. 1H-NMR spectra were meas-

ured in DMSO-d6 on Bruker AM 300 spectrometer using TMS
as an internal standard. Coupling constant (J) values are given
in Hz. Mass spectra were recorded on a Kratos MS-30 instru-
ment with 70 eV impact ionization. IR spectra were recorded

Scheme 1

Scheme 2

Scheme 3

Figure 1. ORTEP of the molecular structure of compound 6.

310 Vol 47D. Yu. Kosulina, V. K. Vasilin, T. A. Stroganova, T. Ya. Kaklyugina, and G. D. Krapivin

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



on an InfraLUM FT-02 spectrometer, and absorptions are
given in wavenumbers (cm–1). Column chromatography was

carried out using KSK silica gel (5–40 lm) manufactured by
Sorbpolymer Ltd.

General procedure for acetylation of amines 2a,b. A mix-
ture of amine (2a,b) (10 mmoles) and AcCl (20 mmoles) in
1,4-dioxane (60 mL) was refluxed until the complete conver-

sion of the compounds 2 (TLC). To the cooled stirred mixture,
water (10–15 mL) was added drop by drop, and the resulted
mixture was left at RT for crystallization of a product. The
precipitate thus obtained was separated with suction, washed
with aq solution of sodium hydrocarbonate, water, and air-

dried. Recrystallization of the solid from DMF yielded com-
pounds 3a,b as colorless crystals.

N-(2-Benzoyl-4,6-dimethylthieno[2,3-b]pyridin-3-yl)acetamide
(3a). This compound was obtained as colorless crystals in 71%

yield, mp 161–162�C; IR: NH 3245, CO 1662, CO 1645
cm�1; 1H-NMR (DMSO-d6): d 1.50 (s, 3H, COCH3), 2.57 (s,
3H, 4-CH3), 2.62 (s, 3H, 6-CH3), 7.19 (s, 1H, H-5), 7.52 (t,
2H, HPh, J ¼ 7.3 Hz), 7.62–7.74 (m, 3H, phenyl protons), 9.76
ppm (s, 1H, NH), ms: m/z 324 (29), 281 (100), 121 (11), 105

(13), 59 (25), 43 (49). Anal. Calcd for C18H16N2O2S: C,
66.65; H, 4.97; N, 8.64. Found: C, 66.80; H, 5.09; N, 8.70.

N-(2-Benzoyl-6-methylthieno[2,3-b]pyridin-3-yl)acetamide
(3b). This compound was obtained as colorless crystals in
70% yield, mp 187–188�C; IR: NH 3213, 3192, CO 1705, CO

1635 cm�1; 1H-NMR (DMSO-d6): d 1.65 (s, 3H, COCH3),
2.65 (s, 3H, 6-CH3), 7.42–7.55 (m, 3H, phenyl protons), 7.60–
7.67 (m, 2H, phenyl protons), 7.72 (d, 1H, J ¼ 7.3 Hz, H-5),
8.33 (d, 1H, J ¼ 8.1 Hz, H-4), 10.51 ppm (s, 1H, NH); ms: m/
z 310 (21), 269 (12), 268 (82), 267 (94), 105 (17), 101 (13),

77 (100), 69 (12), 59 (35), 57 (17), 55 (14), 51 (18), 45 (22).
Anal. Calcd for C17H14N2O2S: C, 65.79; H, 4.55; N, 9.03.
Found: C, 65.91; H, 4.68; N, 8.91.

General procedure for the reduction of acylaminoketones

3a,b. To a vigorously stirred suspension of acylaminoketone
(3a,b) (5 mmoles) in ethanol (40 mL), NaBH4 (0.23 g, 6

mmoles) was added portion wise, and the mixture was kept at
50–60�C for 2 h. After that the mixture was diluted with water
(200 mL) and a precipitate formed was separated by filtration.
The solid was recrystallized from ethanol yielding alcohols
4a,b.

N-{2-[Hydroxy(phenyl)methyl]-4,6-dimethylthieno[2,3-b]pyri-
din-3-yl}acetamide (4a). This compound was obtained as white

powder in 77% yield, mp 178–179 �C; IR: OH 3280, NH

3225, 3120, CO 1652 cm–1; 1H-NMR (DMSO-d6): d 2.03 (s,

3H, COCH3), 3.35 (s, 6H, 4-,6-CH3), 5.98 (d, 1H, CHAOH, J
¼ 3.7 Hz), 6.36 (d, 1H, CHAOH, J ¼ 3.7 Hz), 7.00 (s, 1H,

H-5), 7.20–7.41 (m, 5H, phenyl protons), 9.51 ppm (s, 1H,

NH), ms: m/z 326 (0.7), 308 (20), 293 (40), 267 (100), 265

(98), 251 (12), 105 (21), 101 (10), 80 (38), 76 (17), 59 (24),

43 (59). Anal. Calcd for C18H18N2O2S: C, 66.23; H, 5.56; N,

8.58. Found: C, 66.32; H, 5.60; N, 8.69.

N-{2-[Hydroxy(phenyl)methyl]-6-methylthieno[2,3-b]pyridin-
3-yl}acetamide (4b). This compound was obtained as white
powder in 89% yield, mp 197–198�C; IR: OH 3259, NH 3230,
3158, CO 1656 cm�1; 1H-NMR (DMSO-d6): d 2.06 (s, 3H,
COCH3), 2.50 (c, 3H, 6-CH3), 6.12 (d, 1H, CHAOH, J ¼ 4.4
Hz), 6.37 (d, 1H, CHAOH, J ¼ 4.4 Hz), 7.19–7.43 (m, 6H,

phenyl protons, H-5), 7.75 (d, 1H, H-4, J ¼ 8.8 Hz), 9.67 ppm
(s, 1H, NH); ms: m/z 253 (32), 252 (20), 251 (100), 134 (26),
105 (30), 91 (15), 90 (19), 77 (41), 65 (12), 63 (11), 59 (15),
43 (28). Anal. Calcd for C17H16N2O2S: C, 65.36; H, 5.16; N,
8.97. Found: C, 65.46; H, 5.24; N, 8.89.

Preparation of N-{2-[(5-methyl-2-furyl)(phenyl)methyl]th-
ieno[2,3-b]pyridin-3-yl}acetamide (1a,b). To a solution of
4a,b (8.3 mmoles) in 1,4-dioxane (20 mL), 2-methylfuran
(1.12 mL, 12.5 mmoles) and a catalyst (0.4 mL), which was a
mixture of 70% HClO4 (2 mL), Ac2O (5.3 mL) and AcOH (3

mL), was added [15]. The mixture was refluxed for 5 h until
no initial compound remained (TLC control), then it was
poured into of cold water (100 mL), neutralized with sodium
hydrocarbonate to pH � 6–7. The crude product was filtered

with suction and recrystallized from ethanol with charcoal.
N-{6-Methyl-2-[(5-methyl-2-furyl)(phenyl)methyl]thieno[2,3-

b]pyridin-3-yl}acetamide (1a). This compound was obtained as

white powder in 80% yield, mp 186–187�C; IR: NH 3247, CO

1659 cm�1; 1H-NMR (DMSO-d6): d 2.05 (s, 3H, COCH3),

2.22 (s, 3H, CH3), 2.55 (s, 3H, CH3), 5.90 (s, 1H, CH), 6.00

(d, 1H, HFur, J ¼ 3.2 Hz), 6.08 (d, 1H, HFur, J ¼ 3.2 Hz), 7.26

(s, 5H, phenyl protons), 7.77 (s, 2H, H-5, H-4), 9.68 ppm (s,

1H, NH). Anal. Calcd. for C22H20N2O2S: C, 70.19; H, 5.35;

N, 7.44. Found: C, 70.21; H, 5.32; N, 7.41.

N-{4,6-Dimethyl-2-[(5-methyl-2-furyl)(phenyl)methyl]thieno[2,3-
b]pyridin-3-yl}acetamide (1b). This compound was obtained as
colorless crystals in 69% yield, mp 187–188�C; IR: NH 3272,
CO 1654 cm�1; 1H-NMR (DMSO-d6): d 2.04 (s, 6H, 2�
CH3), 2.23 (s, 6H, 2� CH3), 5.77 (s, 1H, CH), 6.02 (d, 1H,
HFur, J ¼ 3.2 Hz), 6.04 (d, 1H, HFur, J ¼ 3.2 Hz), 7.03 (s, 1H,
H-5), 7.21–7.38 (m, 5H, phenyl protons), 9.57 ppm (s, 1H,
NH); ms: m/z 390 (82), 374 (12), 332 (88), 305 (49), 303 (18),
291 (28), 289 (18), 271 (11), 265 (19), 229 (12), 184 (17), 178

(20), 171 (37), 165 (11), 155 (12), 141 (32), 127 (15), 105
(25), 101 (16), 76 (14), 59 (21), 44 (29), 43 (54). Anal. Calcd.

Scheme 4
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for C23H22N2O2S: C, 70.74; H, 5.68; N, 7.17. Found: C,
70.65; H, 5.78; N, 7.24.

General procedure for the reaction of thieno[2,3-b]pyri-
dines 1a,b with HCl/AcOH mixture. A solution of 1a,b (2
mmoles) in a mixture of glacial acetic acid (20 mL) and hy-

drochloric acid (5 mL) was refluxed until no initial compounds
remained (TLC) and then was poured into cold water (100
mL) and neutralized with sodium hydrocarbonate to pH � 6–
7. A precipitate was collected, washed with water, and air-
dried. A hot solution of the solid in dichloromethane-petro-

leum ether mixture was filtered through a pad of silica gel to
give desired compounds 5a,b.

4-(6-Methyl-3-phenyl-1H-pyrrolo[20,30:4,5]thieno[2,3-b]pyr-
idin-2-yl)butan-2-one (5a). This compound was obtained as
white powder in 74% yield; mp 98–99�C; IR: NH 3360, CO

1709 cm�1; 1H-NMR (DMSO-d6): d 2.12 (s, 3H, COCH3),
2.57 (s, 3H, CH3), 2.92 (t, 2H, CH2CH2COCH3, J ¼ 8.1 Hz),
3.10 (t, 2H, CH2CH2COCH3, J ¼ 8.1 Hz), 7.28 (d, 1H, H-5, J
¼ 8.1 Hz), 7.43–7.58 (m, 5H, phenyl protons), 8.04 (d, 1H, H-

4 J ¼ 7.3 Hz), 11.87 ppm (s, 1H, NH); ms: m/z 334 (54), 314
(12), 289 (12), 279 (16), 278 (30), 277 (100), 275 (19), 59
(13), 58 (15), 55 (11), 43 (26), 42 (13), 41 (12). Anal. Calcd
for C20H18N2OS: C, 71.83; H, 5.42; N, 8.38. Found: C, 71.86;
H, 5.40; N, 8.35.

4-(4,6-Dimethyl-3-phenyl-1H-pyrrolo[20,30:4,5]thieno[2,3-b]
pyridin-2-yl)butan-2-one (5b). This compound was obtained
as white powder in 61% yield; mp 178–179�C; IR: NH 3262,
CO 1715 cm�1; 1H-NMR (DMSO-d6): d 2.11 (s, 3H, COCH3),
2.70 (s, 6H, 2� CH3), 2.92 (t, 2H, CH2CH2COCH3, J ¼ 7.3

Hz), 3.12 (t, 2H, CH2CH2COCH3, J ¼ 7.3 Hz), 7.06 (s, 1H,
H-5), 7.25–7.29 (m, 2H, phenyl protons), 7.43–7.57 (m, 3H,
phenyl protons), 11.46 ppm (s, 1H, NH); ms: m/z 348 (44),
291 (100), 151 (15), 128 (29), 115 (30), 101 (26), 89 (11), 76
(26), 66 (11), 59 (16), 58 (40), 51 (24), 45 (14). Anal. Calcd

for C21H20N2OS: C, 72.38; H, 5.79; N, 8.04. Found: C, 72.38;
H, 5.91; N, 7.94.

General procedure for the interaction of thieno[2,3-

b]pyridines 1a,b with EtOH/HCl(gas). A solution of 1a,b (2

mmoles) in EtOH saturated with dry HCl (gas) (20 mL) was
refluxed for 50 min. Then the mixture was poured into cold
water (100 mL), and neutralized with sodium hydrocarbonate
to pH � 6–7. The solid formed was filtered off, washed with
water, and air-dried. For 1b—the precipitate was purified as

described above yielding 5b in 64% yield.
In case of 1a, the solid was separated by column chromatog-

raphy (silica gel, petroleum ether : ethyl acetate 1:2) to afford
5a and 6 as colorless crystals in 45 and 22% yield,
respectively.

9-Ethoxy-3,9-dimethyl-6-phenyl-8,9-dihydro-7H-pyrido[30,20:
4,5]thieno[2,3-b]pyrrolizine (6). This compound was obtained
as colorless crystals in 22% yield, mp 166–167�C; IR: 3053,

2984, 2921, 2881, 1603, 1559, 1540, 1453, 1420, 1338, 1212,
1132, 1101, 1065, 976, 813, 761, 723, 688, 510 cm�1; 1H-
NMR (DMSO-d6): d 1.05 (t, 3H, OCH2CH3, J ¼ 6.6 Hz), 1.80
(s, 3H, CH3), 2.60 (c, 3H, CH3-Py), 2.98 (t, 2H, CH2, J ¼ 7.3
Hz), 3.35 (q, 2H, OCH2CH3, J ¼ 6.6 Hz), 3.59 (t, 2H, CH2, J
¼ 7.3 Hz), 7.23 (t, 1H, 4-HPh, J ¼ 7.3 Hz), 7.37 (d, 1H, HPy,
J ¼ 8.1 Hz,), 7.48 (t, 2H, J ¼ 7.3 Hz, 3-, 5-HPh), 7.56 (d, 2H,
2-, 6-HPh, J ¼ 7.3 Hz), 8.14 ppm (d, 1H, HPy, J ¼ 8.1 Hz);
ms: m/z 362 (37), 317 (12.8), 315 (11), 301 (24), 277 (25), 96
(14), 95 (100), 43 (23). Anal. Calcd for C22H22N2OS: C,

72.89; H, 6.12; N, 7.73. Found: C, 72.91; H, 6.10; N, 7.74.
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An efficient green protocol for the preparation of 1,2-dihydro-1-arylnaphtho[1,2-e][1,3]oxazine-3-ones
employing a three-component one-pot condensation reaction of b-naphthol, aromatic aldehyde, urea or
thiourea in the presence of montmorillonite K10 clay under solvent free conditions has been described.
The present procedure offers advantages such as shorter reaction time (<90 min), simple workup, excel-

lent yields, recovery and reusability of catalyst.

J. Heterocyclic Chem., 47, 313 (2010).

INTRODUCTION

Recently, benzoxazinone derivatisation has attained

considerable significance in potential antiviral target

compounds [1]. The prime driving force in this area is

the fight against HIV by developing more efficacious

drugs than Efavirenz (Sustiva), a benzoxazinone deriva-

tive which is presently in clinical use for the treatment

of AIDS.

The construction of new analogs of bioactive hetero-

cyclic compounds represents a major challenge in syn-

thetic organic and medicinal chemistry. Due to their

broad spectrum of biological activities naphthalene-con-

densed 1,3-oxazin-3-ones have been reported to act as

antibacterial agents [2]. Heterogeneous organic reactions

have proven useful to chemists both in academia and in

industry. Clay-catalyzed organic transformations have

generated considerable interest because of their inexpen-

sive nature and special catalytic attributes under hetero-

geneous reaction conditions [3].

In this context, a recent report [4] and related publica-

tions [5] on one pot three component synthesis of 1,2-

dihydro-1-arylnaphtho[1,2-e][1,3]oxazine-3-ones by the

condensation of aldehydes, urea or thiourea with b-
naphthol in the presence of acid p-TSA attracted our

attention. This method suffers from the drawbacks of

green chemistry such as prolonged reaction times, re-

covery and reusability of catalyst. The demand for envi-

ronmentally benign procedure with reusable catalyst

necessitated us to develop an alternate method for the

synthesis of 1,2-dihydro-1-arylnaphtho[1,2-e][1,3]oxa-

zine-3-ones. In continuation of our work on the use of

heterogeneous solid acid catalysts [6], we describe in

this report a general and efficient green protocol for the

preparation of 1,2-dihydro-1-arylnaphtho[1,2-e][1,3]oxa-

zine-3-ones, employing a one-pot three-component con-

densation of b-naphthol, aromatic aldehydes urea or

thiourea in the presence of montmorillonite K10 clay

under solvent free conditions. This method is superior to

the reported methods in all aspects such as short reac-

tion times and excellent yields.

RESULTS AND DISCUSSION

Initially to determine the most appropriate reaction

conditions and to evaluate the catalytic activity of

Lewis/protic acid catalysts, a model study was carried

out on the synthesis of 1,2-dihydro-1-arylnaphtho[1,2-

e][1,3] oxazine-3-one 4a (Table 1) by the condensation

of benzaldehyde 1a with b-naphthol 2 and urea 3a in

different sets of reaction conditions. Among all the

tested catalysts such as Silica sulfuric acid, p-TSA,
AcOH, LiCl, CuCl2, HClO4-SiO2, Amberlist-15, and IR-

120 under solvent free conditions we found that the best

results were obtained with the condensation in the pres-

ence of montmorillonite K10 catalyst (Table 1, entry 1).

The condensation of mixture of benzaldehyde 1a (1

mmol) with b-naphthol 2 (1 mmol) and urea 3a (1.5

mmol) in the presence of montmorillonite K10 (0. 3

mmol) was carried out at 160�C for 0.5 h under solvent

free conditions (Scheme 1). The reaction proceeded
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smoothly and gave the corresponding 1,2-dihydro-1-aryl

naphtho[1,2-e][1,3]oxazine-3-one 4a as the sole product

in 89% isolated yield. Ethyl acetate was added to the

reaction mixture and simply filtering the mixture and

evaporating the solvent from the filtrate gave the crude

product, which was purified by crystallization in ethyl

acetate: hexane (1:3) to obtain 4a as white solid.

To evaluate the generality of the process, several

examples illustrating the present method for the synthe-

sis of 1,2-dihydro-1-arylnaphtho[1,2-e][1,3]oxazine-3-

ones 4 was studied (Table 2). The reaction of b-naph-
thol 2 with various aromatic aldehydes bearing electron

withdrawing groups (such as nitro, halide), electron

releasing groups (such as methoxy, methyl or hydroxyl

groups), and urea or thiourea was carried out in the

presence of Montmorillonite K 10 as a catalyst.

The heterocyclic aldehydes such as furfural (entry m,

Table 2) and 2-Chloroquinoline-3-aldehyde (entry n, Ta-

ble 2) on reaction with b-naphthol 2 and urea 3 in the

presence of montmorillonite K10 clay under solvent free

conditions was sluggish and the corresponding products

were isolated only in 10–15% yields. The poor reaction

of heterocyclic aldehydes (entry m & n Table 2) with b-
naphthol 2 can be explained by considering the possibil-

ity of binding of basic hetero atom (m & n) on the sur-

face of Montmorillonite K10 clay. The results obtained

in the current method are illustrated in Table 2. All

products obtained were fully characterized by spectro-

scopic methods such as IR, 1H NMR, 13C NMR and

mass spectroscopy and also by comparison with the

reported spectral data [4].

On the basis of all our experimental results, together

with the literature reports [4], we have proposed the

plausible mechanism for the formation of 1,2-dihydro-1-

arylnaphtho[1,2-e][1,3]oxazine-3-ones 4 in the presence

of Montmorillonite K10 clay (Scheme 2). The reaction

is believed to proceed through the formation of an N-
acylimine intermediate 5 formed in situ by the reaction

of aldehyde 1 with urea or thiourea 3. The subsequent

addition of the b-naphthol to the N-acylimine, followed

by cyclization affords the corresponding products 4(a-p)

and ammonia.

The simplicity, together with the use of inexpensive,

non-toxic, and environmentally benign catalyst under

solvent free condition is other remarkable features of the

procedure. The catalyst was recovered by filtration,

washed several times with methanol, dried at 120�C for

72 h and reused with out significant loss of catalyst

activity.

In conclusion, we have reported herein a novel and

ecofriendly method for the synthesis of 1,2-dihydro-1-

aryl naphtho[1,2-e][1,3]oxazine-3-ones using Montmoril-

lonite K10 clay under solvent free conditions. The

advantages of the present protocol are mild heterogene-

ous reaction conditions, shorter reaction times, and easy

work up. The inexpensive, ready availability, recycla-

blity of the catalyst make the procedure an attractive al-

ternative to the existing methods for the synthesis of

1,2-dihydro-1-arylnaphtho[1,2-e][1,3]oxazine-3-ones.

EXPERIMENTAL

General procedure. A mixture of b-naphthol (1 mmol),

aldehyde (1 mmol), urea or thiourea (1.5 mmol) and Montmo-
rillonite K10 clay (0.3 mmol) was rapidly stirred and heated at
160�C for the specified time (Table 2). After TLC indicates
the disappearance of starting material, reaction was cooled to
room temperature, ethyl acetate (25 mL) was added and the in-

soluble material was filtered to separate the catalyst. The fil-
trate was concentrated under vacuum and the crude residue
was purified by crystallization in ethyl acetate: hexane (1:3) to
afford pure product 4 in excellent yields as specified in Table
2. The catalyst filtered was washed with methanol (3 � 10

mL), dried at 120�C for 72 h and reused. The isolated product
yields after each cycle is 78%. All products obtained were
fully characterized by spectroscopic methods such as IR, 1H
NMR, 13C NMR and mass spectroscopy and have been identi-

fied by the comparison of the spectral data with those
reported.

1-Phenyl-1,2-dihydronaphtho[1,2-e][1,3]oxazin-3-one (4a). m.p.
210–212�C, IR (KBr) mmax 3281, 2928, 1727, 1627, 1514,
1458, 1435, 1396, 1338, 1289, 1221, 1165, 1111, 981, 925,

828, 745 cm�1. 1H NMR (200 MHz, CDCl3 þ DMSO-d6): d

Table 1

Synthesis of 1,2-dihydro-1-arylnaphtho[1,2-e][1,3]oxazine -3-one 4a

using different catalysts under solvent free conditions.

Entry Catalyst Yield (%)b Ref

1 Montmorillonite K10 clay 89 –

2 Silica sulfuric acid 65 –

3 p-TSA 58 4

4 AcOH 45 4

5 LiCl 38 4

6 CuCl2 30 4

7 HClO4-SiO2 64 –

8 Amberlist-15 48 –

9 IR120 44 –

a Benzaldehyde (1 mmol), urea (1.5 mmol), b-napthol (1 mmol), cata-

lyst (0.3 mmol).
b Isolated yields.

Scheme 1. X ¼ O or S 4a-p.
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Table 2

Reaction of b-naphthol with various aldehydes and urea or thiourea.

Entry Aldehyde 1 Urea/Thiourea 3 Product 4 Reaction Time (min) Yielda (%)

a NH2CONH2 30 89

b NH2CONH2 30 84

c NH2CONH2 55 85

d NH2CONH2 50 90

e NH2CONH2 30 79

f NH2CONH2 30 85

g NH2CONH2 45 84

h NH2CONH2 60 75

i NH2CONH2 45 72

j NH2CONH2 90 70

k NH2CONH2 90 72

(Continued)
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6.04 (d, J ¼ 3.12 Hz, 1H), 7.26–7.40 (m, 7H), 7.56–7.64 (m,
2H), 7.78–7.86 (m, 2H), 8.56 (s, 1H). 13C NMR (50 MHz,

CDCl3 þ DMSO-d6): d 56.4, 113.8, 117.6, 123.4, 125.0,
127.4, 127.8, 127.9, 129.2, 129.5, 129.9, 131.0, 131.3, 142.0,
148.1, 150.1. MS (ESI) m/z 276 ([M þ H]þ). Anal. Calcd for
C18H13NO2: C, 78.53; H, 4.76; N, 5.09. Found: C, 78.53; H,

4.75; N, 5.09.
1-(4-Fluorophenyl)-1,2-dihydronaphtho[1,2-e][1,3] oxazin-

3-one (4b). m.p. 199–200�C. IR (KBr) mmax 3427, 3215, 3127,
2955, 1750, 1627, 1509, 1396, 1224, 1180, 808, 736 cm�1. 1H
NMR (200 MHz, CDCl3 þ DMSO-d6): d 6.02 (d, J ¼ 2.29

Hz, 1H), 6.93–7.01 (m, 2H), 7.22–7.54 (m, 6H), 7.79–7.86 (m,
2H), 8.54 (s, 1H). 13C NMR (50 MHz, CDCl3 þ DMSO-d6): d
52.9, 112.0, 114.3, 114.8, 115.7, 121.5, 123.9, 126.2, 127.5,
127.8, 127.9, 129.1, 129.5, 137.2, 146.6, 148.7, 158.4, 163.3.
MS (ESI) m/z 294 ([M þ H]þ). Anal. Calcd for C18H12FNO2:

C, 73.71; H, 4.12; N, 4.78. Found: C, 73.72; H, 4.11; N, 4.77.
1-(3-Chlorophenyl)-1,2-dihydronaphtho[1,2-e][1,3]oxazin-3-

one (4c). m.p.192–195�C. IR (KBr) mmax 3433, 3348, 2923,
1752, 1678, 1623, 1464, 1384, 1222, 1177 cm�1. 1H NMR
(200 MHz, CDCl3 þ DMSO-d6): d 6.07 (d, J ¼ 2.93 Hz, 1H),

7.22–7.56 (m, 7H), 7.78–7.90 (m, 3H), 8.72 (s, 1H). 13C NMR
(50 MHz, CDCl3 þ DMSO-d6): d 52.8, 111.4, 115.4, 121.2,
123.7, 124.1, 125.7, 126.1, 126.8, 127.3, 127.6, 129.1, 132.8,
143.1, 146.4, 148.3, 154.5. MS (ESI) m/z 310 ([M þ H]þ).
Anal. Calcd for C18H12ClNO2: C, 69.80; H, 3.90; N, 4.52.
Found: C, 69.79; H, 3.91; N, 4.52.

1-(2,4-Dichlorophenyl)-1,2-dihydronaphtho[1,2-e][1,3]oxa-
zin-3-one (4d). m.p.239–242�C. IR (KBr) mmax 3244, 3141,
1737, 1627, 1623, 1586, 1468, 1393, 1287, 1225, 1117, 748
cm�1. 1H NMR (200 MHz, CDCl3 þ DMSO-d6): d 6.48 (d, J
¼ 3.12 Hz, 1H), 6.96–7.08 (m, 2H), 7.28–7.52 (m, 5H), 7.81–

7.89 (m, 2H) 8.29 (s, 1H). 13C NMR (50 MHz, CDCl3 þ
DMSO-d6): d 50.2, 111.0, 115.7, 121.1, 124.1, 126.6, 127.2,
127.7, 127.9, 128.4, 129.3, 129.7, 132.0, 133.3, 137.0, 147.0,
148.4. MS (ESI) m/z 344 ([M þ H]þ). Anal. Calcd for

C18H11Cl2NO2: C, 62.81; H, 3.22; N, 4.07. Found: C, 62.82;
H, 3.22; N, 4.06.

Table 2

(Continued)

Entry Aldehyde 1 Urea/Thiourea 3 Product 4 Reaction Time (min) Yielda (%)

l NH2CONH2 90 70

m NH2CONH2 90 15

n NH2CONH2 90 10

o NH2CONH2 45 64

p NH2CONH2 45 65

a Field of isolated products.

Scheme 2. Plausible mechanism for the formation of 1,2-dihydro-1-

arylnaphtho[1,2-e][1,3]oxazine-3-ones 4.
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1-(3-Nitrophenyl)-1,2-dihydronaphtho[1,2-e][1,3] oxazin-3-
one (4e). m.p. 228–230�C, IR (KBr) mmax 3380, 3065, 2924,
1727, 1627, 1594, 1527, 1346, 1221, 1176, 810, 744 cm�1. 1H

NMR (200 MHz, CDCl3 þ DMSO-d6): d 6.42 (d, J ¼ 2.34
Hz, 1H), 7.31–7.95 (m, 8H), 8.32–8.35 (m, 2H), 8.86 (s, 1H).
13C NMR (50 MHz, CDCl3 þ DMSO-d6): d 52.3, 110.9,
115.6, 120.9, 121.2, 121.7, 123.9, 126.3, 127.4, 127.6, 128.9,
129.3, 129.4, 132.0, 143.0, 146.9, 148.2. MS (ESI) m/z 321

([M þ H]þ). Anal. Calcd for C18H12N2O4: C, 67.50; H, 3.78;
N, 8.75. Found: C, 67.49; H, 3.78; N, 8.76.

1-(3-Trifluoromethylphenyl)-1,2-dihydronaphtho [1,2-e][1,3]
oxazin-3-one (4f). m.p. 251–253�C, IR (KBr) mmax 3446,
3248, 2924, 1752, 1705, 1631, 1592, 1517, 1395, 1321, 1223,

1171, 1113, 1064, 920, 813, 738 cm�1. 1H NMR (200 MHz,
CDCl3 þ DMSO-d6): d 6.15 (d, J ¼ 2.93 Hz, 1H), 7.28–7.55
(m, 7H), 7.72 (s, 1H), 7.82–7.90 (m, 2H), 8.76 (s, 1H). 13C
NMR (50 MHz, CDCl3 þ DMSO-d6): d 53.0, 111.4, 115.7,
120.0, 121.3, 122.9, 123.7, 124.0, 126.4, 127.6, 127.9, 128.6,

129.5, 142.2, 146.8, 148.6. MS (ESI) m/z 344 ([M þ H]þ).
Anal. Calcd for C19H12F3NO2: C, 66.47; H, 3.52; N, 4.08.
Found: C, 66.48; H, 3.52; N, 4.08.

1-(2-Chlorophenyl)-1,2-dihydronaphtho[1,2-e][1,3] oxazin-
3-one (4g). m.p. 222–224�C, IR (KBr) mmax 3393, 3059, 2925,
1741, 1583, 1438, 1372, 1231, 1123, 1042, 976, 784, 746
cm�1. 1H NMR (200 MHz, CDCl3 þ DMSO-d6): d 6.54 (d, J
¼ 1.46 Hz, 1H), 7.12–7.52 (m, 8H), 7.83–7.88 (m, 2H), 8.10
(s, 1H). 13C NMR (50 MHz, CDCl3 þ DMSO-d6): d 50.4,

111.4, 115.6, 121.2, 123.9, 126.4, 126.8, 127.5, 127.9, 128.1,
128.5, 128.6, 129.3, 131.0, 138.2, 146.8, 148.4. MS (ESI) m/z
310([M þ H]þ). Anal. Calcd for C18H12ClNO2: C, 69.80; H,
3.90; N, 4.52. Found: C, 69.79; H, 3.90; N, 4.51.

1-(4-Fluorophenyl)-1,2-dihydronaphtho[1,2-e][1,3]oxazine-
3-thione (4o). Thick syrup; IR (KBr) mmax 3060, 2923, 1628,
1600, 1508, 1460, 1390, 1267, 1216, 1162, 1016, 843, 811,
750 cm�1. 1H NMR (200 MHz, CDCl3 þ DMSO-d6): d 4.37
(s, 1H), 6.84–7.82 (m, 10H), 9.22 (brs, 1H). 13C NMR (75
MHz, CDCl3): d 29.7, 109.4, 115.0, 115.2, 117.7, 123.1,

123.5, 126.3, 126.4, 126.6, 127.6, 128.5, 129.4, 129.5, 129.7,
151.0, 153.3. MS (ESI) m/z 360 ([M þ H]þ). Anal. Calcd for
C18H12FNOS: C, 69.88; H, 3.91; N, 4.53. Found: C, 69.88; H,
3.91; N, 4.54.

1-(3-Trifluoromethylphenyl)-1,2-dihydronaphtho [1,2-e][1,3]
oxazine-3-thione (4p). Thick syrup; IR (KBr) mmax 3240, 3052,
2923, 1627, 1512, 1443, 1327, 1263, 1165, 1121, 1071, 845,

742 cm�1. 1H NMR (200 MHz, CDCl3 þ DMSO-d6): d 4.45
(s, 1H), 7.02–7.86 (m, 10H), 9.10 (brs, 1H). 13C NMR (50
MHz, CDCl3 þ DMSO-d6): d 30.0, 108.7, 116.8, 117.9, 118.2,
122.4, 122.5, 124.6, 125.7, 127.2, 127.8, 128.2, 128.8, 131.6,
133.1, 134.4, 142.2, 152.5, 154.8. MS (ESI) m/z 360 ([M þ
H]þ). Anal. Calcd for C19H12F3NOS: C, 63.50; H, 3.37; N,
3.90. Found: C, 63.51; H, 3.37; N, 3.91.
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A series of isolated and fused tetracyclic compounds, containing pyrido[20,30:3,4]pyrazolo[1,5-a]py-
rimidine linked with 1,3,4-oxa-, thiadiazole, 1,2,4-tetrazole, and pyrazole derivatives were prepared by
the reaction of 1,8,10-trimethyl-4-oxo-1,4-dihydropyrido[20,30:3,4]pyrazolo[1,5-a]pyrimidine-3-carboxy-
late and some common reagents to provide the product in satisfactory yields.

J. Heterocyclic Chem., 47, 318 (2010).

INTRODUCTION

1H-Pyrazolo[3,4-b]pyridines comprise a very interest-

ing class of compounds because of their significant and

versatile biological and pharmacological activities, such

as antimalarial [1], antiproliferative [2], antimicrobial

[3–5] inhibition of cyclin-dependent kinases [6] and car-

diovascular [7–9] antiviral [10–12] and antileishmanial

[13] activities. In general, the pyrazolopyridines are

found to be active antitubercular agents [14,15] active

against gram positive and negative bacteria [16]. As

well as pyrazolopyrimidines [17,18] are selective inhibi-

tors of cyclic 30,50-adenosine mono-phosphat (cAMP)

phosphodiesterases in vitro, and some of them possess

anxiolytic properties comparable to those of benzodiaze-

pines.[19]. Moreover, pyridopyrazolopyrimidines revaled

antiproliferative activity [20] and are used as potent ki-

nase inhibitors [21]. To enhance the activity of pyrazo-

lopyridines and pyrazolopyrimidines, several approaches

were followed to construct another ring over those ring

systems described in the literature [22–26] are available

on preparation of pyridopyrazolopyrimidines which left

much scope for further study. Furthermore, it has been

reported that certain compounds bearing 1,3,4-oxa-,

thiadiazole, and 1,2,4-triazole nucleus possess signifi-

cant anti-inflammatory activity [27–37]. In view of

these reports, we reported herein the synthesis of some

newer heterocyclic systems containing pyridopyrazolo-

pyrimidine system isolated with 1,2,4-triazoles, 1,3,4-

oxa-, and thiadiazoles, and fused with pyrazoles

derivative.

RESULTS AND DISCUSSION

4,6-Dimethyl-1H-pyrazolo[3,4-b]pyridine-3-amine was

prepared according to the reported method [38,39]

which undergo the cyclocondensation reaction with

diethyl ethoxymethylenemalonate yielded directly the

8,10-dimethyl-4-oxo-1,4-dihydropyrido[20,30:3,4]pyrazolo
[1,5-a]pyrimidine-3-carboxylate (2) without the isolation

of the enamine intermediate [40], the structure of 2 was

confirmed by the correctly positioned and coupled 1H

NMR spectrum, which presents signals as triplet at d
1.29, quartet at 4.32 ppm because of the ester group and

as singlet at d 8.68, 12.24 ppm due to the H-2 and NH

protons, respectively. The 13C NMR spectrum of 2

showed a characteristic signals, for the ester group, at d
24.2, 62.0 (CH2CH3), 166.0 (COOEt), and 154.5 (C-4)

ppm. The latter compound 2 was alkylated, by its

reaction with methyl iodide in presence of KOH to

afford 1,8,10-trimethyl-4-oxo-1,4-dihydropyrido[20,30:
3,4]pyrazolo[1,5-a]pyrimidine-3-carboxylate (3), to in-

crease its solubility during its reactions, which was elu-

cidated by the appearance of the new signals in the 1H

NMR spectrum as singlet at d 3.96 ppm due to NACH3.

The alkylated derivative 3 was subjected to react with

hydrazine hydrate to give the corresponding carbohydra-

zide derivative 4 which was confirmed by its IR spec-

trum showed a characteristic C¼¼O absorptions at 1640

and 1677 cm�1, and its 1H NMR spectrum agree with

the structure which showed a characteristic a broad sin-

glet band for CONHNH2 at d 4.78 ppm. Hydrazide de-

rivative (4) is versatile synthetic intermediate for the

VC 2010 HeteroCorporation
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preparation of many heterocyclic moieties. In view of

this report, we report herein some reactions of this hy-

drazide 4 to obtain new heterocyclic rings attached and/

or fused to the pyridopyrazolopyridine moiety. Reaction

of hydrazide 4 with CS2 in alc. KOH at reflux tempera-

ture afforded the corresponding 1,8,10-trimethyl-3-(5-

sulfanyl-1,3,4-oxadiazol-2-yl)pyri-

do[20,30:3,4]pyrazolo[1,5-a]pyrimidin-4(1H)-one (5)

which was elucidated, besides the elemental analysis,
1H NMR spectrum represented the presence of the

characteristic broad singlet due to the SH group at d
13.12 ppm and its mass spectrum revealed the molecu-

lar ion peak at m/z 328 indicated the molecular weight

of 5. The 13C NMR spectrum showed a characteristic

isooxazole signals at d 162.0 and 171.3 ppm. Also the

reaction of 4 with ammonium thiocyanate in absolute

ethanol gave the corresponding thiosemicarbazide 6

which undergo the cyclization reaction through its

treatment with sodium hydroxide giving 1,8,10-trimethyl-3-

(5-sulfanyl-4H-1,2,4-triazol-3-yl)pyrido[20,30:3,4]pyrazolo[1,5-
a]pyrimidin-4(1H)-one (7) which was confirmed by 1H

NMR spectrum which showed the presence of signals as

a broad bands at d 10.92 and 12.55 ppm due to the NH

and SH groups, respectively, its mass spectrum presents

peaks corresponding to peaks at m/z 327 and 328 corre-

sponding to Mþ and Mþþ1, respectively (Scheme 1).

On treatment of the hydrazide 4 with phenylisothio-

cyanate, in the way like its reaction with ammonium thi-

ocyanate, afforded the corresponding the thiosemicarba-

zide 8 which was considered the key intermediate to

prepare the 1,8,10-trimethyl-3-[5-(phenylamino)-1,3,4-

thiadiazol-2-yl]pyrido[20,30:3,4]pyrazolo[1,5-a]pyrimidin-

4(1H)-one (9), 1,8,10-trimethyl-3-(4-phenyl-5-sulfanyl-

4H-1,2,4-triazol-3-yl)pyrido[20,30:3,4]pyrazolo[1,5-a]pyr-
imidin-4(1H)-one (10), and 1,8,10-trimethyl-3-[5-(phe-

nylamino)-1,3,4-oxadiazol-2-yl]pyrido[20,30:3,4]pyrazolo
[1,5-a]pyrimidin-4(1H)-one (11), in about 66–74%

yields, after its treatment with sulfuric acid, 2N sodium

hydroxide, and mercuric oxide, respectively. The pre-

ferred formation of the 1,3,4-thiadiazole derivative 9

under such acidic conditions can be due to the loss of

nucleophilicity of N-4 as a result of its protonation lead-

ing to an increase in the nucleophilicity of the sulfur

atom toward the attack of the carbonyl carbon. On the

other hand, the cyclization of 4 was carried out under

alkaline conditions, the nucleophilicity of N-4 is

enhanced and leads to cyclization with carbonyl carbon

atom to afford the 1,2,4-triazole derivative 10. 1,3,4-

Oxadiazole derivative 11 was performed by mercuric

oxide, the mode of cyclization includes desulfurization,

which introduces the oxygen atom in the cyclization

process. The structure assignment of these derivatives

were based on the 1H NMR spectra showed signals due

to the NHPh present in 9 and 11 at d 9.86, 9.46 ppm, as

a broad singlet, but in derivative 10 showed the broad

singlet at d 13.06 ppm due to the SH group. All the

other aromatic and aliphatic protons were observed at

the expected regions. Mass spectra of these derivatives

showed a [Mþþ1] peak, in agreement with their molec-

ular formula, also the elemental analysis are consistent

with the structure of these derivatives 9, 10, and 11

(Scheme 2).

The starting material, pyridopyrazolopyrimidine

carboxylate 2 was transformed into ethyl 4-chloro-8,10-

dimethylpyrido[20,30:3,4]pyrazolo[1,5-a]pyrimidine-3-

carboxylate by phosphorous oxychloride at boiling

temperature thus providing intermediate precursor 12

for all four new final compounds. They furnished

fused tetracyclic compounds 13a–d by reaction with

various purchased hydrazines in boiling xylene. The

previously reported method, consisting of a nucleo-

phylic substitution of the chlorine atom with the hy-

drazine derivative followed by cyclization [41], again

showed itself to be useful and profitable for the aims

proposed. 6,8-dimethyl-2,3-dihydro-3H-pyrazolo[3,2-
d]pyrido[20,30:3,4]pyrazolo[1,5-a]pyrimidine-3-one

derivatives 13a–d were elucidated by the IR spectra

which presented strong peaks at 1640–1620, 3466–3409,

Scheme 1
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and 2210 cm�1 which were attributed to the carbonyl

(C¼¼O) and ANH groups on the pyrazole and pyrimi-

dine, respectively. The mass spectra of these compounds

13a–d indicated that the molecular ion peaks were

observed as Mþ and MþþH. From their 1H NMR spec-

tra, it is possible to observe the presence of signals cor-

responding to the NH of pyrimidine at the range d
10.99–11.15 ppm, the absence of the ester group and

presence the new signals in aliphatic region such as in

compound 13a at d 4.18 ppm due to the NACH3 and

the increase of signals in the aromatic part because the

presence of phenyl derivatives in compounds 13b–d. In

addition, the elemental analysis is consistent with the

structure of theses compounds 13a–d (Scheme 3).

EXPERIMENTAL

Melting points were determined using Kofter block instru-
ment. The progresses of reactions were monitored by TLC (an-
alytical silica gel plates 60 F254). NMR spectra were recorded
on a Bruker AC 250 FT NMR spectrometer at 300 MHz for
1H NMR and at 75.5 MHz for 13C NMR with TMS as an in-

ternal standard, chemical shifts are reported in ppm (d) and
coupling constants (J) are given in Hz. IR spectra were
recorded on Perkin-Elmer 1430 sectrpphotometer using KBr
disc technique. Mass spectra were measured on a Kratos 50 tc
spectrometers. Elemental analyses were performed at the

Chemistry Institute, Copenhagen University.
Ethyl 8,10-dimethyl-4-oxo-1,4-dihydropyrido[20,30:3,4]

pyrazolo[1,5-a]pyrimidine-3-carboxylate (2). A mixture of
1.94 g of aminopyrazolopyridine 1 (12 mmol) and 2.59 g of

diethyl ethoxymethylenemalonate (12 mmol) was dissolved in
20-mL glacial acetic acid and the reaction mixture was

refluxed for 10 h cooling to room temperature and poured into
ice/water. The solid product was collected by filtration, washed

with water, dried, and recerystalization from methanol to
afford the yellow crystals of 2, 3.12 g (91%), mp 222–223�C;
1H NMR (DMSO-d6): d 1.29 (t, 3H, J ¼ 7 Hz, CH3CH2), 2.66
(s, 3H, CH3), 2.91 (s, 3H, CH3), 4.32 (q, 2H, J ¼ 7.0 Hz
CH3CH2), 7.03 (s, 1H, ArH), 8.68 (s, 1H, ArH), 12.24 (bs, 1H,

NH); 13C NMR (DMSO-d6): d 14.3, 19.2, 24.2, 62.0, 91.2,
116.8, 122.2, 145.8, 148.2, 151.2, 153.6, 154.5, 158.3, 166.0;
ms (EI): m/z 287 (Mþþ1, 5), 286 (Mþ, 26), 241 (23), 240
(100). Anal. Cacld. for C14H14N4O3 (286.29): C, 58.73; H,
4.93, N, 19.57. Found: C, 58.60; H, 4.75; N, 19.35.

1,8,10-Trimethyl-4-oxo-1,4-dihydropyrido[20,30:3,4]pyrazolo
[1,5-a]pyrimidine-3-carboxylate (3). A solution of 1.77 g (6.2
mmol) of 2 in 20 mL of acetone, cooled by immersion in a
water/ice bath, was added to 1.74 g (31.0 mmol) of powdered

KOH. On vigorous stirring, 1.76 g of methyl iodide (12.4
mmol) was added and the mixture was stirred for 30 min at
room temperature. After the addition of 90 mL of toluene, a
precipitate of inorganic salt had formed, which was filtered

Scheme 3

Scheme 2
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off. The organic mixture was treated with 20 mL of saturated
NaCl solution, dried with anhydrous Na2SO4, and evaporated
under reduced pressure. The residue was triturated with etha-
nol and the solid product was collected by filtration, and
recrystalization from ethanol to afford the white powder of 3,

1.52 g (82%); mp 150–152�C; IR (KBr) m cm�1 1745
(CO2Et), 1633 (CO); 1H NMR (CDCl3): d 1.26 (t, 3H, J ¼ 7
Hz, CH3CH2), 2.56 (s, 3H, CH3), 2.83 (s, 3H, CH3), 3.96 (s,
3H, NACH3), 4.29 (q, 2H, J ¼ 7 Hz, CH3CH2), 7.00 (s, 1H,
ArH), 8.68 (s, 1H, ArH); (EI): m/z 301 (Mþþ1, 20), 300 (Mþ,
100),, 255 (25), 227 (30), 184 (8), 131 (60), 115 (16). Anal.
Cacld. for C15H16N4O3 (300.31): C, 59.99; H, 5.37, N, 18.66.
Found: C, 59.76; H, 5.25; N, 18.45.

1,8,10-Trimethyl-4-oxo-1,4-dihydropyrido[20,30:3,4] pyrazolo

[1,5-a]pyrimidine-3-carbohydrazide (4). A mixture of 3.0 g of

3 (10 mmol) and 1.25 g of hydrazine hydrate (25 mmol) in 30

mL ethanol was heated under reflux for 4 h. The excess of

ethanol was removed under reduced pressure and the resulting

precipitate was filtered off, washed with ethanol, and recrystal-

lized from methanol to give colorless of 4, 2.51 g (88%); mp

266–267�C; IR (KBr) m cm�1: 3310–3212 (NHNH2), 1640,

1677 (2 CO); 1H NMR (DMSO-d6): d 2.54 (s, 3H, CH3), 2.81

(s, 3H, CH3), 3.86 (s, 3H, NACH3), 4.78 (bs, 2H, NH2), 7.22

(s, 1H, ArH), 8.78 (s, 1H, ArH), 9.45 (bs, 1H, NH); ms (EI):

m/z 287 (Mþþ1, 55), 286 (Mþ, 20), 257 (15), 228 (100), 199

(23), 175 (12), 147 (36). Anal. Cacld. for C13H14N6O2

(286.29): C, 54.54; H, 4.93, N, 29.35. Found: C, 54.33; H,

4.65; N, 29.15.

1,8,10-Trimethyl-3-(5-sulfanyl-1,3,4-oxadiazol-2-yl)pyrido

[20,30:3,4]pyrazolo[1,5-a]pyrimidin-4(1H)-one (5). A mixture

of 2.86 g of hydrazide 4 (10 mmol) and 0.6 mL of carbon di-

sulfide (10 mmol) was added to a solution of 0.56 g KOH (10

mmol) in 50 mL water and 50 mL ethanol. The reaction mix-

ture was refluxed for 4 h. After evaporating it to dryness under

reduced pressure, a solid product was obtained. This was dis-

solved in 50 mL water and acidified with conc. HCl. The pre-

cipitate was filtered off, washed with water, and recrystallized

from ethanol to afford the whit crystals of 5, 2.25 g (69%);

mp 210–212�C; 1H NMR (DMSO-d6): d 2.55 (s, 3H, CH3),

2.86 (s, 3H, CH3), 3.88 (s, 3H, NACH3), 7.32 (s, 1H, ArH),

8.95 (s, 1H, ArH), 13.12 (bs, 1H, SH); 13C NMR (DMSO-d6):
d 14.3, 19.2, 24.2, 90.2, 116.7, 121.6, 145.5, 148.4, 151.1,

152.4, 155.3, 157.5, 162.0, 171.3; ms (EI): m/z 329 (Mþþ1,

10), 328 (Mþ, 65), 294 (100), 239 (20), 201 (23), 151 (12), 77

(11). Anal. Cacld. for C14H12N6O2S (328.35): C, 51.21; H,

3.68, N, 25.59. Found: C, 51.12; H, 3.55; N, 25.43.

N0-[(Amino-sulfanylidyne)methyl]-1,8,10-trimethyl-4-oxo-

1,4-dihydropyrido[20,30:3,4]pyrazolo[1,5-a]pyrimidine-3-

carbohydrazide (6). To a mixture 0.29 g of hydrazide 4 (1
mmol) and 0.23 g of ammonium thiocyanate (3 mmol), 4 mL

of hydrochloric acid (36%) was added, in 50 mL ethanol. The
reaction mixture was refluxed for 12 h, cooled, and the mix-
ture poured into ice/water with stirring. The solid formed was
collected by filtration, dried, and recrystallized from ethanol to

afford a pale yellow crystals of 6, 0.31 g (89%), mp 225–
226�C; IR (KBr) m cm�1: NH 3300–3200, (NH2, NH), 1655–
1640 (CO) cm�1; 1H NMR (DMSO-d6): d 2.43 (s, 3H, CH3),
2.67 (s, 3H, CH3), 3.89 (s, 3H, NACH3), 5.03 (bs, 2H, NH2),
7.22 (s, 1H, ArH), 8.65 (s, 1H, ArH), 9.71 (bs, 1H, CSNH),

10.17 (bs, 1H, CONH); ms (EI): m/z 346 (Mþþ1, 35), 345
(Mþ, 10), 330 (5), 286 (100), 245 (24), 217 (12), 152 (30).

Anal. Cacld. for C14H15N7O2S (345.38): C, 48.69; H, 4.38, N,
28.39. Found: C, 48.30; H, 4.22; N, 28.26.

1,8,10-Trimethyl-3-(5-sulfanyl-4H-1,2,4-triazol-3-yl)pyri-

do[20,30:3,4]pyrazolo[1,5-a]pyrimidin-4(1H)-one (7). A mix-
ture of 0.69 g thiosemicarbazid 6 (2 mmol) and 50-mL sodium

hydroxide (2N) was heated under reflux for 2 h. The reaction
mixture was cooled, the precipitate formed was collected by
filtration, dried, and recrystallized from methanol to afford the
yellow crystals of 7, 0.52 g (80%); mp 239–240�C; IR (KBr)
m cm�1: (NH) 3320,1645 (CO), 2786 (SH); 1H NMR (DMSO-

d6): d 2.70 (s, 3H, CH3), 2.77 (s, 3H, CH3), 3.93 (s, 3H,
NACH3), 7.15 (s, 1H, ArH), 8.50 (s, 1H, ArH), 10.92 (bs, 1H,
NH), 12.55 (bs, 1H, SH); ms (EI): m/z 328 (Mþþ1, 60), 327
(Mþ, 100), 294 (15), 227 (60), 246 (13), 201 (11), 184 (8).
Anal. Cacld. for C14H13N7OS (327.36): C, 51.36; H, 4.00, N,

29.95. Found: C, 51.22; H, 3.97; N, 29.86.
N0-{[Imino(phenyl)-sulfanylidyne]methyl}-1,8,10-tri-

methyl-4-oxo-1,4-dihydropyrido[20,30:3,4]pyrazolo[1,5-
a]pyrimidine-3-carbohydrazide (8). To a solution of 2.86

g hydrazide 4 (10 mmol) in 10 mL ethanol, 1.35 g phenyliso-
thocyanate (10 mmol) were added. The reaction mixture was
heated under reflux for 2 h. The product that separated on
cooling was filtered off, washed with ethanol, and dried well
to give white crystals of 8, 3.86 g (92%); mp 173–175�C; 1H

NMR (DMSO-d6): d 2.65 (s, 3H, CH3), 2.87 (s, 3H, CH3),
3.95 (s, 3H, NACH3), 7.13–7.79 (m, 6H, ArH), 8.81 (s, 1H,
ArH), 9.50 (bs, 1H, ArNH), 9.81 (bs, 1H, CSNH), 10.18 (bs,
1H, CONH); ms (EI): m/z 421 (Mþ, 60), 344 (100), 256 (35),
227 (9), 194 (16), 166 (25), 121 (23), 109 (10). Anal. Cacld.

for C20H19N7O2S (422.48): C, 56.99; H, 4.54, N, 23.26.
Found: C, 56.62; H, 4.33; N, 23.14.

1,8,10-Trimethyl-3-[5-(phenylamino)-1,3,4-thiadiazol-2-yl]

pyrido[20,30:3,4]pyrazolo[1,5-a]pyrimidin-4(1H)-one (9). A
solution of 2.11 g thiosemicarbazide 8 (5 mmol) in 10 mL
cold conc. sulfuric acid was stirred until dissolution and the
left at room temperature for 2 h with stirring. The reaction
mixture was poured onto crushed ice and the precipitate prod-
uct was filtered off, washed with water, and recrystallized
from ethanol to give pale yellow crystals of 9, 1.50 g (74%);
mp 207–208�C; 1H NMR (DMSO-d6): d 2.64 (s, 3H, CH3),
2.82 (s, 3H, CH3), 3.96 (s, 3H, NACH3), 7.14–7.65 (m, 6H,
ArH), 8.65 (s, 1H, ArH), 9.86 (bs, 1H, ArNH); 13C NMR
(DMSO-d6): d 15.6, 19.4, 23.5, 93.0, 116.7, 117.3, 117.8,
122.4, 125.1, 129.5, 140.5, 145.9, 148.4, 151.1, 155.0, 152.2,
155.6, 158.9, 159.0, 160.1; ms (EI): m/z 404 (Mþþ1, 30), 403
(Mþ, 100), 326 (21), 271 (15), 240 (24), 174 (12), 145 (22).
Anal. Cacld. for C20H17N7OS (403.46): C, 59.54; H, 4.25, N,
24.30. Found: C, 59.35; H, 4.13; N, 24.17.

1,8,10-Trimethyl-3-(4-phenyl-5-sulfanyl-4H-1,2,4-triazol-

3-yl)pyrido[20,30:3,4]pyrazolo[1,5-a]pyrimidin-4(1H)-one

(10). A solution of 2.11 g thiosemicarbazide 8 (5 mmol) in 50
mL sodium hydroxide (2N) was heated under reflux for 4 h.
The reaction mixture was cooled and acidified with hydrochlo-
ric acid (2N). The resulting precipitate was filtered off, washed
with ethanol, and recrystallized from ethanol to afford the yel-
low crystals of 10, 1.40 g (69%), mp 210–211�C; 1H NMR
(DMSO-d6): d 2.66 (s, 3H, CH3), 2.85 (s, 3H, CH3), 3.96 (s,
3H, NACH3), 7.16–7.76 (m, 6H, ArH), 8.33 (s, 1H, ArH),
13.06 (bs, 1H, SH); ms (EI): m/z 404 (Mþþ1, 30), 403 (Mþ,
60), 326 (11), 293 (33), 227 (50), 193 (100), 166 (33), 119
(20), 106 (10). Anal. Cacld. for C20H17N7OS (403.46): C,
59.54; H, 4.25, N, 24.30. Found: C, 59.44; H, 4.17; N, 24.14.
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1,8,10-Trimethyl-3-[5-(phenylamino)-1,3,4-oxadiazol-2-

yl]pyrido[20,30:3,4]pyrazolo[1,5-a]pyrimidin-4(1H)-one

(11). Mercuric oxide 2.37 g (11 mmol) was added to a solu-

tion of 4.21 g thiosemicarbazide 8 (10 mmol) in 20 mL meth-
anol and the resulting mixture was refluxed for 4 h. The pre-
cipitated mercuric sulfide was filtered off and washed with
hot methanol. The filtrate on cooling gave a precipitate which
was recrystallized from ethanol to afford the white crystals of

11, 2.55 g (66%), mp 183–184�C; 1H NMR (DMSO-d6): d
2.69 (s, 3H, CH3), 2.83 (s, 3H, CH3), 3.94 (s, 3H, NACH3),
7.12–7.66 (m, 6H, ArH), 8.78 (s, 1H, ArH), 9.46 (bs, 1H,
ArNH); ms (EI): m/z 387 (Mþ, 100), 310 (30), 283 (15), 227
(30), 174 (40), 117 (10). Anal. Cacld. for C20H17N7O2

(387.39): C, 62.01; H, 4.42, N, 25.31. Found: C, 61.94; H,
4.31; N, 25.14.

4-Chloro-8,10-dimethylpyrido[20,30:3,4]pyrazolo[1,5-a]
pyrimidine-3-carboxylate (12). A mixture of 2.86 g of eth-
ylcarboxylate 2 (10 mmol) and 7.75 g of phosphorous oxy-

chloride (50 mmol) was refluxed for 3 h. After cooling, the
suspension was then added to ice/water. Then, with stirring, it
was carefully made alkaline with aqueous sodium hydroxide
(28%) and the resulting precipitate was collected, washed

many times with water, dried, and recrystallized from ethanol
to afford a pale yellow powder of 12, 2.81 g (92%), mp 150–
152�C; 1H NMR (DMSO-d6): d 1.31 (t, 3H, J ¼ 7 Hz,
CH3CH2), 2.68 (s, 3H, CH3), 2.95 (s, 3H, CH3), 4.41 (q,
2H, J ¼ 7.0 Hz CH3CH2), 7.11 (s, 1H, ArH), 8.77 (s, 1H,

ArH); ms (EI): m/z 305 (Mþþ1, 12), 304 (Mþ, 72), 267
(30),240 (100), 223 (15), 195 (15). Anal. Cacld. for
C14H13ClN4O2 (304.73): C, 55.18; H, 4.30; N, 18.39. Found:
C, 55.10; H, 4.22; N, 18.20.

Synthesis of the N-substituted 6,8-Dimethyl-2,5-dihydro-

3H-pyrazolo[3,2-d]pyrido[20,30:3,4]pyrazolo[1,5-a]pyrimidine-

3-one derivatives (13a–d). 4-Chloro-pyridopyrazolopyrimidine
0.30 g (1 mmol) was dispersed in 20 mL of xylene and the
suspension was heated to refluxing until complete dissolution.
Then, a slight excess of hydrazine compound (1.5 mmol) was

added with 0.16 g of triethylamin (1.5 mmol) and the reaction
mixture was refluxed for the required time (9–12 h). A precipi-
tate had formed was collected, washed many times with etha-
nol, dried under vacuum, and finally recrystallized with abso-
lute ethanol giving 13a–d: 13a, 0.17 g (65%); 13b, 029 g

(88%); 13c, 0.23 g (64%); and 13d, 0.31 g (86%).
2,6,8-Trimethyl-2,5-dihydro-3H-pyrazolo[3,2-d]pyrido[20,30:

3,4]pyrazolo[1,5-a]pyrimidine-3-one (13a) White crystals, mp
280–282�C; 1H NMR (DMSO-d6): d 2.55 (s, 3H, CH3), 2.72

(s, 3H, CH3), 4.18 (s, 3H, NACH3), 7.05 (s, 1H, ArH), 8.66
(s, 1H, ArH), 10.99 (bs, 1H, NH); 13C NMR (DMSO-d6): d
18.3, 24.1, 40.5, 99.3, 109.5, 122.2, 136.3, 145.6, 148.0, 153.3,
155.2, 158.3, 166.4; ms (EI): m/z 269 (Mþþ1, 20), 268 (Mþ,
100), 253 (30), 224 (40), 197 (15). Anal. Cacld. for

C13H12N6O (268.27): C, 58.20; H, 4.51; N, 31.33. Found: C,
58.12; H, 4.23; N, 31.21.

6,8-Dimethyl-2-phenyl-2,5-dihydro-3H-pyrazolo[3,2-d]pyrido
[20,30:3,4]pyrazolo[1,5-a]pyrimidine-3-one (13b) White pow-
der, mp 310–312�C; 1H NMR (DMSO-d6): d 2.60 (s, 3H,

CH3), 2.75 (s, 3H, CH3), 7.06–7.55 (m, 6H, ArH), 8.91 (s, 1H,
ArH), 11.10 (bs, 1H, NH); ms (EI): m/z 331 (Mþþ1, 40), 330
(Mþ, 100), 253 (20), 224 (11), 197 (12), 160 (41), 118 (33) 77
(5). Anal. Cacld. for C18H14N6O (330.34): C, 65.44; H, 4.27;
N, 25.44. Found: C, 65.22; H, 4.20; N, 25.31.

6,8-Dimethyl-2-(4-methoxy-phenyl)-2,5-dihydro-3H-pyra-
zolo[3,2-d]pyrido[20,30:3,4]pyrazolo[1,5-a]pyrimidine-3-one
(13c) Yellow powder, mp 270–271�C; 1H NMR (DMSO-d6):
d 2.63 (s, 3H, CH3), 2.78 (s, 3H, CH3), 3.79 (s, 3H, OCH3),
7.16–7.56 (m, 5H, ArH), 8.96 (s, 1H, ArH), 11.12 (bs, 1H,
NH); 13C NMR (DMSO-d6): d 19.6, 24.3, 55.4, 101.3, 109.5,
114.2, 121.6, 122.4, 127.6, 136.7, 132.8, 145.7, 148.6, 150.5,
153.5, 154.9, 155.4, 158.7, 165.1; ms (EI): m/z 361 (Mþþ1,

39), 360 (Mþ, 60), 329 (100), 252 (21), 197 (12), 121 (10),
107 (41). Anal. Cacld. for C19H16N6O2 (360.37): C, 63.32; H,
4.48; N, 23.32. Found: C, 63.19; H, 4.30; N, 23.20.

6,8-Dimethyl-2-(4-chloro-phenyl)-2,5-dihydro-3H-pyra-
zolo[3,2-d]pyrido[20,30:3,4]pyrazolo[1,5-a]pyrimidine-3-one
(13d) White powder, mp 240–241�C; 1H NMR (DMSO-d6): d
2.67 (s, 3H, CH3), 2.79 (s, 3H, CH3), 7.19–7.87 (m, 5H, ArH),
8.98 (s, 1H, ArH), 11.15 (bs, 1H, NH); 13C NMR (DMSO-d6):
d 19.7, 24.5, 99.3, 110.6, 113.4, 119.5, 126.5, 135.7, 131.7,
143.5, 145.7, 149.5, 151.6, 156.8, 157.4, 159.3, 160.5, 164.5;

ms (EI): m/z 365 (Mþþ1, 80), 364 (Mþ, 100), 328 (30), 300
(18), 284 (15), 257 (13), 231 (18), 201 (55), 146 (16), 131
(22), 112 (13). Anal. Cacld. for C18H13ClN6O (364.79): C,
59.27; H, 3.59; N, 23.04. Found: C, 59.18; H, 3.41; N, 22.88.
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Condensation of cyclohexane-1,3-dione/barbituric acid, thiourea/urea, and aromatic aldehyde in the

mole ratio of 1:1:3 in solventless reaction in presence of NiCl2/KI afforded 1,5-diaryl-3-thioxo-2,4-
diazaspiro[5.5]undecane-7,11-dione/1,5-diaryl-2,4-diazaspiro[5.5]undecane-3,7,11-trione analogues and
7,11-diaryl-9-thioxo-2,4,8,10-tetraazaspiro[5.5]undecane-1,3,5,-trione/7,11-diaryl-2,4,8,10-tetraazaspiro[5.5]
undecane-1,3,5,9-tetraone analogues, respectively. The similar condensation of cyclohexane-1,3-dione/
cyclohexanone, thiourea/urea, and aromatic aldehyde/heteroaromatic aldehyde in the mole ratio of 1:1:1

in refluxing methanol afforded 4-aryl/heteroaryl-2-thioxo-1,2,3,4,5,6,7,8-octahydroquinazolin-5-one, 4-
aryl/heteroaryl-1,2,3,4,5,6,7,8-octahydroquinazoline-2,5-dione analogues and 4-aryl/heteroaryl-1,2,3,4,5,
6,7,8-octahydroquinazoline-2-thione, 4-aryl/heteroaryl-1,2,3,4,5,6,7,8-octahydroquinazolin-2-one ana-
logues, respectively. Condensation of heterocyclic active methylene compound, barbituric acid, thiourea/
urea, and aromatic aldehydes under similar set of conditions in 1:1:1 mole ratio was carried which

afforded 5-aryl-7-thioxo-1,2,3,4,5,6,7,8-octahydropyrimido[4,5-d]pyrimidine-2,4-dione/5-aryl-1,2,3,4,5,
6,7,8-octahydropyrimido[4,5-d]pyrimidine-2,4,7-trione analogues. Similar condensation of an active
methine compound, 2-acetylcyclohexanone, thiourea/urea, and aromatic aldehydes in the mole ratio of
1:1:1 produced 5-aryl-1-methyl-3-thioxo-2,4-diazaspiro[5.5]undec-1-en-7-one/5-aryl-1-methyl-2, 4-diazas-

piro[5.5]undec-1-ene-3, 7-dione analogues, the spiro compounds of entirely different kind. All these iden-
tifications and characterizations have been based on the elemental analysis and spectral data.

J. Heterocyclic Chem., 47, 324 (2010).

INTRODUCTION

The synthesis of spiro compounds has been a subject

of great interest to research workers. Spiro derivatives

based on heteropolycyclics have antibacterial, anticon-

vulsant, antitumor, and anticancer activities. Similarly,

condensed heterocyclics containing quinazoline moiety

are ranked among the most versatile biologically active

compounds possessing pharmacological properties like

being anticonvulsant [1, 2], anticoagulant [3], antifibril-

latory [4], cardiac stimulant [5], diuretic [6], antibacte-

rial [7], antiviral [8], antifungal [9], antiasthematic, anti-

allergic [10], and antitubercular [11a]. In addition to its

diverse biological activity, the quinazoline nucleus is

also a key component in a relatively varied range of col-

ored products [11b]. Compounds possessing pyrimido-

pyrimidine nucleus show potent biological activities

including inhibition of angiogenesis, tumor inhibition

[12], and tyrosine kinase inhibitors [13]. Some of the

pyrimidopyrimidine derivatives, particularly 3-(2-methyl-

phenyl)-10-phenyl-2-thioxothiazolo[4,5-d]pyrimido[2,1-

VC 2010 HeteroCorporation
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b]pyrimidine [14] have been screened for antifungal

activity against Aspergillus niger and Penicillium
citrinum. These promising biological activities encour-

aged us to prepare some new heterocyclic derivatives.

In the past decade, dihydropyrimidinones and their

derivatives have attracted considerable interest because

they exhibit promising activities as calcium channel

blockers, antihypertensive agents, a-1a-antagonists [15],

and neuropeptide Y (NPY) antagonists. Moreover, sev-

eral alkaloids containing the dihydropyrimidine core

unit have been isolated from marine sources, which also

exhibit interesting biological properties [16], most nota-

bly among these are the batzellandine alkaloids, which

were found to be potent HIV group-120-CD4 inhibitors

[17]. The synthesis of the core heterocyclic nucleus of

dihydropyrimidinones, tetrahydropyrimidinones, partially

reduced quinazolines, and their thio analogues is of

much current importance. The most simple and straight-

forward procedure, first reported by Biginelli in 1893,

involves three-component, one pot condensation of a

ethyl acetoacetate with an aldehyde and urea under

strongly acidic conditions [18]. This procedure is known

as the Biginelli reaction. The major drawback associated

with this protocol is the low yield, particularly for sub-

stituted aromatic and aliphatic aldehydes [19]. Recently,

many synthetic methods for preparing dihydropyrimidi-

nones have been reported including classical conditions,

with microwave and ultrasound irradiation and by using

Lewis acids as well as protic acid promoters such as;

H2SO4 [20], BF3 Et2O/CuCl [21], InCl3 [22], BiCl3
[23], LiClO4 [24], Ag3PW12O40 [25], and FeCl3 6H2O/

HCl [26]. Acidic ionic liquids as effective catalysts for

this transformation were also utilized [27]. However,

some of the reported methods also suffer from

drawbacks such as nonrecyclability, harsh reaction

conditions, long reaction times, the need of an additive,

tedious work-up, and environmental pollution. More-

over, some of the methods are only practical for aro-

matic aldehydes especially the unsubstituted ones.

Therefore, a need still exists for versatile, simple and

environment-friendly processes wehereby DHPMs as

single ring compounds, as a component in condensed

heterocycles and as moieties in spiro heterocyclic sys-

tems can be formed under milder and practical condi-

tions. In recent years, multicomponent coupling reac-

tions [28] for the synthesis of the title and closely

related compounds have received considerable attention.

It is a major attraction to chemists because two or more

steps in the synthetic sequence can be carried out with-

out the isolation of intermediates. Thus, the synthesis of

compounds containing heterocyclic nucleus is of current

interest under this strategy. We, herein, report three

component coupling reaction (Biginelli type of reaction),

which provides an easy access to spiro and condensed/

fused heterocycles in fairly good yield. It is worthwhile

to mention here, that we proposed a new one pot

method for synthesizing novel spiro pyrimidinethiones/

spiro pyrimidinones; varied substituted and reduced qui-

nazolinethiones/quinazolinones and condensed pyrimido-

pyrimidines. In this work, we describe a general and

practical route for the Biginelli type cyclocondensation

reactions using NiCl2 þ KI as the catalyst. This can

serve as a general method which provides an easy

access to spiro and condensed systems in excellent

yield.

RESULTS AND DISCUSSION

A facile and one pot combination that not only pre-

serves the simplicity of Biginelli’s one pot reaction but

also consistently produces excellent yields of the spiro

Scheme 1
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pyrimidinethiones/spiro pyrimidinones (1a-f/10a-f) has

been developed as shown in Scheme 1. In a typical gen-

eral experimental procedure by using highly exceptional

conditions, a melt of the mixture of 1,3-dicarbonyl com-

pound (cyclohexane-1,3-dione or barbituric acid), thiou-

rea/urea, an aromatic aldehyde in the mole ratio of 1:1:3

was stirred without using any solvent at 70–80�C in the

presence of catalytic amount of NiCl2 þ KI for a certain

period of time required to complete the reaction (TLC),

resulting in the formation of spiro pyrimidinethiones/

spiro pyrimidinones. To study the generality of this pro-

cess, many transformations illustrating this novel and

general method for the synthesis of spiro pyrimidine-

thiones/spiro pyrimidinones were studied and the physi-

cal data including elemental analysis of the products is

summarized in experimental section. A variety of substi-

tuted aromatic aldehydes and the cyclic dicarbonyl com-

pounds afforded high yields of products in high purity.

These reactions leading to the formation of spiro pyrimi-

dinethiones/spiro pyrimidinones were confounded from

the green perspectives, by the requirements for extrac-

tive isolation followed by recrystallization to afford ma-

terial of a suitable quality. The solvent free approach

afforded good yields of products examined during the

course of this study. In majority of instances, solvent

free approach generated pyrimidinethiones/pyrimidi-

nones of exceptionally good purity. For comparison,

condensation of an active methine compound, 2-acetyl-

cyclohexanone (a cyclic b -diketone), thiourea/urea, and

aromatic aldehyde in the mole ratio of 1:1:1 produced

altogether an unexpected and a novel spiro compound

instead of a normal condensed product (a quinazoline

analogue), which was characterized as 5-aryl-1-methyl-

3-thioxo-2,4-diazaspiro[5.5]undec-1-en-7-one/5-aryl-1-methyl-

2,4-diazaspiro[5.5]undec-1-ene-3,7-dione analogue (2a-

e/20a-e) as shown in Scheme 2. In another general ex-

perimental procedure, condensation of cyclohexane-1,3-

dione, thiourea/urea, and aromatic aldehyde/heteroaro-

matic aldehyde in the mole ratio of 1:1:1 in refluxing

methanol for 10–12 h resulted in the formation of 4-

aryl/heteroaryl-2-thioxo-1,2,3,4,5,6,7,8-octahydroquinazolin-

5-one/4-aryl/heteroaryl-1, 2,3,4,5,6,7,8-octahydro quin-

azoline-2,5-dione derivatives (3a-e/30a-e) as shown in

Scheme 3. Similarly, condensation of cyclohexanone,

thiourea/urea, and aromatic or heteroaromatic aldehydes

produces 4-aryl/heteroaryl-1,2,3,4,5,6,7,8-octahydroqui-

nazoline-2-thione/4-aryl/heteroaryl-1,2,3,4,5,6,7,8 octa-

hydroquinazolin-2-one analogues (4a-e/40a-e) as shown

in Scheme 4. Condensation of active methylene hetero-

cyclic compound, barbituric acid, thiourea/urea, and aro-

matic aldehyde under similar set of conditions afforded

5-aryl-7-thioxo-1,2,3,4,5,6,7,8-pyrimidine-2,4,7-trione deriv-

atives (5a-d/50a-d) as shown in Scheme 5. The physical

data of the products of all these reactions has been

included in the experimental section. In conclusion,

three-component condensation provides an efficient and

improved method for the synthesis of spiro and con-

densed heterocycles. Moreover, this method offers

Scheme 3

Scheme 2
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several advantages including high yield, simple work-up

procedure and is free from pollution. The structures of

all these compounds were established by elemental anal-

ysis and spectral studies (IR, 1H NMR, and 13C NMR

spectra of some compounds).

A characteristic multiplet at d 2.0–2.35 due to six

protons of the trimethylene chain of the cyclohexane

component of the spiro system; a sharp singlet signal

due to two similar benzylic methyl protons corresponding

to six protons at d 2.40 and a downfield singlet around d 5.0

due to two identical protons at positions 1 and 5 of the spiro

system along with the usual appearance of aromatic protons

in the 1H NMR spectrum speaks unequivocally of the char-

acterized 1,5-bis(p-methylphenyl)-3-thioxo-2,4-diazas-

piro[5.5]undecane-7,11-dione structure of the thioxo

compound 1a. The prominent absence of appearance of

methylene chain protons, presence of two closely

located sharp singlet signals of three protons of each of

the two methoxyl groups, one at d 3.68 and the other at

d 3.72 and more downfield appearance of a signal of

two protons due to H-7 and H-11 of the spiro system at

d 5.25 in the 1H NMR spectra of 1f not only confirmed

but distinguished this tetrazaspiro system from the dia-

zaspiro system. Disappearance of a triplet signal due to

methine proton of 2-acetylcyclohexanone and appear-

ance of a slightly upfield singlet at d 1.22 due to methyl

group as compared with that of 2-acetylcyclohexanone

(d 2.68); a multiplet due to eight protons of tetramethy-

lene chain at d 1.79–2.25; a signal at d 3.70 due to

methoxyl protons and a highly downfield singlet at d

5.18 due to one proton, H-5 in 1H NMR spectrum of 2c

confirmed the generation of a substituted and functional-

ized cyclohexanespiropyrimidine system, characterized

for this compound. The only characteristic difference in

the 1H NMR spectra of quinazoline compounds 3 and 4

is that in former we have a slightly downfield multiplet

due to six protons of the trimethylene chain and in the

latter a slightly up field multiplet due to eight protons of

the tetramethylene chain. In compounds 5, where in the
1H NMR spectra there is a dearth of protons on the car-

bon atoms of the heterocyclic system, the only promi-

nent singlet characterizing the system is due to a single

proton at d 4.70, supplemented by the elemental analysis

data and characteristic IR peaks data as detailed in the

experimental part of individual compounds.

In products 1a-f and 10a-f, besides the stereochemistry

involved due to spiro system of the 2 six-membered het-

erocyclic and carbocyclic ring, there are two similar chi-

ral centers on one of the rings of the spiro system. So,

Scheme 5

Scheme 4
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theoretically three distereoisomers (not four dister-

eoisomers and a pair of racemates) should exist includ-

ing a pair of enantiomers and a meso (optically inactive)

stereomer for all these compounds. In this study, it

could not be established whether entirely the meso ster-

eomer is formed or one of the optically active enantiom-

ers or a mixture of all the stereomers is formed. How-

ever, from the almost zero specific optical rotation

values observed for these compounds, it could be sum-

marized that either the only meso stereoisomer or almost

a 50:50 racemic mixture is formed. The resolution into

enantiomers in this study could not be carried on suc-

cessfully and is under active study presently. The com-

pounds 2a-e, 20a-e, 3a-e, 30a-e, 4a-e, 40a-e, 5a-d, and

50a-d were all obtained also as racemates.

Antimicrobial activity. Some of the compounds

were screened for their antibacterial activity against

Escherichia coli, Bacillus sublitis, and Bacillus cereus
at concentration of 1000 lg and for antifungal activity

against Aspergillus niger, Penicillium species, and Cla-
dosporium species at the same concentration by well

diffusion technique [16,17,29–33]. Standard antibacterial

norfloxacin and antifungal fluconazole were also

screened under similar conditions for a comparison. The

zones of inhibition formed were measured [34] in milli-

meters and are shown in Table 1.

Antimicrobial activity of 1,5-diaryl-3-thioxo-2,4-dia-

zaspiro[5.5]undecane-7,11-dione/1,5-diaryl-2,4-diazaspir-

o[5.5]undecane-3,7,11-trione (1a-c/10a-c) and 7,11-dia-

ryl-9-thioxo-2,4,8,10-tetrazaspiro[5.5]undecane-1,3, 5-tri-

one/7,11-diaryl-2,4,8,10-tetrazaspiro[5.5]undecane-1,3,5,9

tetraone (1d-e/10d-e).
It was interesting to observe summarily that all the

compounds 1a-f and 10a-f were highly effective against

E. coli for antibacterial and Cladosporium species for

antifungal activity and noneffective against other

species.

EXPERIMENTAL

General. Melting points were measured in open capillaries
on perfit melting point apparatus and are incorrect. IR spectra
on KBr were recorded on Brucker-4800 infrared spectrometer.
NMR and EIMS/HRMS spectra were recorded on Brucker

AC-400 (400 MHz and 100 MHz) and JEOL D-300 mass
spectrometer, respectively. Elemental analysis was carried out
on simple CHNS analyzer (CHNS-932, LECO Corporation,
USA). 1H and 13C chemical shifts are reported in parts per
million (ppm) from tetramethylsilane (TMS) as internal stand-

ard. All experiments were performed in oven dried glass appa-
ratus. SISCO silica was used as adsorbent for TLC (0.5 mm
thick plates) and TLC plates were eluted with 1:9 ratios of
ethyl acetate and n-hexane. The column chromatography was

performed over silica gel (60–120 mesh) with graded solvent
systems of ethyl acetate-pet. ether (60–80).

General procedure for the synthesis of 1,5-diaryl-3-thi-

oxo-2,4-diazaspiro[5.5]undecane-7,11-dione/1,5-diaryl-2,4-

diazaspiro[5.5]undecane-3,7,11-trione (1a-f/10a-f). To a

magnetically stirred melt of aromatic aldehyde (3 moles) and
cyclic active methylene compound (cyclohexane-1,3-dione or
barbituric acid) (1 mole) at (70–80�C); thiourea/urea (1 mole)
and NiCl2 þ KI (0.1 mole) were added at this temperature.
The mixture was stirred at 110�C for 6–8 h. After the comple-

tion of the reaction as monitored by TLC, the reaction mixture
was cooled at room temperature and poured onto crushed ice
and again stirred for 10–20 min. The solid thus separated was
filtered, washed with cold water and crystallized from ethanol
to get 1a-f/10a-f.

1,5-Bis-(p-methylphenyl)-3-thioxo-2,4-diazaspiro[5.5] undecane-
7,11-dione (1a). Yield 78%; Mp 210–212�C; IR (KBR, v,
cm�1): 1185 (C¼¼S), 1650–1710 (C¼¼O), 3360–3430 (NH); 1H
NMR (CDCl3) d: 2.00–2.35 (m, 6H, 3 � CH2), 2.40 (s, 3H,

CH3), 2.43 (s, 3H, CH3, 4.99 (s, 2H, 1,5–Hs), 7.00–7.05 (m,
8H, ArHs), and 7.90–8.20 (bs, 2H, NH, D2O exchangable).

Table 1

Antimicrobial activity of 1,5-diaryl-3-thioxo-2,4-diazaspiro[5.5]undecane-7,11-dione/1,5-diaryl-2,4-diazaspiro[5.5]undecane-3,7,11-trione (1a-c/10a-c) and
7,11-diaryl-9-thioxo-2,4,8,10-tetrazaspiro[5.5]undecane-1,3,5-trione/7,11-diaryl-2,4,8,10-tetrazaspiro[5.5]undecane-1,3,5,9 tetraone (1d-e/10d-e).

Compd No.

Antibacterial activity Antifungal activity

Escherichia coli Bacillus subtilis Bacillus cereus Aspergillus niger Penicillium species Cladosporium species

1a 10 – – – – 13

1b 11 – – – – 14

1c 14 – – – – 16

1d 15 – – – – 17

1e 17 – – – – 20

1f 19 – – – – 20

10a 12 – – – – 14

10b 10 – – – – 13

10c 16 – – – – 17

10d 17 – – – – 16

10e 19 – – – – 19

10f 17 – – – – 18

Standard norfloxacin: Escherichia coli 28, Bacillus subtills 26, Bacillus cereus 28; standard fluconazol: Aspergillus niger 32, Penicillium species

25, Cladosporium species 23.
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Anal. Calcd. for C23H24N2O2S: C, 70.40; H, 6.12; N, 7.14; S,
8.16. Found: C, 70.23; H, 6.14; N, 7.16; S, 8.19.

1,5-Bis-(4-methoxyphenyl)-3-thioxo-2,4-diazaspiro[5.5]un-
decane-7,11-dione (1b). Yield 75%; Mp 204–206�C; IR
(KBR, v, cm�1): 1180 (C¼¼S), 1620–1700 (C¼¼O), 3350–3420

(NH); 1H NMR (CDCl3) d: 1.90–2.30 (m, 6H, 3 � CH2), 3.70
(s, 3H, OCH3), 3.72 (s, 3H, OCH3), 4.90 (s, 2H, 1,5–Hs),
6.75–7.05 (m, 8H, ArHs), and 7.88–8.00 (bs, 2H, NH); 13C
NMR d: 16.2, 38.5, 47.8, 56.1, 90.5, 114.0, 129.1, 131.0,
159.2, 163.1, 211.1. Anal. Calcd. for C23H24N2O4S: C, 65.09;

H, 5.66; N, 6.60; S, 7.54. Found: C, 64.91; H, 5.68; N, 6.53;
S, 7.59.

1,5-Bis-(3,4-dimethoxyphenyl)-3-thioxo-2,4-diazaspiro[5.5]
undecane-7,11-dione (1c). Yield 75%; Mp 230–232�C; IR
(KBR, v, cm�1): 1178 (C¼¼S), 1670–1705 (C¼¼O), 3290–3430

(NH); 1H NMR(CDCl3) d: 1.95–2.35 (m, 6H, 3 � CH2), 3.65
(s, 3H, OCH3), 3.70 (s, 3H, OCH3), 3.73 (s, 3H, OCH3), 3.75
(s, 3H,OCH3), 4.87 (s, 2H, 1,5-H), 6.60–6.90 (m, 6H, ArHs)
and 7.82–8.01 (bs, 2H, NH); 13C NMR d: 16.4, 38.3, 48.9,

56.1, 90.0, 114.8, 123.5, 130.8, 152.5, 170.1, 211.4. Anal.
Calcd. for C25H28N2O6S: C, 61.98; H, 5.78; N, 5.78; S, 6.61.
Found: C, 61.80; H, 5.80; N, 5.82; S, 6.55.

7,11-Bis-(p-methylphenyl)-9-thioxo-2,4,8,10-tetrazaspiro[5.5]
undecane-1,3,5-trione (1d). Yield 77%; Mp 240–242�C; IR

(KBR, v, cm�1): 1175 (C¼¼S), 1670–1705 (C¼¼O), 3290–3430
(NH); 1H NMR (CDCl3) d: 2.25 (s, 3H, CH3), 2.30 (s, 3H,
CH3), 5.29 (s, 2H, 7, 11–Hs), 7.10–7.20 (m, 8H, ArHs), and
7.89–8.20 (bs, 4H, NH). Anal. Calcd. for C21H20N4O3S: C,
61.76; H, 4.90; N, 13.72; S, 7.84. Found: C, 61.58; H, 4.91;

N, 13.75; S, 7.73.
7,11-Bis-(4-methoxyphenyl)-9-thioxo-2,4,8,10-tetrazaspiro[5.5]

undecane-1,3,5-trione (1e). Yield 82%; Mp 234–236�C; IR
(KBR, v, cm�1): 1182 (C¼¼S), 1660–1700 (C¼¼O), 3280–3425
(NH); 1H NMR (CDCl3) d: 3.72 (s, 3H, OCH3), 3.74 (s, 3H,

OCH3), 5.27 (s, 2H, 7, 11–Hs), 6.90–7.10 (m, 8H, ArHs), and
7.87–8.22 (bs, 4H, NH); 13C NMR d: 52.2, 56.8, 72.5, 114.3,
122.8, 132.4, 140.5, 146.0, 150.2, 151.7, 163.0, 176.8. Anal.
Calcd. for C21H20N4O5S: C, 57.27; H, 4.54; N, 12.72; S, 7.27.

Found: C, 57.09; H, 4.55; N, 12.75; S, 7.23.
7,11-Bis-(3,4-dimethoxyphenyl)-9-thioxo-2,4,8,10-tetra-

zaspiro[5.5]undecane-1,3,5-trione (1f). Yield 86%; Mp 244–
246�C; IR (KBR, v, cm�1): 1180 (C¼¼S), 1665–1700 (C¼¼O),
3270–3420 (NH); 1H NMR (CDCl3) d: 3.68 (s, 3H, OCH3),

3.70 (s, 3H, OCH3), 3.72 (s, 3H, OCH3), 3.75 (s, 3H, OCH3),
5.25 (s, 2H, 7,11-H), 6.67–6.90 (m, 6H, ArHs), and 7.89–8.90
(bs,4H,NH); 13C NMR d: 52.4, 56.2, 71.4, 114.7, 115.0, 121.8,
132.2, 139.2, 144.7, 147.5, 163.1, 176.1. Anal. Calcd. for
C23H24N4O7S: C, 55.20; H, 4.8; N, 11.2; S, 6.4. Found: C,

55.01; H, 5.0; N, 11.5; S, 6.9.
1,5-Bis-(p-methylphenyl)-2,4-diazaspiro[5.5]undecane-3,7,11-

trione (10a). Yield 90%; Mp 212–214�C; IR (KBR, v, cm�1):
1660–1700 (C¼¼O), 3382–3470 (NH). 1H NMR (CDCl3) d:
2.10–2.25 (m, 6H, 3 � CH2), 2.43 (s, 3H, CH3), 2.45 (s, 3H,

CH3), 4.87–5.01 (s, 2H, 1,5–Hs), 6.95–7.10 (m, 8H, ArHs),
and 7.80–8.15 (bs, 2H, NH). Anal. Calcd. for C23H24N2O3: C,
73.40; H, 6.38; N, 7.44. Found: C, 73.21; H, 6.40; N, 7.38.

1,5-Bis-(4-methoxyphenyl)-2,4-diazaspiro[5.5]undecane-
3,7,11-trione (10b). Yield 80%; Mp 210–211�C; IR (KBR, v,
cm�1): 1675–1710 (C¼¼O), 3370–3430 (NH); 1H NMR
(CDCl3) d: 2.15–2.30 (m, 6H, 3 � CH2), 3.55 (s, 3H, OCH3),
3.88 (s, 3H, OCH3), 4.97 (s, 2H, 1,5–Hs), 6.90–7.15 (m, 8H,

ArHs), and 7.85–8.20 (bs, 2H, NH); 13C NMR d: 15.5, 40.5,
44.8, 59.7, 92.4, 119.7, 139.3, 142.0, 165.2, 167.6, 218.9.
Anal. Calcd. for C23H24N2O5: C, 67.64; H, 5.88; N, 6.86.
Found: C, 67.46; H, 5.90; N, 6.74.

1,5-Bis-(3,4-dimethoxyphenyl)-2,4-diazaspiro[5.5]undecane-
3,7,11-trione (10c). Yield 87%; Mp 232–234�C; IR (KBR, v,
cm�1): 1670–1705 (C¼¼O), 3390–3440 (NH); 1H NMR
(CDCl3) d: 2.00–2.10 (m, 6H, 3 � CH2), 3.60 (s, 3H, OCH3),
3.64 (s, 3H, OCH3), 3.70 (s, 3H, OCH3), 3.74 (s, 3H, OCH3),
4.83 (s, 2H, 1,5-H), 6.82–7.10 (m, 6H, ArHs), and 7.80–8.15

(bs, 2H, NH); 13C NMR d: 16.2, 38.5, 49.1, 56.3, 90.3, 115.2,
122.5, 131.4, 147.8, 154.3, 211.2. Anal. Calcd. for
C25H28N2O7: C, 64.10; H, 5.98; N, 5.98. Found: C, 63.92; H,
5.96; N, 5.91.

7,11-Bis-(p-methylphenyl)-2,4,8,10-tetrazaspiro[5.5]un-
decane-1,3,5,9-tetraone (10d). Yield 80%; Mp 246–248�C;
IR (KBR, v, cm�1): 1672–1710 (C¼¼O), 3380–3460 (NH); 1H
NMR (CDCl3) d: 2.20 (s, 3H, CH3), 2.25 (s, 3H, CH3), 5.15
(s, 2H, 7, 11–Hs), 7.00–7.10 (m, 8H, ArHs), and 7.80–8.15

(bs, 4H, NH). Anal. Calcd. for C21H20N4O4: C, 64.28; H, 5.10;
N, 14.28. Found: C, 64.10; H, 5.12; N, 14.25.

7,11-Bis-(4-methoxyphenyl)-2,4,8,10-tetrazaspiro[5.5]undecane-
1,3,5,9-tetraone (10e). Yield 90%; Mp 240–242�C; IR (KBR, v,
cm�1): 1680–1720 (C¼¼O), 3270–3420 (NH); 1H NMR

(CDCl3) d: 3.70 (s, 3H, OCH3), 3.75 (s, 3H, OCH3), 5.20 (s,
2H, 7, 11–Hs), 6.80–7.20 (m, 8H, ArHs), and 7.82–8.20 (bs,
4H, NH). Anal. Calcd. for C21H20N4O6: C, 59.43; H, 4.71; N,
13.20. Found: C, 59.25; H, 4.72; N, 13.14.

7,11-Bis-(3,4-dimethoxyphenyl)-2,4,8,10-tetrazaspiro[5.5]
undecane-1,3,5,9-tetraone (10f). Yield 87%; Mp 250–252�C;
IR (KBR, v, cm�1): 1675–1710 (C¼¼O), 3280–3450 (NH); 1H
NMR (CDCl3) d: 3.65 (s, 3H, OCH3), 3.68 (s, 3H, OCH3),
3.70 (s, 3H, OCH3), 3.74 (s, 3H, OCH3), 5.15 (s, 2H, 7,11-
H), 6.87–7.10 (m, 6H, ArHs), and 7.60–8.40 (bs, 4H, NH);
13C NMR d: 55.6, 59.8, 86.4, 118.2, 120.0, 128.8, 138.9,
140.7, 148.8, 150.8, 163.9, 180.1. Anal. Calcd. for
C23H24N4O8: C, 57.02; H, 4.95; N, 11.57. Found: C, 56.84;
H, 4.97; N, 11.61.

General procedure for the synthesis of 5-aryl-1-methyl-3-

thioxo-2,4-diazaspiro[5.5]undec-1-en-7-one/5-aryl-1-methyl-

2,4-diazaspiro[5.5]undec-1-ene-3,7-dione (2a-e/20a-e). These
heterocycles were prepared by following the same procedure
as mentioned for (1a-f/10a-f) by condensing appropriate aro-

matic aldehyde, thiourea/urea, and 2-acetylcyclohexanone in
the mole ratio of 1:1:1 simply by stirring at 100–110�C for 6
h without using any solvent and catalyst. The work of the
reaction was done as usual by pouring ice cold water on to the
reaction mixture residue. The spectral characterizations of the

synthesized compounds are as follows:
1-Methyl-5-phenyl-3-thioxo-2,4-diazaspiro[5.5]undec-1-en-

7-one (2a). Yield 77%; Mp 170–172�C; IR (KBR, v, cm�1):
1180 (C¼¼S), 1680–1700 (C¼¼O), 3420 (NH); 1H NMR
(CDCl3) d: 1.32 (s, 3H, CH3), 1.95–2.30 (m, 8H, 4 � CH2),

5.26 (s, 1H, 5-H), 7.01–7.03 (m, 5H, ArHs), and 9.01 (bs, 1H,
NH). Anal. Calcd. for C16H18N2OS: C, 67.13; H, 6.29; N,
9.79; S, 11.18. Found: C, 66.92; H, 6.30; N, 9.84; S, 11.23.

1-Methyl-5-(p-methylphenyl)-3-thioxo-2,4-diazaspiro[5.5]
undec-1-en-7-one (2b). Yield 74%; Mp 178–180�C; IR
(KBR, v, cm�1): 1175 (C¼¼S), 1670–1690 (C¼¼O), 3410 (NH);
1H NMR (CDCl3) d: 1.30 (s, 3H, CH3), 1.90–2.30 (m, 8H, 4
� CH2), 5.20 (s, 1H, H-5), 7.01–7.01 (m, 4H, ArHs), and 9.01
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(bs, 1H, NH);13C NMR d: 12.2, 20.6, 22.1, 27.4, 36.9, 38.2,
45.1, 62.0, 128.0, 129.2, 134.7, 136.2, 164.4, 175.0, 211.2.
Anal. Calcd. for C17H20N2OS: C, 68.0; H, 6.66; N, 9.33; S,
10.66. Found: C, 67.79; H, 6.68; N, 9.35; S, 10.69.

5-(4-Methoxyphenyl)-1-methyl-3-thioxo-2,4-diazaspiro[5.5]
undec-1-en-7-one (2c). Yield 70%; Mp 184–186�C; IR (KBR,
v, cm�1): 1182 (C¼¼S), 1665–1695 (C¼¼O), 3415 (NH); 1H
NMR (CDCl3) d: 1.22 (s, 3H, CH3), 1.79–2.25 (m, 8H, 4 �
CH2), 3.70 (s, 3H, OCH3), 5.18 (s, 1H, H-5), 6.98–7.01 (m,
4H, ArHs), and 8.90 (bs, 1H, NH). Anal. Calcd. for

C17H20N2O2S: C, 64.55; H, 6.32; N, 8.86; S, 10.12. Found: C,
64.36; H, 6.34; N, 8.89; S, 10.15.

5-(3,4-Dimethoxyphenyl)-1-methyl-3-thioxo-2,4-diazaspiro[5.5]
undec-1-en-7-one (2d). Yield 72%; Mp 192–193�C; IR (KBR,
v, cm�1): 1178 (C¼¼S), 1680–1700 (C¼¼O), 3400 (NH); 1H

NMR (CDCl3) d: 1.15 (s, 3H, CH3), 1.74–2.29 (m, 8H, 4 �
CH2), 3.62 (s, 3H, OCH3), 3.70 (s, 3H, OCH3), 5.15 (s, 1H,
H-5), 6.98–7.00 (m, 3H, ArHs), and 8.75 (bs, 1H, NH). Anal.
Calcd. for C18H22N2O3S: C, 62.42; H, 6.35; N, 8.09; S, 9.24.

Found: C, 62.24; H, 6.37; N, 8.14; S, 9.28.
5-(p-Chlorophenyl)-1-methyl-3-thioxo-2,4-diazaspiro[5.5]

undec-1-en-7-one (2e). Yield 74%; Mp 220–222�C; IR
(KBR, v, cm�1): 1180 (C¼¼S), 1650–1690 (C¼¼O), 3380 (NH);
1H NMR (CDCl3) d: 1.25 (s, 3H, CH3), 1.80–2.20 (m, 8H, 4

� CH2), 5.29 (s, 1H, H-5), 7.05–7.25 (m, 4H, ArHs), and 9.05
(bs, 1H, NH);13C NMR d: 12.8, 22.2, 27.8, 38.6, 39.2, 45.2,
50.2, 128.7, 131.0, 137.5, 164.4, 173.8, 211.5. Anal. Calcd. for
C16H17N2OSCl: C, 59.90; H, 5.30; N, 8.73; S, 9.98. Found: C,
59.71; H, 5.32; N, 8.79; S, 9.95.

1-Methyl-5-phenyl-2,4-diazaspiro[5.5]undec-1-ene-3,7-dione
(20a). Yield 77%; Mp 172–174�C; IR (KBR, v, cm�1): 1660–
1705 (C¼¼O), 3470 (NH); 1H NMR (CDCl3) d: 1.32 (s, 3H,
CH3), 1.80–2.05 (m, 8H, 4 � CH2), 5.76 (s, 1H, 5-H), 7.41–
7.83 (m, 5H, ArHs), and 9.11 (bs, 1H, NH). Anal. Calcd. for
C16H18N2O2: C, 71.11; H, 6.66; N, 10.37. Found: C, 71.19; H,
6.62; N, 10.40.

1-Methyl-5-(p-methylphenyl)-2,4-diazaspiro[5.5]undec-1-ene-
3,7-dione (20b). Yield 76%; Mp 180–182�C; IR (KBR, v,

cm�1): 1670–1700 (C¼¼O), 3466 (NH); 1H NMR (CDCl3) d:
1.20 (s, 3H, CH3), 1.95–2.20 (m, 8H, 4 � CH2), 4.90 (s, 1H,
H-5), 6.90–7.21 (m, 4H, ArHs), and 9.28 (bs, 1H, NH); 13C
NMR d: 15.2, 22.8, 27.8, 30.4, 34.8, 38.9, 46.2, 60.2, 126.0,
128.1, 139.5, 149.8, 169.8, 185.8, 230.2. Anal. Calcd. for

C17H20N2O2: C, 71.83; H, 7.04; N, 9.85. Found: C, 71.64; H,
7.06; N, 9.80.

5-(4-Methoxyphenyl)-1-methyl-2,4-diazaspiro[5.5]undec-1-
ene-3,7-dione (20c). Yield 74%; Mp 189–191�C; IR (KBR, v,
cm�1): 1675–1692 (C¼¼O), 3410 (NH); 1H NMR (CDCl3) d:
1.32 (s, 3H, CH3), 2.10–2.25 (m, 8H, 4 � CH2), 3.72 (s, 3H,
OCH3), 4.95 (s, 1H, H-5), 6.90–7.00 (m, 4H, ArHs), and 8.72
(bs, 1H, NH). Anal. Calcd. for C17H20N2O3: C, 68.0; H, 6.6;
N, 9.33. Found: C, 67.82; H, 6.8; N, 9.38.

5-(3,4-Dimethoxyphenyl)-1-methyl-2,4-diazaspiro[5.5]undec-
1-ene-3,7-dione (20d). Yield 76%; Mp 191–201�C; IR (KBR,
v, cm�1): 1690–1710 (C¼¼O), 3410 (NH); 1H NMR (CDCl3)
d: 1.15 (s, 3H, CH3), 2.05–2.29 (m, 8H, 4 � CH2), 3.7 0 (s,
3H, OCH3), 3.74 (s, 3H, OCH3), 5.05 (s, 1H, H-5), 6.88–7.10

(m, 3H, ArHs), and 8.76 (bs, 1H, NH). Anal. Calcd. for
C18H22N2O4: C, 65.45; H, 6.66; N, 8.48. Found: C, 65.27; H,
6.68; N, 8.54.

5-(p-Chlorophenyl)-1-methyl-2,4-diazaspiro[5.5]undec-1-ene-
3,7-dione (20e). Yield 72%; Mp 221–223�C; IR (KBR, v,
cm�1): 1670–1700 (C¼¼O), 3420 (NH); 1H NMR (CDCl3)

d: 1.30 (s, 3H, CH3), 1.70–2.10 (m, 8H, 4 � CH2), 4.99 (s,
1H, H-5), 7.00–7.25 (m, 4H, ArHs), and 8.90 (bs, 1H, NH);
13C NMR d: 15.7, 25.8, 28.9, 39.9, 40.5, 50.8, 54.8, 130.2,
134.6, 150.3, 168.4, 178.8, 220.4. Anal. Calcd. for
C16H17N2O2Cl: C, 63.05; H, 5.58; N, 9.19. Found: C, 62.87;

H, 5.59; N, 9.24.
General procedure for the synthesis of reduced 4-aryl/

heteroaryl-2-thioxo-quinazolin-5-one, 4-aryl/heteroaryl-

quinazoline-2,5-dione (3a-e/30a-e), 4-aryl/heteroaryl quinaz-
oline-2-thione/4-aryl/heteroaryl-quinazolin-2-one (4a-e/40a-
e), and 5-aryl-7-thioxo pyrimidopyrimidine-2,4-dione/5-

aryl-pyrimidopyrimidine-2,4,7-trione (5a–d/50a-d). A highly
grinded and finally powdered homogeneous trinary mixture of
appropriate aromatic/hetero aromatic aldehyde (1 mole), thiou-
rea/urea (1 mole), and cyclohexane-1,3-dione/cyclohexanone/

barbituric acid (1 mole) in 70–80 mL of methanol was
refluxed for 10–12 h. After the completion of reaction as
monitored by TLC, the reaction mixture was concentrated to
one-third of its volume and was then poured onto ice cold

water. The precipitate separated out, filtered, washed, dried,
and further recrystallized from ethanol to get the required
product.

4-(p-Methylphenyl)-2-thioxo-1,2,3,4,5,6,7,8-octahydroquina-
zolin-5-one (3a). Yield 80%; Mp 225–227�C; IR (KBR, v,

cm�1): 1172 (C¼¼S), 1692 (C¼¼O), 3430–3442 (NH); 1H NMR
(CDCl3) d: 1.60–2.38 (m, 6H, 3 � CH2), 2.30 (s, 3H, CH3),
4.89 (s, 1H, 4–H), 7.02–7.24 (m, 4H, ArHs), 7.80 (bs, 1H,
NH), and 9.60 (bs, 1H, NH); 13C NMR d: 16.8, 22.4, 26.8,
34.6, 50.2, 115.3, 116.8, 118.2, 118.9, 124.6, 130.4, 135.3,

144.8, 160.6, 197.2. Anal. Calcd. for C15H16N2OS: C, 66.66;
H, 5.88; N, 10.29; S, 11.76. Found: C, 66.48; H, 5.85; N,
10.29; S, 11.73.

4-(4-Methoxyphenyl)-2-thioxo-1,2,3,4,5,6,7,8-octahydro-
quinazolin-5-one (3b). Yield 78%; Mp 249–251�C; IR

(KBR, v, cm�1): 1190 (C¼¼S), 1620 (C¼¼O), 3435–3445 (NH);
1H NMR (CDCl3) d: 1.45–2.30 (m, 6H, 3 � CH2), 3.73 (s,
3H, OCH3), 4.74 (s, 1H, 4–H), 6.90–7.21 (m, 4H, ArHs), 7.72
(bs, 1H, NH), and 9.56 (bs, 1H, NH). Anal. Calcd. for
C15H16N2O2S: C, 62.50; H, 5.55; N, 9.72; S, 11.11. Found: C,

62.34; H, 5.59; N, 9.69; S, 11.08.
4-(3,4-Dimethoxyphenyl)-2-thioxo-1,2,3,4,5,6,7,8-octahydro-

quinazolin-5-one (3c). Yield 76%; Mp 240–242�C; IR (KBR,
v, cm�1): 1178 (C¼¼S), 1620 (C¼¼O), 3435–3445 (NH); 1H

NMR (CDCl3) d: 1.40–2.20 (m, 6H, 3 � CH2), 3.70 (s, 3H,
OCH3), 3.75 (s, 3H, OCH3), 4.70 (s, 1H, 4–H), 6.90–7.25 (m,
3H, ArHs), 7.72 (bs, 1H, NH), 9.55 (s, 1H, NH); 13C NMRd:
16.8, 34.6, 40.6, 48.1, 56.1, 113.4, 114.2, 114.7, 120.6, 135.5,
142.2, 145.4, 147.2, 156.6, 197.4. Anal. Calcd. for

C16H18N2O3S: C, 60.37; H, 5.6; N, 8.58; S, 10.06. Found: C,
60.19; H, 5.7; N, 8.55; S, 10.03.

4-(Indol-3-yl)-2-thioxo–1,2,3,4,5,6,7,8-octahydroquinazo-
lin-5-one (3d). Yield 74%; Mp 253–257�C; IR (KBR, v,
cm�1): 1180 (C¼¼S), 1680 (C¼¼O), 3390–3445 (NH); 1H NMR

(CDCl3) d: 1.70–2.46 (m, 6H, 3 � CH2), 5.65 (s, 1H, 4–H),
7.04–8.29 (m, 5H, ArHs), 8.59 (s, 1H, exch. NH), 9.41 (s, 1H,
NH), and 10.92 (s, 1H, exch. NH); 13C NMR d: 19.8, 34.6,
40.2, 52.6, 111.0, 111.2, 112.3, 119.2, 120.2, 121.3, 122.5,
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131.4, 136.2, 155.8, 178.0, and 198.0. Anal. Calcd. for
C16H15N3OS: C, 64.64; H, 5.0; N, 14.14; S, 10.77. Found: C,
64.46; H, 5.2; N, 14.16; S, 10.74.

4-(1,3-Diphenyl-1H-pyrazol-4-yl)-2-thioxo-1,2,3,4,5,6,7,8-
octahydroquinazolin-5-one (3e). Yield 72%; Mp 255–257�C;
IR (KBR, v, cm�1): 1182 (C¼¼S), 1680 (C¼¼O), 3435–3440
(NH); 1H NMR (CDCl3) d: 1.85–2.45 (m, 6H, 3 � CH2), 5.52
(s, 1H, 4–H), 7.01–7.80 (m, 10H, ArHs), 7.84 (s, 1H, 50H),
7.90 (s, 1H, NH), 10.80 (s, 1H, NH); 13C NMR d: 20.0, 35.6,
40.9, 45.2, 111.6, 117.8, 126.0, 128.4, 129.2, 139.8, 155.4,

157.2, 178.4, 197.7. Anal. Calcd. for C23H20N4OS: C, 69.0; H,
5.0; N, 14.0; S, 8.0. Found: C, 68.83; H, 5.2; N, 13.96; S, 8.5.

4-(p-Methylphenyl)-1,2,3,4,5,6,7,8-octahydroquinazoline-2
5-dione (30a). Yield 82%; Mp 222–223�C; IR (KBR, v,
cm�1): 1660 (C¼¼O), 3430–3442 (NH); 1H NMR (CDCl3) d:
1.48–2.20 (m, 6H, 3 � CH2), 2.35 (s, 3H, CH3), 4.89 (s, 1H,
4–H), 6.98–7.40 (m, 4H, ArHs), 7.70 (bs, 1H, NH), and 9.55
(bs, 1H, NH). Anal. Calcd. for C15H16N2O2: C, 70.31; H, 6.25;
N, 10.93. Found: C, 70.12; H, 6.23; N, 10.91.

4-(4-Methoxyphenyl)-1,2,3,4,5,6,7,8-octahydroquinazoline-
2,5-dione (30b). Yield 74%; Mp 230–232�C; IR (KBR, v,
cm�1): 16,700 (C¼¼O), 3432–3440 (NH); 1H NMR (CDCl3) d:
1.40–2.15 (m, 6H, 3 � CH2), 3.71 (s, 3H, OCH3), 4.80 (s, 1H,
4–H), 6.92–7.20 (m, 4H, ArHs), 7.70 (bs, 1H, NH), and 9.58

(bs, 1H, NH). Anal. Calcd. for C15H16N2O3: C, 66.17; H, 5.8;
N, 10.29. Found: C, 65.98; H, 5.6; N, 10.26.

4-(3,4-Dimethoxyphenyl)-1,2,3,4,5,6,7,8-octahydroquinazo-
line-2,5-dione (30c). Yield 80%; Mp 241–243�C; IR (KBR, v,
cm�1): 1675 (C¼¼O), 3460–3442 (NH); 1H NMR (CDCl3) d:
1.60–2.40 (m, 6H, 3 � CH2), 3.72 (s, 3H, OCH3), 3.74 (s, 3H,
OCH3), 5.05 (s, 1H, 4–H), 7.05–7.15 (m, 3H, ArHs), 7.70 (bs,
1H, NH), 9.45 (s, 1H, NH); 13C NMR d: 15.2, 38.6, 44.8,
50.1, 58.2, 115.7, 120.7, 122.8, 130.6, 140.5, 148.2, 150.5,
155.2, 158.9, 200.7. Anal. Calcd. for C16H18N2O4: C, 63.57;

H, 5.96; N, 9.27. Found: C, 63.38; H, 5.98; N, 9.24.
4-(Indol-3-yl)-1,2,3,4,5,6,7,8-octahydroquinazoline-2,5-dione

(30d). Yield 76%; Mp 256–258�C; IR (KBR, v, cm�1): 1685
(C¼¼O), 3370–3440 (NH); 1H NMR (CDCl3) d: 1.90–2.30 (m,

6H, 3 � CH2), 5.25 (s, 1H, 4–H), 7.10–7.25 (m, 5H, ArHs),
7.92 (s, 1H, exch. NH), 9.42 (s, 1H, NH), and 10.82 (s, 1H,
exch. NH); 13C NMR d: 18.9, 38.9, 42.5, 55.6, 118.0, 120.2,
126.9, 129.2, 130.5, 132.3, 136.5, 139.4, 140.2, 158.8, 188.0,
200.8. Anal. Calcd. for C16H15N3O2: C, 68.32; H, 5.33; N,

14.94. Found: C, 68.14; H, 5.31; N, 14.90.
4-(1,3-Diphenyl-1H-pyrazol-4-yl)-1,2,3,4,5,6,7,8-octahydro-

quinazoline-2,5-dione (30e). Yield 72%; Mp 256–258�C; IR
(KBR, v, cm�1): 1620 (C¼¼O), 3435–3445 (NH); 1H NMR
(CDCl3) d: 1.95–2.40 (m, 6H, 3 � CH2), 5.25 (s, 1H, 4–H),

7.00–7.60 (m, 10H, ArHs), 7.65 (s, 1H, 50H), 9.80 (s, 1H,
NH), 10.65 (s, 1H, NH); 13C NMR d: 20.8, 34.2, 42.9, 45.8,
115.6, 118.5, 122.0, 125.4, 130.2, 135.8, 145.4, 155.2, 180.7,
199.8. Anal. Calcd. for C23H20N4O2: C, 71.87; H, 5.20; N,
14.58. Found: C, 71.79; H, 5.21; N, 14.53.

4-(p-Methylphenyl)-1,2,3,4,5,6,7,8-octahydroquinazoline-2-
thione (4a). Yield 75%; Mp 228–230�C; IR (KBR, v, cm�1):
1181 (C¼¼S), 3438–3445 (NH); 1H NMR (CDCl3) d: 1.62–
2.32 (m, 8H, 4 � CH2), 2.35 (s, 3H, CH3), 4.86 (s, 1H, 4–H),

7.02–7.20 (m, 4H, ArHs), 7.90 (bs, 1H, NH), and 10.7 (bs,
1H, NH). Anal. Calcd. for C15H18N2S: C, 69.76; H, 6.9; N,
10.85; S, 12.40. Found: C, 69.68; H, 7.1; N, 10.81; S, 12.20.

4-(4-Methoxyphenyl)-1,2,3,4,5,6,7,8-octahydroquinazoline-
2-thione (4b). Yield 77%; Mp 256–258�C; IR (KBR, v,
cm�1): 1168 (C¼¼S), 3398–3442 (NH); 1H NMR (CDCl3) d:
1.42–2.32 (m, 8H, 4 � CH2), 3.71 (s, 3H, OCH3), 4.70 (s, 1H,
4–H), 6.92–7.23 (m, 4H, ArHs), 7.70 (bs, 1H, NH), and 9.52
(bs, 1H, NH). Anal. Calcd. for C15H18N2OS: C, 65.69; H,
6.56; N, 10.21; S, 11.67. Found: C, 65.51; H, 6.55; N, 10.23;
S, 11.70.

4-(3,4-Dimethoxyphenyl)-1,2,3,4,5,6,7,8-octahydroquinazo-
line-2-thione (4c). Yield 78%; Mp 256–258�C; IR (KBR, v,
cm�1): 1175 (C¼¼S), 3435–3445 (NH); 1H NMR (CDCl3) d:
1.40–2.20 (m, 8H, 4 � CH2), 3.70 (s, 3H, OCH3), 3.75 (s, 3H,
OCH3), 4.70 (s, 1H, 4–H), 6.90–7.25 (m, 3H, ArHs), 7.72 (bs,

1H, NH), and 9.55 (bs, 1H, NH). Anal. Calcd. for
C16H20N2O2S: C, 63.15; H, 6.57; N, 9.2; S, 10.52. Found: C,
62.96; H, 6.59; N, 9.0; S, 10.59.

4-(Indol-3-yl)-1,2,3,4,5,6,7,8-octahydroquinazoline-2-thione
(4d). Yield 72%; Mp 254–256�C; IR (KBR, v, cm�1): 1172

(C¼¼S), 3367–3445 (NH); 1H NMR (CDCl3) d: 1.72–2.41 (m,
8H, 4 � CH2), 5.60 (s, 1H, 4–H), 7.8–8.20 (m, 5H, ArHs),
8.50 (s, 1H, exch. NH), 9.31 (s, 1H, NH), and 10.23 (s, 1H,
exch. NH). Anal. Calcd. for C16H17N3S: C, 67.84; H, 6.0; N,

14.84; S, 11.30. Found: C, 67.66; H, 6.2; N, 14.89; S, 11.35.
4-(1,3-Diphenyl-1H-pyrazol-4-yl)-1,2,3,4,5,6,7,8-octahy-

droquinazoline-2-thione (4e). Yield 76%; Mp 260–262�C;
IR (KBR, v, cm�1): 1185 (C¼¼S), 3440–3445 (NH); 1H NMR
(CDCl3) d: 1.92–2.43 (m, 8H, 4 � CH2), 5.56 (s, 1H, 4–H),

7.02–7.82 (m, 11H, ArHs and 50H),7.92 (s, 1H, exch. NH),
and 10.83 (s, 1H, exch. NH); 13C NMR d: 21.3, 25.8, 32.2,
38.4, 46.3, 112.2, 115.7, 126.3, 128.3, 129.8, 139.3, 152.8,
157.1, 178.3. Anal. Calcd. for C23H22N4S: C, 74.09; H, 5.69;
N, 14.50; S, 8.29. Found: C, 73.92; H, 5.7; N, 14.59; S, 8.24.

4-(p-Methylphenyl)-1,2,3,4,5,6,7,8-octahydroquinazolin-2-
one (40a). Yield 78%; Mp 225–227�C; IR (KBR, v, cm�1):
1678 (C¼¼O), 3338–3440 (NH); 1H NMR (CDCl3) d: 1.72–
2.30 (m, 8H, 4 � CH2), 2.30 (s, 3H, CH3), 4.96 (s, 1H, 4–H),
7.00–7.10 (m, 4H, ArHs), 7.95 (bs, 1H, NH), and 10.2 (bs,

1H, NH). Anal. Calcd. for C15H18N2O: C, 74.38; H, 7.43; N,
11.57. Found: C, 74.18; H, 7.45; N, 10.62.

4-(4-Methoxyphenyl)-1,2,3,4,5,6,7,8-octahydroquinazolin-2-
one (40b). Yield 75%; Mp 251–253�C; IR (KBR, v, cm�1):
1670 (C¼¼O), 3394–3435 (NH); 1H NMR (CDCl3) d: 1.70–

2.31 (m, 8H, 4 � CH2), 3.73 (s, 3H, OCH3), 4.85 (s, 1H, 4–
H), 7.00–7.23 (m, 4H, ArHs), 7.85 (bs, 1H, NH), and 10.5 (bs,
1H, NH). Anal. Calcd. for C15H18N2O2: C, 69.76; H, 6.97; N,
1 0.85. Found: C, 69.68; H, 6.99; N, 10.92.

4-(3,4-Dimethoxyphenyl)-1,2,3,4,5,6,7,8-octahydroquinazo-
lin-2-one (40c). Yield 80%; Mp 252–254�C; IR (KBR, v,
cm�1): 1675 (C¼¼O), 3490–3443 (NH); 1H NMR (CDCl3) d:
1.70–2.25 (m, 8H, 4 � CH2), 3.72 (s, 3H, OCH3), 3.76 (s, 3H,
OCH3), 4.90 (s, 1H, 4–H), 7.10–7.25 (m, 3H, ArHs), 7.82 (bs,

1H, NH), and 10.2(bs, 1H, NH). Anal. Calcd. for C16H20N2O3:
C, 66.66; H, 6.94; N, 9.72. Found: C, 66.48; H, 6.96; N, 9.68.

4-(Indol-3-yl)-1,2,3,4,5,6,7,8-octahydroquinazolin-2-one
(40d). Yield 78%; Mp 255–257�C; IR (KBR, v, cm�1): 1670
(C¼¼O), 3490–3440 (NH); 1H NMR (CDCl3) d: 1.72–2.21 (m,

8H, 4 � CH2), 5.70 (s, 1H, 4–H), 7.7–8.10 (m, 5H, ArHs),
8.65 (s, 1H, exch. NH), 9.85 (s, 1H, NH), and 10.82 (s, 1H,
exch. NH). Anal. Calcd. for C16H17N3O: C, 71.91; H, 6.36; N,
15.73. Found: C, 71.72; H, 6.38; N, 15.79.
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4-(1,3-Diphenyl-1H-pyrazol-4-yl)-1,2,3,4,5,6,7,8-octahy-
droquinazolin-2-one (40e). Yield 78%; Mp 264–266�C; IR
(KBR, v, cm�1): 1676 (C¼¼O), 3480–3440 (NH); 1H NMR

(CDCl3) d: 1.70–2.25 (m, 8H, 4 � CH2), 5.85 (s, 1H, 4–H),
7.10–8.20 (m, 11H, ArHs and 50H), 8.50 (s, 1H, exch. NH),
and 10.70 (s, 1H, exch. NH). Anal. Calcd. for C23H22N4O: C,
74.59; H, 5.94; N, 15.13. Found: C, 72.78; H, 5.95; N, 15.15.

5-Phenyl-7-thioxo-1,2,3,4,5,6,7,8-octahydropyrimido[4,5-
d]pyrimidine-2,4-dione (5a). Yield 72%; Mp 228–230�C; IR
(KBR, v, cm�1): 1178 (C¼¼S), 1665–1710 (C¼¼O), 3310–3450
(NH); 1H NMR (CDCl3) d: 5.20 (s, 1H, 5–H), 7.10–7.21 (m,
5H, ArHs), 8.82–8.98 (bs, 2H, NH at 1, 8), 9.56 (bs, 1H, NH
at 3), and 10.54 (bs, 1H, NH at 6). Anal. Calcd. for

C12H10N4O2S: C, 52.55; H, 3.64; N, 20.43; S, 11.67. Found:
C, 52.38; H, 3.60; N, 20.36; S, 11.61.

5-(4-Methoxyphenyl)-7-thioxo-1,2,3,4,5,6,7,8-octahydropyri-
mido[4,5-d]pyrimidine-2,4-dione (5b). Yield 77%; Mp 232–
234�C; IR (KBR, v, cm�1): 1182 (C¼¼S), 1670–1708 (C¼¼O),

3410–3452 (NH); 1H NMR (CDCl3) d: 3.73 (s, 3H, OCH3),
5.30 (s, 1H, 5–H), 6.70–7.20 (m, 4H, ArHs), 8.72–9.12 (bs,
2H, NH at 1, 8), 9.62 (bs, 1H, NH at 3), and 10.55 (bs, 1H,
NH at 6); 13C NMR d: 47.4, 56.1, 85.7, 113.7, 126.4, 130.6,
142.6, 153.5, 155.8, 162.0, 165.5. Anal. Calcd. for
C13H12N4O3S: C, 51.31; H, 3.94; N, 18.42; S, 10.52. Found:
C, 51.12; H, 3.96; N, 18.33; S, 11.02.

5-(4-Methylphenyl)-7-thioxo-1,2,3,4,5,6,7,8-octahydropyri-
mido[4,5-d]pyrimidine-2,4-dione (5c). Yield 82%; Mp 254–

256�C; IR (KBR, v, cm�1): 1187 (C¼¼S), 1675–1700 (C¼¼O),
3380–3410 (NH); 1H NMR (CDCl3) d: 2.22 (s, 3H, CH3),
4.93 (s, 1H, 5–H), 6.98–7.42 (m, 4H, ArHs), 8.80–9.00 (bs,
2H, NH at 1, 8), 9.51 (bs, 1H, NH at 3), and 10.58 (bs, 1H,
NH at 6). Anal. Calcd. for C13H12N4O2S: C, 54.16; H, 4.16;

N, 19.44; S, 11.11. Found: C, 53.98; H, 4.18; N, 19.38; S,
11.07.

5-(3,4-Dimethoxyphenyl)-7-thioxo-1,2,3,4,5,6,7,8-octahydro-
pyrimido[4,5-d]pyrimidine-2,4-dione (5d). Yield 74%; Mp
271–273�C; IR (KBR, v, cm�1): 1185 (C¼¼S), 1660–1700

(C¼¼O), 3320–3450 (NH); 1H NMR (CDCl3) d: 3.68 (s, 3H,
OCH3), 3.74 (s, 3H, OCH3), 4.79 (s, 1H, 5–H), 6.87–7.35 (m,
3H, ArHs), 8.90–9.20 (bs, 2H, NH at 1, 8), 9.68 (bs, 1H, NH
at 3), and 11.96 (bs, 1H, NH at 6). Anal. Calcd. for
C14H14N4O4S: C, 50.29; H, 4.19; N, 16.76; S, 9.58. Found: C,

50.11; H, 4.21; N, 16.79; S, 9.64.
5-Phenyl-1,2,3,4,5,6,7,8-octahydropyrimido[4,5-d]pyrimi-

dine-2,4,7-trione (50a). Yield 75%; Mp 241–243�C; IR
(KBR, v, cm�1): 1685–1710 (C¼¼O), 3330–3440 (NH); 1H

NMR (CDCl3) d: 5.26 (s, 1H, 5–H), 7.05–7.25 (m, 5H, ArHs),
8.85–8.96 (bs, 2H, NH at 1, 8), 9.90 (bs, 1H, NH at 3), and
10.25 (bs, 1H, NH at 6). Anal. Calcd. for C12H10N4O3: C,
55.81; H, 3.87; N, 21.70. Found: C, 55.62; H, 3.89; N, 7.10;
S, 21.66.

5-(4-Methoxyphenyl)-1,2,3,4,5,6,7,8-octahydro pyrimido[4,5-d]
pyrimidine-2,4,7-trione (50b). Yield 80%; Mp 260–262�C; IR
(KBR, v, cm�1): 1680–1700 (C¼¼O), 3460–3420 (NH); 1H
NMR (CDCl3) d: 3.70 (s, 3H, OCH3), 4.85 (s, 1H, 5–H),
6.90–7.30 (m, 4H, ArHs), 8.72–9.12 (bs, 2H, NH at 1, 8), 9.60

(bs, 1H, NH at 3) and 10.58 (bs, 1H, NH at 6); 13C NMR d:
45.4, 58.2, 90.7, 115.8, 128.9, 132.5, 140.5, 152.8, 156.9,
160.5, 166.8. Anal. Calcd. for C13H12N4O4: C, 54.16; H, 4.16;
N, 19.44. Found: C, 53.98; H, 4.18; N, 19.38.

5-(4-Methylphenyl)-1,2,3,4,5,6,7,8-octahydropyrimido[4,5-
d]pyrimidine-2,4,7-trione (50c). Yield 77%; Mp 252–254�C;
IR (KBR, v, cm�1): 1685–1700 (C¼¼O), 3385–3420 (NH); 1H

NMR (CDCl3) d: 2.20 (s, 3H, CH3), 4.95 (s, 1H, 5–H), 6.90–
7.52 (m, 4H, ArHs), 8.85–9.00 (bs, 2H, NH at 1, 8), 9.58 (bs,
1H, NH at 3), and 10.50 (bs, 1H, NH at 6). Anal. Calcd. for
C13H12N4O3: C, 57.35; H, 4.41; N, 20.58. Found: C, 57.17; H,
4.42; N, 20.52.

5-(3,4-Dimethoxyphenyl)-1,2,3,4,5,6,7,8-octahydropyrimido[4,5-
d]pyrimidine-2,4,7-trione (50d). Yield 76%; Mp 270–272�C; IR
(KBR, v, cm�1): 1670–1705 (C¼¼O), 3330–3470 (NH); 1H
NMR (CDCl3) d: 3.72 (s, 3H, OCH3), 3.76 (s, 3H, OCH3),
4.90 (s, 1H, 5–H), 6.85–7.30 (m, 3H, ArHs), 8.98–9.30 (bs,

2H, NH at 1, 8), 9.58 (bs, 1H, NH at 3), and 10.58 (bs, 1H,
NH at 6). Anal. Calcd. for C14H14N4O5: C, 52.83; H, 4.40; N,
16.66. Found: C, 52.65; H, 4.42; N, 16.61.
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Four-component one pot cyclocondensation of aromatic aldehydes 1, ethyl cyanoacetate 2, barbituric
acid 3 and ammonium acetate in methanol gave substituted and functionalised pyrido[2,3-d]pyrimidine
derivatives 4 and 40 after initial Knoevenagel, subsequent Micheal and final heterocyclization reactions.

Compounds 4 on reaction with different active methylene compounds resulted in the formation of again
functionalized and diversly substituted pyrimidonaphthyridines 5-7, 9 and benzo[b] pyrimidonaphthyri-
dines 8. The various compounds of systems 7 and 8 on further condensation with the reactive and
mostly the bifunctional moieties like urea/thiourea, and 2-aminopyridine generated the novel and differ-
ently fused dipyrimidonaphthyridines 10/11 and pyrimidonaphthyridinoquinazolines 13/14, and pyrido-

pyrimido- pyrimido[1,8]naphthyridines 15 and pyrimidonaphthyridino- pyridoquinazolines 16,
respectively, hitherto unknown in literature. Compounds 7 on condensation with o-phenylenediamine
produced novel pyrimidonaphthyridinobenzodiazepines 12. Other novel systems like pyrido[2,3-d;6,5-
d0]dipyrimidines 17, dipyrimido[4,5-b:50,40-g][1,8]naphthyridines 18, 1,3,4,6,7,8,9,11-octazabenzo[de]-

naphthacenes 19, dipyrimido[4,5-b:50,40-g][1,8]naphthyridines 20, pyrimido[50,40:6,7][1,8]naphthyri-
dino[4,3-b][1,5]benzodiazepines 21, dipyrimido[4,5-b:40,50-f][1,8]naphthyridines 22 and dipyrimido [4,5-
b:50,40-g][1,8] naphthyridines 23 have also been generated in this study.

J. Heterocyclic Chem., 47, 334 (2010).

INTRODUCTION

The benzodiazepines are a class of drugs with hyp-

notic [1], anxiolytic, anticonvulsant, amnestic, and mus-

cle relaxant properties. They serve as cholecystokinin A

and B antagonists [2], opioid receptor ligands [3], plate-

let-activating factor antagonists [4], HIV inhibitors [5],

and farnesyltransferase inhibitors [6]. Benzodiazepines

[7] can be used in anxiety disorders, insomnia, involun-

tary movement disorders, and in detoxification from

alcohol and other substances. The pyridopyrimidines are

very popularly and widely known compounds as a

consequence of their activity against a variety of patho-

genic bacteria and have potential activity such as antipy-

retic, diuretic, bacteriostatic, sedative, and coronary

dilating agents [8]. The chemical transformations of the

pyridopyrimidine ring system by the introduction and

assemblage of different substituents and heterocyclic

rings in fused form have allowed expansion of the

research to the structure activity relationship to afford

new insight into the molecular interactions at the recep-

tor level. Many heterocyclic compounds having pyrido-

pyrimidine nucleus are also known to have a wide range

of biological activities [9]. Condensed system having

1,8-naphthyridine and a pyrimidine nucleus constitutes a

VC 2010 HeteroCorporation
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group of important compounds because of their vital

pharmacological properties. Members of this family

have wide applications in medicinal chemistry, being

used to have antibacterial [10], antithrombic [11], and

anticonvulsant behavior [12]. The quinazoline ring sys-

tem is a commonly encountered structural core in a

number of natural and synthetic molecules with a wide

range of biological activities [13]. Many of the quinazo-

line derivatives are known to exhibit anti-inflammatory

[14], anthelmentic [15], analgesic [16], CNS-depressant

[17], and anticonvulsive activities [18]. Metolazone and

quinethazone are two quinazoline-based drugs that are

used currently as diuretics in medicines [19]. Vasicine

and related naturally occurring quinazoline alkaloids,

and other quinazoline bearing natural metabolites

including a number of tryptoquivalines are the famous

broncodilators [20], oxytocics, and antifungals being

used since time immemorial. The bacterial and bacterio-

lytic activities have not been extensively studied in py-

rimidine, quinazoline, naphthyridine, and benzo[b]diaze-

pine systems in both isolation and in fused assemblages.

Literature survey reveals that a fair amount of work has

been published in the condensation reactions of barbituric

acid, dimedone, and other active methylene carbocyclic

and heterocyclic compounds. Because of long standing in-

terest in our laboratory in the condensation reactions of

active methylene compounds [21–23] and generation of

new fused (‘‘ortho’’ and ‘‘ortho and peri’’), bridged [23],

spiro [24], ring assembly and cyclophane [25] heterocy-

clic compounds, we have extended our synthetic activity

along these lines to include the synthesis of some pyrido-

pyrimidine, pyrimidonaphthyridine, benzo[b]pyrimido-

naphthyridine, dipyrimidonaphthyridine, pyrimidonaph-

thyridinoquinazoline, pyrimidonaphthyridinobenzodiaze-

pine, pyridopyrimido- pyrimido- naphthyridine, pyrimi-

donaphthyridino-pyridoquinazoline, and 1,3,4,6,7,8,9,11-

octazabenzo[de]naphthacene systems.

It was interesting to study these di- and tri- and

unknown and unreported tetra-, penta-, and hexa- cyclic

heterocyclic systems containing various vital nitrogen

heterocyclic moieties, expectedly enriched with potential

antimicrobial, antifungal, and other important biological

activities. To prepare these novel classes of compounds,

we synthesized and used ethyl 7-amino-2,4-diketo-5-

aryl-1,2,3,4,5,8-hexahydropyrido[2,3-d]pyrimidine-6-car-

boxylate 4 as the key intermediate synthon.

RESULTS AND DISCUSSION

The key intermediates 4a–4d used as starting materi-

als [26] have been prepared in better yields by refluxing

the aromatic aldehydes 1, ethyl cyanoacetate 2, barbitu-

ric acid, 3 and excess of ammonium acetate in methanol

though some traces of compound 40 in each case were

formed. The main product 4 was separated by fractional

crystallization and from the mother liquor a pale yellow

colored side product 40 was isolated in each case that

was characterized as 6-cyano-5-aryl-1,2,3,4,5,6,7,8-octa-

hydropyrido[2,3-d]pyrimidine-2,4,7-trione. The forma-

tion of these key intermediates 4 and mechanism of

their formation have been exhibited (Scheme 1 and 2

respectively).

The reaction sequence in the formation of 4 may be

proceeding via initial formation of ethyl arylidenecya-

noacetate 10 by reaction of aromatic aldehyde 1 and

ethyl cyanoacetate 2 through typical Knoevenagel con-

densation. Subsequently, the intermediate 10 reacts with

6-amino uracil 30 obtained through the aminodehydra-

tion of barbituric acid 3 to produce another intermediate

300 which on cyclocondensation results in the formation

of 4 and 40 (Scheme 2).

The structure of 4a was established on the basis of

elemental analysis, IR and 1H NMR spectral data. The

IR spectrum of compound 4a showed strong absorption

bands at t 3333 and 3423 cm�1 for amino group and at

t 1675, 1682, 1690 cm�1 for (C¼¼O) group. Its 1H

NMR spectrum showed as usual a quartet and a triplet

Scheme 1
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due to CH2 and CH3 protons respectively of the ethyl

ester functionality besides other protons including a

multiplet of aromatic proton, a singlet of chiral proton,

a singlet at d 3.75 due to OCH3 group and D2O

exchangeable protons. Treatment of compounds 4a–4d

with malononitrile under refluxing in DMF in the pres-

ence of catalytic amount of piperidine gave products

identified as 8-amino-7-cyano-5-aryl-1,2,3,4,5,6,9,10-

octahydropyrimido[4,5-b][1,8]naphthyridine-2,4,6-triones

5a–5d (Scheme 3). The structures of these products

were established on the basis of their analytical and

spectral data.

Condensation of compounds 4a–4d with ethyl cyanoa-

cetate under similar conditions gave major products identi-

fied as 8-amino-7-ethoxycarbonyl-5-aryl-1,2,3,4,5,6, 7,10-

octahydro-pyrimido[4,5-b][1,8]naphthyridine-2,4,6-triones

Scheme 2
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6a–6d and minor products identified as 7-cyano-5-aryl-

1,2,3,4,5,6,7,8,9,10-decahydropyrimido[4,5-b][1,8]naphthyr-

idine-2,4,6,8-tetraones 60a–60d. Their structures were

established as usual on the basis of elemental and spectral

data. Similar condensation of compounds 4a–4d with ace-

tylacetone [27] under refluxing in DMSO in the presence

of catalytic amount of P2O5 gave the enamine ketones in

good yields. The enamine ketones were then cyclized in

presence of K2CO3 and copper powder in refluxing dry ac-

etone giving substituted pyrimidonaphthyridine derivatives

7a–7d. Condensation of compounds 4a–4d with other

active methylene compounds like dimedone and ethyl ace-

toacetate resulted in the formation of substituted benzo[b]

pyrimidonaphthyridine 8a–8d and substituted pyrimido-

naphthyridine compounds 9a–9d and 90a–90d, respectively.

The structures of all these compounds were established as

usual by elemental analysis and spectral studies, details of

which are given in the experimental section. Cycloconden-

sation of compounds 7a–7d with urea/thiourea separately

resulted in the formation of substituted dipyrimidonaph-

thyridines 10a–10d and 11a–11d and similar treatment of

8a–8d resulting in the formation of pyrimidonaphthyridi-

noquinazoline derivatives 13a–13d and 14a–14d. On con-

densation with o-phenylenediamine, compounds 7a–7d

resulted in the formation of substituted pyrimidonaphthyri-

dinobenzodiazepine compounds 12a–12d. The 1H NMR

data of compound 12b showed two singlets at d 3.73 and

3.78 indicating the presence of two methoxyl groups, a sin-

glet at d 4.74 indicating the presence of chiral CH proton,

peaks at d 8.79, 8.95 and 9.74 due to three D2O

Scheme 3
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exchangeable (NH) protons. The three aromatic protons of

3,4-dimethoxyphenyl group appeared at d 6.64–6.95 as a

multiplet and another multiplet was located at d 7.13–7.32

due to four aromatic protons of the benzodiazepine moiety.

A singlet at d 2.47 due to methyl group attached to diaze-

pine ring and another very highly downfield singlet at d
2.83 revealed the presence of methyl group attached to pyr-

idine ring. These assignments richly characterized the com-

pound 12b as 7,8-dimethyl-15-(3,4-dimethoxy phenyl)-

2,3,4,5,7a,15-hexahydro-1H-pyrimido[50,40:6,7][1,8]naph-
thyridino[4,3-b][1,5]benzo- diazepine-1,3-dione. Further,

compounds 7a–7d and 8a–8d on similar cyclocondensa-

tions with 2-aminopyridine were attributed to generate

substituted pyrido[20,10:2,3]pyrimido[4,5-f] pyrimido[4,5-

b][1,8]naphthyridine-11,13-diones 15a–15d and substi-

tuted pyrimido [50,40:6,7] [1,8]naphthyridino[4,3,2-de]

pyrido[2,1-b]quinazolines 16a–16d, respectively, on the

grounds that the 1H NMR data of compound 15c revealed

the presence of two D2O exchangeable (NH) protons at d
8.96 and 9.74, a singlet at d 2.22 due to methyl group of

p-methylphenyl ring, a singlet at d 4.74 indicating the

presence of chiral CH proton, a double doublet at d 6.80–

6.95 and 6.65–6.67 with ortho coupling indicating the

presence of p-methylphenyl ring, a multiplet at d 6.39–

6.62 showing the presence of another set of four aromatic

protons and two sharp singlets at d 2.29 and 2.72 due to

other two methyl groups in the compound; and 1H NMR

data of compound 16d showing peaks due to two D2O

exchangeable (NH) protons at d 8.97 and 9.79, two singlet
at d 1.88 and 2.12 due to two methylene groups, a singlet

at d 1.11 due to six protons of two gem dimethyl groups,

a singlet at d 4.74 due to chiral CH proton, a multiplet at

d 6.49–6.62 showing the presence of four protons of

Nitrogen bridged pyrimidine ring, a sharp singlet at d
5.87 due to two methylenedioxy protons and a multiplet

at d 6.47–6.89 due to three aromatic protons of the meth-

ylenedioxyphenyl group.

Compounds 4, 5 and 6 on condensation with formam-

ide could close the recurring generation of the COOR/

CN group at adjacent position to NH2 group in the same

ring resulting in the production of pyrido[2,3-d;6,5-

d0]dipyrimidines 17, dipyrimido[4,5-b:50,40-g][1,8]naph-
thyridines 18 which subsequently generated 1,3,4,6,7,

8,9,11-octaza benzo[de]naphthacenes 19 with more of

formamide and dipyrimido[4,5-b:50,40-g][1,8]naphthyri-
dines 20, respectively. In addition, compound 6 on treat-

ment with o-phenylenediamine produced a novel penta-

cyclic heterocyclic system, pyrimido [50,40:6,7]
[1,8]naphthyridino[4,3-b][1,5]benzodiazepines 21, and

on heating with thiourea, it produced dipyrimido[4,5-

b:40,50-f][1,8]naphthyridine 22 and dipyrimido[4,5-

b:50,40-g][1,8]naphthyridine 23 the two differently fused

systems (Scheme 4). The compounds 22 and 23 have

been distinguished on the basis of analytical and spectral

data. In the 1H NMR spectra, the singlet at d 2.26 ppm

due to the proton on the fused tertiary carbon atom (C-

4a) of the structure 22 (experimental data given for 22b)

does not appear as downfield as the singlet at d 3.92

ppm due to the proton on the fused tertiary carbon atom

(C-6a) of the structure 23 (experimental details given

for 23a), latter is flanked on either side by C¼¼O groups.

There is a marked D2O exchangeable singlet at d 3.85

ppm for 22b due to NH2 group in the 1H NMR spec-

trum. Such chemical shift value is absent in 1H NMR

spectrum of 23a. Analytical data of 22a and 23a (with

same aryl substituents) have revealed their molecular

formulae to be C19H15N7O4S and C19H14N6O5S, respec-

tively, which are same as calculated for their proposed

structures. So, structure 22 is a H15N7O4 compound

without aryl groups, whereas structure 23 is a H14N6O5

compound without aryl groups. The observed % of

Nitrogen in former is 22.54 and in latter 19.19. Same is

true for the other pairs, i.e., 22b and 23b, 22c and 23c,

and 22d and 23d. The m/z for the parent peak (Mþ)
could also speak for different molecular masses of the

two structures 22 and 23.

In compound 23a, the pure ketonic group on Carbon-

6 shows C¼¼O stretching frequency 1715 cm�1, higher

than the other carbonyl stretching frequencies (1660–

1680cm�1) of lactam and thiolactam rings present in

structures 22 and 23. This higher valued carbonyl

stretching frequency is absent in the IR spectrum of

structure 22b. The free amino group on the unsaturated

carbon atom shows marked NAH stretching frequency

(3200–3500cm�1) in structures 22 and this is lacking in

IR spectrum of structure 23a.

The preliminary tests of the keto compound like for-

mation of 2,4-dinitrophenyl hydrazone, phenylhydra-

zone, semicarbazone, and oxime could be confirmed

only for structure 23 (keto group at C-6). Structure 22

could not respond to these tests as it contains carbonyl

groups only in the form of lactam and thiolactam func-

tionalities. Similarly, Structures 22 give all the prelimi-

nary tests of free amino group.

All the other products were similarly characterized by
1H NMR and 13C NMR data, and their elemental analy-

sis data was also in complete agreement with the

assigned structures. The structural formulae, m.ps, yield,

molecular formulae, and elemental analysis for these

compounds are shown in tabular form (Table 1).

The novel fused heterocyclic systems belonging to

compounds 8a–8d, 10a–10d, 12a–12d, 13a–13d, 15a–

15d, 16a–16d, 18a–18d, and 19a–19d are highly fasci-

nating and interesting and are being reported for the first

time in literature especially as regards their generation.

The heterocyclic compounds 8 and 18 with linear,

‘‘ortho’’ fused structures; 10, 12, and 15 with angular

‘‘ortho’’ fused structures; and compounds 13, 16, and 19
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with ‘‘ortho’’ and ‘‘ortho and peri’’ fused structures con-

tain various component heterocyclic moieties like py-

rimidine, pyridine, quinazoline, quinoline, [1,8]naphthyr-

idine, and benzodiazepine present in different modes of

combinations and all known for their remarkable, varied,

and highly useful physiological activities.

From the study of the key reactions discussed in the

present exposition for transformation of an active meth-

ylene cyclic compound into a polycyclic ring system

containing one six-membered ring more than the sub-

strate, it can be summarily concluded that a reaction of

an active methylene compound like malononitrile, ethyl

cyanoacetate, and ethyl acetoacetate with a cyclic sys-

tem having NH2 and groups like CN/COOH/COOR in

adjacent position to each other can serve as a recurring

contributor for the transformation of a linear system into

another linear system having one more ring till the reac-

tion gets stopped due to very high cyclicity

(7,8,9. . .membered) and molecular weight or availability

of very small amount of substrates to proceed further

Scheme 4
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Table 1

Differently substituted compounds with mp’s, yields, and molecular formulae.

Compound Ar Mp’s (�C) Yield (%) Mol. formulae (Mþ)

Calcd. formula%

Obsd. formula%

C H N S

4a 4-CH3O.C6H4 294 83 C17H18N4O5 56.97 5.06 15.63 –

56.92 5.02 15.75

4b 3,4-(CH3O)2.C6H3 275 86 C18H20N4O6 55.66 5.19 14.42 –

55.58 5.17 14.50

4c 4-CH3.C6H4 210 84 C17H18N4O4 59.64 5.29 16.36 –

59.60 5.32 16.42

4d 3,4-OCH2O.C6H3 298 85 C17H16N4O6 54.83 4.33 15.04 –

54.88 4.35 15.12

40a 4-CH3O.C6H4 205 70 C15H12N4O4 57.69 3.87 17.94 –

57.75 3.89 17.87

40b 3,4-(CH3O)2.C6H3 202 69 C16H14N4O5 56.14 4.12 16.36 –

56.10 4.09 16.48

40c 4-CH3.C6H4 218 72 C15H12N4O3 60.80 4.08 18.91 –

60.76 4.09 18.98

40d 3,4-OCH2O.C6H3 220 74 C15H10N4O5 55.22 3.08 17.17 –

55.17 3.12 17.25

5a 4-CH3O.C6H4 145 70 C18H14N6O4 57.14 3.73 22.21 –

57.12 3.72 22.28

5b 3,4-(CH3O)2.C6H3 149 72 C19H16N6O5 55.88 3.94 20.57 –

55.85 3.97 20.65

5c 4-CH3.C6H4 135 69 C18H14N6O3 59.66 3.89 23.19 –

59.60 3.86 23.25

5d 3,4-OCH2O.C6H3 141 71 C18H12N6O5 55.10 3.08 21.42 –

55.07 3.09 21.47

6a 4-CH3O.C6H4 187 70 C20H19N5O6 56.46 4.50 16.46 –

56.43 4.52 16.54

6b 3,4-(CH3O)2.C6H3 188 68 C21H21N5O7 55.38 4.64 15.37 –

55.32 4.62 15.43

6c 4-CH3.C6H4 189 65 C20H19N5O5 58.67 4.67 17.10 –

58.62 4.69 17.16

6d 3,4-OCH2O.C6H3 182 63 C20H17N5O7 54.67 3.90 15.93 –

54.63 3.92 15.97

60a 4-CH3O.C6H4 201 68 C18H13N5O5 56.99 3.45 18.46 –

56.93 3.42 18.55

60b 3,4-(CH3O)2.C6H3 206 69 C19H15N5O6 55.74 3.69 17.10 –

55.73 3.61 17.13

60c 4-CH3.C6H4 209 71 C18H13N5O4 59.50 3.60 19.27 –

59.46 3.64 19.32

60d 3,4-OCH2O.C6H3 205 73 C18H11N5O6 54.96 2.81 17.80 –

54.93 2.79 17.85

7a 4-CH3O.C6H4 188 68 C20H18N4O5 60.91 4.60 14.20 –

60.84 4.65 14.25

7b 3,4-(CH3O)2.C6H3 172 70 C21H20N4O6 59.43 4.75 13.20 –

59.40 4.78 13.24

7c 4-CH3.C6H4 174 71 C20H18N4O4 63.48 4.79 14.80 –

63.56 4.77 14.82

7d 3,4-OCH2O.C6H3 179 73 C20H16N4O6 58.82 3.94 13.72 –

58.85 3.92 13.70

70a 4-CH3O.C6H4 215 62 C23H22N4O5 63.58 5.10 12.89 –

63.63 5.08 12.92

70b 3,4-(CH3O)2.C6H3 211 64 C24H24N4O6 62.06 5.20 12.06 –

62.08 5.23 12.14

70c 4-CH3.C6H4 203 61 C23H22N4O4 66.01 5.29 13.38 –

66.08 5.25 13.41

70d 3,4-OCH2O.C6H3 245 62 C23H20N4O6 61.60 4.49 12.49 –

61.58 4.51 12.48

9a 4-CH3O.C6H4 218 59 C21H20N4O6 59.43 4.75 13.20 –

59.39 4.76 13.28
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340 Vol 47S. Gupta, P. Gupta, A. Sachar, and R. L. Sharma

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



Table 1

(Continued)

Compound Ar Mp’s (�C) Yield (%) Mol. formulae (Mþ)

Calcd. formula%

Obsd. formula%

C H N S

9b 3,4-(CH3O)2.C6H3 202 57 C22H22N4O7 58.14 4.88 12.32 –

58.17 4.89 12.38

9c 4-CH3.C6H4 206 58 C21H20N4O5 61.75 4.93 13.71 –

61.83 4.94 13.68

9d 3,4-OCH2O.C6H3 228 56 C21H18N4O7 57.53 4.13 12.78 –

57.65 4.11 12.77

90a 4-CH3O.C6H4 249 53 C19H16N4O6 57.57 4.06 14.13 –

57.58 4.08 14.25

90b 3,4-(CH3O)2.C6H3 245 52 C20H18N4O7 56.33 4.25 13.14 –

56.42 4.22 13.15

90c 4-CH3.C6H4 221 56 C19H16N4O5 59.99 4.24 14.73 –

59.95 4.22 14.78

90d 3,4-OCH2O.C6H3 233 51 C19H14N4O7 55.61 3.43 13.65 –

55.65 3.41 13.74

10a 4-CH3O.C6H4 295 55 C21H18N6O3S 58.05 4.17 19.34 7.38

58.09 4.14 19.28 7.44

10b 3,4-(CH3O)2.C6H3 >300 52 C22H20N6O4S 56.88 4.34 18.09 6.90

56.83 4.30 18.15 6.94

10c 4-CH3.C6H4 >300 54 C21H18N6O2S 60.27 4.33 20.08 7.66

60.23 4.30 20.16 7.69

10d 3,4-OCH2O.C6H3 >300 55 C21H16N6O4S 56.24 3.59 18.74 7.15

56.21 3.62 18.79 7.18

11a 4-CH3O.C6H4 284 54 C21H18N6O4 60.28 4.33 20.08 –

60.23 4.30 20.15

11b 3,4-(CH3O)2.C6H3 296 51 C22H20N6O5 58.92 4.49 18.74 –

58.98 4.55 18.70

11c 4-CH3.C6H4 299 49 C21H18N6O3 62.68 4.50 20.88 –

62.73 4.46 20.92

11d 3,4-OCH2O.C6H3 >300 47 C21H16N6O5 58.33 3.73 19.43 –

58.36 3.76 19.38

12a 4-CH3O.C6H4 >300 48 C26H22N6O3 66.94 4.75 18.01 –

66.98 4.77 18.10

12b 3,4-(CH3O)2.C6H3 310 46 C27H24N6O4 65.31 4.87 16.92 –

65.36 4.86 16.96

12c 4-CH3.C6H4 306 46 C26H22N6O2 69.32 4.92 18.65 –

69.34 4.96 18.69

12d 3,4-OCH2O.C6H3 298 48 C26H20N6O4 64.99 4.19 17.49 –

64.93 4.23 17.56

13a 4-CH3O.C6H4 290 45 C24H22N6O3S 60.74 4.67 17.71 6.75

60.70 4.65 17.76 6.79

13b 3,4-(CH3O)2.C6H3 285 47 C25H24N6O4S 59.51 4.79 16.65 6.35

59.62 4.76 16.63 6.37

13c 4-CH3.C6H4 288 47 C24H22N6O2S 62.86 4.83 18.32 6.99

62.87 4.81 18.34 6.97

13d 3,4-OCH2O.C6H3 296 48 C24H20N6O4S 59.00 4.12 17.20 6.56

59.04 4.14 17.26 6.58

14a 4-CH3O.C6H4 276 43 C24H22N6O4 62.87 4.83 18.33 –

62.85 4.85 18.42

14b 3,4-(CH3O)2.C6H3 279 45 C25H24N6O5 61.46 4.95 17.20 –

61.43 4.97 17.29

14c 4-CH3.C6H4 288 44 C24H22N6O3 65.14 5.01 18.99 –

65.19 5.05 18.97

14d 3,4-OCH2O.C6H3 >300 45 C24H20N6O5 61.01 4.26 17.78 –

61.05 4.29 17.87

15a 4-CH3O.C6H4 >300 44 C25H20N6O3 66.36 4.45 18.57 –

66.32 4.49 18.63

15b 3,4-(CH3O)2.C6H3 >300 42 C26H22N6O4 64.72 4.59 17.41 –

64.74 4.52 17.53

(Continued)
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Table 1

(Continued)

Compound Ar Mp’s (�C) Yield (%) Mol. formulae (Mþ)

Calcd. formula%

Obsd. formula%

C H N S

15c 4-CH3.C6H4 >300 44 C25H20N6O2 68.79 4.61 19.25 –

68.76 4.64 19.32

15d 3,4-OCH2O.C6H3 >300 46 C25H18N6O4 64.37 3.89 18.01 –

64.31 3.83 18.09

16a 4-CH3O.C6H4 >300 38 C28H24N6O3 68.28 4.91 17.06 –

68.20 4.87 17.09

16b 3,4-(CH3O)2.C6H3 >300 39 C29H26N6O4 66.65 5.01 16.08 –

66.63 5.03 16.14

16c 4-CH3.C6H4 >300 43 C28H24N6O2 70.57 5.07 17.63 –

70.61 5.09 17.67

16d 3,4-OCH2O.C6H3 >300 45 C28H22N6O4 66.39 4.37 16.59 –

66.36 4.35 16.61

17a 4-CH3O.C6H4 198 55 C16H13N5O4 56.63 3.86 20.64 –

56.58 3.89 20.70

17b 3,4-(CH3O)2.C6H3 206 58 C17H15N5O5 55.28 4.09 18.96 –

55.20 4.07 18.99

17c 4-CH3.C6H4 215 52 C16H13N5O3 59.44 4.05 21.66 –

59.40 4.08 21.68

17d 3,4-OCH2O.C6H3 195 54 C16H11N5O5 54.39 3.13 19.82 –

54.25 3.14 19.87

18a 4-CH3O.C6H4 267 51 C19H15N7O4 56.29 3.73 24.18 –

56.23 3.74 24.15

18b 3,4-(CH3O)2.C6H3 251 53 C20H17N7O5 55.17 3.93 22.51 –

55.15 3.90 22.48

18c 4-CH3.C6H4 276 50 C19H15N7O3 58.60 3.88 25.18 –

58.57 3.85 25.26

18d 3,4-OCH2O.C6H3 289 52 C19H13N7O5 54.41 3.12 23.38 –

54.37 3.10 23.45

19a 4-CH3O.C6H4 284 48 C20H14N8O3 57.97 3.40 27.04 –

57.92 3.38 27.09

19b 3,4-(CH3O)2.C6H3 298 47 C21H16N8O4 56.75 3.62 25.21 –

56.78 3.60 25.28

19c 4-CH3.C6H4 >300 44 C20H14N8O2 60.29 3.54 28.12 –

60.32 3.51 28.17

19d 3,4-OCH2O.C6H3 >300 46 C20H12N8O4 56.07 2.82 26.15 –

56.03 2.80 26.23

20a 4-CH3O.C6H4 290 44 C19H14N6O5 56.16 3.47 20.68 –

56.11 3.44 20.72

20b 3,4-(CH3O)2.C6H3 >300 42 C20H16N6O6 55.04 3.69 19.25 –

55.00 3.68 19.32

20c 4-CH3.C6H4 287 45 C19H14N6O4 58.46 3.61 21.52 –

58.41 3.58 21.57

20d 3,4-OCH2O.C6H3 >300 42 C19H12N6O6 54.29 2.87 19.99 –

54.24 2.84 20.23

21a 4-CH3O.C6H4 298 46 C24H19N7O4 61.40 4.07 20.88 –

61.48 4.10 20.94

21b 3,4-(CH3O)2.C6H3 292 41 C25H21N7O5 60.11 4.23 19.63 –

60.15 4.19 19.69

21c 4-CH3.C6H4 >300 43 C24H19N7O3 63.57 4.22 21.62 –

63.62 4.20 21.65

21d 3,4-OCH2O.C6H3 >300 45 C24H17N7O5 59.62 3.54 20.28 –

59.65 3.55 20.33

22a 4-CH3O.C6H4 274 41 C19H15N7O4S 52.16 3.45 22.41 7.33

52.07 3.48 22.54 7.30

22b 3,4-(CH3O)2.C6H3 289 42 C20H17N7O5S 51.38 3.66 20.97 6.86

51.41 3.60 20.98 6.92

22c 4-CH3.C6H4 >300 42 C19H15N7O3S 54.15 3.58 23.26 7.60

54.19 3.60 23.29 7.64

(Continued)
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due to large number of steps having occurred till then or

the reaction is terminated intentionally according to

desirability of the required cyclicity by closing the reac-

tion by condensation of the product with formamide and

finally generating another terminal pyrimidine ring

(Scheme 4).

All the compounds under various heterocyclic systems

discussed herein were obtained either as a racemic mix-

ture of a pair of enantiomers or as a mixture of two

racemates or as only enantiomer or a diastereomer of

unknown stereochemistry. The resolution of the racemic

mixtures into the chiral enantiomers could not be carried

in this study, and the compounds were used and charac-

terized as obtained.

Pharmacology. One compound each from the sys-

tems synthesized in this study was subjected to bacteri-

cidal and bacteriolytic activity against Escherichia coli.
The clinical syndromes associated with human beings

are urinary track infections, neonatal meningitis, and

gastroenteritis.

The bactericidal and bacteriolytic activity. The

compounds under study (20mg) were dissolved in 500

IL of DMSO. Five microlitres (0.2 mg approx) of the

stock solution was taken and 95 IL bacterial suspension

in Tris buffer saline (0.8 OD at 580 nm) was added to

it. The mixture was incubated at 14�C for 14 h. After

incubation, it was subjected to plating in TCBS agar

(Thiosulphate, Citric, Bile salt, Sucrose agar). After

12 h, the culture plate was observed for bacterial

growth.

For bacteriolytic activity, bacterial suspension in TBS

was prepared with an optical density of 0.8 OD at 580

nm (double beam UV spectrometer). TBS (Tris buffer sa-

line) served as the blank. The test compound (10mg) was

dissolved in 150 L of DMSO and 2850 IL of bacterial

suspension in TBS was added to it. The initial OD of the

sample was recorded. The mixture was incubated for 90

min at 23�C. Final OD of the mixture was recorded. The

initial OD minus the final OD gives the bacteriolytic ac-

tivity. The ANHA group and the AOA group on the

given moieties may bind with the negatively charged

phosphate group on phospholipids present on the wall of

bacteria. This causes inhibition of the activities of lysoso-

mal phospholipases because of the neutralization of the

negative charges of phospholipid bilayer, leading to

potential antibacterial activity.

Observations. The active compounds exhibited a

range between mild to strong bactericidal activity

against gram-negative bacteria Escherichia coli (Table

2). The compounds were also subjected to bacteriolytic

activity against E. coli. The compounds 4d, 5d, 6d, 8d,

11d, 18d, 20d, 21d, and 22d showed mild bacteriolytic

activity; compounds 9d, 10d, 13d, 14d, 15d, 17d, 19d,

and 23d exhibited moderate bacteriolytic activity; and

compounds 7d, 12d, and 16d showed strong bacterio-

lytic activity against E. coli (Table 3). Ciprofloxacin

was used as standard antibiotic in this study.

EXPERIMENTAL

General. The melting points were determined in open capil-

lary tubes in Perfit melting point apparatus and are uncor-
rected. The purity of the products was checked on TLC plates
coated with silica gel-G and detected by iodine vapors. The IR
spectra were recorded on Perkin Elmer Infrared model S99-B
and on Shimdzu IR-435 spectrophotometer (tmax in cm�1). 1H

NMR and 13C NMR spectra were recorded on a varian unity
200 MHz NMR spectrophotometer using ppm on d scale). Ele-
mental analysis was performed on a simple CHNS analyzer
(model: CHNS-932, LECO Corporation, USA; IR Technology
Services).

General procedure for the synthesis of ethyl 7-amino-2,4-

diketo-5-aryl-1,2,3,4,5,8-hexahydropyrido[2,3-d]pyrimidine-

6-carboxylates 4a–4d and 6-cyano-5-aryl-1,2,3,4,5, 6,7, 8-

octahydropyrido[2,3-d]pyrimidine-2,4,7-trione 40a–40d. A
mixture of equimolar amounts (0.01 moles) of aromatic alde-
hydes 1, ethyl cyanoacetate 2, and barbituric acid 3 along with

Table 1

(Continued)

Compound Ar Mp’s (�C) Yield (%) Mol. formulae (Mþ)

Calcd. formula%

Obsd. formula%

C H N S

22d 3,4-OCH2O.C6H3 >300 44 C19H13N7O5S 50.55 2.90 21.71 7.10

50.60 2.94 21.70 7.14

23a 4-CH3O.C6H4 >300 40 C19H14N6O5S 52.05 3.21 19.16 7.31

52.09 3.28 19.19 7.35

23b 3,4-(CH3O)2.C6H3 >300 41 C20H16N6O6S 51.28 3.44 17.94 6.84

51.32 3.46 17.95 6.87

23c 4-CH3.C6H4 >300 44 C19H14N6O4S 54.02 3.34 19.89 7.59

54.08 3.36 19.86 7.66

23d 3,4-OCH2O.C6H3 >300 42 C19H12N6O6S 50.44 2.67 18.57 7.08

50.47 2.68 18.59 7.04
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excess of ammonium acetate in methanol was refluxed on
water bath for 8–10 h. After the reaction is over as monitored
on TLC, the reaction mixture was concentrated and cooled at
room temperature. The solid products 4 was separated by frac-
tional crystallization as a major product and from the mother

liquor a pale yellow colored solid product 40 was isolated on
prolonged cooling as a minor product. The spectral data along
with IUPAC names of the products and names of the starting
materials for some of the compounds is mentioned below:

Ethyl 7-amino-2,4-diketo-5-(3,4-dimethoxyphenyl)-1,2,3,4,5,
8-hexahydropyrido[2,3-d] pyrimidine-6-carboxylate (4b). It
was obtained using veratraldehyde. IR(KBr,t,cm�1): 1605
(C¼¼C), 1675, 1682, 1695 (C¼¼O), 3254 (NH2), 3334–3410
(3NH) cm�1; 1H NMR (CDCl3): d 1.37 (t, 3H, CH3), 2.94 (q,

2H, OCH2), 3.73 (s, 3H, OCH3), 3.76 (s, 3H, OCH3), 4.72 (s,
1H, 5-CH), 5.58 (s, 2H, NH2), 6.74–6.96 (m, 3H, ArH’s),
8.76–9.86 (br.s, 3H, NH).

Ethyl 7-amino-2,4-diketo-5-(3,4-methylenedioxyphenyl)-1,2,
3,4,5,8-hexahydropyrido [2,3-d]pyrimidine-6-carboxylate (4d). It
was obtained using piperonal. IR(KBr,t,cm�1): 1605 (C¼¼C),
1675, 1680, 1695 (C¼¼O), 3256 (NH2), 3334–3412 (3NH)
cm�1; 1H NMR (CDCl3): d 1.37 (t, 3H, CH3), 2.94 (q, 2H,
OCH2), 4.72 (s, 1H, 5-CH), 5.58 (s, 2H, NH2), 5.79 (s, 2H,
O2CH2), 6.57–6.67 (m, 3H, ArH’s), 8.78–9.89 (br.s, 3H, NH).

6-Cyano-5-(4-methoxyphenyl)-1,2,3,4,5,6,7,8-octahydropyrido
[2,3-d]pyrimidine-2,4,7-trione (40a). It was obtained using ani-
saldehyde as a minor product along with 4a as major product.
IR(KBr,t,cm�1): 1605 (C¼¼C), 1670, 1680, 1692 (C¼¼O), 2195

(C¼¼N), 3333–3405 (NH) cm�1; 1H NMR (CDCl3) : d 3.74 (s,
3H, OCH3), 4.25 (s, 1H, CH), 4.42 (s, 1H, 5-CH), 6.83–6.95

(d, 2H, ArH’s), 6.64–6.69 (d, 2H, ArH’s), 8.75–9.85 (br.s, 3H,
NH, D2O exchangeable).

6-Cyano-5-(3,4-dimethoxyphenyl)-1,2,3,4,5,6,7,8-octahydro-
pyrido[2,3-d]pyrimidine-2,4,7-trione (40b). It was obtained
using veratraldehyde as a minor product along with 4b as

major product. IR(KBr,t,cm�1): 1605 (C¼¼C) 1670, 1682,
1690 (C¼¼O), 2194 (C¼¼N), 3333–3405 (3NH) cm�1; 1H NMR
(CDCl3) : d 3.73 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 4.25 (s,
1H, CH), 4.52 (s, 1H, 5-CH), 6.46–6.54 (m, 3H, ArH’s), 8.71–
9.83 (br.s, 3H, NH).

General procedure for the synthesis of 8-amino-7-cyano-

5-aryl-1,2,3,4,5,6,9,10-octahydropyrimido[4,5-b][1,8]naphthyri-

dine-2,4,6-triones 5a–5d. A mixture of 4 (10 mmoles) and
malononitrile (10 mmoles) in DMF (20 mL) containing piperi-
dine (0.1 mL) was refluxed for 5–6 h. The reaction was left to

cool at room temperature and then poured into ice-cold water
with stirring. The solid product 5 so formed was collected by
filtration and crystallized from acetic acid as brown crystals.

8-Amino-7-cyano-5-(3,4-dimethoxyphenyl)-1,2,3,4,5,6,9,10-
octahydropyrimido[4,5-b][1,8] naphthyridine-2,4,6-trione (5b). It
was obtained from 4b. IR(KBr,t,cm�1): 1605 (C¼¼C), 1610,
1635, 1674 (C¼¼O), 2223 (C¼¼N), 3430 (NH2), 3445–3538
(4NH),cm�1; 1H NMR(CDCl3): d 3.73 (s, 3H, OCH3), 3.78 (s,
3H, OCH3), 4.74 (s, 1H, 5-CH), 6.78–6.95 (m, 3H, ArH’s),

7.98 (s, 2H, NH2), 8.82–9.89 (br.s, 4H, NH).
8-Amino-7-cyano-5-(3,4-methylenedioxyphenyl)-1,2,3,4,5,6,

9,10-octahydropyrimido[4,5-b][1,8]naphthyridine-2,4,6-trione
(5d). It was obtained from 4d. IR(KBr,t,cm�1): 1605 (C¼¼C),
1612, 1625, 1674 (C¼¼O), 2198 (C¼¼N), 3423 (NH2), 3425–

3536 (4NH) cm�1; 1H NMR (CDCl3): d 4.74 (s, 1H, 5-CH),
5.86 (s, 2H, O2CH2), 6.54–6.68 (m, 3H, ArH’s), 7.95 (s, 2H,
NH2), 8.83–9.87 (br.s, 4H, NH).

General procedure for the synthesis of substituted pyri-

mido[4,5-b][1,8]naphthyridines 6a–6d, 60a–60d, 9a–9d, and

90a–90d. A mixture of 4 (10 mmoles) and ethyl cyanoacetate/
ethyl acetoacetate (10 mmoles) in DMF (20 mL) containing pi-
peridine (0.1 mL) was refluxed for 6–8 h yielding 6, 60 and 9,

90, respectively. The reaction was left to cool at room tempera-
ture and then poured on to ice-cold water. The solid product
so formed was collected by filtration and crystallized from ace-
tic acid. Using ethyl cyanoacetate, the main product 6 sepa-
rated out first and from the mother liquor another minor prod-
uct 60 separated on keeping in refrigerator. Similarly, 9 and 90
were separated as major and minor products, respectively,
while using ethyl acetoacetate.

8-Amino-7-ethoxycarbonyl-5-(4-methoxyphenyl)-1,2,3,4,5,6,
7,10-octahydropyrimido[4,5-b][1,8]naphthyridine-2,4,6-trione
(6a). It was obtained from 4a as a major product.
IR(KBr,t,cm�1): 1076 (CAOAC), 1528 (C. . ...C of aromatic
ring), 1645, 1658, 1672, 1695 (C¼¼O), 2926 (CAH, aliphatic),
3047 (CAH, aromatic ), 3336–3486 (3NH), 3428 (NH2) cm

�1;
1H NMR(CDCl3): d 1.37 (t, 3H, CH3), 2.92 (q, 2H, OCH2),
3.73 (s, 3H, OCH3), 4.21 (s, 1H, CH), 4.42 (s, 1H, 5-CH),
6.65–6.67 (d, 2H, ArH’s), 6.70–6.93 (d, 2H, ArH’s), 7.89 (s,
2H, NH2), 8.80–9.86 (br.s, 3H, NH).

8-Amino-7-ethoxycarbonyl-5-(3,4-dimethoxyphenyl)-1,2,3,4,5,
6,7,10-octahydropyrimido [4,5-b][1,8]naphthyridine-2,4,6-trione
(6b). It was obtained from 4b as a major product.
IR(KBr,t,cm�1): 1078 (CAOAC), 1527 (C. . ...C of aromatic
ring), 1647, 1662, 1680, 1690 (C¼¼O), 2928 (CAH, aliphatic),
3048 (CAH, aromatic ), 3425 (NH2), 3436–3538 (3NH)cm�1;
1H NMR (CDCl3): d 1.35 (t, 3H, CH3), 2.92 (q, 2H, OCH2),

Table 2

In vitro screening of bactericidal activity of compounds

against E. coli.

Entry Compounds B.A. against E.coli

1 4d þ
2 5d þ
3 6d þ
4 7d þ
5 8d þþ
6 9d þ
7 10d þþ
8 11d þþ
9 12d þþþ

10 13d þþ
11 14d þþ
12 15d þþþ
13 16d þþþ
14 17d þ
15 18d þ
16 19d þþþ
17 20d þþ
18 21d þþþ
19 22d þþ
20 23d þþ
21 Ciprofloxacin þþþ

Bacterial activity: B.A.

Concentration is 2 mg/mL.

(þ): mild bacterial activity was observed.

(þþ): moderate bacterial activity was observed.

(þþþ): strong bacterial activity was observed.
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3.74 (s, 3H, OCH3), 3.79 (s, 3H, OCH3), 4.18 (s, 1H, CH),
4.74 (s, 1H, 5-CH), 6.67–6.90 (m, 3H, ArH’s), 8.12 (s, 2H,
NH2), 8.87–9.87 (br.s, 3H, NH).

7-Cyano-5-(4-methoxyphenyl)-1,2,3,4,5,6,7,8,9,10-decahydro-
pyrimido[4,5-b][1,8] naphthyridine-2,4,6,8–tetraone (60a). It
was obtained from 4a as a minor product along with 6a.
IR(KBr,t,cm�1): 1527 (C. . ...C of aromatic ring), 1627, 1640,

1675, 1694 (C¼¼O), 2198 (C¼¼N), 2926 (CAH, aliphatic),
3045 (C¼¼H, aromatic ), 3448–3535 (4NH) cm�1; 1H NMR
(CDCl3): d 3.73 (s, 3H, OCH3), 4.25 (s, 1H, CH), 4.74 (s, 1H,
5-CH), 6.65–6.69 (d, 2H, ArH’s), 6.70–6.72 (d, 2H, ArH’s),
8.73–11.93 (br.s, 4H, NH).

7-Cyano-5-(3,4-methylenedioxyphenyl)-1,2,3,4,5,6,7,8,9,10-
decahydropyrimido[4,5-b][1,8] naphthyridine-2,4,6,8–tetraone
(60d). It was obtained from 4d as a minor product along with
6d. IR(KBr,t,cm�1): 1598 (C¼¼C), 1605, 1635, 1672, 1695
(C¼¼O), 2198 (C¼¼N), 2829 (CAH, aliphatic), 3048 (CAH, ar-

omatic ), 3448–3535 (4NH) cm�1; 1H NMR (CDCl3): d 4.25
(s, 1H, CH), 4.68 (s, 1H, 5-CH), 5.89 (s, 2H, O2CH2), 6.49–
6.57 (m, 3H, ArH’s), 9.89–11.98 (br.s, 4H, NH).

7-Ethoxycarbonyl-8-methyl-5-(3,4-dimethoxyphenyl)-1,2,3,
4,5,6,7,10-octahydropyrimido [4,5-b][1,8]naphthyridine-2,4,6-
trione (9b). It was obtained from 4b as a major product.
IR(KBr,t,cm�1): 1078 (CAOAC), 1525 (C. . ...C of aromatic
ring), 1627, 1657, 1672, 1694 (C¼¼O), 2928 (CAH, aliphatic),
3048 (CAH, aromatic ), 3428 (NH2), 3435–3536 (3NH)cm�1;
1H NMR (CDCl3): d1.36 (t, 3H, CH3), 2.95 (q, 2H, OCH2),
3.73 (s, 3H, OCH3), 3.77 (s, 3H, OCH3), 4.58 (s, 1H, CH),

4.72 (s, 1H, 5-CH), 6.70–6.74 (m, 3H, ArH’s), 8.88–9.85 (br.s,
3H, NH).

7-Ethoxycarbonyl-8-methyl-5-(4-methylphenyl)-1,2,3,4,5,6,
7,10-octahydropyrimido[4,5-b][1,8]naphthyridine-2,4,6-trione
(9c). It was obtained from 4c as a major product.
IR(KBr,t,cm�1): 1079 (CAOAC), 1525 (C. . ...C of aromatic
ring), 1605, 1625, 1635, 1674 (C¼¼O), 2935 (CAH, aliphatic),
3045 (CAH, aromatic ), 3424 (NH2), 3435–3537 (3NH) cm�1;
1H NMR (CDCl3): d 1.23 (s, 3H, CH3), 1.38 (t, 3H, CH3),
2.74 (q, 2H, OCH2), 4.52 (s, 1H, CH), 4.74 (s, 1H, 5-CH),
6.64–6.68 (d, 2H, ArH’s), 6.72–6.74 (d, 2H, ArH’s), 8.89–9.75
(br.s, 3H, NH).

7-Aceto-5-(4-methoxyphenyl)-1,2,3,4,5,6,7,8,9,10-decahydro-
pyrimido[4,5-b][1,8] naphthyridine-2,4,6,8–tetraone (90a). It
was obtained from 4a as a minor product along with 9a.
IR(KBr,t,cm�1): 1527 (C. . ...C of aromatic ring), 1647,

1659, 1678, 1694 (C¼¼O), 2926 (CAH, aliphatic), 3045
(CAH, aromatic ), 3425 (NH2), 3448–3535 (4NH) cm�1;
1H NMR (CDCl3): d 2.24 (s, 3H, CH3), 3.74 (s, 3H,
OCH3), 4.22 (s, 1H, CH), 4.72 (s, 1H, 5-CH), 6.65–6.67
(d, 2H, ArH’s), 6.70–6.73 (d, 2H, ArH’s), 8.89–11.95 (br.s,

4H, NH).
7-Aceto-5-(3,4-methylenedioxyphenyl)-1,2,3,4,5,6,7,8,9,10-

decahydropyrimido[4,5-b] [1,8]naphthyridine-2,4,6,8–tetraone
(90d). It was obtained from 4d as a minor product along with

9d. IR(KBr,t,cm�1): 1528 (C. . ...C of aromatic ring), 1647,
1662, 1678, 1694 (C¼¼O), 2928 (CAH, aliphatic), 3048 (CAH,
aromatic ), 3458–3538 (4NH) cm�1; 1H NMR (CDCl3): d 2.27

Table 3

In vitro screening of bacteriolytic activity of compounds against E. coli.

Entry Compounds

Bacterial suspension in

optical density (OD)

Bacteriolytic test

B.A.Initial (OD) Final (OD) Activity (OD)

1 4d 0.8 0.833 0.787 0.046 þ
2 5d 0.8 0.833 0.788 0.045 þ
3 6d 0.8 0.833 0.786 0.047 þ
4 7d 0.8 0.833 0.770 0.063 þþþ
5 8d 0.8 0.833 0.788 0.045 þ
6 9d 0.8 0.833 0.778 0.055 þþ
7 10d 0.8 0.833 0.780 0.053 þþ
8 11d 0.8 0.833 0.788 0.045 þ
9 12d 0.8 0.833 0.773 0.060 þþ

10 13d 0.8 0.833 0.775 0.058 þþ
11 14d 0.8 0.833 0.776 0.057 þþ
12 15d 0.8 0.833 0.777 0.056 þþ
13 16d 0.8 0.833 0.770 0.063 þþþ
14 17d 0.8 0.833 0.775 0.058 þþ
15 18d 0.8 0.833 0.788 0.045 þ
16 19d 0.8 0.833 0.774 0.059 þþ
17 20d 0.8 0.833 0.788 0.045 þ
18 21d 0.8 0.833 0.786 0.047 þ
19 22d 0.8 0.833 0.788 0.045 þ
20 23d 0.8 0.833 0.778 0.055 þþ

Bacterial activity: B.A.

Concentration is 2 mg/mL.

(þ): mild bacterial activity was observed.

(þþ): moderate bacterial activity was observed.

(þþþ): strong bacterial activity was observed.
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(s, 3H, CH3), 4.24 (s, 1H, CH), 4.74 (s, 1H, 5-CH), 5.78 (s, 2H,
O2CH2), 6.70–6.76 (m, 3H, ArH’s), 8.86–11.95 (br.s, 4H, NH).

General procedure for the synthesis of substituted pyri-

mido[4,5-b][1,8]naphthyridine-2,4,6-triones 7a–7d and sub-

stituted benzo[b]pyrimido[5,4-g][1,8]naphthyridine-2,4,6,7-

tetraones 8a–8d. A suspension of 4 (0.02 mole), the appropri-
ate active methylene compounds, i.e., acetylacetone/dimedone
(0.02 mole) and P2O5 (0.10 g) in dry toluene 20 mL was
refluxed for 4 h, and the water was collected in a Dean Stark
trap. After cooling, the reaction mixture was filtered. The fil-

trate was evaporated to dryness. The resulting residue (enam-
ine ketone) was crystallized from ethyl acetate. To (0.03 mole)
of the residue was added K2CO3 (2.0 mmole) and copper pow-
der (0.03 mole) in dry acetone (10 mL) and refluxed for 5–6
h. After completion of reaction, the warm reaction solution

was filtered. The filtrate was evaporated to dryness and crystal-
lized from hot ethanol to get 7 and 8, respectively.

7-Aceto-8-methyl-5-(4-methoxyphenyl)-1,2,3,4,5,6,7,10-octa-
hydropyrimido[4,5-b][1,8] naphthyridine-2,4,6-trione (7a). It
was obtained from 4a. IR(KBr,t,cm�1): 1625 (C. . ...C of aro-
matic ring), 1638, 1675, 1680, 1695 (C¼¼O), 2932 (CAH, ali-
phatic), 3048 (CAH, aromatic ), 3335–3485 (3NH) cm�1; 1H
NMR (CDCl3): d 1.68 (s, 3H, CH3), 2.95 (s, 3H, CH3), 3.72
(s, 3H, OCH3), 3.76 (s, 1H, CH), 4.71 (s, 1H, 5-CH), 6.62–

6.65 (d, 2H, ArH’s), 6.73–6.94 (d, 2H, ArH’s), 8.80–9.83
(br.s, 3H, NH).

7-Aceto-8-methyl-5-(3,4-methylenedioxyphenyl)-1,2,3,4,5,6,7,
10-octahydropyrimido [4,5-b][1,8] naphthyridine-2,4,6-trione
(7d). It was obtained from 4d. IR(KBr,t,cm�1): 1595 (C. . ...C

of aromatic ring), 1657, 1675, 1685, 1694 (C¼¼O), 2898
(CAH, aliphatic), 3045 (CAH, aromatic ), 3338–3483 (3NH)
cm�1; 1H NMR (CDCl3): d 2.32 (s, 3H, CH3), 2.98 (s, 3H,
CH3), 3.76 (s, 1H, CH), 4.74 (s, 1H, 5-CH), 5.75 (s, 2H,
O2CH2), 6.64–6.67 (m, 3H, ArH’s), 8.92–9.85 (br.s, 3H,

NH).
9,9-Dimethyl-5-(4-methoxyphenyl)-1,2,3,4,5,6,6a,7,8,9,10,12-

dodecahydrobenzo[b] pyrimido[5,4-g][1,8]naphthyridine-
2,4,6,7-tetraone (8a). It was obtained from 4a.

IR(KBr,t,cm�1): 1625 (C. . ...C of aromatic ring), 1657, 1663,
1675, 1690 (C¼¼O), 2928 (CAH, aliphatic), 3025 (CAH, aro-
matic ), 3330–3484 (3NH) cm�1; 1H NMR (CDCl3): d 1.11 (s,
6H, 2CH3), 2.54 (d, 2H, CH2), 2.98 (d, 2H, CH2), 3.74 (s, 3H,
OCH3), 3.83 (s, 1H, CH), 4.74 (s, 1H, 5-CH), 6.64–6.67 (d, 2H,

ArH’s), 6.73–6.98 (d, 2H, ArH’s), 8.83–9.53 (br.s, 3H, NH).
9,9-Dimethyl-5-(4-methylphenyl)-1,2,3,4,5,6,6a,7,8,9,10,12-

dodecahydrobenzo[b] pyrimido[5,4-g][1,8]naphthyridine-
2,4,6,7-tetraone (8c). It was obtained from 4c.
IR(KBr,t,cm�1): 1625 (C. . ...C of aromatic ring), 1645, 1669,

1680, 1695 (C¼¼O), 2925 (CAH, aliphatic), 3048 (CAH, aro-
matic), 3338–3480 (3NH) cm�1; 1H NMR (CDCl3): d 1.12 (s,
6H, 2CH3), 2.52 (s, 3H, CH3), 2.56 (d, 2H, CH2), 2.96 (d, 2H,
CH2), 3.85 (s, 1H, CH), 4.72 (s, 1H, 5-CH), 6.62–6.67 (d, 2H,
ArH’s), 6.72–6.95 (d, 2H, ArH’s), 8.87–9.58 (br.s, 3H, NH).

General procedure for the synthesis of substituted dipyr-

imido[4,5-b;40,50-f] [1,8]naphthyridines 10a–10d and 11a–

11d. A mixture of 7 (10 mmoles) and thiourea/urea (10
mmoles) in DMF (20 mL) was melted and refluxed for 5–6 h.

The reaction was left to cool at room temperature and then
poured into ice-cold water with stirring. The solid products so
formed, 10 and 11, respectively, were collected by filtration
and crystallized from ethanol as light brown crystals.

4,5-Dimethyl-12-(4-methoxyphenyl)-2-thioxo-2,4a,7,8,9,10,
11,12-octahydrodipyrimido [4,5-b;40,50-f] [1,8]naphthyridine-
9,11-dione (10a). It was obtained from 7a using thiourea.

IR(KBr,t,cm�1): 1605 (C. . ...C of aromatic ring), 1640, 1670
(C¼¼O), 2925 (CAH, aliphatic), 3052 (CAH, aromatic ),
3334–3485 (3NH) cm�1; 1H NMR (CDCl3): d 2.20 (s, 3H,
CH3), 2.24 (s, 1H, CH), 2.52 (s, 3H, CH3), 3.74 (s, 3H,
OCH3), 4.74 (s, 1H, 12-CH), 6.64–6.67 (d, 2H, ArH’s), 6.74–

6.96 (d, 2H, ArH’s), 8.78–9.84 (br.s, 3H, NH).
4,5-Dimethyl-12-(3,4-methylenedioxyphenyl)-2-thioxo-2,4a,7,

8,9,10,11,12-octahydrodi pyrimido[4,5-b;40,50-f] [1,8]naphthyri-
dine-9,11-dione (10d). It was obtained from 7d using thiourea.
IR(KBr,t,cm�1): 1645, 1670 (C¼¼O), 1605 (C. . ...C of aromatic

ring), 2850 (CAH, aliphatic), 3048 (CAH, aromatic ), 3333–
3484 (3NH) cm�1; 1H NMR (CDCl3): d 2.21 (s, 3H, CH3), 2.26
(s, 1H, CH), 2.53 (s, 3H, CH3), 4.74 (s, 1H, 12CH), 5.79 (s, 2H,
O2CH2), 6.65–6.69 (m, 3H, ArH’s), 8.78–9.76 (br.s, 3H, NH).

4,5-Dimethyl-12-(3,4-dimethoxyphenyl)-2,4a,7,8,9,10,11,12-
octahydrodipyrimido[4,5-b; 40,50-f][1,8]naphthyridine-2,9,11-
trione (11b). It was obtained from 7b using urea.
IR(KBr,t,cm�1): 1595, 1605, 1648 (C¼¼O), 1605 (C. . ...C of ar-
omatic ring), 2850 (CAH, aliphatic), 3042 (CAH, aromatic ),

3330–3488 (3NH) cm�1; 1H NMR (CDCl3): d 2.21 (s, 3H,
CH3), 2.26 (s, 1H, CH), 2.54 (s, 3H, CH3), 3.71 (s, 3H,
OCH3), 3.78 (s, 3H, OCH3), 4.75 (s, 1H, 12-CH), 6.67–6.72
(m, 3H, ArH’s), 8.78–9.76 (br.s, 3H, NH). 13C NMR
(CDCl3):16.1, 24.7, 30.1, 56.3, 79.7, 94.8, 115.0, 115.8, 122.6,

130.0, 140.5, 144.6, 145.2, 147.5, 151.6, 161.0, 162.2, 164.1,
164.6, 165.1, 194.5.

4,5-Dimethyl-12-(4-methylphenyl)-2,4a,7,8,9,10,11,12-octa-
hydrodipyrimido[4,5-b;40,50-f] [1,8]naphthyridine-2,9,11-trione
(11c). It was obtained from 7c using urea. IR(KBr,t,cm�1):

1605 (C. . ...C of aromatic ring), 1594, 1645, 1670 (C¼¼O),
2926 (CAH, aliphatic), 3054 (CAH, aromatic ), 3334–3487
(3NH)cm�1; 1H NMR (CDCl3): d 2.20 (s, 3H, CH3), 2.24 (s,
1H, CH), 2.36 (s, 3H, CH3), 2.52 (s, 3H, CH3), 4.73 (s, 1H,
12-CH), 6.62–6.67 (d, 2H, ArH’s), 6.74–6.98 (d, 2H, ArH’s),

8.76–9.86 (br.s, 3H, NH).
General procedure for the synthesis of substituted

pyrimido[50,40:6,7] [1,8]naphthyridino[4,3-b][1,5]benzodia-

zepine-1,3-diones 12a–12d. A mixture of 7 (10 mmoles) and
o-phenylenediamine (10 mmoles) in DMF (20 mL) was

refluxed for 8–10 h. The reaction was left to cool at room tem-
perature and then poured into ice-cold water with stirring. The
solid product 12 so formed was collected by filtration and
crystallized from ethanol.

7,8-Dimethyl-15-(4-methoxyphenyl)-2,3,4,5,7a,15-hexahy-
dro-1H-pyrimido[50,40:6,7][1,8] naphthyridino[4,3-b][1,5]ben-
zodiazepine-1,3-dione (12a). It was obtained from 7a.
IR(KBr,t,cm�1): 1595 (C. . ...C of aromatic ring), 1675, 1690
(C¼¼O), 2923 (CAH, aliphatic), 3059 (CAH, aromatic ),

3328–3484 (3NH)cm�1; 1H NMR (CDCl3): d 1.57 (s, 1H,
CH), 2.47 (s, 3H, CH3), 2.83 (s, 3H, CH3), 3.74 (s, 3H,
OCH3), 4.71 (s, 1H, 15-CH), 6.64–6.67 (d, 2H, ArH’s), 6.74–
6.95 (d, 2H, ArH’s), 7.13–7.35 (m, 4H, ArH’s), 8.88–9.76
(br.s, 3H, NH). 13C NMR (CDCl3): 16.1, 16.5, 24.7, 26.2,

28.3, 56.0, 79.7, 95.0, 114.0, 123.3, 128.3, 129.6, 130.3, 142.5,
143.0, 145.2, 151.5, 159.1, 164.1, 164.6.

7,8-Dimethyl-15-(3,4-methylenedioxyphenyl)-2,3,4,5,7a,15-
hexahydro-1H-pyrimido[50,40: 6,7] [1,8]naphthyridino[4,3-
b][1,5]benzodiazepine-1,3-dione (12d). It was obtained from
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7d. IR(KBr,t,cm�1): 1640, 1695 (C¼¼O), 1605 (C. . ...C of aro-
matic ring), 2850 (CAH, aliphatic), 3048 (CAH, aromatic ),
3333–3485 (3NH) cm�1; 1H NMR (CDCl3): d 1.52 (s, 1H,
CH), 2.47 (s, 3H, CH3), 2.84 (s, 3H, CH3), 4.74 (s, 1H, 15-
CH), 5.76 (s, 2H, O2CH2), 6.68–6.72 (m, 3H, ArH’s), 7.13–

7.32 (m, 4H, ArH’s), 8.86–9.78 (br.s, 3H, NH).
General procedure for the synthesis of substituted

pyrimido[50,40:6,7] [1,8]naphthyridino[4,3,2-de]quinazolines

13a–13d and 14a–14d. A mixture of 8 (10 mmoles) and thio-
urea/urea (10 mmoles) in DMF (20 mL) was refluxed for 5–6

h. The reaction was left to cool at room temperature and then
poured into ice-cold water with stirring. The solid products 13
and 14, respectively, so formed were collected by filtration
and crystallized from ethanol as light brown crystal.

5,5-Dimethyl-13-(4-methoxyphenyl)-2-thioxo-4,5,6,8,9,10,
11,12,13,13c-decahydro-2H-pyrimido[50,40:6,7][1,8]naphthyridino
[4,3,2-de]quinazoline-10,12-dione (13a). It was obtained from
8a using thiourea. IR(KBr,t,cm�1): 1605 (C. . ...C of aromatic
ring), 1672, 1685 (C¼¼O), 2925 (CAH, aliphatic), 3052 (CAH,

aromatic ), 3334–3485 (3NH)cm�1; 1H NMR (CDCl3): d 1.11
(s, 6H, 2CH3), 2.48 (s, 2H, CH2), 2.81 (s, 2H, CH2), 2.86 (s,
1H, CH), 3.74 (s, 3H, OCH3), 4.74 (s, 1H, 13-CH), 6.64–6.67
(d, 2H, ArH’s), 6.74–6.96 (d, 2H, ArH’s), 8.75–9.87 (br.s, 3H,
NH).

5,5-Dimethyl-13-(4-methylphenyl)-2-thioxo-4,5,6,8,9,10,11,12,
13,13c-decahydro-2H-pyrimido[50,40:6,7][1,8]naphthyridino[4,3,2-
de]quinazoline-10,12-dione (13c). It was obtained from 8c using
thiourea. IR(KBr,t,cm�1): 1598 (C. . ...C of aromatic ring),
1645–1680 (C¼¼O), 2928 (CAH, aliphatic), 3047 (CAH, aro-

matic ), 3336–3483 (3NH) cm�1; 1H NMR (CDCl3): d 1.11 (s,
6H, 2CH3), 2.34 (s, 3H, CH3), 2.48 (s, 2H, CH2), 2.81 (s, 2H,
CH2), 2.86 (s, 1H, CH), 4.74 (s, 1H, 13-CH), 6.67–6.68 (d,
2H, ArH’s), 6.74–6.98 (d, 2H, ArH’s), 8.79–9.88 (br.s, 3H,
NH). 13C NMR (CDCl3): 19.6, 20.9, 27.1, 27.9, 45.1, 45.9,

79.7, 94.8, 128.6, 129.4, 134.7, 141.8, 145.2, 151.6, 164.4,
164.9, 235.8.

5,5-Dimethyl-13-(3,4-dimethoxyphenyl)-4,5,6,8,9,10,11,12,
13,13c-decahydro-2H-pyrimido[50,40:6,7] [1,8]naphthyridino[4,3,2-
de]quinazoline-2,10,12-trione (14b). It was obtained from 8b

using urea. IR(KBr,t,cm�1): 1595, 1638, 1658 (C¼¼O), 1605
(C. . ...C of aromatic ring), 2850 (CAH, aliphatic), 3044 (CAH,
aromatic ), 3330–3486 (3NH)cm�1; 1H NMR (CDCl3): d 1.11
(s, 6H, 2CH3), 2.27 (s, 2H, CH2), 2.43 (s, 2H, CH2), 2.88 (s,

1H, CH), 3.74 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 4.75 (s,
1H, 13-CH), 6.87–6.96 (m, 3H, ArH’s), 8.78–9.76 (br.s, 3H,
NH).

5,5-Dimethyl-13-(3,4-methylenedioxyphenyl)-4,5,6,8,9,10,11,12,
13,13c-decahydro-2H-pyrimido[50,40:6,7][1,8]naphthyridino[4,3,2-
de]quinazoline-2,10,12-trione (14d). It was obtained from 8d

using urea. IR(KBr,t,cm�1): 1595, 1635, 1648 (C¼¼O), 1605
(C. . ...C of aromatic ring), 2850 (CAH, aliphatic), 3333–3484
(3NH) cm�1; 1H NMR (CDCl3): d 1.11 (s, 6H, 2CH3), 2.23 (s,
2H, CH2), 2.53 (s, 2H, CH2), 2.86 (s, 1H, CH), 4.74 (s, 1H,

13-CH), 5.74 (s, 2H, O2CH2), 6.68–6.82 (m, 3H, ArH’s),
8.81–9.82 (br.s, 3H, NH).

General procedure for the synthesis of substituted pyri-

do[20,10:2,3]pyrimido[4,5-f] pyrimido[4,5-b][1,8]naphthyri-

dine-11,13-diones 15a–15d. A mixture of 7 (10 mmoles) and
2-aminopyridine (10 mmoles) in DMF (20 mL) was refluxed
for 8–10 h. The reaction was left to cool at room temperature
and then poured into ice-cold water with stirring. The solid

products so formed, 15 were collected by filtration and crystal-
lized from ethanol.

6,7-Dimethyl-14-(4-methoxyphenyl)-11,12,13,14-tetrahydro-
10H-pyrido[20,10:2,3] pyrimido[4,5-f]pyrimido[4,5-b][1,8]naph-
thyridine-11,13-dione (15a). It was obtained from 7a.

IR(KBr,t,cm�1): 1595 (C. . ...C of aromatic ring), 1675, 1695
(C¼¼O), 2923 (CAH, aliphatic), 3059 (CAH, aromatic ),
3329–3481 (2NH) cm�1; 1H NMR (CDCl3): d 2.32 (s, 3H,
CH3), 2.71 (s, 3H, CH3), 3.74 (s, 3H, OCH3), 4.45 (s, 1H, 14-
CH), 6.47–6.62 (m, 4H, ArH’s), 6.64–6.67 (d, 2H, ArH’s),

6.74–6.95 (d, 2H, ArH’s), 8.88–9.78 (br.s, 2H, NH). 13C NMR
(CDCl3): 26.9, 27.7, 48.1, 48.8, 56.6, 81.7, 115.0, 115.8,
116.7, 120.6, 122.4, 130.1, 144.6, 147.5, 151.3, 155.6, 157.0,
157.2, 159.1, 161.6, 164.4, 168.9.

6,7-Dimethyl-14-(4-methylphenyl)-11,12,13,14-tetrahydro-
10H-pyrido[20,10:2,3]pyrimido [4,5-f]pyrimido[4,5-b][1,8]naph-
thyridine-11,13-dione (15c). It was obtained from 7c.
IR(KBr,t,cm�1): 1590 (C. . ...C of aromatic ring), 1670, 1695
(C¼¼O), 2926 (CAH, aliphatic), 3054 (CAH, aromatic ),

3333–3480 (2NH)cm�1; 1H NMR (CDCl3): d 2.22 (s, 3H,
CH3), 2.29 (s, 3H, CH3), 2.72 (s, 3H, CH3), 4.74 (s, 1H, 14-
CH), 6.39–6.62 (m, 4H, ArH’s), 6.65–6.67 (d, 2H, ArH’s),
6.80–6.95 (d, 2H, ArH’s), 8.96–9.74 (br.s, 2H, NH). 13C NMR
(CDCl3): 16.2, 18.2, 20.9, 96.5, 100.4, 106.9, 116.8, 121.6,

126.7, 128.5, 129.0, 129.4, 134.7, 137.5, 140.3, 141.6, 149.5,
151.5, 159.1, 164.0, 164.6.

General procedure for the synthesis of substituted

pyrimido[50,40:6,7] [1,8]naphthyridino[4,3,2-de]pyrido[2,1-

b]quinazoline-10,12-diones 16a–16d. A mixture of 8 (10

mmoles) and 2-aminopyridine (10 mmoles) in DMF (20 mL)
was refluxed for 8–10 h. The reaction was left to cool at room
temperature and then poured into ice-cold water with stirring.
The solid products 16 so formed were collected by filtration
and crystallized from ethanol.

7,7-Dimethyl-15-(4-methoxyphenyl)-6,7,8,11,12,13,14,15-octahy-
dropyrimido[50,40:6,7][1,8]naphthyridino[4,3,2-de]pyrido[[2,1-
b]quinazoline-12,14-dione (16a). It was obtained from 8a.
IR(KBr,t,cm�1): 1595 (C. . ...C of aromatic ring), 1665, 1685

(C¼¼O), 2927 (CAH, aliphatic), 3058 (CAH, aromatic ),
3336–3487 (2NH) cm�1; 1H NMR (CDCl3): d 1.11 (s, 6H,
2CH3), 2.48 (s, 2H, CH2), 2.81 (s, 2H, CH2), 3.42 (s, 3H,
OCH3), 4.74 (s, 1H, 15-CH), 6.47–6.62 (m, 4H, ArH’s), 6.64–
6.67 (d, 2H, ArH’s), 6.74–6.96 (d, 2H, ArH’s), 8.75–9.87

(br.s, 2H, NH).
7,7-Dimethyl-15-(3,4-methylenedioxyphenyl)-6,7,8,11,12,13,14,

15-octahydropyrimido [50,40:6,7][1,8]naphthyridino[4,3,2-de]pyr-
ido[[2,1-b]quinazoline-12,14-dione (16d). It was obtained from
8d. IR(KBr,t,cm�1): 1595 (C. . ...C of aromatic ring), 1638,

1680 (C¼¼O), 2890 (CAH, aliphatic), 3049 (CAH, aromatic ),
3333–3485 (2NH)cm�1; 1H NMR (CDCl3): d 1.11 (s, 6H,
2CH3), 1.88 (s, 2H, CH2), 2.12 (s, 2H, CH2), 4.74 (s, 1H, 15-
CH), 5.87 (s, 2H, O2CH2), 6.17–6.59 (m, 3H, ArH’s), 6.49–
6.62 (m, 4H, ArH’s), 8.97–9.79 (br.s, 2H, NH). 13C NMR

(CDCl3): 21.1, 27.1, 45.6, 47.8, 91.3, 100.4, 106.9, 115.0,
115.8, 116.9, 120.1, 122.7, 126.6, 131.4, 138.5, 140.2, 143.1,
144.6, 147.5, 149.6, 151.5, 161.2, 163.6, 164.0, 164.8.

General procedure for the synthesis of substituted pyr-

ido[2,3-d;6,5-d0]dipyrimidine-2,4,6-triones 17a–17d. A mix-
ture of equimolar quantity of 4 (0.01 moles) and formamide
(0.01 moles) was refluxed on a water bath for 6 h. After the
completion of the reaction, the reaction mixture was poured into
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ice-cold water with stirring. The solid product was collected by
filtration and crystallized from hot methanol to afford 17.

5-(4-methoxyphenyl)-1,2,3,4,5,6,7,10-octahydropyrido[2,3-
d;6,5-d0]dipyrimidine-2,4,6-trione (17a). It was obtained
from 4a. 1H NMR (CDCl3): d 3.73 (s, 3H, OCH3), 4.74 (s,

1H, 5-CH), 6.63–6.65 (d, 2H, ArH’s), 6.85–6.95 (d, 2H,
ArH’s), 7.48 (s, 1H, CH), 8.50–11.95 (br.s, 4H, NH). 13C
NMR (CDCl3): 39.1, 55.9, 79.7, 100.9, 114.2, 114.9, 129.1,
130.1, 134.5, 150.1, 150.5, 151.2, 157.0, 157.7, 162.5, 163.8.

General procedure for the synthesis of substituted dipyr-

imido[4,5-b:50,40-g] [1,8]naphthyridine-2,4,6-trione 18a–

18d. A mixture of equimolar quantity of 5 (0.01 moles) and
formamide (0.01 moles) was refluxed on a water bath for 6 h.
After the completion of the reaction, the reaction mixture was
poured into ice-cold water. The solid product was collected by

filtration and crystallized from hot methanol to produce 18. On
the other hand, a mixture of 5 and formamide (1:2 ratios) was
refluxed on a water bath for 6–8 h. After the completion of the
reaction, the reaction mixture was poured into the ice-cold

water. The solid product was collected by filtration and crys-
tallized from hot methanol to produce 19 as the main product.
From the mother liquor a minor product was also separated on
cooling which was exactly identical with 18.

7-Amino-5-(3,4-dimethoxyphenyl)-1,2,3,4,5,6,11,12-octahy-
drodipyrimido[4,5-b;50,40-g] [1,8]naphthyridine-2,4,6-trione
(18b). It was obtained from 5b. 1H NMR (CDCl3): d 3.72 (s,
3H, OCH3), 3.78 (s, 3H, OCH3), 4.74 (s, 1H, 5-CH), 5.92 (s,
2H, NH2), 6.52–6.58 (m, 3H, ArH’s), 7.85 (s, 1H, CH), 8.85–
11.92 (br.s, 4H, NH). 13C NMR (CDCl3): 36.5, 56.2, 56.8,

79.5, 85.6, 99.3, 114.5, 115.2, 122.6, 135.5, 146.7, 150.2,
150.9, 151.5, 154.5, 155.9, 163.8, 172.6, 183.5.

13-(3,4-Methylenedioxyphenyl)-8,9,10,11,12,13-hexahydro-
3H-1,3,4,6,7,8,9,11-octaza- benzo[de]naphthacene-10,12-dio-
nes (19d). It was obtained from 5d. 1H NMR (CDCl3): d 4.72

(s, 1H, 13-CH), 5.82 (s, 2H, O2CH2), 6.48–6.59 (m, 3H,
ArH’s), 7.50 (s, 1H, 5-CH), 8.37 (s, 1H, 2-CH), 8.71–11.92
(br.s, 4H, NH). 13C NMR (CDCl3): 32.8, 81.7, 100.2, 101.4,
111.4, 114.1, 115.2, 122.4, 128.4, 145.8, 146.3, 148.7, 150.5,

155.2, 155.9, 156.0, 156.9, 158.0, 158.7, 163.8.
General procedure for the synthesis of substituted dipyr-

imido[4,5-b:50,40-g] [1,8]naphthyridines 20a–20d. A mixture
of equimolar quantity of 6 (0.01 moles) and formamide (0.01
moles) was refluxed on a water bath for 6 h. After the comple-
tion of the reaction, the reaction mixture was poured into ice-
cold water with stirring. The solid product was collected by fil-
tration and crystallized from hot methanol to produce 20.

5-(4-Methoxyphenyl)-1,2,3,4,5,6,6a,7,8,12-decahydrodipyri-
mido[4,5-b;50,40-g][1,8]naphthyridine-2,4,6,7-tetraone (20b). It
was obtained from 6b. 1H NMR (CDCl3): d 3.78 (s, 3H,
OCH3), 3.98 (s, 1H, 6a-CH), 4.48 (s, 1H, 5-CH), 6.63–6.65 (d,
2H, ArH’s), 6.85–6.95 (d, 2H, ArH’s), 7.89 (s, 1H, 9-CH),
8.59–11.72 (br.s, 4H, NH). 13C NMR (CDCl3): 36.5, 55.1,
55.9, 79.5, 107.5, 114.2, 114.8, 130.0, 130.6, 134.5, 150.2,

150.5, 150.9, 155.9, 157.8, 163.8, 164.2, 170.5, 196.5.
General procedure for the synthesis of substituted

pyrimido[50,40:6,7] [1,8]naphthyridino[4,3-b][1,5]benzodia-

zepine-1,3,8-triones 21a–21d. A mixture of 6 (10 mmoles)
and o-phenylenediamine (10 mmoles) in DMF (20mL) was

refluxed for 8–10 h. The reaction was left to cool at room tem-
perature and then poured into ice-cold water with stirring. The
solid product 21 so formed was collected by filtration and
crystallized from ethanol.

7-Amino-15-(4-methoxyphenyl)-2,3,4,5,7a,8,9,15-octahydro-
1H-pyrimido[50,40:6,7][1,8] naphthyridino[4,3-b[1,5]benzodia-
zepine-1,3,8-trione (21a). It was obtained from 6a. 1H

NMR(CDCl3): d 1.59 (s, 1H, 7a-CH), 3.74 (s, 3H, OCH3), 3.89 (s,
2H, NH2), 4.72 (s, 1H, 15-CH), 6.64–6.67 (d, 2H, ArH’s), 6.74–
6.95 (d, 2H, ArH’s), 7.23–7.58 (m, 4H, ArH’s), 8.85–11.90 (br.s,
4H, NH). 13C NMR (CDCl3) : 37.5, 39.2, 55.9, 79.5, 93.0, 114.8,
114.1, 122.5, 122.9, 125.6, 127.4, 130.1, 130.6, 132.5, 134.7, 142.6,

150.4, 151.2, 151.6, 157.7, 163.8, 164.0, 164.8, 168.2.
General procedure for the synthesis of substituted dipyr-

imido[4,5-b;40,50-f] [1,8]naphthyridines 22a–22d and substi-

tuted dipyrimido[4,5-b;50,40-g] [1,8]naphthyridines 23a–

23d. A mixture of 6 (10 mmoles) and thiourea (10 mmoles) in

DMF (20 mL) was refluxed for 5–6 h. The reaction was left to
cool at room temperature and then poured into ice-cold water
with stirring. The solid product so formed, a mixture of 22 and
23 was collected by filtration and separated by column chro-
matography (eluant:Pet ether:Methanol::90:10; Pet ether:

Methanol::85:15).
5-Amino-12-(3,4-dimethoxyphenyl)-2-thioxo-2,3,4,4a,7,8,9,10,

11,12-decahydro dipyrimido[4,5-b; 40,50-f][1,8]naphthyridine-
4,9,11-trione (22b). It was obtained from 6a using thiourea.

IR(KBr,t,cm�1): 1625 (C. . ...C of aromatic ring), 1660, 1670,
1675 (C¼¼O), 2890 (CAH, aliphatic), 3049 (CAH, aromatic ),
3235 (NH2), 3330–3400 (4NH)cm�1; 1H NMR(CDCl3): d 2.26
(s, 1H, 4a-CH), 3.71 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 3.85
(s, 2H, NH2), 4.74 (s, 1H, 12-CH), 6.67–6.72 (m, 3H, ArH’s),

8.85–11.92 (br.s, 4H, NH). 13C NMR (CDCl3): 36.5, 38.9,
55.6, 79.6, 93.2, 114.2, 114.8, 130.1, 130.6, 134.5, 150.6,
151.0, 151.8, 157.6, 159.8, 163.8, 164.0, 164.8, 170.7. MS: m/
z, 467 (Mþ).

5-(4-Methoxyphenyl)-9-thioxo-1,2,3,4,5,6,6a,7,8,9,10,12-
dodecahydrodipyrimido[4,5-b; 50,40-g][1,8]naphthyridine-
2,4,6,7-tetraone (23a). It was obtained from 6a using thiou-
rea. IR(KBr,t,cm�1): 1605 (C. . ...C of aromatic ring), 1657,
1665, 1678, 1715 (C¼¼O), 2895 (CAH, aliphatic), 3042 (CAH,
aromatic ), 3330–3470 (5NH)cm�1; 1H NMR(CDCl3): d 3.92

(s, 1H, 6a-CH), 4.43 (s, 1H, 5-CH), 6.63–6.67 (d, 2H, ArH’s),
6.85–6.95 (d, 2H, ArH’s), 8.69–11.92 (br.s, 5H, NH). 13C
NMR (CDCl3): 36.5, 55.8, 56.9, 79.5, 107.5, 114.2, 114.8,
130.0, 131.6, 134.5, 150.5, 151.2, 152.9, 155.8, 157.6, 163.8,
164.2, 170.7, 196.5. MS: m/z, 438 (Mþ).

Acknowledgment. The authors are thankful to the Department
of Chemistry, University of Jammu, Jammu, and IIIM, Jammu,
for providing research, instrumentation, and library facilities.

REFERENCES AND NOTES

[1] Schutz, H. Benzodiazepines; Springer: Heidelberg, 1982.

[2] Randall, L. O.; Kappel, B.; Garattini, S.; Mussini, E., Eds.

Benzodiazepines, Vol. 27; Raven Press: NewYork, 1973.

[3] Bock, M. G.; Dipardo, R. M.; Evans, B. E.; Rittle, K. E.;

Whitter, W. L.; Veber, D. F.; Anderson, P. S.; Friedinger, R. M. J

Med Chem 1989, 32, 13.

[4] Romer, D.; Buschler, H. H.; Hill, R. C.; Maurer, R.;

Petcher, T. J.; Zeugner, H.; Benson, W.; Finner, E.; Milkowski, W.;

Thies, P. W. Nature 1982, 298, 759.

[5] Korneki, E.; Erlich, Y. H.; Lenox, R. H. Science 1984, 226,

1454.

[6] (a) Kukla, M. J.; Breslin, H. J.; Diamond, C. J.; Grous, P.

P.; Ho, C. Y.; Mirands, M.; Rodgers, J. D.; Sherrill, R. G.; Clercq, E.

348 Vol 47S. Gupta, P. Gupta, A. Sachar, and R. L. Sharma

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



D.; Pauwels, R.; Anderies, K.; Moens, L. J.; Janssen, M. A. C.; Jans-

sen, P. A. J. J Med Chem 1991, 34, 3187; (b) Parker, K. A.; Coburn,

C. A. J Org Chem 1992, 57, 97.

[7] Chakrabarti, J. K; David, E. T. Ger. Pat. 2552403, 1976;

Chem Abstr 86, 29893e.

[8] Neunhoeffer, H. In Comprehensive Heterocyclic Chemistry.

Katritzky, A. R., Rees, C. W. Eds.; Pergamon Press: Oxford, 1984;

Vol. 3, p.385.

[9] Bhalerao, U. T.; Krishnaiah, A. Indian J Chem 1995, 34B, 587.

[10] Albrecht, R. Prog Drug Res 1977, 21, 9.

[11] Tonetti, I.; Bertini, D.; Ferrarini, P. L.; Livi, O.; DelTacca,

M. Farmaco Ed Sci 1976, 31, 175.

[12] Carboni, S.; DaSettimo, A.; Bertini, D.; Ferrarini, P. L.;

Livi, O.; Tonetti, I. Farmaco Ed Sci 1976, 31, 175.

[13] (a) Armarego, W. L. F. Adv Heterocycl Chem 1963, 1,

253; (b) Armarego, W. L. F. Adv Heterocycl Chem 1979, 24, 1.

[14] Saxena, S.; Verma, M.; Saxena, A. K.; Shanker, K. Indian J

Pharm Sci 1991, 53, 48.

[15] Srivastava, B.; Shukla, J. S. Indian J Chem Sect B 1991,

30B, 332.

[16] Fisnerova, L.; Brunova, B.; Kocfeldova, Z.; Tikalova, J.;

Maturova, E.; Grimova, J. Collect Czech Chem Commun 1991, 56,

2373.

[17] Abdel-Rahman, M. M.; Mangoura, S. A.; El-Bitar, H. I.

Chem Abstr 1992, 116, 185c; Bull Pharm Sci Assitu Univ 1990, 13,

137.

[18] Hori, M.; Lemura, R.; Hara, H.; Ozaki, A.; Sukamoto, T.;

Ohtaka, H. Chem Pharm Bull 1990, 38, 1286.

[19] Brown, D. J. In Comprehensive Heterocyclic Chemistry.

Katritzky, A.R., Ed.; Pergamon Press: Oxford, 1984; Vol. 3, p.153.

[20] Buchi, G.; Luk, K. C.; Kobbe, B.; Townsend, J. M. J Org

Chem 1977, 42, 244.

[21] Singh, J.; Koul, S.; Pannu, A. P. S.; Sharma, R. L.; Razdan,

T. K. J Heterocycl Chem 2008, 45, 349.

[22] Sachar, A.; Sharma, R. L. Indian J Heterocycl Chem 2007,

16, 415.

[23] Sachar, A.; Sharma, R. L.; Kumar, S.; Kour, D.; Singh.J. J

Heterocycl Chem 2006, 43, 1177.

[24] Sharma, R. L.; Kour, D.; Singh, J.; Kumar, S.; Gupta, P.;

Gupta, S.; Kour, B.; Sachar, A. J Heterocycl Chem 2008, 45, 1775.

[25] Sharma, R. L.; Singh, J.; Kumar, S.; Kour, D.; Sachar, A.;

Gupta, S.; Gupta, P.; Sharma, B. J Heterocycl Chem 2007, 44, 1501.

[26] Tu, S.; Zhang, J.; Zhu, X.; Zhang, Y.; Wang, Q.; Xu, J.;

Jiang, B.; Jia, R.; Zhang, J.; Shi, F. J Heterocycl Chem 2006, 43, 985.

[27] Song, Y.-H.; Seo, J. J Heterocycl Chem 2007, 44, 1439.

March 2010 349Facile and One Pot Synthetic Routes for Various Novel, Differently Fused

and Promising Heteropolycycles

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



A Zeolite Promoted Expeditious One-Pot Synthesis of
1-Arylmethyl-4,5-dihydro-2-aryl-1H-imidazole

Ramakanth Pagadala,a Jyotsna S. Meshram,a* Himani N. Chopde,a

and Nagender Reddy Panyalab

aDepartment of Chemistry, Rashtrasant Tukadoji Maharaj Nagpur University, Nagpur-440 033,

Maharashtra, India
bDepartment of Chemistry, Faculty of Science, Masaryk University, Kotlářská 2, 611 37 Brno,
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A series of 1-arylmethyl-4,5-dihydro-2-aryl-1H-imidazoles were synthesized expeditiously in good

yields from 1,2-diaminoethane and aromatic aldehydes in the presence of zeolite under microwave irra-
diation in the absence of solvent. The resulting substituted imidazoles are characterized by 1H and 13C
NMR, elemental analysis, and mass spectral data.

J. Heterocyclic Chem., 47, 350 (2010)

INTRODUCTION

The use of microwave (MW) irradiation as a non-con-

ventional energy source has become of considerable in-

terest in organic chemistry. This novel method has

proved to be very efficient in various reactions, espe-

cially in organic synthesis [1–5], which has several

advantages over classical thermal conditions in provid-

ing increased reaction rates, simplicity, and improved

yields. The development of one-pot reaction has been of

great interest in organic synthesis because this method-

ology provides easy access to highly complex molecules

from relatively simple reagents under economically

favorable reaction conditions. Thus, the combination of

the one-pot strategy with the use of eco-friendly zeolite

catalysts becomes a powerful means of preparation for

specific target compounds to minimize pollutants and to

reduce production cost [6–9]. MW irradiation has been

used to effect organic reactions, such as cyclization

[10], aromatic substitution [11], oxidation [12], alkyla-

tion [13], decarboxylation [14], radical reactions [15],

condensation [16], peptide synthesis [17], etc.

Imidazole chemistry currently attracts considerable

attention, where the imidazole derivatives are extensively

applied as N-ligands coordinating transition metals

[18,19]. The application of imidazoles in medicinal

chemistry [20], chemistry of natural products/alkaloids

[21], and 1,3-disubstituted imidazole salts as ionic

liquids [22] are well known. Several methods are

reported in the literature for the synthesis of imidazoles,

such as: (a) synthesis via hetero-Cope rearrangement

[23]; (b) four-component condensation of arylglyoxals,

primary amines, carboxylic acids, and iso-cyanides on

Wang resin [24,25]; (c) reaction of N-(2-oxo)-amides

with ammonium trifluoroacetate [26]. Compounds with

an imidazole ring system have many pharmacological

properties and play important roles in biochemical proc-

esses [27]. Organic chemists have been making extensive

efforts to produce heterocyclic compounds by developing

new and efficient synthetic transformations [28].

Recently, palladium and copper-catalyzed strategies have

been successfully applied to the assembly of various het-

erocyclic compounds via one-pot synthesis [29].

Many of the synthetic protocols for imidazoles

reported so far suffer from one or more disadvantages,

such as harsh reaction conditions, poor yields, prolonged

time period, use of hazardous, and often expensive acid

catalysts. We have employed to achieve simple and

environmentally compatible synthetic methodology for

the synthesis of substituted imidazoles in the presence

of zeolite under MW irradiation.

RESULTS AND DISCUSSION

Reactions were carried out simply by mixing 1,2-diami-

noethane with different substituted aromatic aldehydes in

the presence of zeolite under solvent-free condition
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(Scheme 1). All the 1-arylmethyl-4,5-dihydro-2-aryl-1H-

imidazoles derivatives were obtained in excellent yields.

This study describes a successful approach for the

synthesis of substituted imidazoles using a laboratory

MW reactor. This MW technology does not require link-

ing-cleaving chemistry and afford the products immedi-

ately. In a solvent-free cyclization reaction of imidazoles

is developed, which requires MW irradiation of 1,2-dia-

minoethane and aromatic aldehydes in the presence of

zeolite. This support allows for easy separation of the

solid catalyst and product by simple filtration, and in

optimal conditions the supported catalyst can be reused

multiple times. The readily and exclusive formation of

cyclized imidazoles occurs in good yields.

The same reaction under thermal conditions (Scheme 2)

affords lower yields (Table 1). Hence, it is clear from

the yield comparison plot (Fig. 1) of classical and MW

assisted synthesis of the substituted imidazoles that

MW irradiation has been found to be easier, conven-

ient, eco-friendly, and yield of all the products are

more than good as compared with the classical method.

In general, synthesis of substituted imidazole under

thermal conditions may occur in two steps, formation

of Schiff base and its cyclization.

The reaction may tentatively be visualized to occur

via a tandem sequence of reactions depicted in reaction

mechanism (Mechanism 1) involving (i) formation of

N,N0–bis(aryl)ethylenediimine, (ii) protonation of the

N,N0–bis(aryl)ethylenediimine by zeolite and ring clo-

sure leading to a five membered ring in either a sequen-

tial or a concerted manner, (iii) 1,3-hydride transfer, and

(iv) deprotonation. While the aryl groups/nitrogen atom

could stabilize the positively charged intermediates

involved in the intermediate steps, the aromatic stabili-

zation of the resulting imidazoles could provide the im-

petus for the transformation. The reaction under MW

condition goes to completion in 6 min. Physical proper-

ties of the substituted imidazoles are given in Table 2.

Mechanism 1: The possible reaction mechanism.

Scheme 1. MW assisted synthesis of substituted imidazoles.

EXPERIMENTAL

General. All the chemicals and solvents were obtained from
Merck (AR grade) and were used without further purification.

Melting points were taken in an open capillary tube. The MW

assisted synthesis of titled compounds were carried out in a

CEM – 908010, bench mate model, 300 watts laboratory MW re-

actor. Elemental analyses were carried out using a Perkin-Elmer,

CHN elemental analyzer model 2400. 1H NMR and 13C NMR

spectra of the imidazoles were recorded on a Bruker-Avance

(300 MHz), Varian-Gemini (200 MHz) spectrophotometer using

DMSO solvent and TMS as the internal standard. EI-MS spectra

were determined on a LCQ ion trap mass spectrometer (Thermo

Fisher, San Jose, CA, USA), equipped with an EI source.

Synthesis of 1-arylmethyl-4,5-dihydro-2-aryl-1H-imidazoles.

1,2-diaminoethane (0.108 g, 1 mmol), benzaldehyde (0.212 g,
2 mmol), and zeolite (montmorillonite K-10) (0.1 g) was thor-

oughly mixed. The reaction mixture was irradiated for 6 min

with 100 W MWs at 110�C in MW oven in the temperature

control mode. The completion of the reaction was monitored

by TLC. After the irradiation was over, the reaction mixture

was cooled and added into water and extracted with diethyl

Scheme 2. Synthesis of substituted imidazole under thermal condition.
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ether. After filtering the zeolite particles, the ethereal layer
was washed with water, dried with anhydrous sodium sulphate,
and the solvent removed. The crude product was recrystallized
from methanol.

Synthesis of 1-arylmethyl-4,5-dihydro-2-aryl-1H-imida-

zoles by classical method. A mixture of Schiff base (0.7
mmol), catalytic amount of H2SO4 and ethanol (50 mL) were
refluxed for �4 h. The completion of the reaction was moni-
tored by TLC. After completion of the reaction, the reaction
mixture was set on one side to cool. Solid deposit was col-

lected by the filtration. The crude product was recrystallized
from methanol.

1-(2-Hydroxybenzyl)-4,5-dihydro-2(2-hydroxyp henyl)-1H-
imidazoles (1). 1H NMR: d 8.36 (s, 2H, AOH); 6.82–7.33 (m,
8H, Ar-CH); 4.0 (s, 2H, CH2); 3.94 (t, J ¼ 7.7 Hz, 2H, CH2);

3.09 (t, J ¼ 7.6 Hz, 2H, CH2);
13C NMR: d 163.0, 160.8,

154.9, 131.2, 129.7, 129.2, 128.1, 122.4, 120.6, 114.3, 111.2,
50.4, 48.1, 40.9; Mass spectra, m/z ¼ 268 (100%).

1-(3-Nitrobenzyl)-4,5-dihydro-2(3-nitrophenyl)-1H-imidazoles
(2). 1H NMR: d 7.52-8.53 (m, 8H, Ar-CH); 4.04 (s, 2H, CH2);
3.81 (t, J ¼ 7.6 Hz, 2H, CH2); 3.05 (t, J ¼ 7.6 Hz, 2H, CH2);
13C NMR: d 162.8, 147.7, 147.2, 136.2, 133.1, 132.4, 132.1,
127.9, 122.8, 122.5, 117.8, 52.3, 49.9, 49.7; Mass spectra, m/z
¼ 326 (100%).

1-(3,4-Dimethoxybenzyl)-4,5-dihydro-2(3,4-dimethoxyphenyl)-
1H-imidazoles (3). 1H NMR: d 6.39–7.02 (m, 6H, Ar-CH);
3.90 (s, 2H, CH2); 3.69 (s, 12H, CH3); 3.59 (t, J ¼ 7.6 Hz,
2H, CH2); 2.88 (t, J ¼ 7.7 Hz, 2H, CH2);

13C NMR: d 162.4,
150.9, 148.8, 148.5, 147.3, 129.1, 125.2, 122.0, 120.4, 114.7,

114.4, 112.1, 54.9, 50.0, 49.1, 47.9; Mass spectra, m/z ¼ 356
(100%).

1-(4-Dimethylaminobenzyl)-4,5-dihydro-2(4-di methylami-
nophenyl)-1H-imidazoles (4). 1H NMR: d 7.56 (d, J ¼ 9 and

2 Hz, 2H, Ar-CH); 7.30 (d, J ¼ 8 and 1 Hz, 2H, Ar-CH); 6.98
(d, J ¼ 9 Hz, 2H, Ar-CH); 6.64 (d, J ¼ 9 Hz, 2H, Ar-CH);
3.88 (s, 2H, CH2); 3.72 (t, J ¼ 7.6 Hz, 2H, CH2); 3.06 (t, J ¼
7.5 Hz, 2H, CH2); 2.98 (s, 12H, CH3);

13C NMR: d 162.7,
152.3, 152.1, 148.1, 129.9, 124.9, 112.0, 78.1, 77.5, 76.9, 62.5,

40.6; Mass spectra, m/z ¼ 322 (100%).
1-(4-Florobenzyl)-4,5-dihydro-2(4-florophenyl)-1H-imidazoles

(5). 1H NMR: d 7.64 (d, J ¼ 8 Hz, 2H, Ar-CH); 7.24 (d, J ¼
8 Hz, 2H, Ar-CH); 7.09 (d, J ¼ 9 Hz, 2H, Ar-CH); 6.98 (d, J
¼ 9 Hz, 2H, Ar-CH); 3.86 (s, 2H, CH2); 3.69 (t, J ¼ 7.6 Hz,

2H, CH2); 3.01 (t, J ¼ 7.6 Hz, 2H, CH2);
13C NMR: d 164.7,

162.7, 160.0, 130.9, 129.8, 128.2, 126.9, 113.8, 113.6, 50.6,
49.1, 48.2; Mass spectra, m/z ¼ 272 (100%).

1-(2-Nitrobenzyl)-4,5-dihydro-2(2-nitrophenyl)-1H-imidazoles
(6). 1H NMR: d 7.41–8.51 (m, 8H, Ar-CH); 3.97 (s, 2H, CH2);

3.74 (t, J ¼ 7.7 Hz, 2H, CH2); 2.99 (t, J ¼ 7.6 Hz, 2H, CH2);
13C NMR: d 162.9, 147.7, 147.4, 134.2, 131.3, 128.9, 127.8,
127.0, 120.2, 50.7, 47.9, 40.1; Mass spectra, m/z ¼ 326
(100%).

1-(Furyl)-4,5-dihydro-2(furyl)-1H-imidazoles (7). 1H NMR:
d 7.84 (d, J ¼ 2 Hz, 1H,); 7.43 (d, J ¼ 2 Hz, 1H); 6.41–6.67
(m, 3H); 6.21 (d, J ¼ 3 Hz, 1H); 4.59 (s, 2H, CH2); 3.45 (t, J
¼ 7.5 Hz, 2H, CH2); 2.91 (t, J ¼ 7.6 Hz, 2H, CH2);

13C
NMR: d 163.1, 147.3, 142.8, 142.1, 141.0, 109.8, 109.6,

109.2, 105.2, 45.6, 44.2, 37.8; Mass spectra, m/z ¼ 216
(100%).

Table 1

Time and yield comparison between classical and MW irradiation.

Compound

Formula

weight

Microwave

method

Classical

method

Reaction

time (min)

Yield

(%)a
Reaction

time (h)

Yield

(%)a

1 268 6 91 4 65

2 326 6 90 4 61

3 356 6 85 4 58

4 322 6 92 4 61

5 272 6 86 4 56

6 326 6 82 4 60

7 216 6 80 4 59

a Isolated yields

Figure 1. Graphical representation of yield comparison between classi-

cal and MW Irradiation.

Table 2

Physical and analytical data of substituted imidazoles.

Compound Ar Formula mp (�C)

% Calcd (Found)

C H N

1 o-OHC6H4 C16H16N2O2 90 71.62 (71.60) 6.01 (6.04) 10.44 (10.42)

2 m-NO2C6H4 C16H14N4O4 119 58.89 (59.03) 4.32 (4.26) 17.17 (17.24)

3 m, p-(OCH3)2C6H4 C20H24N2O4 115 67.40 (67.62) 6.79 (6.83) 07.86 (07.81)

4 p-(CH3)2NC6H4 C20H26N4 127 74.50 (74.31) 8.13 (8.09) 17.38 (17.30)

5 p-FC6H4 C16H14N2F2 97 70.58 (70.49) 5.18 (5.11) 13.95 (13.91)

6 o-NO2C6H4 C16H14N4O4 104 58.89 (58.94) 4.32 (4.26) 17.17 (17.20)

7 2-furyl C12H12N2O2 121 66.65 (66.31) 5.59 (5.70) 12.96 (12.91)
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CONCLUSIONS

In this study, we reported a highly efficient MW

assisted rapid and solvent-free synthesis of substituted

1H imidazoles in the presence of zeolite. MW chemistry

is a green chemical method that improves reaction con-

ditions and product yields, while reducing solvent

amounts and reaction times. The one-pot nature of the

present procedure makes it an acceptable alternative to

multistep approaches. It also simplifies the laborious

procedures and offers considerable advantages, such as:

elimination of solvents, use of substances without any

modification or activation, high yields, short reaction

times, employment of reusable solid catalysts, and envi-

ronmentally friendly character over the existing

methodologies.
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A facile microwave-assisted synthesis of imidazol-5(4H)-one derivatives is accomplished via reac-
tions of 4-arylmethylene-2-phenyloxazol-5(4H)-ones with urea (or ammonium acetate) in ethylene gly-
col. The cascade reaction is simple to perform and occurs under mild conditions with broad scope of

applicability.

J. Heterocyclic Chem., 47, 354 (2010).

INTRODUCTION

Green fluorescent protein (GFP) including imidazoli-

dinone skeleton (Fig. 1) [1], is an autofluorescent pro-

tein of 238 amino acid residues that is derived from the

Pacific Northwest jellyfish, Aequorea victoria [2]. The

GFP chromophore exhibits promising applications in

molecular and cell biology due to its intrinsic visible

fluorescence, which is easily detectable by fluorescence

spectroscopy [3–5]. Therefore, much interest has been

geared toward the engineering of novel color variants

[6,7] of the GFP in light of its wide applicability in the

life sciences.

In addition, the imidazolone core represents an attrac-

tive pharmacophore that displays extensively pharmaco-

logical and medicinal activities [8,9]. In particular, imi-

dazol-5(4H)-one and its derivatives have possessed an

unique role in drug discovery and crop protection

[10,11], serving as combinatorial chemistry groups. In

general routes, the imidazolone ring is formed by con-

densing glycine ester of acetimidic or phenylacetimidic

acid in the solvents, such as benzene, dioxane, and ace-

tone [12–14]. All these methods [12–17] have one or

more limitations such as inaccessibility of precursors,

narrow substrate scope, and operational complexity.

Recently, a microwave-improved synthesis of imidazo-

lones using graphite as support has been reported [15].

In the light of current studies, the development of a

practically simple, economical, and high-yielding route

to a wide variety of imidazol-5(4H)-one derivative (Fig.

2) is strongly desired. Herein, we like to report a cas-

cade reaction of 4-arylmethylene-2-phenyloxazol-5(4H)-
ones 1 (Compounds 1 were conveniently prepared fol-

lowing a literature procedure: [18]) with urea 2 (or am-

monium acetate) for synthesis of imidazol-5(4H)-ones
under microwave irradiation (MWI) at 150�C in ethyl-

ene glycol (Scheme 1).

RESULTS AND DISCUSSION

To choose the most appropriate solvents, the MW-

assisted reaction (Scheme 2) of 4-(4-chlorobenzylidene)-

2-phenyloxazol-5(4H)-one (1c, 1 mmol) and urea (2,

1.5 mmol) was examined using glacial acetic acid

(HOAc), ethylene glycol, ethanol (EtOH), N,N-dimethylFigure 1. GFP chromophore.

Figure 2. Compounds 3.
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formamide (DMF), water as the solvent (2.0 mL) at

150�C, respectively. All the reactions were carried out

at the maximum power of 300 W. As shown in Table 1,

we could see the reaction in glycol gave the best results

(Table 1, entry 2).

To further optimize reaction conditions, the same

reaction was performed in ethylene glycol and 300 W at

the temperatures ranging from 110 to 180�C in incre-

ments of 10�C each time. The yield of product 3c was

improved from 23 to 93%, when the temperature was

raised from 110 to 150�C (Table 2, entries 1–5). How-

ever, no significant increase in the yield of product 3c

was observed as the reaction temperature was raised

from 150 to 180�C (Table 2, entries 5–8). Therefore,

150�C phenyloxazol-5(4H)-ones were performed, which

leads to the corresponding 4-arylmethylene-2-phenyl-

1H-imidazol-5(4H)-ones with good yields.

Under the optimal conditions [glycol, 150�C, 300 W

(maximum power)], reactions of different 4-arylmethy-

lene-2-phenyloxazol-5(4H)-ones were performed, which

leads to the corresponding 4-arylmethylene-2-phenyl-

1H-imidazol-5(4H)-ones with good yields. The elec-

tronic effect of the aryl group in 4-arylmethylene-2-phe-

nyloxazol-5(4H)-ones was investigated. As shown in

Table 3, both electron-withdrawing (such as nitro) and

electron-donating (such as alkoxy) groups readily pro-

vided compounds 3 in good yields. Moreover, the heter-

ocyclic phenyloxazol-5(4H)-ones such as 2-phenyl-4-

((thiophen-2-yl)methylene) oxazol-5(4H)-one (Table 3,

entry 9) still displayed a high reactivity under this stand-

ard condition.

We envisaged that ammonia, obtained by urea (or

ammonium acetate), attacks on carbonyl group in 4-aryl-

methylene-2-phenyloxazol-5(4H)-ones 1 as a nucleo-

phile. Bond formation should lead directly to intermedi-

ate 7 via ring opening, which then poised to attack adja-

cent reactive carbonyl group. Finally, an intramolecular

condensation occurred and 4-arylmethylene-2-phenyl-

1H-imidazol-5(4H)-ones 3 were obtained (Scheme 3).

In a further study, aromatic amine 4 was employed

instead of urea 2 in this case. The reactions proceeded

smoothly too. However, the desired products 3 were not

detected. Instead, a series of open-chain products 5 were

obtained in high yields (Scheme 4). The reason may be

attributed to the nucleophilicity of amine. When R is a

phenyl group, the resulting N-phenylformamide deriva-

tive decreases the nucleophilicity of amine, which is dif-

ficult to form closed-ring products 3. The synthesis of

these compounds has reported in our previous study

(Compounds 5 were conveniently prepared following a

literature procedure: [19]).

In summary, we demonstrated a simple method, using

readily available starting materials and simple experi-

mental procedures, for the efficient synthesis of imida-

zol-5(4H)-one derivative and related compounds. Partic-

ularly, valuable features of this cascade reaction

included operational simplicity, high yields, increased

safety for small-scale high-speed synthesis, and broader

substrate scope.

EXPERIMENTAL

All reactions were performed in a monomodal EmrysTM

Creator from Personal Chemistry, Uppsala, Sweden. Melting
points were determined in open capillaries and are uncorrected.
IR spectra were recorded on a FTIR-tensor 27 spectrometer in
KBr. 1H NMR spectra were measured on a DPX 400 MHz

spectrometer using TMS as an internal standard and DMSO-d6
as solvent. Elemental analysis was determined by using a Per-
kin-Elmer 240c elemental analysis instrument.

Scheme 1

Scheme 2

Table 1

Solvent optimization for the synthesis of 3c under MWI.

Entry Solvent Temp (�C) Time (min) Yield (%)

1 HOAc 150 5 trace

2 Glycol 150 5 93

3 EtOH 150 5 63

4 DMF 150 5 79

5 Water 150 5 32

Table 2

Temperature optimization for the synthesis of 3c under MWI.

Entry Temp (�C) Time (min) Yield (%)

1 110 5 23

2 120 5 58

3 130 5 75

4 140 5 82

5 150 5 93

6 160 5 71

7 170 5 58

8 180 5 41

March 2010 355Extension of a Cascade Reaction: Microwave-Assisted Synthesis of the

GFP Chromophore Derivatives

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



Sample experimental

4-Arylmethylene-2-phenyl-1H-imidazol-5(4H)-one (3). In a
10 mL EmrysTM reaction vial, 4-arylmethylene-2-phenyloxa-
zol-5(4H)-ones (1 mmol) with urea (1.5 mmol), ammonium ac-

etate (1.5 mmol), in ethylene glycol (2.0 mL) were mixed and
then capped. The mixture was irradiated by microwave at 300
W and 150�C for a given time. The automatic mode stirring
helped the mixing and uniform heating of the reactants. Upon
completion, monitored by TLC, the reaction mixture was

cooled to room temperature and then poured into cold water,
filtered to give the crude products, which were further purified
by recrystallization from 95% EtOH. The reaction time and
the yields are listed in Table 3. The analytical data of new
products are as following:

4-Benzylidene-2-phenyl-1H-imidazol-5(4H)-one (3a). IR (KBr):
3124, 3067, 2989, 1698, 1639, 1539, 1496, 1452, 1419, 1322,
1266, 1187, 1031, 922, 775, 687 cm�1.

1H NMR (400 MHz, DMSO) (d, ppm): 12.12 (s, 1H, NH),

8.32 (d, J ¼ 7.2 Hz, 2H, ArH), 8.18 (d, J ¼ 7.6 Hz, 2H,
ArH), 7.67–7.69 (m, 3H, ArH), 7.52–7.44 (m, 3H, ArH), 7.04
(s, 1H, CH).

HRMS (ESI): m/z [MþH]þ calcd for C16H12N2O: 249.1023;
found: 249.1023.

Anal calcd. For C16H12N2O, C, 77.40; H, 4.87; N, 11.28;
found C, 77.50; H, 4.79; N, 11.32%.

4-(4-Fluorobenzylidene)-2-phenyl-1H-imidazol-5(4H)-one
(3b). IR (KBr): 3159, 3128, 3071, 2991, 1707, 1645, 1595,
1500, 1457, 1235, 1157, 921, 842, 784, 691 cm�1.

1H NMR (400 MHz, DMSO) (d, ppm): 12.14 (s, 1H, NH),

8.41 (t, J ¼ 8.0 Hz, 2H, ArH), 8.18 (d, J ¼ 8.0 Hz, 2H, ArH),
7.68–7.59 (m, 3H, ArH), 7.35 (t, J ¼ 8.8 Hz, 2H, ArH), 7.06
(s, 1H, CH).

Anal calcd. For C16H11FN2O, C, 72.17; H, 4.16; N, 10.52;
found C, 72.24; H, 4.14; N, 10.59%.

4-(4-Chlorobenzylidene)-2-phenyl-1H-imidazol-5(4H)-one
(3c). IR (KBr): 3153, 3124, 3066, 2987, 1703, 1641, 1541,
1456, 1261, 1180, 1092, 923, 788, 691 cm�1.

1H NMR (400 MHz, DMSO) (d, ppm): 12.18 (s, 1H, NH),

8.36 (d, J ¼ 8.4 Hz, 2H, ArH), 8.19 (d, J ¼ 8.4 Hz, 2H,
ArH), 7.67–7.56 (m, 5H, ArH), 7.05 (s, 1H, CH).

Anal calcd. For C16H11ClN2O, C, 67.97; H, 3.92; N, 9.91;
found C, 67.88; H, 3.89; N, 9.99%.

4-(2,4-Dichlorobenzylidene)-2-phenyl-1H-imidazol-5(4H)-
one (3d). IR (KBr): 3159, 3129, 3062, 2986, 1708, 1638,
1536, 1455, 1413, 1361, 1249, 1181, 1098, 915, 694 cm�1.

1H NMR (400 MHz, DMSO) (d, ppm): 12.36 (s, 1H, NH),
9.06 (s, 1H, ArH), 8.15 (d, J ¼ 7.2 Hz, 2H, ArH), 7.70–
7.61(m, 4H, ArH), 7.51 (dd, J1 ¼ 8.4 Hz, J2 ¼ 2.4 Hz, 1H,

ArH), 7.18 (s, 1H, CH).
Anal calcd. For C16H10Cl2N2O, C, 60.59; H, 3.18; N, 8.83;

found C, 60.65; H, 3.14; N, 8.89%.
4-(3,4-Dichlorobenzylidene)-2-phenyl-1H-imidazol-5(4H)-

one (3e). IR (KBr): 3127, 3068, 2986, 1711, 1646, 1547,

1455, 1416, 1355, 1249, 1125, 908, 784, 685 cm�1.
1H NMR (400 MHz, DMSO) (d, ppm): 12.23 (s, 1H, NH),

8.60 (s, 1H, ArH), 8.33 (dd, J1 ¼ 8.4 Hz, J2 ¼ 1.2 Hz, 1H,
ArH), 8.18 (d, J ¼ 7.2 Hz, 2H, ArH), 7.76 (d, J ¼ 8.4 Hz,
1H, ArH), 7.68–7.61 (m, 3H, ArH), 7.04 (s, 1H, CH).

Table 3

Physical and analytical data of compounds 3.

Entry Compd. Ar Time (min) Yield (%) Mp (�C)

1 3a C6H5 5 (3) [15] 87 (85) [15] >300 (272–273) [15]

2 3b 4-FC6H4 5 84 286–287

3 3c 4-ClC6H4 5 (5) [15] 93 (91) [15] >300 (289–290) [15]

4 3d 2,4-Cl2C6H3 6 (4) [15] 83 (97) [15] 268–269 (273–274)[15]

5 3e 3,4-Cl2C6H3 6 85 277–278

6 3f 4-CH3C6H4 5 (4) [15] 95 (70) [15] 278–279 (288–289) [15]

7 3g 2-CH3OC6H4 6 82 278–279 (254–255) [15]

8 3h 4-CH3OC6H4 5 (3) [15] 87 (84) [15] >300 (289–290) [15]

9 3i Thien-2-yl 5 (2) [15] 86 (80) [15] >300 (291–292) [15]

Scheme 3

Scheme 4
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Anal calcd. For C16H10Cl2N2O, C, 60.59; H, 3.18; N, 8.83;
found C, 60.51; H, 3.25; N, 8.78%.

4-(4-Methylbenzylidene)-2-phenyl-1H-imidazol-5(4H)-one
(3f). IR (KBr): 3152, 3122, 3062, 2984, 1701, 1638, 1598,
1496, 1456, 1256, 1180, 1028, 922, 816, 789, 690 cm�1.

1H NMR (400 MHz, DMSO) (d, ppm): 12.09 (s, 1H, NH),
8.22 (d, J ¼ 7.8 Hz, 2H, ArH), 8.17 (d, J ¼ 8.0 Hz, 2H,
ArH), 7.67–7.59 (m, 3H, ArH), 7.32 (d, J ¼ 8.0 Hz, 2H,
ArH), 7.01 (s, 1H, CH), 2.38 (s, 3H, CH3).

Anal calcd. For C17H14N2O, C, 77.84; H, 5.38; N, 10.68;

found C, 77.89; H, 5.31; N, 10.79%.
4-(2-Methoxybenzylidene)-2-phenyl-1H-imidazol-5(4H)-one

(3g). IR (KBr): 3147, 3071, 2985, 2839, 1691, 1633, 1455,
1249, 1168, 1026, 923, 755 cm�1.

1H NMR (400 MHz, DMSO) (d, ppm): 12.11 (s, 1H, NH),

8.92 (d, J ¼ 8.0 Hz, 1H, ArH), 8.17 (d, J ¼ 8.0 Hz, 2H,
ArH), 7.65–7.58 (m, 3H, ArH), 7.46–7.41 (m, 2H, ArH), 7.13–
7.10 (d, J ¼ 7.6 Hz, 1H, ArH), 7.09 (s, 1H, CH), 3.92 (s, 3H,
OCH3).

Anal calcd. For C17H14N2O2, C, 73.37; H, 5.07; N, 10.07;
found C, 73.42; H, 5.11; N, 10.00%.

4-(4-Methoxybenzylidene)-2-phenyl-1H-imidazol-5(4H)-one
(3h). IR (KBr): 3121, 3065, 2969, 1699, 1596, 1456, 1304,
1264, 1172, 1028, 922, 827, 690 cm�1.

1H NMR (400 MHz, DMSO) (d, ppm): 12.03 (s, 1H, NH),
8.31 (d, J ¼ 8.4 Hz, 2H, ArH), 8.16 (d, J ¼ 7.8 Hz, 2H,
ArH), 7.65–7.58 (m, 3H, ArH), 7.08 (d, J ¼ 8.0 Hz, 2H,
ArH), 7.02 (s, 1H, CH), 3.84 (s, 3H, OCH3).

Anal calcd. For C17H14N2O2, C, 73.37; H, 5.07; N, 10.07;

found C, 73.30; H, 5.17; N, 9.98%.
2-Phenyl-4-((thiophen-2-yl)methylene)-1H-imidazol-5(4H)-

one (3i). IR (KBr): 3116, 3061, 2985, 1698, 1634, 1457, 1419,
1320, 1256, 1200, 1121, 922, 891, 788, 692 cm�1.

1H NMR (400 MHz, DMSO) (d, ppm): 12.06 (s, 1H, NH),

8.16 (dd, J1 ¼ 8.0 Hz, J2 ¼ 1.2 Hz, 2H, ArH), 7.92 (d, J ¼
5.2 Hz, 1H, ArH), 7.74 (d, J ¼ 2.7 Hz, 1H, ArH), 7.64–7.60
(m, 3H, ArH), 7.39 (s, 1H, CH), 7.21–7.18 (m, 1H, ArH).

HRMS (ESI): m/z [MþH]þ calcd for C14H10N2OS:

255.0587; found: 255.0580.
Anal calcd. For C14H10N2OS, C, 66.12; H, 3.96; N, 11.02;

found C, 66.19; H, 3.90; N, 11.11%.
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An efficient and convenient method for the preparation of 5,6-dihydrobenzo[h]quinazoline derivatives

by the multicomponent reactions of aromatic aldehydes, 3,4-dihydronaphthalen-1(2H)-one and urea or
acetamidine hydrochloride, in the presence of sodium hydroxide under solvent-free conditions was
reported. This method has the advantages of excellent yields, mild reaction conditions, easy work-up,
and environmentally friendly procedure.

J. Heterocyclic Chem., 47, 358 (2010).

INTRODUCTION

The quinazoline skeleton is a very important and use-

ful scaffold in medicinal chemistry: it can be found as a

pharmacophore in a wide variety of biologically active

compounds, such as antitumors [1], antimicrobials [2],

antivirals [3,4]. Benzoquinazoline, the important con-

taining quinazoline skeleton system derivatives, is often

found in different natural alkaloids, and these com-

pounds also display specific biological activities, and

often used as asdiuretic, anticancer, anticonvulsant, and

antihypertensive agents [5–8].

Recently, there was an increasing emphasis on devel-

oping new environmentally safer chemical transforma-

tions by lessening/removing the toxic waste, where by-

products from the chemical processes were avoided or

minimized making them ecologically more acceptable.

It is highly desirable to develop eco-friendly methods

for producing organic fine chemicals. One of the major

problems encountered in various chemical processes is

the use of organic solvents. Hence, the organic transfor-

mations under solvent-free conditions are attracting

increasing attentions [9–11]. Herein, we would like to

report an efficient and facile method to synthesize 5,6-

dihydrobenzo[h]quinazoline derivatives under solvent-

free conditions.

RESULTS AND DISCUSSION

The synthesis process could be depicted as follows: at

first, we try to prepare 4-aryl-5,6-dihydrobenzo[h]quina-
zolin-2(1H)-one derivatives under solvent-free condi-

tions (Scheme 1). The aromatic aldehydes 1 (1 mmol),

3,4-dihydronaphthalen-1(2H)-one 2 (1 mmol) and urea 3

(1.5 mmol) were chosen as starting materials, and the

reactants were blent enough in a mortar in presence of

NaOH (0.1 g) as catalyst, then the mixture was intro-

duced into a round flask and reacted under 70�C. To our

delight, the reaction could be finished about 30 min and

the 4-aryl-5,6-dihydrobenzo[h]quinazolin-2(1H)-one

Scheme 1
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derivatives could be gained with excellent yields. The

result of reaction is shown in Table 1. From Table 1 we

could see the reaction was carried out smoothly and a

series of 4-aryl-5,6-dihydrobenzo[h]quinazolin-2(1H)-
one derivatives were obtained ignoring the properties of

substitute groups on the aromatic aldehydes. So, we

could say that substitute groups on the aromatic alde-

hydes do not affect this reaction. In addition, in this

reaction the catalyst NaOH was necessary.

To extend this reaction to prepare more benzo[h]qui-
nazoline derivatives, we replaced urea by acetamidine

hydrochloride to react with aromatic aldehydes 1 and

3,4-dihydronaphthalen-1(2H)-one 2 under similar condi-

tion (Scheme 2), and we found that other benzo[h]quina-
zoline derivatives, 4-aryl-5,6-dihydro-2-methylbenzo[h]-
quinazoline could be gained with good yields. The result

of reaction was listed in Table 2. In this reaction, we

thought that two functions were played by NaOH, one it

was used as catalyst to promote the reaction, and the

another it reacted with acetamidine hydrochloride to

release acetamidine.

The structures of 4 and 6 were characterized by 1H

NMR, IR, and HRMS spectra, and the structures of 6d

[12] was additionally confirmed by X-ray diffraction

analysis. The crystal structure of is shown in Figure 1.

In conclusion, we have developed an efficient and

facile process to synthesize a variety of 4-aryl-5,6-dihy-

drobenzo[h]quinazolin-2(1H)-one and 4-aryl-5,6-dihy-

dro-2-methylbenzo[h] quinazoline derivatives via one-

pot reaction of different aromatic aldehydes, 3,4-dihy-

dronaphthalen-1(2H)-one, and urea or acetamidine

hydrochloride under solvent-free conditions. The mild

reaction conditions, short reaction times, good to high

yields, low cost, easy preparation, easy handling, and

reusability of catalyst are the advantages of this method.

EXPERIMENTAL

Melting points were determined on XT-5 microscopic melt-

ing-point apparatus and were uncorrected. IR spectra were
recorded on a FT Bruker Tensor 27 spectrometer. 1H NMR
spectra were obtained from solution in DMSO-d6 with Me4Si
as internal standard using a Bruker-400 spectrometer. X-ray
diffractions were recorded on a Siemens P4 or Simart-1000

diffractometer. HRMS spectra were obtained with a Bruker
micrOTOF-Q 134 instrument.

General procedure for the synthesis of 5,6-dihydroben-

zo[h]quinazoline derivatives. The mixture of aromatic alde-
hydes 1 (1 mmol), 3,4-dihydronaphthalen-1(2H)-one 2 (1

mmol), urea 3 (1.5 mmol) or acetamidine hydrochloride 5 (1.5
mmol), and NaOH (0.1 g) was put in a reaction flask, and the
reagents were reacted at 70�C about 30 min. When the reac-
tions were completed, the reaction mixture was poured into

water (0.5% HCl), and then washed with water thoroughly.
The product was filtered, dried, and recrystallized from 95%
ethanol.

5,6-Dihydro-4-phenylbenzo[h]quinazolin-2(1H)-one (4a). m.p.
251–253�C; IR (KBr, n, cm�1): 3327, 3232, 3089, 3019, 2943,

2890, 2830, 1689, 1550, 1488, 1454, 1431, 1366, 1342, 1319,
1298, 1279, 1262, 1228, 1191, 1180, 1162, 1122, 1072, 1046,
1026, 981, 943, 895, 826, 770, 723, 700, 656, 638, 608, 595
cm�1; 1H NMR (400 MHz, DMSO-d6) (d, ppm): 2.59 (2H, t,
J ¼ 7.6 Hz, J ¼ 7.6 Hz, CH2), 2.69 (2H, t, J ¼ 7.2 Hz, J ¼
7.2 Hz, CH2), 7.15 (1H, d, J ¼ 6.4 Hz, ArH), 7.20 (2H, t, J ¼
5.2 Hz, J ¼ 5.4 Hz, ArH), 7.32–7.38 (4H, m, ArH), 7.58 (1H,
d, J ¼ 6.8 Hz, ArH), 8.57 (1H, br, ArH), 11.95 (1H, s, NH);
HRMS m/z calculated for C18H14N2O [MþH]: 275.1184,
found: 275.1185.

5,6-Dihydro-4-p-tolylbenzo[h]quinazolin-2(1H)-one (4b). m.p.
243–244�C; IR (KBr, n, cm�1): 3462, 3275, 3062, 3000, 2909,
2859, 1667, 1595, 1509, 1465, 1427, 1375, 1323, 1231, 1150,
1091, 1064, 824, 759, 733 cm�1; 1H NMR (400 MHz, DMSO-

d6) (d, ppm): 2.39 (3H, s, CH3), 2.67 (2H, t, J ¼ 6.0 Hz, J ¼
7.6 Hz, CH2), 2.80 (2H, t, J ¼ 6.4 Hz, J ¼ 7.2 Hz, CH2), 7.37

Table 1

The results of synthesis of 4-aryl-5,6-dihydrobenzo[h]quinazolin-
2(1H)-one.

Entry Ar Product Yields (%)

1 C6H5 4a 80

2 4-CH3C6H4 4b 85

3 3,4-(CH3)2C6H3 4c 83

4 3,4-(CH3O)2C6H3 4d 87

5 4-FC6H4 4e 90

6 4-BrC6H4 4f 88

7 2-ClC6H4 4g 80

8 4-ClC6H4 4h 91

9 2,4-Cl2C6H3 4i 82

10 3,4-Cl2C6H3 4j 80

Scheme 2

Table 2

The results of synthesis of 4-aryl-5,6-dihydro-2-methylbenzo[h]
quinazoline.

Entry Ar1 Product Yields (%)

1 4-CH3C6H4 6a 78

2 4-CH3OC6H4 6b 80

3 3,4-(CH3O)2C6H3 6c 76

4 4-FC6H4 6d 85

5 3-ClC6H4 6e 79

6 4-ClC6H4 6f 89

7 3,4-Cl2C6H3 6g 88
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(3H, t, J ¼ 6.8 Hz, J ¼ 7.6 Hz, ArH), 7.41 (1H, t, J ¼ 7.2
Hz, J ¼ 7.2 Hz, ArH), 7.49 (3H, t, J ¼ 5.6 Hz, J ¼ 7.6 Hz,

ArH), 8.18 (1H, J ¼ 7.6 Hz, ArH), 11.84 (1H, s, NH); HRMS
m/z calculated for C19H16N2O [MþH]: 289.1341, found:
289.1342.

5,6-Dihydro-4-(3,4-dimethylphenyl)benzo[h]quinazolin-2(1H)-
one (4c). m.p. 277–279�C; IR (KBr, m, cm�1): 3330, 3229,

3090, 3001, 2931, 2886, 2831, 1687, 1488, 1454, 1384, 1362,
1314, 1297, 1278, 1261, 1230, 1204, 1178, 1158, 1124, 1090,
1047, 1026, 998, 942, 891, 773, 735, 725, 639, 608 cm�1; 1H
NMR (400 MHz, DMSO-d6) (d, ppm): 2.19 (3H, s, CH3), 2.20
(3H, s, CH3), 2.58 (2H, t, J ¼ 7.2 Hz, J ¼ 8.0 Hz, CH2), 2.68

(2H, t, J ¼ 7.2 Hz, J ¼ 8.0 Hz, CH2), 7.03 (1H, d, J ¼ 7.6
Hz, ArH), 7.09 (1H, d, J ¼ 8.6 Hz, ArH), 7.16–7.21 (3H, m,
ArH), 7.57 (1H, d, J ¼ 6.8 Hz, ArH), 8.50 (1H, s, ArH), 11.82
(1H, s, NH); HRMS m/z calculated for C20H18N2O [MþH]:

303.1497, found: 303.1496.
5,6-Dihydro-4-(3,4-dimethoxyphenyl)benzo[h]quinazolin-2(1H)-

one (4d). m.p. 240–241�C; IR (KBr, m, cm�1): 3465, 3213,
2938, 2836, 1634, 1538, 1510, 1424, 1372, 1261, 1143, 1024,
853, 780, 765, 613 cm�1; 1H NMR (400 MHz, DMSO-d6) (d,
ppm): 2.75 (2H, t, J ¼ 2.8 Hz, J ¼ 4.0 Hz, CH2), 2.80 (2H, t,
J ¼ 2.8 Hz, J ¼ 4.0 Hz, CH2), 3.82 (3H, s, OCH3), 3.83 (3H,
s, OCH3), 7.09 (1H, d, J ¼ 8.4 Hz, ArH), 7.14 (1H, d, J ¼ 8.4
Hz, ArH), 7.19 (1H, d, J ¼ 1.6 Hz, ArH), 7.33 (1H, d, J ¼
7.2 Hz, ArH), 7.40 (1H, t, J ¼ 7.2 Hz, J ¼ 7.2 Hz, ArH), 7.47

(1H, t, J ¼ 7.2 Hz, J ¼ 7.2 Hz, ArH), 8.17 (1H, d, J ¼ 7.6
Hz, ArH), 11.81 (1H, s, NH); HRMS m/z calculated for
C20H18N2O3 [MþH]: 335.1396, found: 335.1393.

5,6-Dihydro-4-(4-fluorophenyl)benzo[h]quinazolin-2(1H)-one
(4e). m.p. 270–273�C; IR (KBr, m, cm�1): 3334, 3068, 3009,

2944, 2901, 2835, 1628, 1587, 1506, 1467, 1426, 1376, 1228,
1146, 1062, 844, 762 cm�1; 1H NMR (400 MHz, DMSO-d6)
(d, ppm): 2.69 (2H, t, J ¼ 6.4 Hz, J ¼ 6.4 Hz, CH2), 2.80
(2H, t, J ¼ 6.4 Hz, J ¼ 6.4 Hz, CH2), 7.33–7.43 (4H, m,

ArH), 7.48 (1H, d, J ¼ 7.2 Hz, ArH), 7.66 (2H, t, J ¼ 5.6 Hz,
J ¼ 7.2 Hz, ArH), 8.18 (1H, d, J ¼ 7.2 Hz, ArH), 11.89 (1H,

s, NH); HRMS m/z calculated for C18H13FN2O [MþH]:
293.1090, found: 293.1089.

4-(4-Bromophenyl)-5,6-dihydrobenzo[h]quinazolin-2(1H)-one
(4f). m.p. 252–256�C; IR (KBr, m, cm�1): 3305, 3087, 2936,
2819, 1643, 1465, 1429, 1372, 1182, 1010,836,738 cm�1; 2.68
(2H, t, J ¼ 6.4 Hz, J ¼ 6.4 Hz, CH2), 2.81 (2H, t, J ¼ 6.4
Hz, J ¼ 6.4 Hz, CH2), 7.34 (1H, d, J ¼ 7.8 Hz, ArH), 7.41

(1H, t, J ¼ 7.2 Hz, J ¼ 7.2 Hz, ArH), 7.49 (1H, t, J ¼ 7.2
Hz, J ¼ 7.2 Hz, ArH), 7.55 (2H, d, J ¼ 7.8 Hz, ArH), 7.74
(2H, d, J ¼ 8.0 Hz, ArH), 8.18 (1H, d, J ¼ 7.2 Hz, ArH),
1.91 (1H, s, NH); HRMS m/z calculated for C18H13BrN2O
[MþH]: 353.0290, found: 353.0278.

4-(2-Chlorophenyl)-5,6-dihydrobenzo[h]quinazolin-2(1H)-one
(4g). m.p. > 290�C; IR (KBr, m, cm�1): 3322, 3238, 3103,
2945, 2893, 2833, 1683, 1596, 1483, 1328, 1276, 1162, 1046,
822, 756 cm�1; 1H NMR (400 MHz, DMSO-d6) (d, ppm):

2.57 (2H, t, J ¼ 6.4 Hz, J ¼ 6.4 Hz, CH2), 2.69 (2H, t, J ¼
6.4 Hz, J ¼ 6.4 Hz, CH2), 7.15 (1H, s, ArH), 7.27 (2H, s,
ArH), 7.36 (2H, d, J ¼ 3.2 Hz, ArH), 7.42 (1H, s, ArH), 7.99
(2H, d, J ¼ 6.4 Hz, ArH), 11.89 (1H, s, NH); HRMS m/z cal-
culated for C18H13ClN2O [MþH]: 309.0795, found: 309.0778.

4-(4-Chlorophenyl)-5,6-dihydrobenzo[h]quinazolin-2(1H)-one
(4h). m.p. 287–289�C; IR (KBr, m, cm�1): 3312, 3071, 3021,
2967, 2848, 1638, 1464, 1403, 1372, 1231, 1146, 1089, 1059,
888, 737 cm�1; 1H NMR (400 MHz, DMSO-d6) (d, ppm):
2.70 (2H, t, J ¼ 6.0 Hz, J ¼ 6.4 Hz, CH2), 2.82 (2H, t, J ¼
6.4 Hz, J ¼ 7.6 Hz, CH2), 7.34 (1H, d, J ¼ 7.2 Hz, ArH),
7.41 (1H, t, J ¼ 7.2 Hz, J ¼ 7.6 Hz, ArH), 7.49 (1H, t, J ¼
7.2 Hz, J ¼ 7.2 Hz, ArH), 7.62 (4H, dd, J ¼ 8.8 Hz, J ¼ 8.8
Hz, ArH), 8.18 (1H, d, J ¼ 7.6 Hz, ArH), 11.90 (1H, s, NH);
HRMS m/z calculated for C18H13ClN2O [MþH]: 309.0795,

found: 309.0791.
4-(2,4-Dichlorophenyl)-5,6-dihydrobenzo[h]quinazolin-2(1H)-

one (4i). m.p. 286–288�C; IR (KBr, m, cm�1): 3411, 3043, 2935,
2836, 1635, 1466, 1429, 1376, 1316, 1150, 1100, 1046, 847, 762

cm�1; 1H NMR (400 MHz, DMSO-d6) (d, ppm): 2.40 (2H, t, J ¼
6.8 Hz, J ¼ 6.8 Hz, CH2), 2.83 (2H, t, J ¼ 6.8 Hz, J ¼ 6.8 Hz,

Figure 1. Structure of compound 6d.
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CH2), 7.34 (1H, d, J ¼ 7.2 Hz, ArH), 7.42 (1H, t, J ¼ 7.2 Hz, J
¼ 7.6 Hz, ArH), 7.50 (1H, t, J ¼ 6.4 Hz, J ¼ 7.6 Hz, ArH),
7.58–7.64 (2H, m, ArH), 7.80 (1H, br, ArH), 8.20 (1H, d, J ¼ 7.6
Hz, ArH), 12.02 (1H, s, NH); HRMS m/z calculated for
C18H12Cl2N2O [MþH]: 343.0405, found: 343.0413.

4-(3,4-Dichlorophenyl)-5,6-dihydrobenzo[h]quinazolin-2(1H)-
one (4j). m.p. > 290�C; IR (KBr, m, cm�1): 3378, 3069, 2894,
2843, 2737, 1743, 1600, 1469, 1393, 1199, 1065, 873, 738
cm�1; 1H NMR (400 MHz, DMSO-d6) (d, ppm): 2.72 (2H, t,
J ¼ 7.6 Hz, J ¼ 8.8 Hz, CH2), 2.82 (2H, t, J ¼ 7.6 Hz, J ¼
5.6 Hz, CH2), 7.35 (1H, d, J ¼ 7.6 Hz, ArH), 7.42 (1H, t, J ¼
7.2 Hz, J ¼ 7.6 Hz, ArH), 7.50 (1H, t, J ¼ 6.8 Hz, J ¼ 7.2
Hz, ArH), 7.61 (1H, d, J ¼ 7.2 Hz, ArH), 7.81 (1H, t, J ¼ 4.0
Hz, J ¼ 4.0 Hz, ArH), 7.79 (1H, s, ArH), 8.18 (1H, d, J ¼ 7.6
Hz, ArH), 11.93 (1H, s, NH); HRMS m/z calculated for

C18H12Cl2N2O [MþH]: 343.0405, found: 343.0406.
5,6-Dihydro-2-methyl-4-p-tolylbenzo[h]quinazoline (6a). m.p.

104–105�C; IR (KBr, m, cm�1): 3029, 2941, 2896, 2834, 1605,
1585, 1539, 1429, 1410, 1376, 1318, 1227, 1185, 1157, 1115,

1017, 894, 837, 805, 756, 725, 651, 571 cm�1; 1H NMR (400
MHz, DMSO-d6) (d, ppm): 2.39 (3H, s, CH3), 2.67(3H, s,
CH3), 2.81 (2H, t, J ¼ 6.4 Hz, J ¼ 7.6 Hz, CH2), 2.94 (2H, t,
J ¼ 8.0 Hz, J ¼ 6.4 Hz, CH2), 7.32 (3H, d, J ¼ 8 Hz, ArH),
7.38–7.46 (2H, m, ArH), 7.52–7.54 (2H, d, J ¼ 8.0 Hz, ArH),

8.27 (1H, d, J ¼ 6.8 Hz, ArH); HRMS m/z calculated for
C20H18N2 [MþH]: 287.1548, found: 287.1549.

5,6-Dihydro-4-(4-methoxyphenyl)-2-methylbenzo[h]quinazoline
(6b). m.p. 98–99�C; IR (KBr, m, cm�1): 3040, 2980, 2934,
2843, 1606, 1579, 1540, 1508, 1441, 1419, 1375, 1302, 1248,

1174, 1112, 1027, 847, 772, 759, 750, 729, 587 cm�1; 1H
NMR (400 MHz, DMSO-d6) (d, ppm): 2.67 (3H, s, CH3), 2.82
(2H, t, J ¼ 6.4 Hz, J ¼ 8.0 Hz, CH2), 2.98 (2H, t, J ¼ 7.6
Hz, J ¼6.4 Hz, CH2), 3.83 (3H, s, OCH3), 7.07 (2H, d, J ¼
8.8 Hz, ArH), 7.33 (1H, d, J ¼ 7.2 Hz, ArH), 7.38–7.47 (2H,

m, ArH), 7.62 (2H, d, J ¼ 8.4 Hz, ArH), 8.26 (1H, d, J ¼ 7.2
Hz, ArH); HRMS m/z calculated for C20H18N3O [MþH]:
303.1497, found: 303.1494.

5,6-Dihydro-4-(3,4-dimethoxyphenyl)-2-methylbenzo[h]quina-
zoline (6c). m.p. 161–163�C; IR (KBr, m, cm�1): 3074, 2959,
2936, 2837, 1603, 1541, 1513, 1464, 1442, 1407, 1386, 1318,
1257, 1173, 1138, 1102, 877, 806, 762, 729, 680, 609 cm�1;
1H NMR (400 MHz, DMSO-d6) (d, ppm): 2.68 (3H, s, CH3),
2.83 (2H, t, J ¼ 6.4 Hz, J ¼ 7.6 Hz, CH2), 2.99 (2H, t, J ¼
7.6 Hz, J ¼ 6.4 Hz, CH2), 3.81 (3H, s, OCH3), 3.84 (3H, s,
OCH3), 7.08 (1H, d, J ¼ 8.0 Hz, ArH), 7.20 (1H, d, J ¼ 8.4
Hz, ArH), 7.24 (1H, s, ArH), 7.33 (1H, d, J ¼ 6.8 Hz, ArH),
7.39–7.47 (2H, m, ArH), 8.26 (1H, d, J ¼ 7.6 Hz, ArH);
HRMS m/z calculated for C21H20N2O2 [MþH]: 333.1603,

found: 333.1602.
4-(4-Fluorophenyl)-5,6-dihydro-2-methylbenzo[h]quinazoline

(6d). m.p. 127–128�C; IR (KBr, m, cm�1): 3058, 2962, 2935,
2840, 1604, 1542, 1413, 1377, 1322, 1295, 1179, 1222, 1156,
1099, 1012, 895, 847, 812, 759, 749, 728, 665, 576 cm�1; 1H

NMR (400 MHz, DMSO-d6) (d, ppm): 2.68 (3H, s, CH3), 2.84
(2H, t, J ¼ 6.4 Hz, J ¼7.6 Hz, CH2), 2.95 (2H, t, J ¼ 6.4 Hz,
J ¼7.6 Hz, CH2), 7.32–7.38 (3H, m, ArH), 7.39–7.46 (2H, m,
ArH), 7.69–7.73 (2H, dd, J ¼ 5.6 Hz, J ¼ 5.6 Hz, ArH), 8.28

(1H, d, J ¼ 7.2 Hz, ArH); HRMS m/z calculated for
C19H15FN2 [MþH]: 291.1298, found: 291.1296.

4-(3-Chlorophenyl)-5,6-dihydro-2-methylbenzo[h]quinazoline
(6e). m.p. 97–98�C; IR (KBr, m, cm�1): 3020, 2939, 2898,

2839, 1604, 1585, 1572, 1478, 1441, 1369, 1321, 1228, 1184,
1079, 930, 892, 786, 762, 738, 722, 697, 657, 626 cm�1; 1H
NMR (400 MHz, DMSO-d6) (d, ppm): 2.69 (3H, s, CH3), 2.84
(2H, t, J ¼ 6.4 Hz, J ¼ 7.2 Hz, CH2), 2.94 (2H, t, J ¼ 8.0
Hz, J ¼ 6.4 Hz, CH2), 7.33 (1H, d, J ¼ 7.2 Hz, ArH), 7.40–

7.48 (2H, m, ArH), 7.53–7.61 (3H, m, ArH), 7.69 (1H, s,
ArH), 8.28 (1H, d, J ¼ 7.2 Hz, ArH); HRMS m/z calculated
for C19H15ClN2 [MþH]: 307.1002, found: 307.1000.

4-(4-Chlorophenyl)-5,6-dihydro-2-methylbenzo[h]quinazoline
(6f). m.p.120–121�C; IR (KBr, m, cm�1): 3044, 2940, 2901,

2837, 1595, 1587, 1574, 1541, 1490, 1431, 1413, 1373, 1317,
1275, 1225, 1183, 1157, 1110, 1091, 1036, 1012, 956, 919,
893, 874, 849, 830, 761, 732, 710, 647 cm�1; 1H NMR (400
Hz, DMSO-d6), (d, ppm): 2.51 (3H, s, CH3), 2.84 ( 2H, t, J ¼
6.4 Hz, J ¼ 7.2 Hz, CH2), 2.99 (2H, t, J ¼ 6.4 Hz, J ¼ 7.2

Hz, CH2), 7.34 ( 1H, d, J ¼ 7.2 Hz, ArH), 7.40–7.45 (2H, m,
ArH), 7.60 (2H, d, J ¼ 8.4 Hz, ArH), 7.68 (2H, d, J ¼ 8.4
Hz, ArH), 8.28 (1H, d, J ¼ 7.6 Hz, ArH); HRMS m/z calcu-
lated for C19H15ClN2 [MþH]: 307.1002, found: 307.1001.

4-(3,4-Dichlorophenyl)-5,6-dihydro-2-methylbenzo[h]quina-
zoline (6g). m.p. 98–101�C; IR (KBr, m, cm�1): 3084, 2939,
2899, 2836, 1603, 1586, 1540, 1470, 1431, 1411, 1363, 1315,
1222, 1183, 1133, 1021, 933, 905, 839, 763, 742, 728, 677,
641 cm�1; 1H NMR (400 MHz, DMSO-d6) (d, ppm): 2.69

(3H, s, CH3), 2.84 (2H, t, J ¼ 6.4 Hz, J ¼ 7.8 Hz, CH2), 2.95
(2H, t, J ¼ 7.6 Hz, J ¼ 6.0 Hz, CH2), 7.33 (1H, d, J ¼ 7.2
Hz, ArH), 7.39 ~ 7.48 (2H, m, ArH), 7.63 (1H, dd, J ¼ 2.0
Hz, J ¼ 1.6 Hz, ArH), 7.79 (1H, d, J ¼ 8.4 Hz, ArH), 7.89
(1H, d, J ¼ 2.0 Hz, ArH), 8.27 (1H, d, J ¼ 7.2 Hz, ArH);

HRMS m/z calculated for C19H14N2Cl2 [MþH]: 341.0612,
found: 341.0613.
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A green procedure for the synthesis of 1,8-dioxo-decahydroacridine derivatives is developed under
microwave irradiation without catalyst in water. This method provides several advantages such as excel-
lent yields (86–96%), simple workup procedure, and environment friendliness.

J. Heterocyclic Chem., 47, 363 (2010).

INTRODUCTION

Water as a solvent has many advantages in organic

synthesis, both from economic and from environmental

points of view. Water has, therefore, become an attrac-

tive medium for many organic reactions. Many impor-

tant types of heterocyclic compounds, such as triazines

[1], acridines [2], quinolines [3], pyridines [4], indoles

[5], pyrazines [6], furans [7], and pyrimidines [8] have

been synthesized in aqueous media.

4-Aryl-1,4-dihydropyridines (1,4-DHPs) have proved

to be valuable as drugs for the treatment of cardiovascu-

lar disorders [9] and constitute an important class of cal-

cium channel blockers [10]. It is well established that

slight structural modification on the DHP ring may

result in remarkable change of pharmacological effect

[11–14]. With a 1,4-DHP parent nucleus, acridine-1,8-

diones have been shown to have very high lasing effi-

ciencies [15] and used as photoinitiators [16]. Recently,

many methods have become available for the synthesis

of these important class of derivatives, We have synthe-

sized these compounds from schiff’s base and dimedone

or 1,3-cyclohexanedione or three-component (aldehyde,

dimedone, and arylamines) in glycol under microwave

[17,18]. Jin et al. [19] reported that this reaction could

be carried out catalyzed by p-dodecylben-zensulfonic
acid (DBSA) in water. However, these reactions must

be carried out by impetus of catalyst or in organic sol-

vents. Wang et al. [20] reported the same reaction pro-

ceeded in an ionic medium, and Wang and Miao [21]

achieved the reactions in aqueous solvent at traditional

heating. The reaction time was 10 h, the yield was 72–

75%. Arylamine used was only p-toluidine. Microwave-

assisted organic reaction using water as solvent has pe-

culiarity of ‘‘safe solvents’’ and ‘‘energy efficiency.’’ It

was widely used in the organic synthesis [22]. In this ar-

ticle, we would like to report the green synthesis of 1,8-

dioxo-9,10-diaryl-decahydracidines without catalyst via
the combination of aqueous solvent and microwave

heating, using a variety of arylamines including the ani-

lines contained electron-withdrawing groups and elec-

tron-donating groups (Scheme 1).

RESULTS AND DISCUSSION

When treating aldehyde 1 with dimedone or 1,3-

cyclohexanedione 2 and primary arylamines 3 under

microwave irradiation, the target compound 4 were

obtained.
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To demonstrate the efficiency and the applicability of

this method, we investigated the reaction of a variety of

aromatic aldehydes 1, dimedone, and a variety of primary

arylamines 3 at 140�C in aqueous media. As shown in

Table 1, a series of 1 and 3, in which the aromatic ring

contained electron-withdrawing groups (such as halo or

nitro) or electron-donating groups (such as methyl or

methyloxy), reacted with 2a under the same reaction con-

ditions to give the corresponding product 4 in good yields

(entries 1–14), We thus concluded that there were no

obvious electronic effect of the substituents on the aro-

matic rings. To further expand the scope of the present

method, the replacement of dimedone 2a with 1,3-cyclo-

hexanedione 2b was examined. To our delight, under the

same conditions, the reactions proceeded steadily to afford

a series of 1,8-dioxo-decahydroacridine derivatives in

good yields (Table 1, entries 15–25).

The structures of all the synthesized compounds were

established on the basis of their spectroscopic data (IR

and 1H NMR). In addition, the X-ray diffraction analysis

of product 4e [23], 4k [24], 4l [25], 4n [26], was carry

out to confirm its structure. The crystal structure of 4k

is shown in Figure 1.

In conclusion, we have developed a green chemistry

method for the synthesis of 1,8-dioxo-decahydroacridine

derivatives. Excellent yields were obtained not only for

anilines substituted with electron-donating groups but

also for ones containing electron-withdrawing groups,

The method avoided using organic solvents and had the

main advantages of convenient procedure and environ-

mental friendliness.

EXPERIMENTAL

Microwave irradiation was carried out with microwave oven
EmrysTM Creator from Personal Chemistry, Uppsala, Sweden.
Melting points were determined in open capillaries and were
uncorrected. IR spectra were taken on a TENSOR 27 spec-

trometer in KBr and reported in cm�1. 1H NMR spectra were
measured on a Bruke DPX 400 MHz spectrometer in DMSO-
d6 with chemical shift (d) given in ppm relative to TMS as in-
ternal standard, Elemental analyses were determined by using
a Perkin-Elmer 240c elemental analysis instrument. X-Ray

crystallographic analysis was performed with a Siemens
SMART CCD and a Semens P4 diffractometer.

General procedure for the synthesis of compound 4 with

microwave irradiation. In a 10 mL EmrysTM reaction vial, an

aldehyde 1(1 mmol), dimedone or 1,3-cyclohexanedione 2(2
mmol), primary arylamines 3(1 mmol) and water (1.0 mL)

Scheme 1

Table 1

Physical data of compounds 4.

Entry Product Ar 2 Ar0-NH2 Time (min) Mp (�C) Yield (%)

1 4a 4-Chlorophenyl 2a p-Toluidine 7 283–285 96

2 4b 4-Bromophenyl 2a p-Toluidine 8 277–278 93

3 4c 4-Nitrophenyl 2a p-Toluidine 8 >300 87

4 4d 4-Methoxyphenyl 2a p-Toluidine 10 241–243 90

5 4e Benzo[d][1,3]dioxol-5-yl 2a p-Toluidine 10 263–264 92

6 4f 4-Chlorophenyl 2a 4-Aminophenol 8 >300 90

7 4g 4-Bromophenyl 2a 4-Aminophenol 8 >300 88

8 4h 4-Chlorophenyl 2a 4-Chlorobenzenamine 8 >300 89

9 4i 4-Bromophenyl 2a 4-Chlorobenzenamine 8 >300 87

10 4j 4-Nitrophenyl 2a 4-Chlorobenzenamine 8 >300 85

11 4k Benzo[d][1,3]dioxol-5-yl 2a 4-Chlorobenzenamine 10 287–288 88

12 4l 4-Methoxyphenyl 2a 4-Chlorobenzenamine 8 269–270 87

13 4m 4-Bromophenyl 2a Aniline 8 245–247 92

14 4n 4-Fluorophenyl 2b p-Toluidine 8 267–269 95

15 4o Benzo[d][1,3]dioxol-5-yl 2b p-Toluidine 8 236–238 89

16 4p 4-Fluorophenyl 2b p-Toluidine 8 263–264 93

17 4q 4-Bromophenyl 2b p-Toluidine 9 >300 89

18 4r 4-Nitrophenyl 2b p-Toluidine 8 >300 87

19 4s 4-Methoxyphenyl 2b p-Toluidine 8 261–262 88

20 4t 4-Chlorophenyl 2b 4-Aminophenol 8 >300 92

21 4u 4-Methoxyphenyl 2b 4-Chlorobenzenamine 8 270–272 86

22 4v 4-Fluorophenyl 2b 4-Chlorobenzenamine 8 298–300 91

23 4w 4-Chlorophenyl 2b 4-Chlorobenzenamine 8 255–257 89

24 4x 4-Chlorophenyl 2b Aniline 8 288–290 92

25 4y 4-Methoxyphenyl 2b Aniline 8 290–291 87
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was mixed and then capped. The mixture was irradiated for a
given time at power of 200 W at 140�C. Upon completion,

monitored by TLC, the reaction mixture was cooled to room
temperature. The solid product was filtered to give the crude
product, which was further purified by recrystallization from
EtOH (95%).

9-(4-Chlorophenyl)-10-(p-tolyl)-3,3,6,6-tetramethyl-3,4,6,7,9,
10-hexahydroacridine-1,8-[2H,5H]-dione (4a). mp 283–285�C.
(lit. mp: 265–267�C) [19]. This compound was obtained accord-
ing to earlier general procedure. IR (potassium bromide): 3058,
2958, 2888, 1639, 1575, 1511, 1486, 1450, 1361, 1278, 1221,
1144, 1089, 841. 1H NMR: 7.41 (d, 2H, ArH, J ¼ 8.4 Hz),

7.29–7.31 (m, 6H, ArH), 5.02 (s, 1H, CH), 2.50 (s, 3H, CH3),
2.17–2.22 (m, 4H, 2CH2), 2.00 (d, 2H, CH2, J ¼ 16.0 Hz), 1.77
(d, 2H, CH2, J ¼ 17.2 Hz), 0.88 (s, 6H, CH3), 0.71 (s, 6H,
CH3). Anal calcd. for C30H32ClNO2: C, 76.01; H, 6.80; N, 2.95.

Found: C, 76.25; H, 6.71; N, 3.02.
9-(4-Bromophenyl)-10-(p-tolyl)-3,3,6,6-tetramethyl-3,4,6,7,9,

10-hexahydroacridine-1,8-[2H,5H]-dione (4b). mp 277–278�C.
(lit. mp: 265–267�C) [20]. This compound was obtained
according to earlier general procedure. IR (potassium bro-

mide): 3035, 2957, 2870, 1640, 1576, 1511, 1471, 1362, 1278,
1222, 1145, 1069, 842. 1H NMR: 7.40–7.45 (m, 4H, ArH),
7.25–7.32 (m, 4H, ArH), 5.00 (s, 1H, CH), 2.42 (s, 3H, CH3),
2.17–2.22 (m, 4H, 2CH2), 1.99 (d, 2H, CH2, J ¼ 16.0 Hz),
1.77 (d, 2H, CH2, J ¼ 16.0 Hz), 0.88 (s, 6H, CH3), 0.71(s,

6H, CH3). Anal calcd. for C30H32BrNO2: C, 69.50; H, 6.22; N,
2.70. Found: C, 69.39; H, 6.13; N, 2.82.

9-(4-Nitrophenyl)-10-(4-tolyl)-3,3,6,6-tetramethyl-3,4,6,7,9,10-
hexahydroacridine-1,8-[2H,5H]dione (4c). mp >300�C. This

compound was obtained according to earlier general procedure.
IR (potassium bromide): 2959, 2930, 1639, 1573, 1512, 1343,
1222, 1146, 834. 1H NMR: 8.14–8.16 (m, 2H, ArH), 7.57–
7.59 (m, 2H, ArH), 7.42 (d, 2H, ArH, J ¼ 6.8), 7.35 (d, 2H,
ArH, J ¼ 7.6), 5.14 (s, 1H, CH), 2.43 (s, 3H, CH3), 2.19–2.24

(m, 4H, 2CH2), 2.00 (d, 2H, CH2, J ¼ 16.0 Hz), 1.80 (d, 2H,
CH2, J ¼ 17.2 Hz), 0.88 (s, 6H, CH3), 0.70 (s, 6H, CH3).
Anal calcd. for C30H32N2O4, C, 74.36; H, 6.66; N, 5.78.
Found: C, 74.16; H, 6.79; N, 5.73.

9-(4-Methoxyphenyl)-10-(4-tolyl)-3,3,6,6-tetrameth-yl-3,4,6,
7,9,10-hexahydroacridine-1,8-[2H,5H]-dione (4d). mp: 281–
283�C. (lit. mp: 285–287�C) [20]. This compound was
obtained according to earlier general procedure. IR (potassium
bromide): 3039, 2947, 2865, 1672, 1572, 1484, 1359, 1175,
1010, 837. 1H NMR: 7.41 (d, 3H, ArH, J ¼ 8.0 Hz), 7.20 (d,

3H, ArH, J ¼ 8.8 Hz), 7.80 (d, 2H, ArH, J ¼ 8.4 Hz), 4.98 (s,
1H, CH), 3.69 (s, 3H, OCH3), 2.43 (s, 3H, CH3), 2.16–2.22
(m, 4H, 2CH2), 1.99 (d, 2H, CH2, J ¼ 16.0 Hz), 1.76 (d, 2H,
CH2, J ¼ 17.2 Hz), 0.88 (s, 6H, CH3), 0.72 (s, 6H, CH3).

Anal calcd. for C31H35NO3. C, 79.28; H, 7.51; N, 2.98. Found:
C, 79.47; H, 7.62; N, 2.79.

9-(Benzo[d][1,3]dioxo-5-yl)-10-(p-tolyl)-3,3,6,6-tetra methyl-
3,4,6,7,9,10-hexahydroacridine-1,8-[2H,5H]-dione (4e). mp
263–264�C. (lit. mp: 272–274�C) [20]. This compound was

obtained according to earlier general procedure. IR (potassium
bromide): 2954, 2871, 1640, 1576, 1486, 1420, 1361, 1278,
1254, 1142, 1042, 813. 1H NMR: 7.16–7.21(m, 4H, ArH),
6.72–6.83 (m, 3H, ArH), 5.94 (s, 2H, CH2) 4.96 (s, 1H, CH),
2.50 (s, 3H, CH3), 2.16–2.20 (m, 4H, 2CH2), 2.02 (d, 2H,

CH2, J ¼ 16.0 Hz), 1.78 (d, 2H, CH2, J ¼ 17.2 Hz), 0.88 (s,
6H, CH3), 0.74 (s, 6H, CH3). Anal calcd. for C31H33NO4: C,
76.99; H, 6.88; N, 2.90. Found: C, 76.78; H, 6.98; N, 2.69.

9-(4-Chlorophenyl)-10-(4-hydroxyphenyl)-3,3,6,6-tetramethyl-
3,4,6,7,9,10-hexahydroacridine-1,8-[2H,5H]-dione (4f). mp

>300�C. (lit. mp: >300�C) [17]. This compound was obtained
according to earlier general procedure. IR (potassium bromide):
3262, 2960, 2875, 1642, 1640, 1566, 1515, 1451, 1364, 1316,
1264, 1225, 1177, 1145, 1090, 1013, 886, 852, 782. 1H NMR:

10.0 (s, 1H, OH), 6.92–7.30 (m, 8H, ArH), 5.01 (s, 1H, CH),
2.17–2.22 (m, 4H, 2CH2), 1.83–2.00 (m, 4H, 2CH2), 0.90 (s,
6H, CH3), 0.72 (s, 6H, CH3). Anal calcd. for C29H30ClNO3: C,
73.17; H, 6.35; N, 2.94. Found: C, 73.32; H, 6.21; N, 3.02.

9-(4-Bromophenyl)-10-(4-hydroxyphenyl)-3,3,6,6-tetramethyl-
3,4,6,7,9,10-hexahydroacridine-1,8-[2H,5H]-dione (4g). mp
>300�C. (lit. mp: >300�C) [17]. This compound was obtained
according to earlier general procedure. IR (potassium bro-
mide): 3162, 2958, 2875, 1638, 1564, 1513, 1463, 1365, 1316,
1264, 1178, 1146, 1070, 1009, 887, 850, 734, 779. 1H NMR:

10.0 (s, 1H, OH), 7.42 (d, 2H, ArH, J ¼ 8.0 Hz), 7.24 (d, 2H,
ArH, J ¼ 8.0 Hz), 6.90–7.22 (m, 4H, ArH), 5.1 (s, 1H, CH),
2.16–2.23 (m, 4H, 2CH2), 1.83–2.00 (m, 4H, 2CH2), 0.90 (s,
6H, CH3), 0.72 (s, 6H, CH3). Anal calcd. for C29H30BrNO3. C,
66.92; H, 5.81; N, 2.69. Found: C, 67.08; H, 5.65; N, 2.54.

9-(4-Chlorophenyl)-10-(4-chlorophenyl)-3,3,6,6-tetramethyl-
3,4,6,7,9,10-hexahydroacridine-1,8-[2H,5H]-dione (4h). mp
>300�C. (lit. mp: 284–286�C) [20]. This compound was
obtained according to earlier general procedure. IR (potassium

bromide): 2958, 2870, 1639, 1578, 1490, 1361, 1361, 1263,
1221, 1145, 1090, 1014, 840, 739. 1H NMR: 7.68 (d, 2H,
ArH, J ¼ 12.0 Hz), 7.47–7.49 (m, 2H, ArH), 7.28–7.33 (m,
4H, ArH), 5.01 (s, 1H, CH), 2.17–2.22 (m, 4H, 2CH2), 2.01

Figure 1. Molecular structure of 4k.
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(d, 2H, CH2, J ¼ 16.0 Hz), 1.77 (d, 2H, CH2, J ¼ 16.0 Hz),
0.89 (s, 6H, CH3), 0.72 (s, 6H, CH3). Anal calcd. for
C29H29Cl2NO2: C, 70.44; H, 5.91; N, 2.83. Found: C, 70.21;
H, 6.02; N, 2.71.

9-(4-Bromophenyl)-10-(4-chlorophenyl)-3,3,6,6-tetramethyl-
3,4,6,7,9,10-hexahydroacridine-1,8-[2H,5H]-dione (4i). mp:
254–256�C. (lit. mp: 249–251�C) [20]. This compound was
obtained according to earlier general procedure. IR (potassium
bromide): 2958, 2869, 1639, 1578, 1577, 1491, 1361, 1221,
1145, 1089, 1009, 839. 1H NMR: 7.68 (d, 2H, ArH, J ¼ 8.0

Hz), 7.42–7.48 (m, 4H, ArH), 7.26 (d, 2H, ArH, J ¼ 8.0 Hz),
4.99 (s, 1H, CH), 2.17–2.23 (m, 4H, 2CH2), 2.01 (d, 2H, CH2,
J ¼ 16.0 Hz), 1.76 (d, 2H, CH2, J ¼ 16.0 Hz), 0.89 (s, 6H,
CH3), 0.72 (s, 6H, CH3). Anal calcd. for C29H29BrClNO2: C,
64.63; H, 5.42; N, 2.60. Found: C, 64.81; H, 5.28; N, 2.68.

9-(4-Nitrophenyl)-10-(4-chlorophenyl)-3,3,6,6-tetra methyl-
3,4,6,7,9,10-hexahydroacridine-1,8-[2H,5H]-dione (4j). mp
>300�C. This compound was obtained according to earlier
general procedure. IR (potassium bromide): 2959, 2870, 1638,

1577, 1491, 1361, 1342, 1222, 1145, 1089, 1009, 831. 1H
NMR: 7.67–7.70 (m, 2H, ArH), 7.48–7.50 (m, 2H, ArH),
7.28–7.33 (m, 4H, ArH), 5.01 (s, 1H, CH), 2.17–2.22 (m, 4H,
2CH2), 2.02 (d, 2H, CH2, J ¼ 16.0 Hz), 1.77 (d, 2H, CH2, J
¼ 16.0 Hz), 0.89 (s, 6H, CH3), 0.72 (s, 6H, CH3). Anal calcd.

for C29H29ClN2O4: C, 68.97; H, 5.79; N, 5.55. Found: C,
69.14; H, 5.61; N, 5.42.

9-(Benzo[d][1,3]dioxo-5-yl)-10-(4-chlorophenyl)-3,3, 6,6-tetra-
methyl-3,4,6,7,9,10-hexahydroacridine-1,8-[2H,5H]-dione
(4k). mp 287–288�C. (lit. mp: 287–288�C) [24]. This com-

pound was obtained according to earlier general procedure. IR
(potassium bromide): 2955, 2871, 1641, 1578, 1490, 1360,
1254, 1221, 1141, 1042, 921, 813. 1H NMR: 7.68 (d, 2H,
ArH, J ¼ 8.8 Hz), 7.42–7.45 (m, 2H, ArH), 6.77–6.79 (m, 3H,
ArH), 5.94 (s, 2H, CH2), 4.96 (s, 1H, CH), 2.16–2.20 (m, 4H,

2CH2), 2.03 (d, 2H, CH2, J ¼ 17.6 Hz), 1.78 (d, 2H, CH2, J
¼ 17.2 Hz), 0.89 (s, 6H, CH3), 0.75 (s, 6H, CH3). Anal calcd.
for C30H30ClNO4: C, 71.49; H, 6.00; N, 2.78. Found: C,
71.23; H, 6.18; N, 2.69.

9-(4-Methoxyphenyl)-10-(4-chlorophenyl)-3,3,6,6-tetramethyl-
3,4,6,7,9,10-hexahydroacridine1,8-[2H,5H]-dione (4l). mp 269–
270�C. (lit. mp: 269–271�C) [27]. This compound was
obtained according to earlier general procedure. IR (potassium
bromide): 2952, 1641, 1578, 1491, 1361, 1259, 1173, 1140,

998, 834, 740. 1H NMR: 7.68 (d, 2H, ArH, J ¼ 8.0), 7.44–
7.47 (m, 2H, ArH ), 7.21 (d, 2H, ArH, J ¼ 8.0 Hz), 6.80 (d,
2H, ArH, J ¼ 8.0 Hz), 4.97 (s, 1H, CH), 3.69 (s, 3H, OCH3),
2.16–2.22 (m, 4H, 2CH2), 2.00 (d, 2H, CH2, J ¼ 16.0 Hz),
1.77 (d, 2H, CH2, J ¼ 17.6 Hz), 0.89 (s, 6H, CH3), 0.73 (s,

6H, CH3). Anal calcd. for C30H32ClNO3: C, 73.53; H, 6.58; N,
2.86. Found: C, 73.73; H, 6.62; N, 2.71.

9-(4-Bromophenyl)-10-phenyl-3,3,6,6-tetramethyl-3,4,6,7,9,10-
hexahydroacridine-1,8-[2H,5H]-dione (4m). mp 285–287�C.
(lit. mp: > 300�C) [20]. This compound was obtained accord-

ing to earlier general procedure. IR (potassium bromide):
3060, 2956, 2869, 1639, 1577, 1491, 1452, 1361, 1261, 1176,
1008, 838. 1H NMR: 7.55–7.64 (m, 3H, ArH), 7.45 (d, 4H,
ArH, J ¼ 8.0 Hz), 7.27 (d, 2H, ArH, J ¼ 8.0 Hz), 5.01 (s, 1H,

CH), 2.18–2.23 (m, 4H, 2CH2), 2.01 (d, 2H, CH2, J ¼ 16.0
Hz), 1.75 (d, 2H, CH2, J ¼ 16.0 Hz), 0.87 (s, 6H, CH3), 0.71
(s, 6H, CH3). Anal calcd. for C29H30BrNO2: C, 69.05; H, 5.99;
N, 2.78. Found: 69.18; H, 5.76; N, 2.54.

9-(4-Fluorophenyl)-10-(4-tolyl)-3,3,6,6-tetramethyl-3,4,6,7,9,10-
hexahydroacridine1,8-[2H,5H]-dione (4n). mp 267–269�C. (lit.
mp: 262–294�C) [17]. This compound was obtained according

to earlier general procedure. IR (potassium bromide): 3063,
2931, 2870, 1651, 1575, 1508, 1451, 1142, 1000, 843. 1H
NMR: 7.41 (d, 2H, ArH, J ¼ 7.6 Hz), 7.30–7.34 (m, 4H,
ArH), 7.04–7.08 (m, 2H, ArH), 5.03 (s, 1H, CH), 2.42 (s, 3H,
CH3), 2.20–2.22 (m, 4H, 2CH2), 2.00 (d, 2H, CH2, J ¼ 16.0

Hz), 1.77 (d, 2H, CH2, J ¼ 17.6 Hz), 0.88 (s, 6H, CH3), 0.71
(s, 6H, CH3). Anal calcd. for C30H32FNO2: C, 78.75; H, 7.05;
N, 3.06. Found: C, 78.94; H, 7.18; N, 3.02.

9-(Benzo[d][1,3]dioxo-5-yl)-10-(4-tolyl)-3,4,6,7,9,10-hexahy-
droacridine-1,8-[2H,5H]-dione (4o). mp 236–238�C. This com-

pound was obtained according to earlier general procedure. IR
(potassium bromide): 3031, 2945, 2888, 1642, 1570, 1486, 1362,
1285, 1231, 1135, 1040, 857, 799. 1H NMR: 7.37 (d, 3H, ArH,
J ¼ 8.0 Hz), 7.16–7.18 (m, 1H, ArH), 6.72–6.79 (m, 3H, ArH),
5.94 (s, 2H, CH2), 5.06 (s, 1H, CH), 2.97 (s, 3H, CH3), 2.18–

2.24 (m, 6H, 3CH2), 1.91–1.96 (m, 2H, CH2), 1.76–1.84 (m, 2H,
CH2), 1.59–1.65 (m, 2H, CH2). Anal calcd. for C27H25NO4: C,
75.86; H, 5.89; N, 3.28. Found: 75.81; H, 6.01; N, 3.41.

9-(4-Fluorophenyl)-10-(p-tolyl)-3,4,6,7,9,10-hexahy-droacri-
dine-1,8-[2H,5H]-dione (4p). mp 263–264�C. This compound
was obtained according to earlier general procedure. IR (potas-
sium bromide): 3059, 2929, 2870, 1633, 1571, 1507, 1360,
1284, 1231, 1134, 839. 1H NMR: 7.37–7.39 (m, 3H, ArH),
7.19–7.31 (m, 3H, ArH), 7.02–7.07 (m, 2H, ArH), 5.13 (s, 1H,

CH), 2.40 (s, 3H, CH3), 2.18–2.22 (m, 6H, 3CH2), 1.92–1.97
(m, 2H, CH2), 1.79–1.84 (m, 2H, CH2), 1.63–1.65 (m, 2H,
CH2). Anal calcd. for C26H24FNO2: C, 77.78; H, 6.03; N,
3.49. Found: C, 77.94; H, 5.85; N, 3.31.

9-(4-Bromophenyl)-10-(p-tolyl)-3,4,6,7,9,10-hexahy-droacri-
dine-1,8-[2H,5H]-dione (4q). mp >300�C. (lit. mp: > 300�C)
[17]. This compound was obtained according to earlier general
procedure. IR (potassium bromide): 3040, 2923, 2867, 1644,
1572, 1510, 1485, 1361, 1283, 1230, 1134, 1069, 831. 1H
NMR: 7.37–7.43 (m, 5H, ArH), 7.24 (d, 2H, ArH, J ¼ 8.4

Hz), 7.14 (d, 1H, ArH, J ¼ 8.4 Hz), 5.10 (s, 1H, CH), 2.40 (s,
3H, CH3), 2.18–2.21 (m, 8H, 4CH2), 1.92–1.97 (m, 2H, CH2),
1.77–1.85 (m, 2H, CH2). Anal calcd. for C26H24BrNO2: C,
67.54; H, 5.23; N, 3.03. Found: C, 67.72; H, 5.06; N, 3.19.

9-(4-Nitrophenyl)-10-(p-tolyl)-3,4,6,7,9,10-hexahy-droacridine-
1,8-[2H,5H]-dione (4r). mp >300�C. (lit. mp: > 300�C) [17].
This compound was obtained according to earlier general pro-
cedure. IR (potassium bromide): 2953, 2915, 1631, 1600,
1574, 1511, 1342, 1284, 1230, 1179, 1132. 1H NMR: 7.31–

8.13 (m, 8H, ArH), 5.23 (s, 1H, CH), 2.40 (s, 3H, CH3), 1.94–
2.89 (m, 8H, 4CH2), 1.79–1.85 (m, 2H, CH2), 1.62–1.65 (m,
2H, CH2). Anal calcd. for C26H24N2O4: C, 72.88; H, 5.65; N,
6.54. Found: C, 72.72; H, 5.84; N, 6.70.

9-(4-Methoxyphenyl)-10-(p-tolyl)-3,4,6,7,9,10-hexahydroacridine-
1,8-[2H,5H]-dione (4s). mp 241.2–243.0�C. (lit. mp: 256–
257�C) [17]. This compound was obtained according to earlier
general procedure. IR (potassium bromide): 2938, 1637, 1569,
1509, 1360, 1287, 1232, 1181, 1130, 954, 913, 825, 758. 1H
NMR: 7.37–7.86 (m, 4H, ArH), 7.18 (d, 2H, ArH, J ¼ 8.8

Hz), 6.80 (d, 2H, ArH, J ¼ 8.4 Hz), 5.07 (s, 1H, CH), 3.70 (s,
3H, OCH3), 2.40 (s, 3H, CH3), 2.18–2.25 (m, 6H, 3CH2),
1.80–1.83 (m, 4H, 2CH2), 1.59–1.61 (m, 2H, CH2). Anal
calcd. for C27H27NO3: C, 78.42; H, 6.58; N, 3.39. Found: C,
78.69; H, 6.72; N, 3.12.
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9-(4-Chlorophenyl)-10-(4-hydroxyphenyl)-3,4,6,7,9,10-hexa-
hydroacridine-1,8-[2H,5H]-dione (4t). mp >300�C. (lit. mp:
>300�C) [17]. This compound was obtained according to ear-

lier general procedure. IR (potassium bromide): 3161, 1636,
1561, 1489, 1453, 1385, 1362, 1269, 1234, 1140, 1088, 959.
1H NMR: 9.94 (s, 1H, OH), 6.89–7.28 (m, 8H, ArH), 5.11 (s,
1H, CH), 2.17–2.25 (m, 6H, 3CH2), 1.96–2.04(m, 2H, CH2),
1.80–1.86 (m, 2H, CH2), 1.59–1.67 (m, 2H, CH2). Anal calcd.

for C25H22ClNO3: C, 71.51; H, 5.28; N, 3.34. Found: C,
71.38; H, 5.32; N, 3.40.

9-(4-Methoxyphenyl)-10-(4-chlorophenyl)-3,4,6,7,9, 10-hexa-
hydro acridine-1,8-[2H,5H]-dione (4u). mp 270–272�C. This
compound was obtained according to earlier general procedure.

IR (potassium bromide): 2938, 1634, 1569, 1509, 1363, 1284,
1230, 1181, 1132, 955, 846, 756. 1H NMR: 7.68 (d, 2H, ArH,
J ¼ 12.0), 7.45–7.47 (m, 2H, ArH), 7.21 (d, 2H, ArH, J ¼ 8.0
Hz), 6.80 (d, 2H, ArH, J ¼ 8.0 Hz), 4.97 (s, 1H, CH), 3.69 (s,
3H, OCH3), 2.19–2.23 (m, 6H, 3CH2), 1.82–1.84 (m, 4H,

2CH2), 1.59–1.62 (m, 2H, CH2). Anal calcd. for C26H24ClNO3:
C, 71.97; H, 5.57; N, 3.23. Found: C, 72.12; H, 5.38; N, 3.32.

9-(4-fluorophenyl)-10-(4-chlorophenyl)-3,4,6,7,9,10-hexahy-
droacridine-1,8-[2H,5H]-dione (4v). mp 298–299�C. This com-

pound was obtained according to earlier general procedure. IR (po-
tassium bromide): 2962, 1634, 1572, 1505, 1360, 1283, 1232, 1182,
1132, 956, 839, 759. 1H NMR: 7.65 (d, 2H, ArH, J ¼ 8.0), 7.29–
7.33 (m, 3H, ArH), 7.02–7.06 (m, 3H, ArH), 5.12 (s, 1H, CH),
2.19–2.24 (m, 6H, 3CH2), 1.92–1.97 (m, 2H, CH2), 1.80–1.84 (m,

2H, CH2), 1.62–1.65 (m, 2H, CH2). Anal calcd. for C25H21ClFNO2:
C, 71.17; H, 5.02; N, 3.32. Found: C, 71.02; H, 5.18; N, 3.21.

9-(4-Chlorophenyl)-10-(4-chlorophenyl)-3,4,6,7,9,10-hexahydro-
acridine-1,8[2H,5H]-dione (4w). mp 255–257�C. This com-
pound was obtained according to earlier general procedure. IR

(potassium bromide): 2946, 1633, 1571, 1489, 1362, 1284,
1183, 1134, 1089, 858, 821, 757. 1H NMR: 7.63–7.66 (m, 2H,
ArH), 7.53–7.57 (m, 2H, ArH), 7.17–7.20 (m, 2H, ArH), 6.79
(d, 2H, ArH, J ¼ 8.0), 5.06 (s, 1H, CH), 2.18–2.26 (m, 6H,
3CH2), 1.91–1.97 (m, 2H, CH2), 1.80–1.85 (m, 2H, CH2),

1.59–1.65 (m, 2H, CH2). Anal calcd. For C25H21Cl2NO2: C,
68.50; H, 4.83; N, 3.20. Found: C, 68.38; H, 4.99; N, 3.07.

9-(4-Chlorophenyl)-10-phenyl-3,4,6,7,9,10-hexahydroacridine-
1,8-[2H,5H]-dione (4x). mp 288–290�C. This compound was
obtained according to earlier general procedure. IR (potassium

bromide): 3044, 2953, 1637, 1570, 1489, 1425, 1360, 1269,
1281, 1137, 1088, 956, 835. 1H NMR: d7.53–7.60 (m, 3H,
ArH), 7.19–7.33 (m, 6H, ArH), 5.13 (s, 1H, CH), 2.19–2.25
(m, 6H, 3CH2), 1.90–1.95 (m, 2H, CH2), 1.79–1.81 (m, 2H,

CH2), 1.60–1.63 (m, 2H, CH2). Anal calcd. for C25H22ClNO2:
C, 74.34; H, 5.49; N, 3.47. Found: C, 74.18; H, 5.62; N, 3.31.

9-(4-Methoxyphenyl)-10-phenyl-3,4,6,7,9,10-hexa-hydro-
acridine-1,8-[2H,5H]-dione (4y). mp 290–291�C. (lit. mp:
270–272�C) [28]. IR (potassium bromide): 2943, 2887, 1635,

1569, 1509, 1359, 1284, 1229, 1181, 1132, 953, 857. 1H
NMR: 7.55–7.57 (m, 4H, ArH), 7.30–7.35 (m, 1H, ArH),
7.18–7.21 (m, 2H, ArH), 6.79–7.82 (m, 2H, ArH), 5.09 (s, 1H,
CH), 3.70 (s, 3H, OCH3), 2.19–2.24 (m, 6H, 3CH2), 1.84–1.90
(m, 2H, CH2), 1.79–1.81 (m, 2H, CH2),1.60–1.64 (m, 2H,

CH2). Anal calcd. for C26H25NO3: C, 78.17; H, 6.31; N, 3.51.
Found: C, 78.01; H, 6.52; N, 3.58.
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At the process of ethyl 6-methyl-4-aryl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylates conden-
sation with aryl aldehydes and chloroacetic acid the unexpected formation of 5-arylidenethiazolidine-
2,4-diones was determined in high yields as the reaction time was increased to 20 h. The latter represent
the products of destructive hydrolyzes of ethyl 2-benzylidene-7-methyl-3-oxo-5-aryl-2,3-dihydro-5H-
[1,3]thiazolo[3,2-a]pyrimidine-6-carboxylates which have been proved by independent synthesis.

J. Heterocyclic Chem., 47, 368 (2010).

INTRODUCTION

Multicomponent reactions (MCRs) have been widely

used in organic and medicinal chemistry over the last

years for producing a number of libraries for bioscreening

[1]. A three-component condensation of aromatic alde-

hydes with ureas (thioureas) and b-ketoesters known as

Biginelli reaction [2] takes an important place among

MCRs. The reaction allows forming a dihydropyrimidine

cycle where the nature of the subsistent in the basic struc-

ture can be widely modified. Dihydropyimidines

(DHPMs) found their use as antimicrobial [3], antiviral

[4], antiinflammatory [5], anticarcenogenic preparations

[6], and calcium channel modulators [7]. The principle of

Biginelli condensation is employed to construct complex

heterocyclic scaffolds analogous to those isolated from

Batzelladines A-B which have been found to be potent

HIVgp-120-CD4 inhibitors [8]. To broaden the study on

the range of biological activity of 2-thioxo-DHPM deriva-

tives the library of substituted ethyl 5-aryl-3-oxo-7-

methyl-2,3-dihydro-5H-thiazolo[3,2-a]pyrimidine-6-car-

boxylates (4a–i) have been synthesized [9].

A standard method of a multicomponent one-step

condensation of substituted pyrimidine-2-thiones 1a [9],

1b [9], 1c [2(b,f)], haloacetic acids, aryl(heteryl)alde-

hydes and surplus of anhydrous sodium acetate using

glacial acetic acid as solvent has been employed. The

formation of corresponding thiazolo[3,2-a]pyrimidine

derivatives 4a–i (D, Scheme 1) results in three consecu-

tive stages which include alkylation leading to the com-

pound 2a (A, Scheme1) formation [2(c)], intramolecular

heterocyclisation 3a (B, Scheme 1) [9(c,h)], and conden-

sation (C, Scheme 1) [9(a)] of primary DHPMs 1a–c.

Thus, a newly formed heterocyclic system 3a, readily

reacts with carbonyl compounds giving rise to substi-

tuted arylidene derivarives 4a–i. The reaction time

depends on the carbonyl reagent and lasts for 1–3 h. It

is obvious that at the condensation of this type 7H iso-

mer may be formed together with the 5H one (4a–i).

Unambiguous formation of 4a–i type ending products

has been previously established with the extensive X-ray

study [9(c)].

RESULTS AND DISCUSSION

Quite unexpectedly, as the reaction time (D, Scheme

1) was increased to 18–20 h, the final products,

extracted from the reaction mixture, were identified as

5-arylidene-2,4-thiazolidinediones (5a–g, Scheme 2)

[10]. Thus, thiazolo[3,2-a]pyrimidines 4a–i represent

VC 2010 HeteroCorporation
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intermediate products for the synthesis of 5-arylidene-

2,4-thiazolidinediones (5a–g).

To determine the conditions when the destruction pro-

cess takes place, a series of technical mixtures extracted

from the mother liquor on different stages of the reac-

tion time has been studied. A sample, taken in 30 min

of reaction mixture reflux revealed the presence of the

primary compound 1a 27% and the intermediate product

4a 72%. The destruction product 5a was not determined

on this reaction stage. Specimen, extracted in 3 h of

reflux, revealed the presence of thiazolo[3,2-a]pyrimi-

dine 4a at the amount of 88% and 11% of 5-arylidene-

thiazolidine-2,4-dione (5a). Sample, taken in 18 h of

reaction mixture reflux contained both 5a 76 and 4a

20%, respectively. It should be noted that refluxing 4a

as a starting compound under the condensation condi-

tions (glacial acetic acid, anhydrous sodium acetate, cor-

responding aromatic aldehyde), for 20 h did not reveal

the presence of 5-arylidene thiazolidine-2,4-dione (5a).

As water was added to the analogous reaction mixture

to 4e, the ratio of target products was 5e 24, to 4e 30%.

5-Arylidenethiazolidine-2,4-dione (5a) was formed in

55% yield when alkylated dihydropyrimidine-2-thione

(2a) was used as a primary compound and cyclization

took place under standard reaction duration and condi-

tions. As analogous reaction conditions were followed

excluding presence of water for 3a as a primary com-

pound the destruction process was not determined and

reaction mixture contained 95% of thiazolo[3,2-a]pyrim-

idine 4a. The exclusion of anhydrous sodium acetate

from the reaction somewhat speeds up the destruction

process and in 8 h of reaction time the ratio of 4a to 5a

was 38 to 42%.

Thus, it may be concluded that the destruction process

takes place due to slow hydrolyses of 4a–i with water

emitted during the condensation course. Therefore, the

presence of anhydrous sodium acetate is obviously not

enough to exclude the influence of water on the reaction

course. As acetic anhydride surplus is added to the reac-

tion mixture the process of destructive hydrolyses had

not been determined either on the 3rd or on the 18th h

of the reaction duration and the presence of formed thia-

zolo[3,2-a]pyrimidines (4a) was 97% and 98%

respectively.

As terephthalic aldehyde was employed in ethyl thia-

zolo[3,2-a]pyrimidine-6-carboxylates synthesis, bis-thia-

zolo[3,2-a]pyrimidine of 6a type (Scheme 3) has been

obtained as a target product. It should be mentioned that

possible destruction product (7a, Scheme 3) was not

determined even under rigid reaction conditions such as

Scheme 1

Scheme 2
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synthesis of 6a in a sealed tube at 180�C for 12 h due

to 6a possessing low ability to dissolve in organic

solvents.

The structure of compounds 5a–g has been deter-

mined by NMR (1H, 13C), IR, elemental, LC/MS analy-

ses. 1H NMR spectra of compounds 5a–g are character-

ized with the presence of the representative singlet at

6.0–6.1 ppm corresponding to the one of pyrimidine

cycle at C4, and also with the singlet at 7.6–7.9 ppm

relevant to the proton of methine group of the multiple

bond C¼¼CH-Ar. For 6a corresponding signals are deter-

mined at 6.52 and 8.31 ppm at CF3COOD.
13C NMR spectroscopy was also applied to determine

the structure of 5a revealing eight signals. APT experi-

ment determined the presence of four quaternary carbon

atoms including two carbonyle and four protonated terti-

ary carbon atoms: d ¼ 167.65 (q), 167.09 (q), 132.85

(q), 131.61 (t), 130.20 (t), 129.83 (t), 129.10 (t), 123.36

(q) ppm. IR spectra of 5a–g (KBr platelets) revealed

broadened picks due to the intermolecular bonds of ÑH

and C¼O groups. The structure of 5a has been unam-

biguously determined by the single crystal X-ray diffrac-

tion. The perspective view of the molecule 5a and

selected geometrical parameters are given in Figure 1.

The molecule 5a is almost planar (deviations of non-

hydrogen atoms from the least-square plane do not

exceed 0.069 Å). The N(1) atom has trigonal-planar

bond configuration (sum of the bond angles 360.0�).

Because of the nN-pC¼¼O conjugation both the N(1)-C(1)

1.369(2) Å and the N(1)-C(2) 1.365(2) Å bonds are sig-

nificantly shortened in comparison with the standard

value for the N(sp2)-C(sp2) single bonds of 1.43–1.45 Å

[11,12]. In the solid state the molecules of 5a are joined

in the centrosymmetric dimers by the N(1)-H. . .O(2)
(N. . .O 2.834(2), O. . .H 1.96(2) Å, NHO 169(23)� inter-

molecular hydrogen bonds.

CONCLUSIONS

The formation of 5-arylidene-2,4-thiazolidinediones

has been determined during the synthesis of substituted

ethyl 5-aryl-3-oxo-7-methyl-2,3-dihydro-5H-thiazolo[3,
2-a]pyrimidine-6-carboxylates library. Therefore, it is

strongly suggested to reconsider the traditional reaction

conditions and to take special care on the exclusion of

water influence on the reaction process (e.g. acetic anhy-

dride should be employed at the reaction rather than

waterfree sodium acetate). Otherwise, as the reaction

time expanded for the period of 18 h and more, allow-

ing the emitted water to hydrolyze the desired thia-

zolo[3,2-a]pyrimidines the formation of 5-arylidene-2,4-

thiazolidinediones reaches up to 76%.

EXPERIMENTAL

All chemicals were obtained from commercial sources and
used without further purification. Melting points (mp) were
measured on an electrothermal capillary melting point appara-

tus and are uncorrected. IR spectra were recorded with a UR-
20 spectrophotometer (KBr platelets). The NMR measurements
were carried out on a Varian GEMINI 2000 spectrometer with
1H and 13C frequencies of 400.07 and 100.61 MHz, respec-
tively at 293 K. 1H NMR spectra were recorded with spectral

width 8000 Hz and numbers of points 32,000; 13C NMR spec-
tra were recorded with spectral width 30,000 Hz and numbers
of points 128,000. DMSO-d6 and CF3COOD were used as sol-
vents and TMS as internal standard. HPLC-MS was carried
out on a system consisting of an Agilent 1100 Series high-

pressure liquid chromatograph equipped with a diode matrix
and Agilent LC/MSD SL mass-selective detector. HPLC-MS
parameters: column: Zorbax SB-C18, 1.8 lm, 4.6 � 30 mm2;
solvents: Me-CN-H2O (95:5), 0.1% TFA; eluent flow: 3 mL

s�1; injected sample volume: 1 lL; UV detector: k ¼
215, 254, 265 nm; ionization method: chemical ionization

Scheme 3

Figure 1. Perspective view and labeling scheme for the molecule 5a.

Selected bond lengths (Å) and angles (�): S(1)-C(1) 1.786(2), S(1)-

C(3) 1.756(2), N(1)-C(1) 1.369(2), N(1)-C(2) 1.365(2), C(2)-C(3)

1.484(2), C(3)-C(4) 1.331(2); C(1)S(1)C(3) 91.68(8), C(1)N(1)C(2)

117.9(1).
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under atmospheric pressure (APCI); ionization mode; simulta-
neous scanning of positive and negative ions in m/z range
100–650. Microanalyses were performed in the Microanalytical
Laboratory of the Institute of Organic Chemistry, National
Academy of Sciences of Ukraine. Crystallographic data of 5a

including atomic coordinates, bond lengths and thermal param-
eters have been deposited at the Cambridge Crystallographic
Data Centre (CCDC). These data can be obtained free of
charge via www.ccdc.cam.uk/conts/retrieving.html (or from
CCDC, 12 Union Road, Camridge CB2 1EZ, UK, fax: þ44

1223 336 033, or deposit@ccdc.cam.ac.uk). Any request to the
CCDC for data should quote the full literature citation and
CCDC reference number 734605.

General procedures. 4-Phenyl-5-carbethoxy-6-methyl-
pyrimidine-2-mercaptoacetic acid (2a). A solution of 1a 2.76

g (0.01 mole) and bromoacetic acid 1.5 g (0.011 mole) was
refluxed in 15 mL acetic acid for 30 min. Then the mixture
was taken to dryness in vacuo. The remained residue was neu-
tralized with sodium carbonate solution to pH 5, filtered,

washed with 100 mL of hot water. Recrystallized from EtOH.
Compound 2a was obtained as yellow solid in 68% yield. Mp
and spectral data has appeared to be identical to those reported
in literature [2(c)].

Ethyl 5-phenyl-7-methyl-3-oxo-2,3-dihydro-5H-thiazolo
[3,2-a]pyrimidine-6-carboxylate (3a). Compound 2a 1.82 g,
(0.005 mole) was dissolved in 5 mL acetic anhydride and
refluxed for 15 min, and then allowed to cool. The precipitate
formed was filtered off and recrystallized from i-PrOH. Com-
pound 3a was obtained as yellow solid in 80% yield. Mp and

spectral data has appeared to be identical to those reported in
literature [2(c),10(a,b)].

General procedure for the synthesis of ethyl 5-aryl-

methylene-3-oxo-7-methyl-2,3-dihydro-5H-thazolo[3,2-a]py-
rimidine-6-carboxylates (4a–i). A mixture of 1a–c (0.01

mole), anhydrous sodium acetate 1.0 g, (0.015 mole), chloro-
acetic acid 1.0 g, (0.011 mole), and the appropriate aldehyde
(0.01 mole) was refluxed for 3 h in 10 mL of glacial AcOH.
After cooling, the mixture was poured onto crushed ice. The

precipitate formed 4a–i was filtered off and recryatllized from
i-PrOH.

Compounds (Yield) 4a [9(c)] (20%), 4b [9(c)] (34%), 4c

[9(c,g)] (80%), 4e [9(f)] (30%), 4h [9(e)] (88%), 4i [9(c)]
(37%) have been described in the literature.

Ethyl 5-phenyl-2-(4-hydroxyphenylmethylene)-7-methyl-
3-oxo-2,3-dihydro-5H-thiazolo[3,2-a]pyrimidine-6-carboxylate
(4d). Yellow solid, yield 43%, mp 192�C (i-PrOH); IR (KBr):
m 1545 (C¼¼N), 1695 (C¼¼O), 2990 (CH) 3430 (OH) cm�1. 1H
NMR (400 MHz, DMSO-d6): d ¼ 10.22 [s, 1 H, OH], 7.66 [s,

1H, HOC6H4CH], 7.39 [d, 3J(H,H) ¼ 8.8 Hz, 2 H, H2 H6
C6H4OH], 7.30 [m, 5 H, C6H5], 6.87 [d, 3J(H,H) ¼ 8.8 Hz, 2
H, H3 H5 C6H4OH], 6.03 [s, 1 H, C6H5CH], 4.05 [m, 2 H,
CH2CH3], 2.40 [s, 3 H, NCCH3], 1.16 [t, 3J(H,H) ¼ 8.0 Hz, 3
H, CH2CH3]; ms: m/z 419 (M�). Anal. Calcd. for

C23H20N2O4S: C, 65.70; H, 4.79; N, 6.66. Found: C, 64.39; H,
4.70; N, 6.73.

Ethyl 5-phenyl-2-(3-nitrophenylmethylene)-7-methyl-3-oxo-2,3-
dihydro-5H-thiazolo[3,2-a]pyrimidine-6-carboxylate (4f). Yellow
solid in 37% yield, mp 173�C (i-PrOH); IR (KBr): m 1330,
1540 (NO2), 1610 (C¼¼N), 1690, 1730 (C¼¼O) 2980 (CH)
cm�1. 1H NMR (400 MHz, DMSO-d6): d ¼ 8.39 [deg. s, 1 H,
H2 C6H4NO2], 8.25 [d, 3J(H,H) ¼ 8.0 Hz, 1 H, H6

C6H4NO2], 7.96 [d, 3J(H,H) ¼ 7.6 Hz, 1 H, H4 C6H4NO2],
7.90 [s, 1 H, O2NC6H4CH], 7.78 [m. 1 H, H5 C6H4NO2], 7.32
[m, 5 H, C6H5], 6.08 [s, 1 H, C6H5CH], 4.08 [m, 2 H,
CH2CH3], 2.42 [s, 3 H, CH3], 1.16 [t, 3J(H,H) ¼ 6.8 Hz, 3 H,
CH2CH3]; ms: m/z 450 (Mþ). Anal. Calcd. for C23H19N3O5S:

C: 61.46; H, 4.26; N, 9,35. Found: C, 60.24; H, 4.19; N, 9.42.
Ethyl 5-phenyl-(2-furfuryl)-7-methyl-3-oxo-2,3-dihydro-5H-

thiazolo[3,2-a]pyrimidine-6-carboxylate (4g). Grey solid in
40% yield, mp 149–150�C (i-PrOH); IR (KBr): m 1600
(C¼¼N), 1690 (C¼¼O) 2960 (CH) cm�1. 1H NMR (400 MHz,

DMSO-d6): d ¼ 8.06 [deg. s, 1 H, 5-H fur], 7.61 [s, 1 H,
furCH], 7.33 [m, 5 H, C6H5], 7.09 [deg. s, 1 H, 3-H fur], 6.74
[deg. s, 1 H, 4-H fur], 6.05 [s, 1 H, C6H5CH], 4.06 [m, 2 H,
CH2CH3], 2.39 [s, 3 H, CH3], 1.13 [t, 3J(H,H) ¼ 7.2 Hz, 3 H,
CH2CH3]; m/z 395 (Mþ). Anal. Calcd. for C21H18N2O3S: C,

63.95; H, 4.60; N, 7.10. Found: C, 62.69; H, 4.53; N, 7.18.
General procedure for the synthesis of substituted 5-ary-

lidene-2,4-thiazolidinedione (5 a–g). A mixture of 1a–c (0.01
mole), anhydrous sodium acetate 1.0 g (0.015 mole), chloro-

acetic acid 1.0 g (0.011 mole), and the appropriate aldehyde
(0.01 mole) was refluxed for 18 h in 10 mL of glacial AcOH.
Sodium acetate was separated by decantation. The reaction
mixture was left for 24 h at ambient temperature, and the pre-
cipitate (5a–g) was filtered off and purified by recrystallization

from 2-PrOH/DMF.
Compounds (Yield) 5a [10(a,g,h,i)] (76%), 5b [10(b,e)]

(54%), 5c [10(a,g)] (12%), 5d [10(b,d,g)] (49%), 5e [10(g)]
(24%), 5f [10(b,c)] (53%), 5g [10(b,f)] (23%) have been
described in the literature.

4,40-Bis(5-phenyl-6-carbethoxy-7-methyl-3-oxo-2,3-dihydro-
5H-thiazolo[3,2-a]pyrimidinyl-2-ylmethylene)benzene (6a). A
mixture of 1a 2.76 g (0.01 mole), anhydrous sodium acetate
1.0 g (0.015 mole), chloroacetic acid 1.0 g (0.011 mole), ter-
ephthalic aldehyde 0.67 g (0,005 mole) at 10 mL glacial

AcOH was thoroughly sealed in a tube and allowed to stand at
180�C for 12 h. The precipitate formed was filtered off,
washed with 100 mL of hot water, and purified with recrystal-
lization from DMF.

Red solid, yield 76%, mp: <300�C (DMF); IR (KBr): m
1560 (C¼¼N), 1715 (C¼¼O) 2990 (CH) cm�1. 1H NMR (400
MHz, CF3COOD): d ¼ 8.31 [s, 2 H, C6H4(CH)2], 7.81 [s, 4
H, C6H4], 7.47 [m, 10 H, 2 � C6H5], 6.52 [s, 2 H, 2 �
C6H5CH], 4.34 [m, 4 H, 2 � CH2CH3], 2.75 [s, 6 H, 2 �
NCCH3], 1.32 [t, 6 H, 2 � CH2CH3]. Anal. Calcd. for
C40H34N4O6S2: C, 65.74; H, 4.69; N, 7.67. Found: C, 64.45;
H, 4.61; N, 7.81.

X-ray structure determination of 5a. Crystal
data. C10H7NO2S, M ¼ 205.2, monoclinic, a ¼ 9.5115(6), b
11.6786(7), c ¼ 8.2306(6) Å, b ¼ 96.146(4)�, V ¼ 909.0(1)
Å3, Z ¼ 4, d ¼ 1.50 g cm�1, space group P21/c (N 14), l ¼
3.24 cm�1, F(000) ¼ 424, crystal size ca. 0.12 � 0.44 � 0.45
mm3. All crystallographic measurements were performed at
293�C on a Bruker Apex II CCD diffractometer. The intensity

data were collected within the range 2.8 < y < 26.3� (�11 <
h < 11, �14 < k < 14, �10 < l < 8) using graphite mono-
chromated Mo-Ka radiation (k ¼ 0.71073 Å). Intensities of
6416 reflections (1846 unique, Rint ¼ 0.003) were measured.

Data were corrected for Lorentz and polarisation effects and
an absorption correction using the Sadabs procedure was
applied [13]. The structure was solved by direct methods and
refined by full-matrix least-squares technique in the anisotropic
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approximation using the CRYSTALS program package [14].
In the refinement 1313 reflections with I > 3r(I) were used.
All hydrogen atoms were located in the different Fourier maps
and refined isotropically). Convergence was obtained at R ¼
0.029 and Rw ¼ 0.030, GOF ¼ 1.109 (155 refined parameters;

obs./variabl. 8.5). Chebushev weighting scheme [15] with pa-
rameters 1.59, 1.50, 1.79, 0.55, and 0.47 was used.
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Benzimidazo[1,2-a]pyrimidinone and its derivatives were easily prepared in good to excellent yields
via tandem reactions of 2-aminobenzimidazole with Baylis–Hillman acetates, alcohols, and amines with-
out the use of catalyst and additive in one-pot process. The method provided an efficient and facile
route to the title fused heterocyclic compounds with different functional groups.

J. Heterocyclic Chem., 47, 373 (2010).

INTRODUCTION

Imidazo[1,2-a]pyrimidines are very important inter-

mediates and widely used in pharmaceutical chemistry

[1]. Among them, benzimidazo[1,2-a]pyrimidinone and

its derivatives have attracted considerable attention

[2,3]. For example, the compound A is a kind of in-

hibitor of Lck kinase, which is a member of Src fam-

ily of cytoplasmic tyrosine kinases. The inhibitor

might be a useful immunosuppressive agent for the

treatment of graft rejection and/or T-cell-mediated

autoimmune diseases [4]. There were several

approaches to develop the benzimidazo[1,2-a]pyrimidi-

nones: the intramolecular substitution reaction of halide

with amines [2], the reaction of 2-aminobenzimidazole

with propiolic esters and a,b-unsaturated esters [3],

and so on. To enhance the diversity of benzimi-

dazo[1,2-a]pyrimidinone compounds, a new type of

substrate is still required.

Recently, it was noteworthy that the reactions of 2-

aminobenzimidazole with several electrophiles, includ-

ing nitrile, a,b-unsaturated carbonyl compounds, cya-

noacetate, and acetylene-dicarboxylate, have been

developed to construct heterocyclic structural unit [5].

The Baylis–Hillman adduct offers an excellent platform

for several chemical transformations because of the

presence of three functional groups including hydroxyl

VC 2010 HeteroCorporation
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(or substituted amino), double bond, and electron-with-

drawing group (alkoxycarbonyl or nitrile) in close prox-

imity. The Baylis–Hillman adducts were illustrated as

valuable precursor for the synthesis of heterocycles and

many biologically active molecules [6]. It was envisaged

that the reaction of 2-aminobenzimidazole with Baylis–

Hillman adducts and their derivatives would provide an

efficient route for the synthesis of annulated benzimida-

zole derivatives.

Herein, we wish to report the catalyst-free reactions

of Baylis–Hillman acetates, alcohols, and amine for the

synthesis of benzimidazo-[1,2-a]pyrimidinone and their

derivatives bearing different functional groups with sig-

nificant convenience [7].

RESULTS AND DISCUSSION

The reactions of Baylis–Hillman acetates (1) with

2-aminobenzoimidazole (2). Initially, the reaction of

Baylis–Hillman acetate 1a (R ¼ Ph) and 2-aminobenzi-

midazole 2 was carried out in dioxane at room tempera-

ture without any catalyst, but no reaction was observed

even after long period of time. However, on raising the

temperature to 50�C, light yellow precipitates formed

only after 30 min, affording (E)-6-benzylidene-5,6-dihy-
dro-8H-benzo[4,5]imidazo[1,2-a]-pyrimidin-7-one 3a in

93% yield (Scheme 1, Table 1, entry 1).

In 1H-NMR spectrum of 3a, only one signal of NAH

was observed, which showed the formation of cyclic

product. The formation of lactam structure was further

supported by the IR spectrum, in which an amide car-

bonyl vibration band appeared at 1657 cm�1. The ster-

eochemistry of the newly formed double bond in the

products was established as (E)-configuration by X-ray

diffraction analysis of the single crystal of the product

3d (R ¼ 2-F3CC6H4) (Fig. 1). The structure of the sin-

gle crystal was also an evidence for the formation of the

three nitrogen-containing fused heterocycle.

As shown in Table 1, the substrate scope for the ben-

zimidazo[1,2-a]pyrimidine forming process was quite

broad, and the reaction demonstrated that various Bay-

lis–Hillman acetates bearing aryl, heteroaryl, or alkyl

groups can be used for this transformation. The reaction

proceeded smoothly regardless of the electronic charac-

ter of the substituents existed on the Baylis–Hillman

acetates to afford the desired fused heterocycle, benzi-

midazo[1,2-a]pyrimidine derivatives in good to excellent

yields (71–97%).

THE REACTIONS OF BAYLIS–HILLMAN

ALCOHOLS (4) WITH 2

In contrast, when the Baylis–Hillman alcohols were

used, the hydroxyl group remained in the product. How-

ever, as indicated by Batra and coworkers [8], the

hydroxyl group was very sensitive to the reaction condi-

tion and ease to be removed out during the intramolecu-

lar cyclization by debenzylation. To our delight, under

the same reaction conditions for Baylis–Hillman acetate,

the fused heterocyclic compounds bearing hydroxyl

group could be obtained in one-pot process (Scheme 2).

As shown in Table 2, various Baylis–Hillman alcohols

(4a–i) derived from aryl aldehydes reacted smoothly

with 2 to give 6-[aryl(hydroxyl)methyl]-benzoimi-

dazo[1,2-a]pyrimidines (5a–i) in good to excellent

yields. The presence of substitute in the ortho position

of the phenyl ring (4f–g) resulted in slow reactivity of

the Baylis–Hillman adduct leading to increase in

Scheme 1 Table 1

Reaction of B-H acetates (1) with 2.a

Entry B-H acetate Time (h) Product (R) Yieldb (%)

1 1a, C6H5 0.5 3a, C6H5 85

2 1b, 4-ClC6H4 0.5 3b, 4-ClC6H4 93

3 1c, 2-furyl 1.5 3c, 2-furyl 76

4 1d, 2-F3CC6H4 0.5 3d, 2-F3CC6H4 90

5 1e, 3-BrC6H4 1.0 3e, 3-Br C6H4 97

6 1f, 3-MeOC6H4 1.0 3f, 3-MeOC6H4 90

7 1g, C2H5 1.0 3g, C2H5 71

a 1:2 ¼ 1:1.2; in dioxane at 50�C.
b Isolated yield.

Figure 1. ORTEP drawing of 3d. [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.]
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reaction time (entries 6 and 7). Moreover, the substrate

bearing aromatic heterocyclic (4h) and alkyl group (4i)

also exhibited good ability for the reaction with 2,

affording the corresponding products (5h and 5i) in 78

and 93% yields, respectively (entries 8 and 9).

The reactions of Baylis–Hillman amines (6) with

2. Recently, Lamaty and coworkers assimilated all

applications of the aza-Baylis–Hillman adducts for the

synthesis of nitrogen-containing compounds. It was

demonstrated that when the aza-Baylis–Hillman adduct

(Baylis–Hillman amine) was attacked by a nucleophile,

the reaction could afford a Michael addition product or

an allylic substitution product depending on the reaction

conditions, which resulted in the amino group of aza-

Baylis–Hillman adducts remaining either in the product

or eliminating from the product [9]. When various Bay-

lis–Hillman amines (6a–g) were used in the reaction

with 2, under the same condition for Baylis–Hillman ac-

etate the reactions carried out smoothly to afford the

Michael addition products 7 in high yields (Table 3).

When the substituents in the phenyl ring were electron-

withdrawing groups (6b–f), the reactions proceeded bet-

ter than the substrate bearing electron-donating group in

the phenyl ring (6g) (Entry 7) (Scheme 3).

In conclusion, we have developed an efficient method

for the synthesis of benzimidazo[1,2-a]pyrimidine deriv-

atives in good to excellent yields. The developed proto-

col was simple, and no additives or catalysts were

required to promote the reaction. The reaction under-

went the Michael addition or allylic substitution

reaction, followed by intramolecular cyclization. The

produced compounds possessed different functions,

double bond, hydroxyl and amino groups, which pro-

vided an opportunity to do derivatization further for

enhancing the diversity of benzimidazo[1,2-a]pyrimidine

compounds.

EXPERIMENTAL

IR spectra were recorded with a Perkin–Elmer 782 IR spec-
trometer. 1H-NMR and 13C-NMR spectra were obtained with a
Bruker DMX-300 (300 MHz) spectrometer. Chemical shifts
are given in ppm relative to tetramethylsilane (TMS), and the

center of the multiplet of the DMSO was also defined as 39.53
ppm for 13C-NMR spectra. HRMS (EI) spectra were measured
on a JEOL JMS-DX303. Melting points were measured with a
Beijing-Taike X-4 apparatus and are uncorrected. Unless other-
wise noted, all reagents were obtained from commercial sup-

pliers and were used without further purification.
According to reference’s method [10], starting from a,b-un-

saturated ester, with aryl or alkyl aldehydes the B-H alcohols
(4a–i), and with imines the B-H amines (6a–g) were synthe-
sized, respectively. B-H acetates (1a–h) were derived

from B-H alcohols by acetyl chloride.
General procedure for the reaction of Baylis–Hillman

acetates (1a–h) with 2-aminobenzimidazole (2). To a solu-
tion of B-H acetate 1a–h (1 mmol) in dioxane was

added 2-aminobenimidazole 2 (1.2 mmol), and the resultant
reaction mixture was heated at 50�C. Upon completion as
judged by TLC or the reaction time given in Table 1, precipi-
tates were formed, which were filtered and washed with ether.
The crude product was recrystallized from dichloromethane/

Scheme 2

Table 2

Reaction of B-H alcohols (4) with 2.a

Entry B-H alcohol Time (h) Product (R) Yieldb (%)

1 4a, C6H5 2.0 5a, C6H5 89

2 4b, 4-FC6H4 2.0 5b, 4-FC6H4 93

3 4c, 4-ClC6H4 2.0 5c, 4-ClC6H4 94

4 4d, 4-NO2C6H4 1.5 5d, 4-NO2C6H4 97

5 4e, 3-NO2C6H4 2.0 5e, 3-NO2C6H4 98

6 4f, 2-NO2C6H4 3.0 5f, 2-NO2C6H4 93

7 4g, 2-F3CC6H4 3.0 5g, 2-F3CC6H4 93

8 4h, 2-furyl 1.5 5h, 2-furyl 78

9 4i, H 3.0 5i, H 95

a
4:2 ¼ 1:1.2; in dioxane at 100�C.

b Isolated yield.

Table 3

Reaction of B-H amines (6) with 2.a

Entry B-H amine Time (h) Product (R) Yieldb (%)

1 6a, C6H5 2.5 7a, C6H5 86

2 6b, 4-FC6H4 5.0 7b, 4-FC6H4 91

3 6c, 4-ClC6H4 1.0 7c, 4-ClC6H4 94

4 6d, 4-NO2C6H4 0.5 7d, 4-NO2C6H4 81

5 6e, 3-NO2C6H4 1.5 7e, 3-NO2C6H4 97

6 6f, 2-NO2C6H4 2.0 7f, 2-NO2C6H4 96

7 6g, 4-MeC6H4 3.0 7g, 4-MeC6H4 75

a 6:2 ¼ 1:1.2; in dioxane at 100�C.
b Isolated yield.

Scheme 3
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petroleum ether to give corresponding products, benzimi-
dazo[1,2-a]pyrimidinone derivatives (3a–g).

(E)-6-Benzylidene-5,6-dihydro-8H-benzo[4,5]imidazo[1,2-

a]pyrimidin-7-one (3a). A light brown solid, m.p. > 300�C
(decom.); FTIR (KBr): 3271, 2923, 1668, 1589, 1338 cm�1;
1H-NMR (300 MHz, DMSO-d6): d 5.33 (s, 2H, CH2), 7.13 (s,
2H, ArH), 7.28–7.65 (m, 7H, ArH), 7.90 (s, 1H, CH), 11.80
(brs, 1H, NH); 13C-NMR (75 MHz, DMSO-d6): d ¼ 42.3,
109.2, 117.1, 120.6, 121.6, 121.8, 128.9, 129.7, 130.6, 133.1,
133.8, 138.1, 141.5, 146.4, 161.8; HR MS(EI): m/z calcd. for

C17H13N3O (Mþ): 275.1059, found 275.1057.
(E)-6-(4-Chlorobenzylidene)-5,6-dihydro-8H-benzo[4,5]

imidazo[1,2-a]pyrimidine-7-one (3b). A light brown solid,
m.p. > 300�C (decom.); FTIR (KBr): 3271, 2923, 1668, 1589,
1338 cm�1; 1H-NMR (300 MHz, DMSO-d6): d 5.31 (s, 2H,

CH2), 6.88 (s, 2H, ArH), 7.42–7.67 (m, 7H, ArH), 7.88 (s, 1H,
CH), 11.83 (brs, 1H, NH); 13C-NMR (75 MHz, DMSO-d6): d
42.2, 109.2, 117.1, 120.6, 121.6, 122.7, 128.9, 132.4, 132.8,
133.1, 134.3, 136.7, 141.5, 146.4, 161.6; HR MS(EI): m/z
calcd. for C17H13N3O (Mþ): 309.0669, found 309.0672.

(E)-6-(Furan-2-ylmethylene)-5,6-dihydro-8H-benzo[4,5]

imidazo[1,2-a]pyrimidin-7-one (3c). A light yellow solid,
m.p. > 300�C (decom.); FTIR (KBr): 3430, 3118, 1684, 1532,
1348 cm�1; 1H-NMR (300 MHz, DMSO-d6): d 5.30 (s, 2H,

CH2), 6.80 (d, 1H, J ¼ 1.4 Hz, ArH), 7.14–7.20 (m, 3H,
ArH), 7.42–7.54 (m, 2H, ArH), 7.69 (s, 1H, ArH), 8.01 (s, 1H,
CH), 11.8 (brs, 1H, NH); 13C-NMR (75 MHz, DMSO-d6): d
42.6, 109.0, 113.2, 117.1, 117.9, 120.6, 121.6, 123.9, 133.1,
141.5, 146.6, 146.7, 150.4, 161.2; HRMS(EI): m/z calcd. for

C15H11N3O2 (M
þ): 265.0851, found 265.0849.

(E)-6-(o-Trifluoromethylbenzylidene)-5,6-dihydro-8H-ben-

zo[4,5]imidazo[1,2-a]pyrimidin-7-one (3d). A white solid,
m.p. > 300�C (decom.); FTIR (KBr): 3157, 1692, 1531, 1457,
1351 cm�1; 1H-NMR (300 MHz, DMSO-d6): d 5.14 (s, 2H,

CH2), 7.05–7.14 (m, 3H, ArH), 7.36–7.44 (dd, 2H, J ¼ 7.2,
7.6 Hz, ArH), 7.70 (t, 1H, J ¼ 6.7 Hz, ArH), 7.83–7.92 (dd,
2H, J¼ 7.9, 7.5 Hz, ArH), 8.01 (s, 1H, CH), 11.9 (brs, 1H,
NH); 13C-NMR (75 MHz, DMSO-d6): d 41.5, 109.2, 117.1,

120.8, 121.7, 125.6, 126.3, 126.3, 127.5, 129.6, 130.4, 132.1,
132.9, 133.0, 134.0, 141.4, 146.5, 161.4; HRMS(EI): m/z
calcd. for C18H12N3O F3 (Mþ): 343.0932, found 343.0929.
The crystal used for the X-ray study had the dimensions 0.41
mm � 0.38 mm � 0.06 mm. Crystal data: C18 H12 F3 N3 O,

M ¼ 343.31, monoclinic, space group P2(1)/c, a ¼
6.5560(13), b ¼ 33.361(7), c ¼ 7.1651(14) Å, b ¼ 99.55(3)�,
V ¼ 1545.4(5) Å3, Z ¼ 4, Dcalcd ¼ 1.476 g/cm3, F0 ¼ 704,
reflections collected: 8887, k ¼ 0.71073 Å. CCDC: 738372.

(E)-6-(3-Bromobenzylidene)-5,6-dihydro-8H-benzo[4,5]

imidazo[1,2-a]pyrimidine-7-one (3e). A light yellow solid,
m.p. > 300�C (decom.); FTIR (KBr): 3271, 2923, 1668, 1589,
1338 cm�1; 1H-NMR (300 MHz, DMSO-d6): d 5.31 (s, 2H,
CH2), 7.12 (t, 2H, J ¼ 2.1 Hz, ArH), 7.41 (m, 1H, CH), 7.50
(m, 2H, ArH), 7.67 (t, 2H, J ¼ 8.0 Hz, ArH), 7.84–7.86 (m,

2H, ArH); 11.9 (brs, 1H, NH); 13C-NMR (75 MHz, DMSO-
d6): d 42.1, 109.2, 117.1, 120.7, 121.7, 122.1, 123.5, 129.0,
130.9, 132.2, 132.9, 133.0, 136.2, 136.5, 141.5, 146.5, 161.5;
HRMS(EI): m/z calcd. for C17H13N3O (Mþ): 355.0143, found
355.0148.

(E)-6-(3-Methoxybenzylidene)-5,6-dihydro-8H-benzo[4,5]

imidazo[1,2-a]pyrimidine-7-one (3f). A white solid; m.p. >
300�C (decom.); FTIR (KBr): 3271, 2923, 1668, 1589, 1338

cm�1; 1H-NMR (300 MHz, DMSO-d6): d 3.85 (s, 3H, CH3),
5.33 (s, 2H,CH2), 7.06–7.44 (m, 5H, ArH), 7.44–7.47 (m, 3H,
ArH), 7.89 (s, 1H, CH); 11.84 (brs, 1H, NH); 13C-NMR (75
MHz, DMSO-d6): d 42.2, 55.2, 109.2, 115.6, 115.8, 117.1,
120.6, 121.6, 122.1, 122.6, 129.9, 133.1, 135.2, 138.2, 141.5,

146.4, 159.4, 161.8; HRMS(EI): m/z calcd. for C17H13N3O
(Mþ): 305.1164, found 305.1167.

(E)-6-Propylidene-5,6-dihydro-8H-benzo[4,5]imidazo[1,2-

a]pyrimidin-7-one (3g). A white solid; m.p. ¼ 267–268�C
(decom.); FTIR (KBr): 3422, 2888, 1685, 1535, 1349 cm�1;
1H-NMR (300 MHz, DMSO-d6): d 1.06 (t, 3H, J ¼ 7.5 Hz,
CH3CH2), 2.29 (p, 2H, J ¼ 7.6, 7.4 Hz, CH3CH2), 4.99 (s,
2H, CH2), 6.93 (t, 1H, J ¼ 7.4 Hz, CHCH2), 7.11 (dd, 2H, J
¼ 7.3, 0.7 Hz, ArH), 7.38–7.44 (m, 2H, ArH), 11.5 (brs, 1H,
NH); 13C-NMR (75 MHz, DMSO-d6): d 13.1, 21.6, 41.1,

109.6, 117.7, 121.1, 121.9, 122.1, 133.7, 142.2, 144.9, 147.4,
161.9; HRMS(EI): m/z calcd. for C13H13N3O (Mþ): 227.1059,
found 227.1057.

According to the same procedure, starting from Baylis–Hill-

man alcohols (4) and amines (6) with 2-aminobenzimidazole
(2), 5a–i and 7a–g were synthesized and the diastereoselectiv-
ities were around 1:1 determined by NMR.

6-(Phenylhydroxymethyl)-5,6-dihydro-8H-benzo[4,5]imi-

dazo[1,2-a]pyrimidin-7-one (5a). A white solid, m.p. ¼ 233–

235�C (decom.); FTIR (KBr): 3390, 3064, 1665, 1515, 1458,
1334 cm�1; 1H-NMR (300 MHz, DMSO-d6): d 3.26 (m, 1H,
CHCO), 3.97 (m, 1H, CH2), 4.19 (m, 1H, CH2), 5.08 (5.28)
(m, 1H, OH), (the data in parentheses are for diastereomeric
peaks, the same below), 5.80 (m, 1H, CHOH), 7.01–7.16 (m,

2H, ArH), 7.19–7.33 (m, 2H, ArH), 7.33–7.52 (m, 5H, ArH),
11.53 (s, 1H, NH); 13C-NMR (75 MHz, DMSO-d6): d 36.9,
46.6, 69.8, 108.6, 117.1, 120.6, 121.2, 125.9, 127.1, 128.1,
133.0, 141.7, 142.8, 147.6, 168.6; HRMS(EI): m/z calcd. for
C17H16N3O2 (M

þþ1): 294.1234, found 294.1237.

6-[(4-Fluorophenyl)hydroxymethyl]-5,6-dihydro-8H-ben-

zo[4,5]imidazo[1,2-a]pyrimidin-7-one (5b). A white solid,
m.p. ¼ 225–227�C (decom.); FTIR (KBr): 3382, 3056, 1678,
1510, 1457, 1223 cm�1; 1H-NMR (300 MHz, DMSO-d6): d
3.27 (m, 1H, CHCO), 3.96–4.25 (m, 2H, CH2), 5.07 (5.25) (m,
1H, OH), 5.87–5.90 (m, 1H, CHOH), 6.91–6.97 (m, 1H, ArH),
7.06–7.12 (m, 2H, ArH), 7.15–7.24 (m, 1H, ArH), 7.24–7.34
(m, 2H, ArH), 7.38–7.45 (m, 2H, ArH), 11.50 (s, 1H, NH);
13C-NMR (75 MHz, DMSO-d6): d 37.0, 46.7, 69.2, 108.7,

114.7, 115.0, 117.1, 120.6, 121.2, 127.9, 128.0, 133.0, 141.7,
147.6, 168.5; HRMS(EI): m/z calcd. for C17H15N3O2F (Mþ þ
1): 312.1141, found 312.1143.

6-[(4-Chlorophenyl)hydroxymethyl]-5,6-dihydro-8H-ben-

zo[4,5]imidazo[1,2-a]pyrimidin-7-one (5c). A white solid,

m.p. ¼ 206–208�C (decom.); FTIR (KBr): 3414, 3054, 1689,
1526, 1458, 1238 cm�1; 1H-NMR (300 MHz, DMSO-d6): d
3.28 (m, 1H, CHCO), 3.97–4.27 (m, 2H, CH2), 5.09 (2.27) (m,
1H, OH), 5.76–5.93 (m, 1H, CHOH), 6.85–7.50 (m, 8H, ArH),
11.53 (s, 1H, NH); 13C-NMR (75 MHz, DMSO-d6): d 36.9,

46.6, 69.8, 108.6, 117.1, 120.6, 121.2, 125.9, 127.1, 127.9,
128.1, 133.0, 142.8, 147.6, 168.6; HRMS (EI): m/z calcd. for
C17H15N3O2Cl (M

þ þ 1): 328.0845, found 328.0847.
6-[(4-Nitrophenyl)hydroxymethyl]-5,6-dihydro-8H-ben-

zo[4,5]imidazo[1,2-a]-pyrimidin-7-one (5d). A white solid,
m.p. ¼ 231–233�C (decom.); FTIR (KBr): 3373, 3052, 1667,
1521, 1456, 1348 cm�1; 1H-NMR (300 MHz, DMSO-d6): d
3.40 (m, 1H, CHCO), 3.98–4.34 (m, 2H, CH2), 5.15 (5.05) (m,
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1H, OH), 6.17–6.18 (m, 1H, CHOH), 7.06–7.09 (m, 2H, ArH),
7.28–7.38 (m, 2H, ArH), 7.52–7.72 (m, 2H, ArH), 7.97–8.26
(m, 2H, ArH), 11.60 (s, 1H, NH); 13C-NMR (75 MHz,
DMSO-d6): d 36.9, 46.3, 69.0, 108.8, 117.1, 120.6, 121.3,
123.3, 127.4, 133.0, 141.6, 146.7, 147.5, 150.8, 168.1;

HRMS(EI): m/z calcd. for C17H13N4O4 (Mþ þ 1): 339.1086,
found 339.1087.

6-[(3-Nitrophenyl)hydroxymethyl]-5,6-dihydro-8H-ben-

zo[4,5]imidazo[1,2-a]-pyrimidin-7-one (5e). A white solid,
m.p. ¼ 211–213�C (decom.); FTIR (KBr): 3378, 3051, 1671,

1523, 1456, 1351 cm�1; 1H-NMR (300 MHz, DMSO-d6): d
3.42 (m, 1H, CHCO), 4.01–4.29 (m, 2H, CH2), 5.25 (5.50) (m,
1H, OH), 5.75–6.19 (m, 1H, CHOH), 7.04–7.11 (m, 2H, ArH),
7.26–7.45 (m, 2H, ArH), 7.64–7.69 (m, 1H, ArH), 7.85–7.92
(m, 1H, ArH), 8.11–8.17 (m, 1H, ArH), 8.27 (m, 1H, ArH),

11.60 (s, 1H, NH); 13C-NMR (75 MHz, DMSO-d6): d 36.9,
46.3, 68.7, 108.9, 117.1, 120.6, 120.8, 121.3, 122.1, 129.6,
132.8, 133.0, 141.6, 145.3, 147.5, 147.8, 168.2; HRMS(EI): m/
z calcd. for C17H13N4O4 (M

þ þ 1): 339.1086, found 339.1087.

6-(2-Nitrophenylhydroxymethzyl)-5,6-dihydro-8H-benzo

[4,5]imidazo[1,2-a]-pyrimidin-7-one (5f). A white solid,
m.p. ¼ 204–206�C (decom.); FTIR (KBr) 3360, 3055, 1671,
1523, 1456, 1340 cm�1; 1H-NMR (300 MHz, DMSO-d6) d
3.34 (m, 1H, CHCO), 4.11 (m, 1H, CH2), 4.28 (m, 1H, CH2),

5.53 (5.86) (m, 1H, OH), 6.14 (m, 1H, CHOH), 7.10 (m, 2H,
ArH), 7.30 (m, 1H, ArH), 7.41 (m, 1H, ArH), 7.59 (m 1H,
ArH), 7.82 (m, 1H, ArH), 7.91 (m, 1H, ArH), 8.03 (m, 1H,
ArH), 11.60 (s, 1H, NH); 13C-NMR (75 MHz, DMSO-d6) d
37.3, 45.4, 65.1, 108.8, 117.1, 120.6, 121.2, 124.3, 128.6,

129.3, 133.0, 133.5, 138.1, 141.7, 147.2, 147.6, 168.0;
HRMS(EI): m/z calcd. for C17H13N4O4 (Mþ þ 1): 339.1086,
found 339.1087.

6-[(2-Trifluoromethylphenyl)hydroxymethyl]-5,6-dihydro-

8H-benzo[4,5]imidazo[1,2-a]pyrimidin-7-one (5g). A white

solid, m.p. ¼ 175–177�C (decom.); FTIR (KBr): 3393, 3054,
1674, 1525, 1456, 1312 cm�1; 1H-NMR (300 MHz, DMSO-
d6): d 3.15 (m, 1H, CHCO), 4.16 (m, 1H, CH2), 4.35 (m, 1H,
CH2), 5.20 (5.62) (m, 1H, OH), 5.93–6.11 (m, 1H, CHOH),
6.75–7.95 (m, 8H, ArH), 11.58 (s, 1H, NH); 13C-NMR (75
MHz, DMSO-d6): d 36.9, 46.2, 65.1, 108.8, 117.1, 120.6,
121.2, 125.4, 125.5, 127.9, 129.2, 132.4, 133.0, 141.6, 141.8,
147.5, 167.9; HRMS(EI): m/z calcd. for C18H13N3O2F (Mþ þ
1): 362.1106, found 362.1101.

6-(Furan-2-ylmethyl)-5,6-dihydro-8H-benzo[4,5]-imidazo

[1,2-a]pyrimidin-7-one (5h). A yellow solid, m.p. ¼ 206–
208�C (decom.); FTIR (KBr) 3434, 3054, 1685, 1522, 1456,
1384 cm�1; 1H-NMR (300 MHz, DMSO-d6) d 3.39 (m, 1H,
CHCO), 4.04–4.34 (m, 2H, CH2), 5.09 (5.25) (m, 1H, OH),

5.98–5.99 (m, 1H, CHOH), 6.23–7.64 (m, 7H, ArH), 11.55 (s,
1H, NH); 13C-NMR (75 MHz, DMSO-d6) d 37.4, 44.2, 64.6,
106.8, 108.8, 110.3, 117.1, 120.6, 121.3, 133.0, 141.7, 142.2,
147.5, 155.2, 169.1; HRMS(EI): m/z calcd. for C15H14N3O2

(Mþ þ 1): 284.1026, found 284.1029.

6-(Methylhydroxymethyl)-5.6-dihydro-8H-benzo-[4,5]imi-

dazo[1,2-a]pyrimidin-7-one (5i). A white solid, m.p. ¼ 260–
262�C (decom.); FTIR (KBr) cm�1; 1H-NMR (300 MHz,
DMSO-d6) d 3.05 (m, 1H, CHCO), 3.76 (m, 2H, CH2OH),

4.13 (m, 1H, CH2CH), 4.42 (m, 1H, CH2CH), 5.00 (5.02) (m,
1H, OH), 7.11 (m, 2H, ArH), 7.41 (m, 2H, ArH), 11.47 (s, 1H,
NH); 13C-NMR (75 MHz, DMSO-d6) d 38.7, 42.0, 59.1,
108.8, 117.1, 120.6, 121.3, 133.0, 141.7, 147.7, 168.9;

HRMS(EI): m/z calcd. for C15H14N3O2 (Mþþ1): 218.0924,
found 218.0924.

6-[(Phenyl)tosylaminomethyl]-5,6-dihydro-8H-benzo[4,5]

imidazo[1,2-a]pyrimidin-7-one (7a). A white solid, m.p. ¼
239–241�C (decom.); FTIR (KBr): 3343, 3059, 1680, 1457,

1328, 1239 cm�1; 1H-NMR (300 MHz, DMSO-d6): d 2.24 (s,
3H, CH3), 3.17–3.32 (m, 1H, CHCO), 3.70–4.50 (m, 2H,
CH2CH), 4.60–4.80 (m, 1H, CHNH), 6.90–7.50 (m, 13H,
ArH), 8.40 (8.70) (m, 1H, NHSO2) (the data in parentheses are
for diastereomeric peaks, the same below), 11.53 (s, 1H,

NHCO); 13C-NMR (75 MHz, DMSO-d6): d 20.8, 46.2, 56.3,
66.0, 108.8, 120.8, 121.3, 126.3, 127.0, 127.3, 127.8, 129.0,
129.1, 132.6, 133.0, 137.1, 138.6, 142.2, 147.1, 167.6;
HRMS(EI): m/z calcd. for C24H23N4O3S (Mþ þ 1): 447.1480,
found 447.1485.

6-[(4-Fluorophenyl)tosylaminomethyl]-5,6-dihydro-8H-

benzo[4,5]imidazo[1,2-a]pyrimidin-7-one (7b). A white
solid, m.p. > 300�C (decom.); FTIR (KBr): 3415, 3050, 1680,
1510, 1456, 1160 cm�1; 1H-NMR (300 MHz, DMSO-

d6): d 2.26 (s, 3H, CH3), 3.15–3.31 (m, 1H, CHCO), 3.70–4.50
(m, 2H, CH2CH), 4.55–4.85 (m, 1H, CHNH), 6.81–7.43 (m,
12H, ArH), 8.38 (8.80) (m, 1H, NHSO2), 11.56 (s, 1H,
NHCO); 13C-NMR (75 MHz, DMSO-d6): d 20.8, 46.1, 55.5,
55.7, 108.9, 114.3, 114.6, 117.2, 120.8, 121.4, 126.4, 129.0,

129.1, 132.6, 133.0, 137.8, 137.9, 142.2, 147.1, 167.5;
HRMS(EI): m/z calcd. for C24H22N4O3SF (Mþ þ 1):
465.1389, found 465.1391.

6-[(4-Chlorophenyl)tosylmethyl]-5,6-dihydro-8H-benzo

[4,5]imidazo[1,2-a]pyrimidin-7-one (7c). A white solid,

m.p. ¼ 260–262�C (decom.); FTIR (KBr) 3263, 3053, 1689,
1456, 1331, 1159 cm�1; 1H-NMR (300 MHz, DMSO-d6) d
2.27 (s, 3H, CH3), 3.20–3.32 (m, 1H, CHCO), 3.57–4.32 (m,
2H, CH2CH), 4.55–4.71 (m, 1H, CHNH), 7.00–7.42 (m, 12H,
ArH), 8.40 (8.70) (m, 1H, NHSO2), 11.54 (s, 1H, NHCO);
13C-NMR (75 MHz, DMSO-d6) d 20.8, 30.6, 46.0, 55.7,
108.9, 117.3, 120.9, 121.4, 126.4, 127.7, 129.0, 129.1, 131.8,
132.0, 136.1, 137.6, 137.8, 142.4, 147.1, 167.4; HRMS(EI):
m/z calcd. for C24H22N4O3SCl (Mþ þ 1): 481.1092, found

481.1095.
6-[(4-Nitrophenyl)tosylaminomethyl]-5,6-dihydro-8H-ben-

zo[4,5]imidazo[1,2-a]pyrimidin-2-one (7d). A white solid,
m.p. ¼ 268–270�C (decom.); FTIR (KBr): 3306, 3056, 1684,
1519, 1348, 1157 cm�1; 1H-NMR (300 MHz, DMSO-

d6): d 2.24 (s, 3H, CH3), 3.34–3.45 (m, 1H, CHCO), 3.70–4.40
(m, 2H, CH2CH), 4.70–4.95 (m, 1H, CHNH), 7.00–8.00 (m,
12H, ArH), 8.50 (8.83) (m, 1H, NHSO2), 11.56 (s, 1H,
NHCO); 13C-NMR (75 MHz, DMSO-d6): d 20.8, 38.7, 45.3,
51.0, 108.8, 117.1, 120.7, 121.3, 124.1, 126.2, 128.7, 129.1,

130.3, 132.8, 133.0, 133.1, 137.2, 141.3, 142.4, 147.2, 148.1,
167.0; HRMS(EI): m/z calcd. for C24H22N5O5S (Mþ þ 1):
492.1339, found 492.1336.

6-[(3-Nitrophenyl)tosylaminomethyl]-5,6-dihydro-8H-ben-

zo[4,5]imidazo[1,2-a]pyrimidin-7-one (7e). A white solid,

m.p. ¼ 281–283�C (decom.); FTIR (KBr): 3300, 3065, 1692,
1530, 1329, 1157 cm�1; 1H-NMR (300 MHz, DMSO-d6): d
2.21 (s, 3H, CH3), 3.32–3.45 (m, 1H, CHCO), 3.80–4.40 (m,
2H, CH2CH), 4.72–4.95 (m, 1H, CHNH), 6.80–8.00 (m, 12H,

ArH), 8.50 (8.85) (m, 1H, NHSO2), 11.56 (s, 1H, NHCO);
13C-NMR (75 MHz, DMSO-d6): d 20.7, 30.6, 45.6, 55.5,
108.9, 117.1, 120.8, 121.4, 121.9, 122.1, 126.4, 129.0, 129.3,
132.9, 134.1, 137.7, 140.8, 141.6, 142.3, 147.2, 147.3, 166.7;
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HRMS(EI): m/z calcd. for C24H22N5O5S (Mþ þ 1): 492.1339,
found 492.1336.

6-[(2-Nitrophenyl)tosylaminomethyl)-5,6-dihydro-8H-ben-

zo[4,5]imidazo[1,2-a]pyrimidin-7-one (7f). A white solid,
m.p. ¼ 178–180�C (decom.); FTIR (KBr): 3381, 3051, 1697,

1525, 1346, 1160 cm�1; 1H-NMR (300 MHz, DMSO-d6):
d 2.25 (s, 3H, CH3), 3.35–3.50 (m, 1H, CHCO), 3.80–4.45 (m,
2H, CH2CH), 5.30–5.48 (m, 1H, CHNH), 7.05–7.85 (m, 12H,
ArH), 8.65 (8.75) (m, 1H, NHSO2), 11.58 (s, 1H, NHCO);
13C-NMR (75 MHz, DMSO-d6): d 20.8, 38.7, 45.3, 51.0,

108.8, 117.1, 120.7, 121.3, 124.1, 126.2, 128.7, 129.1, 130.3,
132.8, 133.0, 133.1, 137.2, 141.3, 142.4, 147.2, 148.1, 167.0;
HRMS(EI): m/z calcd. for C24H22N5O5S (Mþ þ 1): 492.1339,
found 492.1336.

6-[(4-Methylphenyl)tosylaminomethyl)-5,6-dihydro-8H-

benzo[4,5]imidazo[1,2-a]pyrimidin-7-one (7g). A white
solid, m.p. ¼ 251–253�C (decom.); FTIR (KBr): 3274, 3052,
1692, 1456, 1323, 1159 cm�1; 1H-NMR (300 MHz, DMSO-
d6): d 2.26 (s, 3H, CH3), 3.14–3.24 (m, 1H, CHCO), 3.57–4.40

(m, 2H, CH2CH), 4.57–4.64 (m, 1H, CHNH), 6.79–7.39 (m,
12H, ArH), 8.30 (8.85) (m, 1H, NHSO2), 11.49 (s, 1H,
NHCO); 13C-NMR (75 MHz, DMSO-d6): d 20.5, 20.8, 46.2,
56.1, 108.8, 117.2, 119.1, 120.8, 121.3, 127.0, 128.4, 129.0,
132.6, 134.0, 135.6, 136.5, 138.0, 141.1, 147.4, 167.6;

HRMS(EI): m/z calcd. for C25H25N4O3S (Mþ þ 1): 461.1637,
found 481.1642.
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New amino psoralen derivatives have been synthesized via bromination. Bromination of 3,5-substi-
tuted psoralens has been studied. The second position of the furan ring is more susceptible to bromina-

tion than the a-position of the chromen-2-one ring in psoralens. Hence, the target psoralenamines were
synthesized starting with 3-bromo-7-hydroxy-4-methyl-chromen-2-one, which was condensed with dif-
ferent a-halo ketones and cyclized in ethanolic potassium hydroxide to get the desired 6-bromo psora-
lens, which were finally converted into psoralenamines.

J. Heterocyclic Chem., 47, 379 (2010).

INTRODUCTION

Furocoumarins such as Psoralens (5-methoxy psoralen

or bergapton, 8-methoxy psoralen or xanthotoxin, 4,50,8-
trimethyl psoralen) are well known photosensitizing

drugs used in Psoralen Ultra Violet-A therapy for the

treatment of dermatological disorders, such as psoriasis,

vitiligo, mycosis, and atropic eczema [1]; as well as fun-

gal, viral, and bacterial infections [2]. Recently, Psoralen

derivatives have also been used in the treatment of cuta-

neous T-cell lymphoma [3], human immunodeficiency

diseases [4], and prevention of rejection of organ trans-

plants [5]. Introduction of aminomethyl group in furo-

coumarins enhances antibacterial activity [6]. Amino-

psoralens are used for nucleic acid probe preparations,

preparation of conjugates, inhibition of cell proliferation,

inactivation of virus for vaccine preparation, and in par-

ticular, for the inactivation of pathogens in blood prod-

ucts [7].

Because of the wide spread and increasing interest in

aminopsoralens for their pharmacological action, this

study was undertaken to synthesize some new amino

psoralen derivatives via bromination. Moreover, it was

of considerable interest to study the reactivity and orien-

tation of 3,5-substituted psoralens toward bromination.

Although it is evident that the third position of furan

ring in psoralens is the most reactive towards electro-

philic substitution, the behaviour of psoralens in which

the third position is blocked has not been reported for

bromination. The synthetic pathway followed by

MacLeod et al. [8] has been employed to prepare the

title compounds as outlined in Scheme 1.

RESULTS AND DISCUSSION

b-Methyl umbelliferone (7-hydroxy-4-methyl-chro-

men-2-one) 1, [9] was condensed with different a-halo-
ketones, e.g., mono chloroacetone and phenacylbromide

to give the aryloxyketones 2 which when subjected to

cyclization in 0.1N ethanolic potassium hydroxide gave

the corresponding furocoumarin (psoralen) 3 as shown
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in Scheme 1. Furocoumarin 3 was brominated with bro-

mine in acetic acid to get the desired 6-bromo psoralen,

but from the 1H nuclear magnetic resonance (NMR) it

was revealed that the product formed was 2-bromo psor-

alen 4. This shows that the second position of the furan

ring is more reactive towards halogenation compared to

the a-position of the chromen-2-one ring in psoralens.

In the 1H-NMR of compound 2-bromo-3,5-dimethyl-

furo[3,2-g]chromen-7-one 4a, signal at d 6.27–6.28 ppm

corresponding to one proton for C6AH (or a-H of chro-

men-2-one) and the absence of signal at d 7.5 ppm for

C2AH proton alongwith C3ACH3 signal at d 2.24 ppm

confirmed the structure. The UV spectrum in dichloro-

methane showed absorption at 284, 302, 324, 333, 340,

and 347 nm. Consequently, the target amino psoralens

could not be prepared.

In a slightly modified methodology, b-methyl umbel-

liferone (7-hydroxy-4-methyl-chromen-2-one) 1 was first

brominated using bromine in acetic acid to give 3-

bromo-7-hydroxy-4-methyl-chromen-2-one 5 [10] in an

addition-elimination reaction, which was then condensed

with different a-halo ketones and cyclized to 6-bromo

psoralens 7 in a similar fashion as shown in Scheme 1.

In the 1H NMR of compound 6-bromo-3,5-dimethyl-

furo[3.2-g]chromen-7-one 7a, the absence of signal at d
6.28 ppm for C6AH proton and singlet for C5ACH3

signal at d 2.74 ppm confirmed the substitution of bro-

mine at CA6 position. Further doublets at d 7.50 ppm

(1H, J ¼ 1.6 Hz) for C2AH and d 2.31–2.32 ppm (3H,

J ¼ 1.6 Hz) for C3ACH3 corroborated the structure 7a.

The mass spectrum (LCMS) was obtained as m/z (rela-

tive intensity, 100%): 317 (8.88) Mþ23 (from Naþ),
295.1 (100) Mþ1, 292.9 (100) Mþ using mobile phase

Acetonitrile: Ammonium acetate 1 mM (90:10% v/v).

The UV spectrum in dichloromethane showed absorp-

tion at 282, 302, 323, 331, 342, 355, and 362 nm. Cycli-

zation of 3-bromo aryloxyketones 6 to 6-bromo psora-

lens 7 was the bottleneck of the process. Cyclization in

0.1N ethanolic potassium hydroxide at reflux tempera-

ture lowered the over all yield of the reaction drastically

due to the formation of mixture of products. One of the

product was identified as furocoumarilic acid formed

due to alkaline ring contraction [11], which has been

confirmed from the 1H NMR and infrared (IR) spectra

of 3-methyl-5-phenyl-benzo[1,2-b;5,4-b0]difuran-2-car-
boxylic acid 12 obtained during cyclization of 3-bromo-

4-methyl-7-(2-oxo-2-phenyl-ethoxy)-chromen-2-one 6b.

The furocoumarilic acid was obtained as white amor-

phous powder; mp 250�C dec. and whose sodium and

potassium salts are hydrophobic. The other product

was identified as 6-ethoxy-5-methyl-3-phenyl-furo[3,2-

g]chromen-7-one 13 formed by nucleophilic attack of

ethanol, which also has been confirmed from 1H NMR.

The yield of 6-bromo psoralen was lowered due to these

Scheme 1

380 Vol 47J. M. Patel and S. S. Soman

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



side reactions. Weaker bases like tri ethylamine and po-

tassium carbonate failed to give the expected results.

Cyclization in polyphosphoric acid and phosphorus (III)

oxychloride failed. Even the idea of first condensing 3-

bromo aryloxyketones 6 with amines, followed by

cyclization to yield amino psoralens failed, since the

cyclization reaction gave several decomposition prod-

ucts. Condensation of 3-bromo-4-methyl-7-(2-oxy-pro-

poxy)-chromen-2-one 6a with morpholine gave 4-mor-

pholin-4-ylmethyl-7-(2-oxo-propoxy)-chromen-2-one 11

as confirmed from 1H NMR, but could not be cyclized

as shown in Scheme 1. Consequently the concentration

of ethanolic potassium hydroxide was reduced from 0.1

to 0.025N and the cyclization of 3-bromo aryloxyke-

tones 6 to 6-bromo psoralens 7 was carried out at 65–

70�C, which gave the desired results. Finally, 6-bromo

psoralens were condensed with different amines to give

the corresponding amino methyl psoralens (8, 9, 10). 1H

NMR of compound 3-methyl-5-piperidin-1-ylmethyl-

furo[3,2-g]chromen-7-one 8a showed singlets at d 6.51

ppm corresponding to one proton for C6AH proton and

d 3.66 ppm corresponding to two protons for

C5ACH2A, which confirmed the formation of 5-amino

methyl psoralens. In the 13C NMR, d values 99.59 ppm

for C6 and 59.91 ppm for C5ACH2A further confirmed

the structure. The UV spectrum in dichloromethane

showed absorption at 281, 301, 305, 329, 337 nm. The

mass spectrum (LCMS) for 3-methyl-5-morpholin-4-

ylmethyl-furo[3,2-g]chromen-7-one 9a. was obtained as

m/z (relative intensity, 100%): 338.1 (7.27) Mþ39 (from

Kþ), 322.2 (38.18) Mþ23 (from Naþ), 301.2 (70.90)

Mþ2, 299.9 (100) Mþ1 using mobile phase acetonitri-

le:ammonium acetate 1 mM (90:10% v/v).

The structures of all compounds have been estab-

lished on the basis of their elemental analyses and spec-

tral (IR, NMR) data.

EXPERIMENTAL

Melting points (uncorrected) were determined using a scien-

tific capillary melting point apparatus. Purity of the compounds
was checked by thin layer chromatography on Acme’s silica

gel G plates using UV/Iodine vapour as visualizing agent and
Acme’s silica gel (60–120 mesh) was used for column chro-
matographic purification. Elemental analyses were carried out
on Perkin-Elmer C, H, N, S analyzer (Model-2400). IR spectra
were recorded on Perkin-Elmer FTIR spectrometer (spectrum

RX1) using potassium bromide optics. UV spectra were
recorded on Perkin Elmer Lambda 35 UV/Vis spectrophotome-
ter. The mass spectrum was obtained on Perkin-Elmer Sciex
Triple Quadrupole LC/MS/MS Mass Spectrometer (Model-
016932) using Ion Spray source. NMR spectra were recorded

on Brucker 400 MHz. Spectrophotometer. Chemical shifts are
relative to tetramethylsilane on d-scale. Coupling constants are
given in Hz and relative peak areas were in agreement with all
assignments.

General procedure for the preparation of 2a, 2b, 6a and

6b. To a stirred solution of 7-hydroxy-4-methyl-chromen-2-
one 1 (5 g, 0.028 moles), anhydrous potassium carbonate (4.90
g, 0.035 moles) and catalytic amount(0.05–0.1g) of potassium
iodide in (40 mL) of dry acetone was added dropwise a solu-
tion of mono chloroacetone (2.62 g, 0.028 moles) in (20 mL)
dry acetone at reflux temperature. It was refluxed for 12 h.
The reaction mixture was concentrated to dryness and then
poured into ice water and the solid collected by filtration. The
crude product was crystallized from ethanol to give white crys-
tals (3 g, 46%) of 4-methyl-7-(2-oxo-propoxy)-chromen-2-one
2a, mp 154–156�C lit. [12] 157�C; IR (KBr): mmax, cm�1:
3061, 1705, 1609, 1591, 1454, 1384, 1360, 1288, 1220, 1166,
958; 1H NMR (CDCl3, 400 MHz): d 2.32 (d, 3H, J ¼ 0.8 Hz,
C4ACH3), 2.42 (s, 3H, ACOCH3), 4.66 (s, 2H, AOCH2COA),
6.18 (d, 1H, J ¼ 0.8 Hz, C3AH), 6.77–6.78 (d, 1H, J ¼ 2.8
Hz, C8AH), 6.89–6.92 (dd, 1H, J ¼ 2.8 Hz and J ¼ 8.8 Hz,
C6AH), 7.54–7.56 (d, 1H, J ¼ 8.8 Hz, C5AH). Anal. calcd.
for C13H12O4 (232.23): C, 67.23; H, 5.20. Found: C, 67.02; H,
5.11. Potassium iodide is not required for the preparation of
compounds 6a and 6b.

4-Methyl-7-(2-oxo-2-phenyl-ethoxy)-chromen-2-one (2b). This
compound was obtained by column chromatographic purifica-
tion using petroleum ether (60–80�C): ethyl acetate eluent, as

white crystals, 43% yield, mp 169–171�C lit. [13] 173�C; IR
(KBr): mmax, cm

�1: 3071, 1698, 1612, 1596, 1451, 1391, 1366,
1283, 1230, 1160, 968; 1H NMR (CDCl3, 400 MHz): d 2.34
(d, 3H, J ¼ 0.9 Hz, C4ACH3), 4.58 (s, 2H, AOCH2COA),
6.19 (d, 1H, J ¼ 0.9 Hz, C3AH), 6.79–6.80 (d, 1H, J ¼ 2.8

Hz, C8AH), 6.89–6.93 (dd, 1H, J ¼ 2.8 Hz and J ¼ 8.8 Hz,
C6AH), 7.52–7.68 (m, 6H, C5AH and C20-H to C60-H phenyl
protons). Anal. calcd. for C18H14O4 (294.30): C, 73.46; H,
4.79. Found: C, 72.99; H, 4.34.

3-Bromo-4-methyl-7-(2-oxy-propoxy)-chromen-2-one (6a). This
compound was obtained as white crystals (DMF/ethanol), 68%
yield, mp 204–206�C; IR (KBr): mmax, cm�1: 3062, 2910,
1719, 1698, 1628, 1593, 1392, 1218; 1H NMR (CDCl3, 400
MHz): d 2.32 (s, 3H, C4ACH3), 2.62 (s, 3H, ACOCH3), 4.67

(s, 2H, AOCH2COA), 6.78–6.79 (d, 1H, J ¼ 2.4 Hz, C8AH),
6.92–6.95 (dd, 1H, J ¼ 2.4 Hz and J ¼ 9.2 Hz, C6AH), 7.60–
7.62 (d, 1H, J ¼ 9.2 Hz, C5AH). Anal. calcd. for C13H11O4Br
(311.12): C, 50.18; H, 3.56. Found: C, 50.06; H, 3.23.

3-Bromo-4-methyl-7-(2-oxo-2-phenyl-ethoxy)-chromen-2-
one (6b). This compound was obtained as white crystals (tolu-
ene), 63% yield, mp 181–182�C; IR (KBr): mmax, cm

�1: 3060,
2907, 1717, 1698, 1623, 1598, 1384, 1210; 1H NMR (CDCl3,
400 MHz): d 2.36 (s, 3H, C4ACH3), 4.61 (s, 2H,
AOCH2COA), 6.79–6.80 (d, 1H, J ¼ 2.4 Hz, C8AH), 6.93–
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6.95 (dd, 1H, J ¼ 2.4 Hz and J ¼ 9.2 Hz, C6AH), 7.50–7.66
(m, 6H, C5AH and C20-H to C60-H phenyl protons). Anal.
calcd. for C18H13O4Br (373.20): C, 57.93; H, 3.51. Found: C,
57.61; H, 3.31.

General procedure for the preparation of 3a, 3b, 7a and

7b. Compound 4-methyl-7-(2-oxo-propoxy)-chromen-2-one 2a

(1 g, 0.0043 moles) was dissolved in 0.1N ethanolic potassium
hydroxide (100 mL) and refluxed for 12 h. The excess ethanol
was removed by distillation in vacuo and the reaction mixture
was poured into ice-hydrochloric acid and the solid collected
by filtration. The crude product was crystallized from ethanol
to give white crystals (0.38 g, 41%) of 3,5-dimethyl-furo[3,2-
g]chromen-7-one 3a, mp 224–226�C lit. [12] 220�C; IR (KBr):
mmax, cm

�1: 3090, 1728, 1639, 1610, 1580, 1388, 1144, 1082;
1H NMR (CDCl3, 400 MHz): d 2.21–2.22 (d, 3H, J ¼ 1.5 Hz,
C3ACH3), 2.51–2.52 (d, 3H, J ¼ 1.08 Hz, C5ACH3), 6.27–
6.28 (d, 1H, J ¼ 1.08 Hz, C6AH), 7.36 (s, 1H, C9AH), 7.52
(d, 1H, J ¼ 1.5 Hz, C2AH), 7.58 (s, 1H, C4AH). Anal. calcd.
for C13H10O3 (214.21): C, 72.88; H, 4.70. Found: C, 72.62; H,
4.51.

In the preparation of compounds 7a and 7b the concentra-
tion of ethanolic potassium hydroxide was reduced from 0.1 to
0.025N and the reaction was maintained at 65–70�C for 12 h.

5-Methyl-3-phenyl-furo[3,2-g]chromen-7-one (3b). This
compound was obtained as white crystals (ethanol), 41% yield,

mp 181–182�C lit. [13] 185�C; IR (KBr): mmax, cm
�1: 3090,

1720, 1632, 1612, 1575, 1385, 1142, 1075; 1H NMR (CDCl3,
400 MHz): d 2.48–2.49 (d, 3H, J ¼ 1.1 Hz, C5ACH3), 6.29–
6.30 (d, 1H, J ¼ 1.1 Hz, C6AH), 7.48–7.49 (m, 1H, C40-H),
7.54–7.59 (m, 2H, C30-H and C50-H), 7.54 (s, 1H, C2AH),

7.65–7.67 (m, 2H, C20-H and C60-H), 7.86 (s, 1H, C9AH),
7.90 (s, 1H, C4AH). Anal. calcd. for C18H12O3 (276.28): C,
78.25; H, 4.37. Found: C, 77.85; H, 4.30.

6-Bromo-3,5-dimethyl-furo[3.2-g]chromen-7-one (7a). This
compound was obtained as yellow crystals (toluene), 30%

yield, mp 224–226�C; IR (KBr): mmax, cm�1: 3088, 2925,
1733, 1693, 1639, 1602, 1556, 1350, 1151, 1074; 1H NMR
(CDCl3, 400 MHz): d 2.31–2.32 (d, 3H, J ¼ 1.6 Hz,
C3ACH3), 2.74 (s, 3H, C5ACH3), 7.42 (s, 1H, C9AH), 7.50

(d, 1H, J ¼ 1.6 Hz, C2AH), 7.74 (s, 1H, C4AH); LCMS: m/z
(relative intensity, 100%): 317 (8.88) Mþ23 (from Naþ),
295.1 (100) Mþ1, 292.9 (100) Mþ. Anal. calcd. for
C13H9O3Br (293.11): C, 53.27; H, 3.09. Found: C, 52.98; H,
3.11.

6-Bromo-5-methyl-3-phenyl-furo[3,2-g]chromen-7-one
(7b). This compound was obtained as yellow crystals (etha-
nol), 24% yield, mp 208–210�C; IR (KBr): mmax, cm

�1: 3085,
2925, 1734, 1687, 1631, 1605, 1559, 1345, 1154, 1070; 1H
NMR (CDCl3, 400 MHz): d 2.69 (s, 3H, C5ACH3), 7.47–7.49

(m, 1H, C40-H), 7.54–7.58 (m, 2H, C30-H and C50-H), 7.56 (s,
1H, C2AH), 7.64–7.66 (m, 2H, C20-H and C60-H), 7.87 (s,
1H, C9AH), 8.02 (s, 1H, C4AH). Anal. calcd. for C18H11O3Br
(355.18): C, 60.86; H, 3.12. Found: C, 60.50; H, 3.07.

General procedure for the preparation of 4a and

4b. Compound 3,5-dimethyl-furo[3,2-g]chromen-7-one 3a

(1 g, 0.0046 moles) was dissolved in acetic acid (40 mL) by
warming and to this stirred solution, a solution of bromine
(0.24 mL, 0.0046 moles) in acetic acid (10 mL) was added
gradually. It was stirred for 3 h at room temperature and then
poured into ice water and the solid collected by filtration. The
crude product was crystallized from ethanol to give yellow
crystals (0.9 g, 66%) of 2-bromo-3,5-dimethyl-furo[3,2-g]chro-

men-7-one 4a, mp 230–232�C; IR (KBr): mmax, cm
�1: 3085,

1758, 1689, 1640, 1577, 1341, 1121; 1H NMR (CDCl3, 400
MHz): d 2.24 (s, 3H, C3ACH3), 2.52 (d, 3H, J ¼ 1.08 Hz,
C5ACH3), 6.27–6.28 (d, 1H, J ¼ 1.08 Hz, C6AH), 7.36 (s,
1H, C9AH), 7.58 (s, 1H, C4AH). Anal. calcd. for C13H9O3Br
(293.11): C, 53.27; H, 3.09. Found: C, 52.98; H, 3.11.

2-Bromo-5-methyl-3-phenyl-furo[3,2-g]chromen-7-one (4b). This
compound was obtained as yellow crystals (ethanol), 61%

yield, mp 238–239�C; IR (KBr): mmax, cm�1: 3084, 1750,
1686, 1636, 1578, 1347, 1110; 1H NMR (CDCl3, 400 MHz): d
2.46 (d, 3H, J ¼ 1.05 Hz, C5ACH3), 6.28 (d, 1H, J ¼ 1.05
Hz, C6AH), 7.47–7.64 (m, 6H, C3Aphenyl protons and

C9AH), 7.75 (s, 1H, C4AH). Anal. calcd. for C18H11O3Br
(355.18): C, 60.86; H, 3.12. Found: C, 60.82; H, 2.94.

General procedure for the preparation of 8a, 8b, 9a, 9b,

10a and 10b. A solution of 6-bromo-3,5-dimethyl-furo[3.2-
g]chromen-7-one 7a (0.5 g, 0.0017 moles) and piperidine (0.35
mL, 0.0035 moles) in dry DMF (10 mL) was heated at 95–
100�C for 1 hour. The reaction mixture was poured into ice
water and the solid collected by filtration. The crude product
was crystallized from ethanol to give light brown crystals
(0.28 g, 55%) of 3-methyl-5-piperidin-1-ylmethyl-furo[3,2-
g]chromen-7-one 8a, mp 185�C; IR (KBr): mmax, cm

�1: 3059,
2971, 1718, 1639, 1616, 1579, 1454, 1337, 1158, 1120, 1096;
1H NMR (CDCl3, 400 MHz): d 1.47–1.48 (t, 2H, C40ACH2-),
1.59–1.65 (m, 4H, C30ACH2- and C50ACH2A), 2.27–2.28 (d,
3H, J ¼ 1.2 Hz, C3ACH3), 2.51 (t, 4H, C20ACH2- and
C60ACH2A), 3.66 (s, 2H, C5ACH2A), 6.51 (s, 1H, C6AH),
7.35 (s, 1H, C9AH), 7.43–7.44 (d, 1H, J ¼ 1.2 Hz, C2AH),
7.92 (s, 1H, C4AH); 13C NMR (CDCl3, 100 MHz): d 7.84
(C2ACH3), 24.10 (C30 and C50), 26.07 (C40), 55.05 (C20 and
C60), 59.91 (C5ACH2A), 99.59 (C6), 112.51 (C9), 114.92–
115.73 (C4, C4a and C3), 126.23 (C3a), 143 (C2), 151.86
(C8a), 153.04 (C9a), 156.42 (C5), 161.57 (C7). Anal. calcd.
for C18H19O3N (297.35): C, 72.70; H, 6.44; N, 4.71. Found:
C, 72.56; H, 6.18; N, 4.44.

3-Phenyl-5-piperidin-1-ylmethyl-furo[3,2-g]chromen-7-one
(8b). This compound was obtained by column chromato-
graphic purification using petroleum ether (60–80�C): ethyl ac-
etate eluent, as light brown crystals, 52% yield, mp 158–
160�C; IR (KBr): mmax, cm

�1: 3051, 2971, 1710, 1633, 1611,
1571, 1450, 1333, 1158, 1122, 1091; 1H NMR (CDCl3, 400
MHz): d 1.51 (t, 2H, C40ACH2A), 1.64–1.66 (t, 4H,
C30ACH2A and C50ACH2-), 2.52 (t, 4H, C20ACH2- and
C60ACH2A), 3.67 (s, 2H, C5ACH2A), 6.52 (s, 1H, C6AH),
7.43–7.70 (m, 5H, C3Aphenyl protons), 7.55 (s, 1H, C2AH),
7.86 (s, 1H, C9AH), 8.50 (s, 1H, C4AH).

Anal. calcd. for C23H21O3N (359.42): C, 76.86; H, 5.88; N,
3.89. Found: C, 76.52; H, 5.61; N, 3.67.

3-Methyl-5-morpholin-4-ylmethyl-furo[3,2-g]chromen-
7-one (9a). This compound was obtained as light brown crys-
tals (DMF/ethanol), 60% yield, mp 236–238�C; IR (KBr): mmax,
cm�1: 3060, 2969, 1719, 1632, 1611, 1577, 1455, 1337, 1153,
1115, 1094; 1H NMR (CDCl3, 400 MHz): d 2.30 (d, 3H, J ¼ 1.2

Hz, C3ACH3), 2.62–2.63 (t, 4H, C30ACH2A and C50ACH2A),
3.75–3.79 (m, 6H, C20ACH2A C60ACH2A & C5ACH2-), 6.56
(s, 1H, C6AH), 7.41 (s, 1H, C9AH), 7.48 (d, 1H, J ¼ 1.2 Hz,
C2AH), 7.92 (s, 1H, C4AH); lcms: m/z (relative intensity,
100%): 338.1 (7.27) Mþ39 (from Kþ), 322.2 (38.18) Mþ23

(from Naþ), 301.2 (70.90) Mþ2, 299.9 (100) Mþ1.
Anal. calcd. for C17H17O4N (299.32): C, 68.21; H, 5.72; N,

4.67. Found: C, 67.91; H, 5.56; N, 4.33.
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5-Morpholin-4-ylmethyl-3-phenyl-furo[3,2-g]chromen-7-
one (9b). This compound was obtained by column chromato-
graphic purification using petroleum ether (60–80�C): ethyl

acetate eluent, as light brown crystals, 57%, mp 185–187�C;
IR (KBr): mmax, cm

�1: 3057, 2966, 1712, 1632, 1606, 1573,
1454, 1330, 1152, 1115, 1091; 1H NMR (CDCl3, 400 MHz): d
2.64–2.66 (t, 4H, C30ACH2A and C50ACH2A), 3.76–3.79 (m,
6H, C20ACH2A C60ACH2- and C5ACH2A), 6.59 (s, 1H,

C6AH), 7.45–7.76 (m, 6H, C2AH and C3Aphenyl protons),
7.80 (s, 1H, C9AH), 8.13 (s, 1H, C4AH).

Anal. calcd. for C22H19O4N (361.39): C, 73.11; H, 5.29; N,
3.87. Found: C, 72.88; H, 5.10; N, 3.77.

3-Methyl-5-(4-phenyl-piperazin-1-ylmethyl)-furo[3,2-g]chromen-
7-one (10a). This compound was obtained as light brown crys-
tals (ethanol), 64% yield, mp 214–216�C; IR (KBr): mmax,
cm�1: 3064, 2963, 1720, 1637, 1619, 1579, 1460, 1340, 1158,
1119, 1084; 1H NMR (CDCl3, 400 MHz): d 2.31 (d, 3H, J ¼
1.2 Hz, C3ACH3), 2.80 (t, 4H, C30ACH2- and C50ACH2�),

3.27–3.30 (t, 4H, C20ACH2- and C60ACH2A), 3.83 (s, 2H,
C5ACH2A), 6.60 (s, 1H, C6AH), 6.89–7.32 (m, 5H, N40-phe-
nyl protons), 7.45 (s, 1H, C9AH), 7.49 (d, 1H, J ¼ 1.2 Hz,
C2AH), 7.98 (s, 1H, C4AH).

Anal. calcd. for C23H22O3N2 (374.43): C, 73.77; H, 5.92; N,
7.48. Found: C, 73.51; H, 5.77; N, 7.09.

3-Phenyl-5-(4-phenyl-piperazin-1-ylmethyl)-furo[3,2-
g]chromen-7-one (10b). This compound was obtained as
light brown crystals (ethanol/toluene), 62% yield, mp 180�C
dec.; IR (KBr): mmax, cm�1: 3061, 2963, 1713, 1631, 1611,
1578, 1450, 1337, 1157, 1108, 1088; 1H NMR (CDCl3, 400
MHz): d 2.79 (t, 4H, C30ACH2A and C50ACH2A), 3.3 (t, 4H,
C20ACH2A and C60ACH2A), 3.80 (s, 2H, C5ACH2A), 6.57
(s, 1H, C6AH), 6.92–7.68 (m, 10H, C3Aphenyl protons and

N40-phenyl protons), 7.55 (s, 1H, C2AH), 7.86 (s, 1H, C9AH),
8.45 (s, 1H, C4AH).

Anal. calcd. for C28H24O3N2 (436.50): C, 77.04; H, 5.54; N,
6.41. Found: C, 76.72; H, 5.41; N, 6.22.

4-Morpholin-4-ylmethyl-7-(2-oxo-propoxy)-chromen-2-one
(11). This product was obtained by column chromatographic
purification using petroleum ether (60–80�C): ethyl acetate elu-
ent, as white crystals, 50% yield, mp 138–140�C; 1H NMR
(CDCl3, 400 MHz): d 2.30 (s, 3H, ACOCH3), 2.53–2.55 (t,
4H, C30ACH2A and C50ACH2A), 3.59 (s, 2H, C4ACH2A),

3.72–3.74 (t, 4H, C20ACH2A and C60ACH2A), 4.64 (s, 2H,
C7AOCH2COA), 6.40 (s, 1H, C3AH), 6.75–6.76 (d, 1H, J ¼
2.56 Hz, C8AH), 6.86–6.89 (dd, 1H, J ¼ 2.6 Hz and J ¼ 8.88
Hz, C6AH), 7.78–7.80 (d, 1H, J ¼ 8.88 Hz, C5AH).

Anal. calcd. for C17H11O5N (309.27): C, 66.02; H, 3.58; N,
4.52. Found: C, 66.01; H, 3.33; N, 4.41.

3-Methyl-5-phenyl-benzo[1,2-b;5,4-b0]difuran-2-carboxylic
acid (12). This compound was obtained as white amorphous
powder (ethanol), 52% yield, mp 250�C dec.; IR (KBr): mmax,

cm�1: 3433, 3107, 3030, 2922, 1682, 1627, 1598, 1440, 1366,
1332, 1318, 1165, 1119; 1H NMR ((CD3)2SO, 400 MHz): d
2.58 (s, 3H, C3ACH3), 7.32–7.36 (m, 1H, C40-H), 7.44–7.47

(m, 2H, C20-H and C60-H), 7.63–7.66 (m, 3H, C6AH, C30-H
and C50-H), 7.93 (s, 1H, C4AH), 7.96 (s, 1H, C8AH).

Anal. calcd. for C18H12O4 (292.28): C, 73. 96; H, 4.13.
Found: C, 73.84; H, 4.03.

6-Ethoxy-5-methyl-3-phenyl-furo[3,2-g]chromen-7-one
(13). This compound was obtained by column chromato-
graphic purification using petroleum ether (60–80�C): ethyl ac-
etate eluent, as white crystals, 55% yield, mp 169–171�C; 1H
NMR (CDCl3, 400 MHz): d 1.46–1.50 (t, 3H, C6AOCH2CH3),
2.66 (s, 3H, C5ACH3), 4.46–4.51 (q, 2H, C6AOCH2CH3),

7.42–7.46 (m, 1H, C40-H), 7.52–7.56 (m, 2H, C20-H and C60-
H), 7.68–7.70 (m, 3H, C2AH, C30-H and C50-H), 7.81 (s, 1H,
C4AH), 7.94 (s, 1H, C9AH).

Anal. calcd. for C20H16O4 (320.34): C, 74.98; H, 5.03.
Found: C, 74.73; H, 4.98.
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2-(1-Aryl-ethylidene)-malononitriles 1a-d undergo self dimerization in ethanol catalyzed by sodium
ethoxide to afford 2-[4,6-diaryl-3-cyano-6-methyl-5,6-dihydropyridin-2(1H)-ylidene]-malononitrile deriv-

atives 3a-d, respectively. The structure of the dimer was elucidated by X-ray crystallography and a
plausible mechanism for its formation is depicted. Compound 3a couples with arene diazonium salts
4a-d to afford the hydrazo derivatives 5a-d; and reacts with hydrazine hydrate and phenylhydrazine
6a,b to afford the pyrazolo[3,4-h][1,6]naphthyridine derivatives7a,b; and with urea and thiourea 8a,b to
afford the pyrimido[4,5-h][1,6]naphthyridine derivatives 9a,b, respectively.

J. Heterocyclic Chem., 47, 384 (2010).

INTRODUCTION

Pyridines and pyrido-fused derivatives are important

heterocyclic compounds that find many pharmaceutical

and agrochemical applications [2–6]. In the last two

decades, we have been involved in a program aiming to

develop new simple routes for the synthesis of heterocy-

clic compounds of biological interest [7–18]. In the con-

text of this program, some newly substituted pyridines

and pyrido-fused heterocyclic derivatives were required

for biological evaluation. 2-(1-Arylethylidene)-malono-

nitrile derivatives 1a-d seemed good candidates to fulfill

this objective via their dimerization through the interme-

diate A to afford the pyridine-imine derivatives 2a-d

and then coupling of these expected pyridine derivatives

(Scheme 1) with arene diazonium salts followed by cy-

clization of the products to afford pyrido[3,2-c]pyrida-

zine derivatives.

RESULTS AND DISCUSSION

Thus 2-(1-phenyl-ethylidene)-malononitrile derivative

1a (obtained from the condensation of acetophenone

with malononitrile according to the literature method)

[19] was refluxed in ethanol catalyzed by sodium ethox-

ide and we could isolate an analytically pure product

with mp 202�C and in quantitative yield. The mass

spectrum of this obtained product showed a molecular

ion peak at m/z ¼ 336; which points out to a dimer of

1a. Theoretically different possible structures can be

assumed for this dimmer, however, based on the spectral

data it was thought that we have obtained the pyridine-

imine derivative 2a (Scheme 1). The 1H NMR spectrum

of this product revealed signals at d 1.74 (s, 3H,) assign-

able to one methyl group, 3.33 (d, 1H; J ¼ 18.6 Hz),

3.75 (d, 1H; J ¼ 18.6 Hz) assignable to two chemically

nonequivalent protons of a methylene group and

VC 2010 HeteroCorporation
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aromatic multiplet (10H) at 7.29–7.56 beside an

exchangeable singlet (1H) at d 8.55 ppm assignable to

NH. These 1H NMR data seemed applicable to a struc-

ture like 2a. However the 13C NMR spectrum of this

reaction product revealed 18 signals at dC ¼ 28.3 (q);

44.02 (t); 49.45 (s), 56.94 (s); 101.03 (s); 113.68 (s);

114.86 (s); 115.42 (s); [124.81 (d), 127.51 (d), 128.15

(d), 128.64 (d), 128.85 (d), 132.04 (d), 135.41 (s),

142.73 (s) phenyl carbons], 157.73 (s), 168.85 (s). (cf.
Scheme 1 and Experimental section). These 13C NMR

values are not completely applicable to structure 2a.

Furthermore, when this product was allowed to couple

with the diazotized aromatic amines 4a-d (aniline,

p-chloroaniline, p-toluidine and p-anisidine) it afforded

highly colored hydrazo derivatives analyzed correctly as

derivatives of 2a; however, trials to cyclize these

hydrazo derivatives into the expected pyrido[3,2-c]pyrid-

azine derivatives failed under the different conditions

reported to effect such cyclizations[14,20]. This behav-

ior led us to the fact that the hydrazo group is not in the

vicinity of the cyano group and the structure is not 2a.

Thus it was mandatory to have an X-ray crystallo-

graphic picture of this compound. Fortunately, we could

obtain this X-ray [21,22] (Fig. 1). It shows clearly that

the cyano groups are located far away from the hydrazo

groups attached to the active methylene and that the

methyl and one phenyl group are attached to the same

carbon (C-2). The X-ray picture shows also that the

structure appears with one molecule of ethyl acetate; the

crystallization solvent. Thus structure 3a was unambigu-

ously established for this product (Scheme 1). All spec-

tral and analytical data are now completely applicable to

this structure and also those of the hydrazo derivatives

5a-d (cf. Schemes 1 and 2 and the Experimental section).

It is assumed that the ethoxide anion abstracts one

proton from 1 to afford the anion B, which is electroni-

cally rearranged to the keteneimine C. This latter attacks

another molecule of 1 at the C¼¼C to afford D, which

undergoes rearrangement with migration of the malonyl

anion to the C¼¼N to afford E. Such rearrangement in

the keteneimine series are known in the literature [23].

The intermediate E undergoes cyclization and regains

its lost proton to afford the final isolable product 3a.

The cyclization of alkylidenemalononitriles under Mi-

chael reaction conditions is reported also to afford pyri-

dine derivatives [24].

The ethylidenemalononitrile derivatives 1b-d

(obtained from the condensation of the corresponding

aryl methyl ketone with malononitrile according to liter-

ature method) [19] followed the same pathway under

the same reaction conditions, and we could obtain the

pyridine derivatives 3b-d, respectively (Scheme 1). All

analytical and spectral data are in complete agreement

with their proposed structures (cf. Experimental).

It is worth to mention that this dimerization of 1 to

give 3 could be catalyzed by aqueous NaOH in ethanol,

aqueous Na2CO3 in ethanol, or NaOEt in ethanol. All

these led to the same product in each case however the

maximum yields and the cleanest products were

achieved with NaOEt.

Although the obtained products are not the same

which we expected, however these products were found

Scheme 1. Preparation of compounds 3a-d.
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suitable also to fulfill our objective. Recently pyrazoles

were found to be potentially biologically active com-

pounds [25–27]. Also naphthyridine derivatives repre-

sent an important class of heterocyclic compounds due

to their marked wide range of biological activities, such

as anticonvulsant, antibacterial, anticancer, insecticidal,

and fungicidal effects [28–31]. Thus, in continuation

with our interest in naphthyridine synthesis [32], we

describe here the synthesis of some novel fused naph-

thyridine derivatives.

Thus compound 3a reacts with hydrazine hydrate and

phenyl hydrazine 6a,b to afford the pyrazolo-naphthyri-

dine derivatives 7a,b, respectively.

Compound 3a reacts also with the urea derivatives

8a,b to afford the pyrimido-naphthyridine derivatives

9a,b, respectively. It is apparent that the hydrazines and

ureas undergo cycloaddition to the two gem cyano

groups with the aid of the labile hydrogen of the pyri-

dine NH followed by further addition of the resulting

NH2 to the 5-cyano group.

The IR spectra of compounds 7a,b and 9a,b are all

void of any cyano absorption bands at the region of

tmax¼ 1980–2240 cm�1. All spectral and analytical data

are in complete agreement with these structures (cf.
Experimental).

CONCLUSION

We could prepare some novel heterocyclic derivatives

of biological interest. All the reactions were carried out

using simple and clean eco-friendly synthetic methods.

No heavy metals or hazardous solvents are involved:

just ethanol, DMF, or water as solvents, sodium salts

are used as a catalyst.

EXPERIMENTAL

Melting points were determined on an electrothermal (9100)
apparatus and are uncorrected. IR spectra were recorded as
KBr pellets on a Perkin Elmer 1430 spectrophotometer. The
1H NMR and 13C NMR spectra were taken on a Varian Gem-

ini 300 MHz spectrometer in DMSO-d6 using TMS as internal
standard and chemical shifts are expressed in d (ppm) values.
Mass spectra were taken on a Shimadzu GCMS-GB 1000 PX
(70 eV). Elemental analyses were carried out by the Microana-
lytical Center at Cairo University. The X-ray crystallography

was carried out in the Institute of Organic Chemistry, Techni-
cal University of Dresden, Germany.

Scheme 2. Preparation of compounds 5, 7, and 9.

Figure 1. X-ray crystallographic structure of compound 3a [21,22].
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The dimerization of 2-(1-aryl-ethylidene)-malononitrile

derivatives 1a-d: [Preparation of 3a-d]. To a solution of
each of 1a-d (10 mmol) in 15 mL of absolute ethanol was

added 2 mL of saturated sodium ethoxide solution (obtained
by dissolving 0.1 g of sodium metal in the least amount of
absolute ethanol). The reaction mixture was refluxed on a
water bath for 1 h, then left to cool to room temperature and
poured on ice cold water and acidified with drops of conc.

HCl till just neutral. The precipitated solids were collected by
filtration, washed with water, dried, and recrystallized to afford
3a-d, respectively.

2-(3-Cyano-6-methyl-4,6-diphenyl-5,6-dihydropyridin-2(1H)-
ylidene)-malononitrile 3a. Yellow crystals; yield (3.26 g;

96%), mp: 201–203�C (EtOH/DMF). IR: tmax (cm�1) 3445 &
3260 (NH), 2213, 2214, 2217 (3CN). MS, m/z ¼ 336 [Mþ];
dH: 1.74 (s, 3H, CH3), 3.33 (d, 1H; J ¼ 18.6 Hz), 3.75 (d, 1H;
J ¼ 18.6 Hz), 7.29–7.56 (m, 10H, 2Ph), 8.55 (s, 1H D2O
exchangeable, NH). dC ¼ 28.3 (q); 44.02 (t); 49.45 (s), 56.94

(s); 101.03 (s); 113.68 (s); 114.86 (s); 115.42 (s); [124.81 (d),
127.51 (d), 128.15 (d), 128.64 (d), 128.85 (d), 132.04 (d),
135.41 (s), 142.73 (s) phenyl carbons], 157.73 (s), 168.85 (s).

X-ray crystallographic data [21,22]: Yellow crystals,

C22H16N4*C4H8O2 (Mr ¼ 424.49 g mol�1), monoclinic, space
group P21/n (No. 14), a [Å] ¼ 10.637(2), b [Å] ¼ 19.286(4),
c[Å] ¼ 12.072(2), a[�] ¼ 90.00, b[�] ¼ 113.27(3), c[�] ¼
90.00; V[Å3] ¼ 2282.8(9), Z ¼ 4, Dcalc ¼ 1.235 g cm�3,
F(000) ¼ 896 e, l(Mo Ka) ¼ 0.080 cm�1; the final difference

Fourier q ¼ 0.45 (�0.39) e Å�3.crystal size ¼ 0.35 mm �
0.13 mm � 0.07 mm. Max. resolution [sin y/kmax] ¼ 0.61 Å�1/
99.8%. Data were collected using a Bruker Nonius area detec-
tor at T[�C]¼�75(2), with graphite monochromator with Mo
Ka radiation (k ¼ 0.71073 Å) using the CCD data collection

and SADABS absorption correction method; min. 85.1%; max
99.4%. Total No. of reflections are 57431, No. of independent
reflections 4201 were counted with observed reflections 2726.
No. of refined parameters 312/10 restrains. Rav¼ 0.099. The
final R¼ 0.067 and RW

2 ¼ 0.177 with error of fit 1.048.

Anal. Calcd. for C22H16N4 (336.39): C 78.55, H 4.79, N
16.66. Found: C 78.50, H 4.90, N 16.80.

2-[3-Cyano-4,6-bis-(4-chlorophenyl)-6-methyl-5,6-dihydro-
pyridin-2(1H)-ylidene]-malononitrile 3b. Deep green powder;
yield (3.93 g; 97%), mp: 158–160�C (EtOH). IR: tmax (cm�1)

3442 & 3230 (NH), 2211–2117 (3CN). dH: 1.72 (s, 3H, CH3),
3.38 (d, 1H; J ¼ 18.5 Hz), 3.74 (d, 1H; J ¼ 18.5 Hz), 7.33–
7.63 (m, 8H, Ar. H), 9.71 (s, 1H D2O exchangeable, NH).

Anal. Calcd. for C22H14 Cl2N4 (405.28): C 65.20, H 3.48,

Cl 17.50, N 13.82. Found: C 65.35, H 3.55, Cl 17.80, N 13.90.
2-[3-Cyano-4,6-bis-(4-methylphenyl)-6-methyl-5,6-dihydro-

pyridin-2(1H)-ylidene]- malononitrile 3c. Brown powder; yield
(3.20 g; 88%), mp: 169–172�C (EtOH). IR: tmax (cm�1) 3442
& 3230 (NH), 2218–2224 (3CN). MS, m/z¼ 364 [Mþ]; dH:
1.74 (s, 3H, CH3), 2.29 (s, 3H, CH3), 2.34 (s, 3H, CH3), 3.26
(d, 1H, J ¼ 18.6 Hz), 3.36 (d, 1H; J ¼ 18 Hz), 7.05–7.42 (m,
8H, Ar. H), 9.65 (s, 1H D2O exchangeable, NH).

Anal. Calcd. for C24H20N4 (364.44): C 79.10, H 5.53, N
15.37. Found C 79.25, H 5.55, N 15.60.

2-[3-Cyano-4,6-bis-(4-methoxyphenyl)-6-methyl-5,6-dihydro-
pyridin-2(1H)-ylidene]-malononitrile 3d. Coffee brown pow-
der; yield (3.72 g; 94%), mp: 181–183�C (EtOH). IR: tmax

(cm�1) 3443 & 3232 (NH), 2215–2226 (3CN). MS, m/z¼ 397
[Mþþ1]; dH: 1.70 (s, 3H, CH3), 3.29 (d, 1H, J ¼ 18.6 Hz),

3.37 (s, 1H, J ¼ 18.6 Hz), 3.65 (s, 3H, CH3), 3.74 (s, 3H,
CH3), 7.24–7.44 (m, 8H, Ar. H), 9.66 (s, 1H D2O exchange-
able, NH).

Anal. Calcd. for C24H20N4O2 (396.44): C 72.71, H 5.08, N
14.13. Found: C 72.75, H 5.15, N 14.20.

Azo coupling of 3a with arene diazonium chloride deriv-

atives 4a-d. Arene diazonium salts 4a-d (0.01 mol) were
freshly prepared by adding a solution of 0.01 mol of sodium
nitrite in 5 mL H2O to a cold solution of the hydrochloride
(0.01 mol) of the respective aryl amine: (aniline, p-chloroani-
line, p-toluidine, or p-anisidine, respectively, in 5 mL conc.
HCl) with stirring. The resulting solutions of the aryl diazo-
nium salts were added to a cold solution of 3a (0.01 mol), in
ethanol (35 mL) containing sodium acetate (2 g). The reaction
mixture was stirred at room temperature for 1 h in each case

and the solid products, so formed, were collected by filtration
and recrystallized from ethanol/DMF.

2-(3-Cyano-6-methyl-4,6-diphenyl-5-(2-phenylhydrazono)-5,6-
dihydropyridin-2(1H)-ylidene)-malononitrile 5a. Reddish brown

powder; yield (3.78 g; 85 %), mp: 195–197�C (EtOH/DMF).
IR: tmax (cm�1) 3372, 3307 and 3229 (NH), 2207–2215 (CN).
MS, m/z ¼ 441 [Mþþ1]; dH: 1.94 (s, 3H, CH3), 6.89–7.54 (m,
15H, Ar. H), 9.51 (s, 1H D2O exchangeable, NH), 10.02 (s,
1H, D2O exchangeable, hydrazone NH).

Anal. Calcd. for C28H20N6 (440.50): C 76.35, H 4.58, N
19.08. Found: C 76.40, H 4.55, N 19.05.

2-(5-(2-(4-Chlorophenyl)-hydrazono)-3-cyano-6-methyl-4,6-
diphenyl-5,6-dihydropyridin-2(1H)-ylidene)-malononitrile 5b.
Dark red crystals; yield (4 g; 86%), mp: 234–235�C (EtOH/

DMF). IR: tmax (cm�1) 3338, 3290, and 3231 (NH), 2208–
2217 (CN). dH: 1.98 (s, 3H, CH3), 6.49–7.72 (m, 14H, Ar. H),
9.63 (s, 1H D2O exchangeable, NH), 10.07 (s, 1H, D2O
exchangeable, hydrazone NH).

Anal. Calcd. for C28H19ClN6 (474.94): C 70.81, H 4.03, Cl

7.46, N 17.69. Found: C 70.85, H 4.13, Cl 7.56, N 17.60.
2-[3-Cyano-6-methyl-4,6-diphenyl-5-(2-(4-tolyl-hydrazono))-

5,6-dihydropyridin-2(1H)-ylidene]-malononitrile 5c. Brown
crystals; yield (3.77 g; 83%), mp: 225–227�C (EtOH/DMF).

IR: tmax (cm
�1) 3336, 3291, and 3233 (NH), 2205–2216 (CN).

dH: 1.93 (s, 3H, CH3), 2.34 (s, 3H, CH3), 6.86–7.73 (m, 14H,
Ar. H), 9.65 (s, 1H D2O exchangeable, NH), 10.05 (s, 1H,
D2O exchangeable, hydrazone NH).

Anal. Calcd. for C29H22N6 (454.53): C 76.63, H 4.88, N

18.49. Found: C 76.65, H 4.90, N 18.55.
2-[3-Cyano-6-methyl-4,6-diphenyl-5-(2-(4-methoxyphenyl)-

hydrazono)-5,6-dihydropyridin-2(1H)-ylidene]-malononitrile
5d. Light brown crystals; yield (3.99 g; 85%), mp: 237–239�C
(EtOH/DMF). IR: tmax (cm�1) 3335, 3292, and 3232 (NH),

2208 & 2219 (CN). dH: 1.89 (s, 3H, CH3), 3.69 (s, 3H, CH3),
6.95–7.50 (m, 14H, Ar. H), 9.66 (s, 1H D2O exchangeable,
NH), 10.02 (s, 1H, D2O exchangeable, hydrazone NH).

Anal. Calcd. for C29H22N6O (470.52): C 74.03, H 4.71, N
17.86. Found: C 74.10, H 4.76, N 17.92.

The reaction of 3a with hydrazine hydrate and phenyl

hydrazine 6a,b. To a solution of 3a (0.01 mol) in ethanol (20
mL) was added 0.01 mol of either hydrazine hydrate 6a or
phenyl hydrazine 6b. The reaction mixture was refluxed for 2h

in each case, left overnight. The reaction mixture was then
poured on ice cold water and acidified with dil. HCl till just
neutral. The precipitated solids were filtered off and recrystal-
lized from ethanol.
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2-Methyl-2,4-diphenyl-3,8-dihydro-2H-pyrazolo[3,4-h][1,6]
naphthyridine-5,9-diamine 7a. Yellow crystals; yield (2.9 g;
80%), mp: 120–122�C (EtOH). IR: tmax (cm�1) 3330, 3286–

3231 (NH & NH2). MS, m/z ¼ 368 [Mþ]; dH: 1.89 (s, 3H,
CH3), 3.32 (d, 1H; J ¼ 18.65 Hz), 3.45 (d, 1H; J ¼ 18.65
Hz), 6.60 (br. s, 4H, 2NH2), 7.15–7.56 (m, 10H, 2Ph), 11.65
(s, 1H D2O exchangeable, NH).

Anal. Calcd. for C22H20N6 (368.43): C 71.72, H 5.47, N

22.81. Found: C 71.75, H 5.52, N 22.87.
2-Methyl-2,4,8-triphenyl-3,8-dihydro-2H-pyrazolo[3,4-h][1,6]

naphthyridine-5,9-diamine 7b. Yellow crystals; yield (3.46 g;
78%), mp: 128–129�C (EtOH). IR: tmax (cm�1) 3333, 3285
(NH2). MS, m/z ¼ 444 [Mþ]; dH: 1.76 (s, 3H, CH3), 3.22 (d,

1H; J ¼ 18.65 Hz), 3.46 (d, 1H; J ¼ 18.65 Hz), 6.56 (br. s,
4H, 2NH2), 6.75–7.55 (m, 15H, 3Ph).

Anal. Calcd. for C28H24N6 (444.53): C 75.65, H 5.44, N
18.91. Found: C 75.68, H 5.50, N 19.03.

The reaction of 3a with urea and thiourea 8a,b. To a so-

lution of 3a (0.01 mol) in ethanol (20 mL) was added 0.01
mol of either urea 8a or thiourea 8b followed by few drops of
triethylamine. The reaction mixture was refluxed for 2 h in
each case and then left to cool overnight. The precipitated solids

were collected by filtration and recrystallized from ethanol/DMF.
5,10-Diamino-2-methyl-2,4-diphenyl-2,3-dihydropyrimido[4,5-

h][1,6]naphthyridin-8(1H)-one 9a. Yellow crystals; yield (3 g;
78%), mp: 147–149�C (EtOH/DMF). IR: tmax (cm�1) 3332,
3289, and 3230 (NH & NH2), 1667 (CO). MS, m/z ¼ 395

[Mþ-1]. dH: 1.74 (s, 3H, CH3), 3.32 (d, 1H; J ¼ 18.3 Hz),
3.75 (d, 1H; J ¼ 18.3 Hz), 7.29–7.57 (m, 14H, 2Phþ2NH2),
9.71 (s, 1H D2O exchangeable, NH).

Anal. Calcd. for C23H20N6O (396.44): C 69.68, H 5.08, N
21.20. Found: C 69.65, H 5.10, N 21.28.

5,10-Diamino-2-methyl-2,4-diphenyl-2,3-dihydropyrimido[4,5-
h][1,6]naphthyridine-8(1H)-thione 9b. Dark yellow crystals;
yield (3.2 g; 78%), mp: 160–162�C (EtOH/DMF). IR: tmax

(cm�1) 3335, 3291, and 3232 (NH & NH2). MS, m/z ¼ 412
[Mþ]. dH: 1.75 (s, 3H, CH3), 3.31 (d, 1H; J ¼ 18.32 Hz), 3.64

(d, 1H; J ¼ 18.32 Hz), 7.28–7.58 (m, 14H, 2Phþ2NH2), 9.66
(s, 1H D2O exchangeable, NH).

Anal. Calcd. for C23H20N6S (412.51): C 66.97, H 4.89, N
20.37, S 7.77. Found: C 67.05, H 4.95, N 20.42, S 7.92.

Acknowledgments. F. M. Abdelrazek thanks the Alexander
von Humboldt Foundation (Germany) for granting a research
fellowship July–August 2009; during this time, the X-ray crys-
tallographic, elemental, and spectral data of compound 3a

were made.

REFERENCES AND NOTES

[1] This work is abstracted in part from the PhD thesis of

Mrs. Nehal A. Sobhy.

[2] Miszke, A.; Foks, H.; Kedzia, A.; Kwapisz, E.; Zwolska, Z.

Heterocycles 2008, 75, 2251.

[3] Worbel, J.; Li, Z.; Dietrich, A.; McCaleb, M.; Mihan, B.;

Serdy, J.; Sullivan, D. J Med Chem 1998, 41, 1084.

[4] Robertson, R. M.; Robertson, D. In The Pharmacological

Basis of Therapeutics, Goodman and Gilman’s, 9th ed.; Gillman, A.

G., Eds.; Mc Graw-Hill Health Professions Divisions: New York,

1996; p 759.

[5] Mizuta, E.; Nishikawa, K.; Omura, K.; Oka, Y. Chem

Pharm Bull 1976, 24, 2078.

[6] Kuczynski, L.; Leonard, M.; Aleksander, A.; Banaszkie-

wicz, W.; Responds, S. Pol J Pharmacol Pharm 1983, 34, 223.

[7] Abdelrazek, F. M.; Salah El-Din, A. M.; Mekky, A. E.

Tetrahedron 2001, 57, 1813.

[8] Abdelrazek, F. M.; Salah El-Din, A. M.; Mekky, A. E. Tet-

rahedron 2001, 57, 6787.

[9] Abdelrazek, F. M.; Metwally, N. H. Afinidad 2003, 60,

554.

[10] Abdelrazek, F. M.; Metz, P.; Farrag, E. K. Arch Pharm

Pharm Med Chem (weinheim) 2004, 337, 482.

[11] Abdelrazek, F. M. Synth Commun 2005, 35, 2251.

[12] Abdelrazek, F. M.; Michael, F. A. J Heterocycl Chem 2006,

43, 7.

[13] Abdelrazek, F. M.; Metwally, N. H.; Synth Commun 2006,

36, 83.

[14] Abdelrazek, F. M.; Metz, P.; Metwally, N. H.; El-Mah-

rouky, S. F. Arch Pharm Chem life Sci (Weinheim) 2006, 339, 456.

[15] Abdelrazek, F. M.; Michael, F. A.; Mohamed, A. E. Arch

Pharm Chem life Sci (Weinheim) 2006, 339, 305.

[16] Abdelrazek, F. M.; Metz, P.; Kataeva, O.; Jaeger, A.; El-

Mahrouky, S. F. Arch Pharm Chem Life Sci (Weinheim) 2007, 340, 543.

[17] Abdelrazek, F. M.; Ghozlan, S. A.; Michael, F. A. J Hetero-

cycl Chem 2007, 44, 63.

[18] Abdelrazek, F. M.; Mohamed, A. M. Afinidad 2008, 65, 56.

[19] Wang, G.-W; Cheng, B. O. Arkivoc 2004, 9, 4.

[20] Abdelrazek, F. M.; Salah, A. M. Bull Chem Soc Jpn 1993,

66, 1722.

[21] Crystallographic data (excluding structure factors) for the

structure 2a reported in this article have been deposited with the Cam-

bridge Crystallographic Data Centre as supplementary publication no.

CCDC-744590. Copies of the data can be obtained free of charge on

application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [fax.:

(internat.) þ 441223/336–033; e-mail: deposit@ccdc.cam.ac.uk.

[22] Keller, E. SCHAKAL 99, A Computer Program for the

Graphic Representation of Molecular and Crystallographic Models;

Universität Freiburg, Germany, 1999.

[23] Barker, M. W.; McHenry, W. E.; In The Chemistry of

Ketenes, Allenes and Related Compounds; Patai, S. Ed.; John Wiley:

New York, 1980; p 702.

[24] Igarashi, M.; Nakano, Y.; Takezawa, K.; Watanabe, T.;

Sato, S. Synth Commun 1987, 68.

[25] Wang, A. X.; Qinghua, X.; Lane, B.; Mollison, K. W.;

Hsieh, G. C.; Marsh, K.; Sheets, M. P.; Luly, J. R.; Coghlan, M. J.

Bioorg Med Chem Lett 1998, 8, 2787.

[26] Kim, H. H.; Park, T. G.; Moon, T. C.; Chang, H. W.;

Jahng, Y. Arch Pharm Res 1999, 2, 372.

[27] Park, H.-J.; Lee, K.; Park, S-J.; Ahn, B.; Lee, J.-C.; Yeong,

H.; Lee, C. K.-I. Bioorg Med Chem Lett 2005, 15, 3307.

[28] Bellacova, A.; Seman, M.; Milata, V.; Llavsky, D.;

Ebringer, L. Folia Microbiol (Praha) 1997, 42, 193.

[29] Bachowska, B.; Zujewska, T. Aust J Chem 2001, 54,

105.

[30] Bachowska, B.; Zujewska, T. Arkivoc 2001, 6, 77.

[31] Matsuda, T.; Yamagata, K.; Tomioka, Y.; Yamazaki, M.

Chem pharm Bull 1985, 33, 937.

[32] Abdelrazek, F. M.; Michael, F. A. Afinidad 2006, 63, 229.

388 Vol 47F. M. Abdelrazek, N. H. Metwally, N. A. Kassab, N. A. Sobhy, P. Metz, and A. Jaeger

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



Tandem Michael Addition/Imino-Nitrile Cyclization Synthesis of
2-Amino-6-(1-aryl-5-methyl-1H-1,2,3-triazol-4yl)-4-phenylpyri-

dine-3-carbonitrile

Heng-Shan Dong,* Hui-Cheng Wang, Zhong-Lian Gao, Rong-Shan Li,

and Fu-Hong Cui

State Key Laboratory of Applied Organic Chemistry, Institute of Organic Chemistry,

College of Chemistry and Chemical Engineering, Lanzhou University, Lanzhou, Gansu 730000,

People’s Republic of China

*E-mail: donghengshan@lzu.edu.cn

Received April 9, 2009

DOI 10.1002/jhet.336

Published online 4 March 2010 in Wiley InterScience (www.interscience.wiley.com).

Several 2–amino-6-(1-aryl-5-methyl-1H-1,2,3-triazol-4-yl)-4-phenylpyridine-3-carbonitrile have been
synthesized by Tandem Michael addition/imino-nitrile cyclization and the structures of these
compounds were established by MS, IR, CHN, and 1H NMR spectral data. The crystal structure of

2-amino-6-[1-(4-methoxyphenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-4-phenylpyridine-3-carbonitrile was
established by X-ray diffraction.

J. Heterocyclic Chem., 47, 389 (2010).

INTRODUCTION

The pyridine ring is one of the most well-known sys-

tems among the naturally occurring heterocycles [1]. Pyr-

idine and fused pyridine moieties was shown in numerous

natural products such as quinoline and isoquinoline alka-

loids [2], and nicotine and its analogs [3], 2-aminopyri-

dines are promising substituted pyridines which have

been shown to be biologically active molecules [4]. Addi-

tionally, because of their chelating abilities, 2-aminopyri-

dines are commonly used as ligands in inorganic and

organometallic chemistry [5]. If substituted with optically

active groups, they could potentially serve for chiral aux-

iliaries or chiral ligands in asymmetric reactions. For this

reaction, 2-aminopyridine derivatives are valuable syn-

thetic target compounds. The synthesis of 2-aminopyri-

dine derivatives has been extensively reviewed [4–10]. In

addition there have been some reports concerning biolog-

ical interest for 1,2,3-triazole nucleus have been reported

as antibacterial [11], antifungal [12], antiviral [13], anti-

inflammatory and analgesic [14] and 1,2,3-triazole deriva-

tives have been synthesized to inhibit tumor proliferation,

invasion, and metastasis [15]. However, there is a little

data describing compounds containing the two heterocy-

clic moieties, thiazoline and 1,2,3-triazole. Interest in this

class of compounds prompted the synthesis, several new

2-amino-6-(1-aryl-5-methyl-1H-1,2,3-triazol-4-yl)-4-phe-
nylpyridine-3-carbonitrile have been synthesized by Tan-

dem Michael addition/amino-nitrile cyclization.

RESULTS AND DISCUSSION

The some new 2-amino-6-(1-aryl-5-methyl-1H-1,2,3-
triazol-4yl)-4-phenylpyridine-3-carbonitrile (3a–j) have

been synthesized by Tandem Michael addition/imino-

nitrile cyclization [16] with (E)-1-(1-aryl-5-methyl-1H-
1,2,3-triazol-4-yl)-3-phenylprop-2-en-1-one from 1-(1-

aryl-5-methyl-1H-1,2,3-triazol-4-yl)-ethanone derivatives

(Scheme 1).

Our own interest in the development of new 2–amino-6-

(1-aryl-5-methyl-1H-1,2,3-triazol-4-yl)-4-phenylpyridine-
3-carbonitrile derivatives and in extending this type of tan-

dem reaction prompted us to examine potential applications

and generalizations to the synthesis of substituted pyridine.

The reactivity of (E)-1-(1-aryl-5-methyl-1H-1,2,3-triazol-
4-yl)-3-phenylprop-2-en-1-one would be regarded particu-

larly closely during the cyclization step to shed further light

on the course of this short transformation and, also, to gain

further insight into the mechanistic aspects of this tandem

reaction.
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Identified as a cyano compound showing IR absorption at

2207–2213 cm�1 and amino at 3436–3494, 3353–3374

cm�1 of 3a–j, as a carbonyl compound showing strong IR

absorption at 1679–1683 cm�1 of 1a–j and 1659–1666 cm�1

of 2a–j. 1H NMR ACOACH3 peak at 2.694–2.778 ppm of

1a–j and showing 1H NMR dual peak 8.057–8.173

ppm, 7.809–8.076 ppm, J ¼ 15.6–15.9 Hz of 2a–j but it

is disappearance in compounds 3a–j (Scheme 2).

Compound 2-amino-6-[1-(4-methoxyphenyl)-5-

methyl-1H-1,2,3-triazol-4-yl]-4-phenylpyridine-3-car-

bonitrile. This consists of a substituted triazolyl ring

and a phenyl ring is not planar (torsion angles is shown

for dihedral angle of CtriazolylANtriazolylACphenylACphenyl

is 48.6(4)� by the hindering of triazole ring C9ACH3 and

benzene ring C2AH or C6AH, and so dihedral angle of

CpyridylACpyridylACphenylACphenyl is 38.3(4)
� in stable con-

formation of the crystal). The substituted triazolyl ring and

substituted pyridyl ring is an approximation planar (torsion

angles is shown for dihedral angle of NtriazolylACtriazo-

lylACpyridylANpyridyl is 176.5(3)
�) by the p–p conjugation

of triazole ring p bond and pyridine ring p bond,

C10AC11 bond 1.475 Å is shorter than nonconjugation

Csp2-Csp2 bond C13AC17 1.484 Å (Fig. 1; Table 1).

On pyridine ring, the p-p conjugation was indicated

between amino N5 and ring C15, N5AC15 length is

1.343(4) Å, C15AN5AH, HAN5AH angle is 120�, di-
hedral angle of C11AN4AC15AN5 is 179.4�, dihedral
angle of N5AC15AC14AC13 is 178.2�, N5 is came

under the action of sp2 hybridized.

On pyridine ring, 2-amino has two NAH bond and two

intermolecular hydrogen bonds as the superamolecular

structure in the crystal. The intermolecular O01���H5A-N5
hydrogen-bond between the O1 atoms of the CH3O group

and N5AH, intermolecular N06���H5AAN5 hydrogen

bond between the N atoms of the CN group and N5AH

was given (Fig. 2; Table 2). The orderly range of the

structure forms stratification polymer in the crystal. The

intermolecular hydrogen bond connects the translated

molecules into an infinite chain on a layer.

Scheme 1

Scheme 2
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EXPERIMENTAL

All melting points were determined on an XT4-100� micro-
scopic melting point apparatus and are uncorrected. Mass spec-
trum was performed on a ESQ6K esquire6000 spectrometer
(3a–j) and HP-5988A (2a–j) spectrometer (EI at 70 eV). IR
spectra were obtained in KBr discus using a Nicolet NEXUS

670 FTIR spectrometer. 1H NMR spectroscopy (CDCl3) was
recorded on Avance Mercury plus-300 with TMS as an inter-
nal standard. Elemental analyses were carried out on a Yanaco
CHN Corder MT-3 analyzer.

General procedure for the preparation of 1-(1-aryl-5-

methyl-1H-1,2,3-triazol-4-yl)-ethanone derivatives (1a–j). 1-
(1-Aryl-5-methyl-1H-1,2,3-triazol-4-yl)-ethanone 1a–j was pre-
pared following condensation methods of 1-azido-4-methylben-
zene [17] with pentane-2,4-dione. A cold solution of sodium

methanolate (0.23 mol, in 120 mL absolute methanol) was
added to the mixture of pentane-2,4-dione (17 mL, 0.165 mol)
and 1-azido-4-methylbenzene (about 0.15 mol) and stirred for
1 h at 0–5�C. Then the mixture was heated under reflux on an
oil-bath for 10 h. Finally the mixture was neutralized with

concentrated hydrochloric acid. 1-(1-Aryl-5-methyl-1H-1,2,3-
triazol-4-yl)ethanone 1a–j was separated and crystallized from

methanol.
1-(5-Methyl-1-p-tolyl-1H-1,2,3-triazol-4-yl) ethanone

(1a). Yield: 52.6%; buff crystals; mp: 105–107�C (Lit 106–

107�C); 1H NMR: 7.360–7.384(d, 2H, J ¼ 7.2 Hz, Ar-2,6),

7.306–7.333(d, 2H, J ¼ 8.1 Hz, Ar-3,5), 2.757(s, 3H,

CH3CO), 2.573(s, 3H, TRZ-CH3), 2.468(s, 3H, ArACH3); MS:

215(Mþ,19); CA 194478-14-3 [17].

1-(5-Methyl-1-phenyl-1H-1,2,3-triazol-4-yl)ethanone (1b). Yield:
58.5%; buff crystals; mp: 99–100�C (Lit 108�C); 1H NMR:

7.552–7.578(m, 3H, J ¼ 7.8 Hz, Ar-3,4,5), 7.408–7.432(m,

2H, J ¼ 7.2 Hz, Ar-2,6), 2.729(s, 3H, CH3CO), 2,571(s, 3H,

TRZ-CH3); MS: 201(Mþ, 13) CA 51118-32-2 [18].

1-[1-(4-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]etha-
none (1c). Yield: 53.2%; white crystals; mp: 108–110�C (Lit

119�C); 1H NMR: 7.546–7.564(d, 2H, J ¼ 5.4 Hz, Ar-2, 6),

7.399–7.429(d, 2H, J ¼ 9.0 Hz, Ar-3,5), 2.757(s, 3H,

CH3CO), 2.599(s, 3H, TRZ-CH3); MS: 235(Mþ, 4). Found: C,
56.47; H, 4.42; N, 17.57 CA 33821-38-4 [18].

Figure 1. A PLATON (Spek, 2001) view of the molecular structure of (I), the asymmetric unit showing 50% probability displacement ellipsoids.

[Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

Table 1

Selected geometric parameters (Å, �).

Atom-atom Bond (Å, �) Atom-atom Bond (Å, �)

C10AC11 1.475 (4) C15AN5 1.343 (4)

C13AC17 1.484 (4)

C15AN5AH5A 120.0 H5AAN5AH5B 120.0

C15AN5AH5B 120.0

N3AC10AC11AN4 �176.5 (3) C2AC1AN1AC9 �48.6 (4)

C13AC14AC15AN5 �178.2 (3) N5AC15AN4AC11 �179.4 (3)

C12AC13AC17AC22 �38.3 (4)
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1-[1-(2,5-Dichlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]
ethanone (1d). Yield: 54.9%; white crystals; mp: 100–102�C;
IR: 3458, 3356, 3098(ACH3), 1895, 1682(C¼¼O), 1557,
1487(Ar), 1395, 1360, 1280, 1231, 1092, 955(NAN¼¼N), 877,
810(ArAH), 680; 1H NMR: 7.534–7.545(d, 2H, J ¼ 3.3 Hz,
Ar-3,4), 7.448(s, 1H, Ar-6), 2.735(s, 3H, CH3CO), 2.451(s,
3H, TRZ-CH3); MS: 269(Mþ, 3), 241(1), 226(4), 199(11),

186(3), 172(3), 145(9), 109(14), 74(10), 43(100); Anal. Calcd.
for C11H9Cl2N3O: C, 48.91; H, 3.36; N, 15.56; Found: C,
48.67; H, 3.21; N, 15.86 CA 668471-36-1.

1-[1-(3-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]etha-
none (1e). Yield: 57.5%; white crystals; mp: 78–80�C; IR:

3422, 3334, 3061(ACH3), 1896, 1679(C¼¼O), 1554, 1489(Ar),
1436, 1413, 1370, 1290, 1240, 1084, 955(NAN¼¼N), 869,
792(Ar-H), 683; 1H NMR: 7.503–7.528(m, 3H, J ¼ 7.5 Hz,
Ar-4,5,6), 7.325–7.354(s, 1H, J ¼ 8.7 Hz, Ar-2), 2.733(s, 3H,
CH3CO), 2.598(s, 3H, TRZ-CH3); MS: 235(Mþ,3), 207(1),

192(4), 178(1), 164(16), 130(3), 111(20), 75(33), 65(1),
43(100); Anal. Calcd. for C11H10ClN3O: C, 56.06; H, 4.28; N,
17.83; Found: C, 56.53; H, 4.33; N, 17.67 CA 1017399-61-9.

1-[1-(2-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]etha-
none (1f). Yield: 58.5%; buff crystals; mp: 92–94�C; IR:
3441, 3344, 3069(ACH3), 1936, 1681(C¼¼O), 1552, 1489(Ar),
1420, 1365, 1282, 1216, 1080, 951(NAN¼¼N), 764(Ar-H),
654; 1H NMR: 7.374–7.606(m, 4H, Ar-3,4,5,6), 2.753(s, 3H,
CH3CO), 2.428(s, 3H, TRZ-CH3); MS: 235(Mþ,9), 207(2),

192(15), 178(2), 164(35), 130(5), 111(32), 75(49), 65(1),
43(100); Anal. Calcd. for C11H10ClN3O: C, 56.06; H, 4.28; N,
17.83; Found: C, 56.47; H, 4.39; N, 17.57 CA 1017471-30-5.

1-[1-(4-Bromophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]etha-
none (1g). Yield: 64.2%; yellow crystals; mp: 108–110�C (Lit

120�C); 1H NMR: 7,720–7.751(d, 2H, J ¼ 9.3 Hz, Ar-2,6),
7.364–7.396(d, 2H, J ¼ 9.6 Hz, Ar-3,5), 2.739(s, 3H,
CH3CO), 2.601(s, 3H, TRZ-CH3); MS: 279(Mþ,3). Found: C,
47.46; H, 3.24; N, 15.31 CA 33722-11-1 [18].

1-[5-Menthyl-1-(naphthalene-2-yl)-1H-1,2,3-triazol-4-yl]
ethanone (1h). Yield: 73.8%; buff crystals; mp: 146–148�C;

IR: 3429, 3346, 3057(ACH3), 1927, 1681(C¼¼O), 1598,
1557(Ar), 1420, 1363, 1272, 1215, 1079, 951(NAN¼¼N), 865,
826(Ar-H), 755; 1H NMR: 7.896–8.038(m, 4H, Ar-1,4,5,8),
7.501–7.624(m, 3H, Ar-3,6,7), 2.778(s, 3H, CH3CO), 2.642(s,

3H, TRZ-CH3); MS: 251(Mþ, 17), 222(3), 208(9), 194(3),
180(61), 153(14), 127(63), 101(12), 77(22), 63(10), 51(13),
43(100); Anal. Calcd. for C15H13N2O: C, 71.70; H, 5.21; N,
16.72; Found: C, 71.57; H, 5.45; N, 16.56.

1-[1-(3-Bromophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]etha-
none (1i). Yield:59.8%; white crystals; mp: 102–104�C; IR:
3444, 3348, 3073(ACH3), 1683(C¼¼O), 1554, 1494(Ar), 1420,
1365, 1282, 1219, 1066, 1029, 952(NAN¼¼N), 765(Ar-H),
671; 1H NMR: 7.790(s, 1H, Ar-2), 7.505–7.528(m, 3H,Ar-

4,5,6), 2.728(s, 3H, CH3CO), 2.452(s, 3H, TRZ-CH3); MS:
279(Mþ, 5), 251(1), 236(7), 211(13), 196(4), 182(3), 157(18),
144(7), 102(8), 75(25), 63(9), 50(22), 43(100); Anal. Calcd.
for C11H10BrN3O: C, 47.16; H, 3.60; N, 15.00; Found: C,
47.36; H, 3.19; N, 15.13.

1-[1-(4-Menthoxyphenyl)-5-methyl-1H-1,2,3-triazol-4-yl]
ethanone (1j). Yield: 58.4%; buff crystals; mp: 117–119�C
(Lit 120�C); 1H NMR: 7.299–7.329(d, 2H, J ¼ 9.0 Hz, Ar-
2,6), 7.012–7.032(d, 2H, J ¼ 6.0 Hz, Ar-3,5), 3.837(s, 3H,

Figure 2. A PLATON (Spek, 2001) view of the hydrogen-bonded motif of the superamolecular structure. Hydrogen bonds are shown as dashed

lines (Symmetry codes: (i) �x þ 1, �y þ 1, �z; (ii) �x, �y, �z). [Color figure can be viewed in the online issue, which is available at

www.interscience.wiley.com.]

Table 2

Hydrogen-bond geometry (Å, �).

DAH���A DAH H���A D���A DAH���A
N50AH50A���O1a 0.86 2.25 3.023 (5) 150

N50AH50B���N6b 0.86 2.30 3.119 (5) 159

N5AH5A���O10a 0.86 2.42 3.200 (4) 151

N5AH5B���N60b 0.86 2.22 3.039 (5) 160

Symmetry codes:
a�x þ 1, �y þ 1, �z.
b�x, �y, �z.
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CH3O), 2.694(s, 3H, CH3CO), 2.501(s, 3H, TRZ-CH3); MS:
231(Mþ, 13) CA 1017399-41-5 [18].

General procedure for the preparation of (E)-1-(1-aryl-5-
methyl-1H-1,2,3-triazol-4-yl)-3-phenylprop-2-en-1-one

derivatives (2a–j) [19]. A mixture of the aromatic aldehyde

(12 mmol) and compound 1a–j (10mmol) dissolved in ethanol
(70 mL) was added slowly to an aqueous solution of potassium
hydroxide (12.8 mmol) in water (10 mL). The reaction mixture
was stirred in crushed-ice bath for 2 h, stirred at 20–25�C for
4 h. The mixture was filtrated and the solid was washed with

cold water and cold alcohol. The product was crystallized
from ethanol to give 2a–j. All products were new compounds.

(E)-1-(5-Methyl-1-p-tolyl-1H-1,2,3-triazol-4-yl)-3-phenylprop-
2-en-1-one (2a). Yield: 92.5%; white crystals; mp: 178–180�C;
IR:1664(C¼¼O), 1611(C¼¼C), 1034, 1074, 1110, 997,

979(NAN¼¼N), 899, 855, 838(Ar-H), 815, 789, 684(Ar-H); 1H

NMR: 8.080–8.132 (d, 1H, J ¼ 15.6 Hz, CH¼¼CACO), 7.809–

7.862(d, 1H, J ¼ 15.6 Hz, C¼¼CHACO), 7.721–7.434(m, 2H,

Ph-3,5), 7.417–7.434(m, 3H, Ph-2,4,6), 7.376–7.405(d, 2H, J
¼ 8.7 Hz, Ar-2,6), 7.339–7.368(d, 2H, J ¼ 8.7 Hz, Ar-3,5),

2.666(s, 3H, TRZ-CH3), 2.479(s, 3H, CH3); MS: 303(Mþ, 5),
274(3), 260(3), 247(31), 194(36), 144(13), 132(98), 115(34),

103(65), 91(100), 77(63.3), 65(78.6), 51(35.3), 39(31.5); Anal.

Calcd. for C19H17N3O: C, 75.23; H, 5.65; N, 13.85; Found: C,

75.53; H, 5.43; N, 13.76.

(E)-1-(5-Methyl-1-phenyl-1H-1,2,3-triazol-4-yl)-3-phenyl-
prop-2-en-1-one (2b). Yield: 95.2%; white crystals; mp: 123–

125�C; IR: 1664(C¼¼O), 1602(C¼¼C), 1554, 1499, 1420, 1276,

1113, 1035, 980 (NAN¼¼N), 765(Ar-H), 687; 1H NMR: 8.101–

8.154(d, 1H, J ¼ 15.9 Hz, CH¼¼CACO), 7.907–7.960(d, 1H, J
¼ 15.9 Hz, C¼¼CHACO), 7.726–7.757(m, 2H, Ph-2,6), 7.575–

7.610(m, 3H, Ar-3,4,5), 7.476–7.509(m, 2H, Ar-2,6), 7.421–

7.438(m, 3H, Ph-3,4,5), 2.691(s, 3H, TRZ-CH3); MS: 289(Mþ,
12), 260(4), 233(24), 180(24), 131(31), 118(59), 103(36),

77(100), 65(5), 51(44), 39(9); Anal. Calcd. for C18H15N3O: C,

74.72; H, 5.23; N, 14.52; Found: C, 74.89; H, 5.34; N, 14.15.

(E)-1-[1-(4-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-
3-phenylprop-2-en-1-one (2c). Yield: 91.1%; white crystals;

mp: 171–173�C; IR: 1665(C¼¼O), 1601(C¼¼C), 1552, 1498,

1427, 1276, 1092, 1032, 990(NAN¼¼N), 844, 776(Ar-H), 733,

690; 1H NMR: 8.074–8.126 (d, 1H, J ¼ 15.6 Hz,

CH¼¼CACO), 7.904–7.956 (d, 1H, J ¼ 15.6 Hz, C¼¼CHACO),

7.718–7.749 (m, 2H, Ph-2,6), 7.565–7.595 (d, 2H, J ¼ 9.0 Hz,

Ar-2,6), 7.456–7.474 (m, 2H, Ar-3,5), 7.419–7.442 (m, 3H,

Ph-3,4,5), 2.687(s, 3H, TRZ-CH3); MS: 323(Mþ, 21), 294(3),
267(70), 214(47), 152(66), 131(100), 111(62), 103(59), 77(58),

51(28), 39(9); Anal. Calcd. for C18H14ClN3O: C, 66.77; H,

4.36; N, 12.98; Found: C, 66.34; H, 4.65; N, 12.79.

(E)-1-[1-(2,5-Dichlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-
3-phenylprop-2-en-1-one (2d). Yield: 92.9%; white crystals;
mp: 163–165�C; IR: 1659(C¼¼O), 1600(C¼¼C), 1552, 1486,
1448, 1396, 1357, 1282, 1201, 1096, 1032, 984(NAN¼¼N),
815(Ar-H), 682; 1H NMR: 8.075–8.128 (d, 1H, J ¼ 15.9 Hz,

CH¼¼CACO), 7.921–7.974 (d, 1H, J ¼ 15.9 Hz, C¼¼CHACO),
7.718–7.749 (m, 2H, Ph-2,6), 7.595(s, 1H, Ar-6), 7.554–7.567
(m, 2H, Ph-3,5), 7.493–7.497 (m, 1H, Ph-4), 7.417–7.446 (m,
2H, Ar-3,4), 2.562(s, 3H, TRZ-CH3); MS: 357(Mþ, 6), 328(2),
301(11), 248(28), 186(100), 145(45), 131(58), 115(40),
103(82), 77(79), 51(36), 39(20); Anal. Calcd. for
C18H13Cl2N3O: C, 60.35; H, 3.66; N, 11.73; Found: C, 60.54;
H, 3.54; N, 11.63.

(E)-1-[1-(3-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-
3-phenylprop-2-en-1-one (2e). Yield: 91.1%; white crystals;
mp: 128–130�C; IR: 1663(C¼¼O), 1612(C¼¼C), 1555, 1489,

1447, 1404, 1306, 1281, 1079, 987(NAN¼¼N), 839(Ar-H),
680; 1H NMR: 8.078–8.131 (d, 1H, J ¼ 15.9 Hz,
CH¼¼CACO), 7.910–7.963 (d, 1H, J ¼ 15.9 Hz, C¼¼CHACO),
7.725–7.757 (m, 2H, Ph-2,6), 7.538–7.566 (m, 3H, Ar-4,5,6),
7.414–7.446 (m, 4H, Ar-2 and Ph-3,4,5), 2.716(s, 3H, TRZ-

CH3); MS: 323(Mþ, 9), 294(3), 267(18), 214(34), 152(100),
131(57), 111(83), 103(67), 77(55), 51(29), 39(14); Anal.
Calcd. for C18H14ClN3O: C, 66.77; H, 4.36; N, 12.98; Found:
C, 66.29; H, 4.39; N, 12.76.

(E)-1-[1-(2-Chlorophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-
3-phenylprop-2-en-1-one (2f). Yield: 91.2%; white crystals;
mp: 116–118�C; IR: 1669(C¼¼O), 1608(C¼¼C), 1553, 1493,

1447, 1393, 1360, 1278, 1200, 1070, 1033, 988(NAN¼¼N),

770; 1H NMR: 8.103–8.156(d, 1H, J ¼ 15.9 Hz, CH¼¼C-CO),

7.925–7.978 (d, 1H, J ¼ 15.9 Hz, C¼¼CHACO), 7.735–7.751

(m, 2H, Ph-2,6), 7.429–7.640 (m, 7H, Ar-3,4,5,6 and Ph-

3,4,5), 2.554(s, 3H, TRZ-CH3); MS: 323(Mþ,1), 294(3),

267(20), 214(33), 152(100), 131(34), 111(73), 103(65), 77(71),

51(49), 39(24); Anal. Calcd. for C18H14ClN3O: C, 66.77; H,

4.36; N, 12.98; Found: C, 66.47; H, 4.56; N, 12.81.

(E)-1-[1-(4-Bromophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-
3-phenylprop-2-en-1-one (2g). Yield: 185–187%; white crys-
tals; mp: 185–187�C; IR: 1662(C¼¼O), 1599(C¼¼C), 1551, 1494,

1443, 1402, 1361, 1275, 1196, 1066, 1031, 987(NAN¼¼N),

838(Ar-H), 687; 1H NMR: 8.057–8.110(d, 1H, J ¼ 15.9 Hz,

CH¼¼CACO) 7.890–7.943 (d, 1H, J ¼ 15.9 Hz, C¼¼CHACO),

7.708–7.735 (m, 4H, Ar-2,3,5,6), 7.388–7.415 (m, 5H, Ph-

2,3,4,5,6), 2.667(s, 3H, TRZ-CH3); MS: 367(Mþ,3), 311(16),
260(24), 217(8), 196(68), 155(56), 131(94), 115(43), 103(100),

77(89), 51(50), 39(25); Anal. Calcd. for C18H14BrN3O: C,

58.71; H, 3.83; N, 11.41; Found: C, 58.47; H, 3.77; N, 11.71.

(E)-1-[5-Methyl-1-(naphthalene-2-yl)-1H-1,2,3-triazol-4-yl]-
3-phenylprop-2-en-1-one (2h). Yield: 97.7%; white crystals;

mp: 178–180�C; IR: 1664(C¼¼O), 1600(C¼¼C), 1556, 1488,

1446, 1421, 1302, 1269, 1206, 1074, 1033, 989(NAN¼¼N),

826(Ar-H), 689; 1H NMR: 8.120–8.173 (d, 1H, J ¼ 15.9 Hz,

CH¼¼CACO), 8.023–8.076 d, 1H, J ¼ 15.9 Hz, C¼¼CHACO),

7.919–7.972 (m, 4H, Ar-1,4,5,8), 7.718–7.747 (m, 2H, Ph-2,6),

7.544–7.632 (m, 3H, Ar-3,6,7), 7.409–7.438 (m, 3H, Ph-3,4,5),

2.732(s, 3H, TRZ-CH3); MS: 339(Mþ,1), 310(3), 283(23),

268(3), 251(7), 230(22), 180(27), 168(42), 127(100), 115(20),

103(51), 77(61), 51(24), 39(11); Anal. Calcd. for C22H17N3O:

C, 77.86; H, 5.05; N, 12.38; Found: C, 77.65; H, 5.27; N, 12.46.

(E)-1-[1-(3-Bromophenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-
3-phenylprop-2-en-1-one (2i). Yield: 89.8%; white crystals;
mp: 168–170�C; IR: 1662(C¼¼O), 1599(C¼¼C), 1551, 1494,

1443, 1402, 1361, 1275, 1196, 1066, 1031, 987(NAN¼¼N),
838(Ar-H), 687; 1H NMR: 8.078–8.131 (d, 1H, J ¼ 15.9 Hz,
CH¼¼CACO), 7.910–7.963 (d, 1H, J ¼ 15.9 Hz, C¼¼CHACO),
7.725–7.757 (m, 2H, Ph-2,6), 7.538–7.566 (m, 3H, Ar-4,5,6),
7.414–7.446 (m, 4H, Ar-2 and Ph-3,4,5), 2.667(s, 3H, TRZ-

CH3); MS: 367(Mþ,2), 311(16), 260(24), 217(8), 196(68),
155(56), 131(94), 115(43), 103(100), 77(89), 51(50), 39(25);
Anal. Calcd. for C18H14BrN3O: C, 58.71; H, 3.83; N, 11.41;
Found: C, 58.57; H, 3.67; N, 11.86.

(E)-1-[1-(4-Methoxyphenyl)-5-methyl-1H-1,2,3-triazol-4-yl]-
3-phenylprop-2-en-1-one (2j). Yield: 92.2%; white crystals; mp:
153–155�C; IR: 1666(C¼¼O), 1604(C¼¼C), 1549, 1511, 1445,
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1412, 1363, 1283, 1256, 1036, 987(NAN¼¼N), 837(Ar-H), 627;
1H NMR: 8.087–8.140 (d, 1H, J ¼ 15.9 Hz, CH¼¼CACO), 7.890–
7.947 (d, 1H, J ¼ 15.9 Hz, C¼¼CHACO), 7.696–7.741 (m, 2H,
Ph-2,6), 7.370–7.425 (m, 5H, Ar-2,6 and Ph-3,4,5), 7.050–7.091
(m, 2H, Ar-3,5), 2.638(s, 3H, TRZ-CH3); MS: 319(Mþ,1), 290(2),
263(25), 210(19), 188(8), 161(20), 148(58), 131(77), 115(21),
103(69), 77(100), 51(30), 39(18); Anal. Calcd. for C19H17N3O2:
C, 71.46; H, 5.37; N, 13.16; Found: C, 71.76; H, 5.54; N, 13.02.

General procedure for the preparation of 2-amino-6-(1-

aryl-5-methyl-1H-1,2,3-triazol-4yl)-4-phenylpyridine-3-car-

bonitrile derivatives (3a–j) [20]. Chalcone 2a–j (10 mmol),

malononitrile (10 mmol, 0.66 g, 1 equiv.), and ammonium ace-

tate (80 mmol, 0.62 g, 8 equiv.) were dissolved in EtOH (10 mL)

and refluxed for 15 h, whereupon no starting material was evident

by TLC. The reaction mixture was allowed to cool to RT and the

solvent was evaporated to leave a yellow solide, dried, and puri-

fied by column chromatography using a mixture of EtOAc /petro-

leum ether 60–90�C 1:4 as eluent to give the corresponding 3a–j.

2-Amino-6-(5-methyl-1-p-tolyl-1H-1,2,3-triazol-4yl)-4-phe-
nylpyridine-3-carbonitrile (3a). Yield: 63.5%; yellow crys-

tals; mp: 168–170�C; IR: 3487, 3368(NH2), 2922(ACH3),

2212(-CN), 1731, 1619, 1581, 1562, 1516, 1420, 1258(CAN),

1111, 977(NAN¼¼N), 839(Ar-H), 702; 1H NMR: 7.795(s, 1H,

Py-), 7.682–7.698 (m, 2H, Ph-2,6), 7.513–7.528 (m, 3H, Ph-

3,4,5), 7.392–7.404 (m, 4H, Ar-2,3,5,6), 5.415 (s, 2H, ANH2),

2.712(s, 3H, TRZ-CH3), 2.443(s, 3H, Ar-CH3); MS:

367(Mþþ1). Anal. Calcd. for C22H18N6: C, 72.11; H, 4.95; N,

22.94; Found: C, 72.43; H, 4.83; N, 22.74.

2-Amino-6-(5-methyl-1-phenyl-1H-1,2,3-triazol-4yl)-4-phen-
ylpyridine-3-carbonitrile (3b). Yield: 60.0%; yellow crystals;

mp: 80–82�C; IR: 3471, 3355(NH2), 2924(ACH3), 2210(-CN),

1709, 1614, 1589, 1558, 1501, 1419, 1264(CAN), 1114,

977(NAN¼¼N), 765(Ar-H), 696; 1H NMR: 7.827(s, 1H, Py-),

7.480–7.569(m, 10H, Ar-2,3,4,5,6 and Ph-2,3,4,5,6), 5.299(s,

2H, ANH2), 2.786(s, 3H, TRZ-CH3); MS: 353(Mþþ1). Anal.

Calcd. for C21H16N6: C, 71.58; H, 4.58; N, 23.85; Found: C,

71.79; H, 4.69; N, 23.53.

2-Amino-6-[1-(4-chlorophenyl)-5-methyl-1H-1,2,3-triazol-4yl]-
4-phenylpyridine-3-carbonitrile (3c). Yield: 59.7%; yellow
crystals; mp: 192–194�C; IR: 3495, 3369(NH2), 2923(ACH3),
2212(-CN), 1730, 1617, 1581, 1560, 1498, 1420, 1259(C-N),

1090, 977(NAN¼¼N), 839(Ar-H), 700; 1H NMR: 7.689(s, 1H,
Py-), 7.442–7.591 (m, 9H, Ar-2,3,5,6 and Ph-2,3,4,5,6),
5.420(s, 2H, ANH2), 2.726(s, 3H, TRZ-CH3); MS: 387
(Mþþ1). Anal. Calcd. for C21H15ClN6: C, 65.20; H, 3.91; N,
21.72; Found: C, 65.65; H, 3.75; N, 21.65.

2-Amino-6-[1-(2,5-dichlorophenyl)-5-methyl-1H-1,2,3-tria-
zol-4yl]-4-phenylpyridine-3-carbonitrile (3d). Yield: 52.3%;
yellow crystals; mp: 94–96�C; IR: 3464, 3353(NH2),
2926(ACH3), 2213(ACN), 1710, 1681, 1588, 1562, 1490,
1426, 1264(CAN), 1097, 979(NAN¼¼N), 770(Ar-H), 700; 1H

NMR: 7.663(s, 1H, Py-), 7.528–7.575 (m, 8H, Ar-3,4 and Ph-
2,3,4,5,6), 5.422(s, 2H, ANH2), 2.599(s, 3H, TRZ-CH3); MS:
421(Mþþ1). Anal. Calcd. for C21H14Cl2N6: C, 59.87; H, 3.35;
N, 19.35; Found: C, 59.54; H, 3.54; N, 19.19.

2-Amino-6-[1-(3-chlorophenyl)-5-methyl-1H-1,2,3-triazol-
4yl]-4-phenylpyridine-3-carbonitrile (3e). Yield: 58.7%; yel-
low crystals; mp: 164–166�C; IR: 3436, 3354(NH2),
2923(ACH3), 2207(-CN), 1733, 1685, 1586, 1544, 1489, 1427,
1261(CAN), 1082, 982(NAN¼¼N), 782(Ar-H), 699; 1H NMR:

7.669(s, 1H, Py-), 7.509–7.591 (m, 9H, Ar-2,4,5,6 and Ph-

2,3,4,5,6), 5.434(s, 2H, ANH2), 2.716(s, 3H, TRZ-CH3); MS:
387(Mþþ1). Anal. Calcd. for C21H15ClN6: C, 65.20; H, 3.91;
N, 21.72; Found: C, 65.55; H, 3.65; N, 21.59.

2-Amino-6-[1-(2-chlorophenyl)-5-methyl-1H-1,2,3-triazol-4yl]-
4-phenylpyridine-3-carbonitrile (3f). Yield: 65.0%; yellow crys-

tals; mp: 98–100�C; IR: 3469, 3354(NH2), 2926(ACH3),

2211(ACN), 1710, 1681, 1589, 1544, 1497, 1420, 1262(C-N),

1078, 979(NAN¼¼N), 766(Ar-H), 701; 1H NMR: 7.630(s, 1H,

Py-), 7.489–7.560(m, 9H, Ar-3,4,5,6 and Ph-2,3,4,5,6),

5.420(s, 2H, ANH2), 2.595(s, 3H, TRZ-CH3); MS:

387(Mþþ1). Anal. Calcd. for C21H15ClN6: C, 65.20; H, 3.91;

N, 21.72; Found: C, 65.61; H, 3.55; N, 21.55.

2-Amino-6-[1-(4-bromophenyl)-5-methyl-1H-1,2,3-triazol-
4yl]-4-phenylpyridine-3-carbonitrile (3g). Yield: 54.7%; yel-

low crystals; mp: 215–217�C; IR: 3494, 3370(NH2),

2923(ACH3), 2211(-CN), 1730, 1616, 1580, 1542, 1494, 1418,

1258(CAN), 1070, 977(NAN¼¼N), 837(Ar-H), 699; 1H NMR:

7.794(s, 1H, Py-), 7.673–7.751 (m, 4H, Ar-3,5 and Ph-2,6),

7.507–7.524 (m, 3H, Ph-3,4,5), 7.378–7.407 (m, 2H, Ar-2,6),

5.426(s, 2H, ANH2), 2.685(s, 3H, TRZ-CH3); MS:

431(Mþþ1). Anal. Calcd. for C21H15BrN6: C, 58.48; H, 3.51;

N, 19.49; Found: C, 58.84; H, 3.32; N, 19.28.

2-Amino-6-[5-methyl-1-(naphthalene-2-yl)-1H-1,2,3-triazol-
4yl]-4-phenylpyridine-3-carbonitrile (3h). Yield: 56.6%; yellow
crystals; mp: 104–106�C; IR: 3464, 3374(NH2), 2923(ACH3),

2208(ACN), 1732, 1610, 1587, 1542, 1481, 1418, 1263(CAN),

1113, 976(NAN¼¼N), 859(Ar-H), 701; 1H NMR: 7.945–8.040 (m,

6H, Ar-1,4,5,8 and Ph-2,6), 7.685(s, 1H, Py-), 7.517–7.616 (m, 6H,

Ar-3,6,7 and Ph-3,4,5), 5.423(s, 2H, ANH2), 2.712(s, 3H, TRZ-

CH3). MS: 415(Mþþ1). Anal. Calcd. for C25H18N6: C, 74.61; H,

4.51; N, 20.88; Found: C, 74.86; H, 4.26; N, 20.88.

2-Amino-6-[1-(3-bromophenyl)-5-methyl-1H-1,2,3-triazol-
4yl]-4-phenylpyridine-3-carbonitrile (3i). Yield: 61.3%; yel-

low crystals; mp: 105–107�C; IR: 3466, 3354(NH2),

2925(ACH3), 2212(-CN), 1710, 1618, 1590, 1561, 1494, 1422,

1264(CAN), 1119, 976(NAN¼¼N), 767(Ar-H), 701; 1H NMR:

7.825(s, 1H, Py-), 7.487–7.528 (m, 9H, Ar-2,4,5,6 and Ph-

2,3,4,5,6), 5.430(s, 2H, ANH2), 2.642(s, 3H, TRZ-CH3); MS:

431(Mþþ1). Anal. Calcd. for C21H15BrN6: C, 58.48; H, 3.51;

N, 19.49; Found: C, 58.74; H, 3.52; N, 19.38.

2-Amino-6-[1-(4-methoxyphenyl)-5-methyl-1H-1,2,3-triazol-
4yl]-4-phenylpyridine-3-carbonitrile (3j). Yield: 57.2%; yellow

crystals; mp: 181–183�C; IR: 3449, 3354(NH2), 2928(ACH3),

2210(-CN), 1731, 1633, 1584, 1559, 1516, 1423, 1250(CAN),

1112, 979(NAN¼¼N), 839(Ar-H), 697; 1H NMR: 7.755(s, 1H,

Py-), 7.669–7.700 (m, 2H, Ph-2,6), 7.493–7.513 (m, 3H, Ar-2,6

and Ph-4), 7.370–7.384 (m, 2H, Ph-3,5), 7.057–7.085 (d, 2H, J
¼ 8.4 Hz, Ar-3,5), 5.412(s, 2H, ANH2), 2.565(s, 3H, TRZ-CH3).

MS: 383(Mþþ1). Anal. Calcd. for C22H18N6O: C, 69.10; H,

4.74; N, 21.98; Found: C, 69.45; H, 4.56; N, 21.87.

X-ray structure determination of 3j. Colourless Block,
C22H18N6O, Mr ¼ 852.95, Triclinic, space group P-1, a ¼ 10.398
(7), b ¼ 14.925 (10), c ¼ 15.475 (10) Å, a ¼ 115.975 (10), b ¼
94.707 (12), c ¼ 91.049 (11)�, V ¼ 2148 (3) Å3, Z ¼ 2, Dx ¼
1.319 Mg m�3, F000 ¼ 896, l ¼ 0.09 mm�1. Intensity data were
collected using a Siemens SMART diffractometer at 293(2) K,
graphite monochromator MoKa radiation (k ¼ 0.071073 nm),
using the x-2y scan technique to a maximum 1.5–26.5�. A total

of 11,896 reflections were collected with 8563 unique ones (R ¼
0.0732), of which 4049 reflections were observed with I > 2r (I).
The final int R and wR values were 0.0732 and 0.1717, s ¼ 0.988,
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(D/r) max ¼ 0.000. The maximum peak and minimum peak in
the final difference map is 0.20 and -0.32 e Å�3.
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1,3-Dipolar cycloaddition reaction involving nitrones and benzoquinones resulting in the formation of
benzisoxazolidene is described. As the nitrone is selectively added to carbon–carbon double bond of the
benzoquinone, the quinone-nitrone reaction is considered as a special case among quinone-1,3-dipole
cycloaddition reactions. Molecular orbital calculation was performed to examine the electronic effects
involved in the regioselectivity of the reaction.

J. Heterocyclic Chem., 47, 396 (2010).

INTRODUCTION

The 1,3-dipolar cycloaddition reactions of nitrones with

alkenes leading to the formation of isoxazolidenes is a

fundamental reaction in organic chemistry [1]. In 1982

Deshong et al. reported the first 1,3-dipolar cycloaddition

reaction of electron rich alkenes, such as vinyl acetate and

vinyl ethers, with nitrones [2]. This work was extended to

other functionalized alkenes synthesizing a variety of iso-

xazolidenes that served as key synthetic intermediates in

the synthesis of c-amino acids, b-lactams, amino sugars,

and alkaloids [3]. A variety of isoxazolidines have been

prepared using 1,3-dipolar nitrone cycloaddition to func-

tionalized alkenes. In most cases, the nitrone cycloaddi-

tions to alkenes proceeded with high regioselectivity to

yield isoxazolidenes with three new contiguous stereo-

genic centers. The stereoselectivity seems to be influenced

by both electronic and steric factors. Recently, several

asymmetric syntheses of isoxazolidines giving special em-

phasis on their effective use as chiral auxilaries in the syn-

thesis of biologically active molecules have been reported

[3e,4]. Shortly, decades ago itself nitrone cycloaddition

chemistry was enriched with versatility of substrates, cata-

lysts, and solvents used in the reaction. Still, organic

chemistry demands for new reactions for the synthesis of

appropriately substituted isoxazolidenes.

The quinones and their derivatives have attracted the

continuous attention in view of their antitumor activi-

tites [5]. The biological processes involved with the

antitumor activities of quinones are DNA intercalation,

bioreductive alkylation of biomolecules, and generation

of oxyradicals through redox cycling. The chemistry of

o-quinones has invoked considerable interest, and the

cycloaddition reactions of these versatile compounds

have been the subject of a number of investigations

[1,6]. A wide variety of dipolar species, including diazo-

methane [3], nitrile oxides [7–10], and mesoionic com-

pounds [11–15], have been used in these reactions. Most

of the dipolar cycloadditions to quinones, however,

involved addition across carbon–oxygen double bonds.

In contrast, nitrone cycloaddition occur across carbon–

carbon double bond of the o-quinones to afford substi-

tuted benzisoxazolidenes, and it is the subject matter of

present investigations.

RESULTS AND DISCUSSION

Present studies were initiated by the reaction of 3,5-

di-tert-butyl-1,2-benzoquinone with 1,2-diphenylnitrone.

Preliminary investigations showed that the nitrone cyclo-

addition to 1,2-benzoquinone occured at carbon–carbon
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double bond to afford benisoxazolidene 3a, which is a

rare case among the 1,3-dipole-quinone cycloaddition

reactions. Then, suitable reaction condition for the pro-

posed cycloaddition was identified by treating 3,5-di-

tert-butyl-1,2-benzoquinone with 1,2-diphenylnitrone

under different conditions (Scheme 1, Table 1). Under

most of the reaction conditions, the quinone was easily

reduced to corresponding catechol. To our surprise, even

under perfectly dry conditions using aprotic solvents

like benzene and toluene, the catechol formation domi-

nated over the product formation. Close investigations

on the reaction made us to conclude that any proton

source including the cycloaddition product facilitate the

catechol formation, and so, the yield of the reaction is

decreased. At higher temperature, quinone underwent

cycloaddition with another molecule of quinone, and the

nitrones were fragmented to corresponding amines and

aldehydes. However, the expected cycloaddition product

was obtained in moderate yield, when a dilute solution

of 3,5-di-tert-butyl-1,2-benzoquinone and 1,2-diphenyl

nitrone in toluene was refluxed at 110�C for 18 h. The

yield was further optimized by screening the number of

equivalents of the substrates. Thus, when 3,5-di-tert-
butyl-1,2-benzoquinone (2 mmol) was treated with 1,2-

diphenyl nitrone (1 mmol) in toluene (20 mL) for 18 h

at 110�C, bezisoxazolidene 3a was obtained in 57%

yield. The product 3a was characterized on the basis of

common spectroscopic analysis and ultimately by single

crystal X-ray analysis (Fig. 1).

Scheme 1

Table 1

The reaction of 3,5-di-tert-butyl-1,2-benzoquinone 2 with

1,2-diphenylnitrone 1.

Entry Reaction conditions

Yield (%)

3a 4a

1 DCM, rt, 48 h 0 0

2 DCM, BF3.Et2O, rt, 1 h 0 12

3 DCM, Net3, rt, 1 h 0 48

4 Acetonitrile, 70 �C,
18 h

0 7

5 Benzene, 70 �C, 18 h 0 0

6 Toluene, 110 �C,
18 h, Ar

15 61

7 Toluene (excess),

110 �C, 18 h

32 19

a8 Toluene (excess),

110 �C, 18 h

57 23

9 Toluene, 110 �C, 48 h Complex reaction mixture

10 Xylene, 140 �C, 2 h Complex reaction mixture

a Quinone nitrone ¼ 2:1.

Figure 1. Energy level diagram for HOMOnitrone-LUMOquinone

interaction. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]

Figure 2. ORTEP diagram (40% probability factor for the thermal

ellipsoids) of compound 6,7a-di(tert-butyl)-2,3-diphenyl-2,3,3a,7a-tetra-
hydro-1,2-benzisoxazole-4,5-dione 3a. [Color figure can be viewed in

the online issue, which is available at www.interscience.wiley.com.]
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To explain the mechanism of cycloaddition of nitrone

to quinone, we have carried out some MNDO and AM1

calculations on 3,5-di-tert-butyl-1,2-benzoquinone and

1,2-diphenyl nitrone using MOPAC (version 5.01) pro-

gram. The HOMO and LUMO energies were derived

from this program. Most of the 1,3-dipolar cycloaddition

reactions of o-quinones undergo inverse electron

demand Diels-Alder reaction (Type II mechanism) [4–

13] at carbon–oxygen double bond. The molecular or-

bital coefficients calculated from the eigen vectors for

the orbital interactions of 3,5-di-tert-butyl-1,2-benzoqui-

none and 1,2-diphenyl nitrone (Fig. 2) favoured the

addition of nitrone oxygen to a highly substituted

carbon atom to form 6,7a-di(tert-butyl)-2,3-diphenyl-
2,3,3a,7a-tetrahydro-1,2-benzisoxazole-4,5-dione 3a,

which follows a normal diels-Alder mode of cycliza-

tion involving HOMOnitrone-LUMOquinone interaction

(Type I mechanism).

On extending the strategy to other benzoquinones and

diaryl nitrones, tetrahydrobenzisoxazolediones 3a-f and

5a-b were synthesized (Scheme 2, Table 2). However,

the presence of bulky substituents like anthraceneyl

groups on nitrone and diphenylmethane group on qui-

none adversely affected the product formation.

CONCLUSION

The reaction of nitrones with benzoquinones resulted

in the formation of benzisoxazolidenes. As the nitrone is

selectively added to carbon–carbon double bond of the

benzoquinone, the quinone–nitrone reaction is consid-

ered as a special case among quinone-1,3-dipole cyclo-

addition reactions.

EXPERIMENTAL

General remarks. Melting points were recorded on a Büchi
melting point apparatus and are uncorrected. NMR spectra
were recorded at 300 MHz (1H) and 75 MHz (13C), respec-
tively on a Brüker Avance DPX-300 MHz NMR spectrometer.
Chemical shifts are reported (d) relative to TMS (1H) and

CDCl3 (13C) as the internal standards. Coupling constants (J)
are reported in Hertz (Hz). High-resolution mass spectra were
recorded under EI/HRMS (at 5000 resolution) using JEOL
JMS 600H mass spectrometer. IR spectra were recorded on
Nicolet Impact 400D FTIR spectrophotometer. Commercial

grade solvents were distilled before use.
General procedure for the synthesis of 6,7a-di(tert-butyl)-

2,3-diaryl-2,3,3a,7a-tetrahydro-1,2-benzisoxazole-4,5-diones

(3a-e) and 5,7a-Di(tert-butyl)-2,3-diphenyl-2,3,3a,7a-tetra-
hydro-1,2-benzisoxazole-4,7-dione (5a-b). A solution of 3,5-
di-tert-butyl-1,2-benzoquinone (220 mg, 1 mmol) and 1,2-dia-
ryl nitrone (0.5 mmol) in toluene (10 mL) was refluxed at
110�C for 18 h. The solvent was removed under vacuum, and
the crude reaction mixture was purified by silica gel (100-200

mesh) column chromatography using hexane-ethyl acetate
(98:2) as the eluent to get the title compounds in good to mod-
erate yields.

6,7a-Di(tert-butyl)-2,3-diphenyl-2,3,3a,7a-tetrahydro-1,2-
benzisoxazole-4,5-dione (3a). This compound was obtained

as yellow crystalline solid; mp: 144–146�C; yield: 119 mg
(57%); 1H NMR: d ¼ 0.82 (s, 9H, CH3), 1.05 (s, 9H, CH3),
3.88 (d, 1H, J ¼ 9 Hz, CH), 4.77 (d, 1H, J ¼ 9 Hz, CH),
6.78–6.85 (m, 4H, ArH), 7.12–7.19 (m, 3H, ArH), 7.23–7.31
(m, 4H, ArH) ppm; 13C NMR: d ¼ 25.9, 28.1, 35.0, 37.3,

66.5, 71.6, 93.7, 112.6, 121.2, 126.1, 128.3, 128.9, 129.2,
140.0, 147.5, 150.2, 152.3, 181.5, 191.0 ppm; hrms (EI): m/z
calcd for C27H31NO3: 417.2304; found: 417.1793; ir (KBr):
3030, 2914, 1663, 1643, 1566 cm�1.

6,7a-Di(tert-butyl)-3-(4-methylphenyl)-2-phenyl-2,3,3a,7a-

tetrahydro-1,2-benzisoxazole-4,5-dione (3b). This compound
was obtained as yellow crystalline solid, mp: 132–134�C;
yield: 155 mg (72%); 1H NMR: d ¼ 0.89 (s, 9H, CH3), 1.11
(s, 9H, CH3), 2.34 (s, 3H, CH3), 3.93 (d, 1H, J ¼ 7.8 Hz,

CH), 4.80 (d, 1H, J ¼ 7.8 Hz, CH), 6.85 (d, 2H, J ¼ 8 Hz,
ArH), 6.89 (s, 1H, vinylic), 7.15-7.33 (m, 7H, ArH) ppm; 13C
NMR: d ¼ 21.2, 25.8, 28.2, 35.0, 37.3, 67.1, 93.7, 112.8,
125.8, 126.1, 128.1, 129.6, 129.8, 130.8, 136.9, 138.0, 150.1,
152.4, 181.5, 190.9 ppm; hrms (EI): m/z calcd for C28H33NO3:

431.2460; found: 431.2700; ir (KBr): 3029, 2916, 1659, 1645,
1563 cm�1.

3-(4-Chlorophenyl)-6,7a-di(tert-butyl)-2-phenyl-2,3,3a,7a-
tetrahydro-1,2-benzisoxazole-4,5-dione (3c). This compound
was obtained as yellow crystalline solid, mp: 126–128�C;
yield: 221 mg (98%); 1H NMR: d ¼ 0.88 (s, 9H, CH3), 1.11
(s, 9H, CH3), 3.90 (d, 1H, J ¼ 9 Hz, CH), 4.82 (d, 1H, J ¼ 9
Hz, CH), 6.81-6.93 (m, 4H, ArH), 7.19–7.26 (m, 2H, ArH),
7.30–7.36 (m, 4H, ArH) ppm; 13C NMR: d ¼ 25.9, 28.2, 35.1,

37.3, 66.2, 93.7, 112.6, 121.4, 127.4, 128.3, 129.0, 129.4,
129.8, 134.3, 138.5, 147.3, 150.3, 152.0, 181.2, 190.7 ppm;

Scheme 2

Table 2

Synthesis of tetrahydrobenzisoxazolediones 3 and 5.

Entry 3, 5 R1 R2 Yield (%)

1 3a C6H5 C6H5 57

2 3b 4-CH3C6H5 C6H5 72

3 3c 4-ClC6H5 C6H5 98

4 3d 4-CH3C6H5 4-CH3C6H5 33

5 3e 2-Naphthyl C6H5 45

6 3f 9-Anthracenyl C6H5 0

7 5a C6H5 C6H5 22

8 5b 4-CH3OC6H5 C6H5 9
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hrms (EI): m/z calcd for C27H30ClNO3: 451.1914; found:
451.0599; ir (KBr): 3026, 2915, 1659, 1643, 1560 cm�1.

6,7a-Di(tert-butyl)-2,3-di(4-methylphenyl)-2,3,3a,7a-tetra-

hydro-1,2-benzisoxazole-4,5-dione (3d). This compound was
obtained as yellow crystalline solid, mp: 102–104�C; yield: 73
mg (33%); 1H NMR: d ¼ 0.91 (s, 9H, CH3), 0.96 (s, 9H,
CH3), 2.26 (s, 3H, CH3), 2.34 (s, 3H, CH3), 3.92 (d, 1H, J ¼
9 Hz, CH), 4.77 (d, 1H, J ¼ 9 Hz, CH), 6.75 (d, 2H, J ¼ 9Hz,
ArH), 6.86 (s, 1H, vinylic), 7.00 (d, 2H, J ¼ 9Hz, ArH), 7.15
(d, 2H, J ¼ 9Hz, ArH), 7.24 (d, 2H, J ¼ 9Hz, ArH) ppm; 13C

NMR: d ¼ 21.2, 25.9, 28.2, 30.1, 35.0, 37.4, 71.6, 93.3, 113.0,
119.1, 122.3, 126.1, 126.6, 129.3, 129.9, 130.6, 137.0, 137.9,
147.8, 149.8, 181.5, 191.0 ppm; hrms (EI): m/z calcd for
C29H35NO3: 445.5931; found: 445.5021; IR (KBr): 3029,
2914, 1659, 1642, 1561 cm�1.

6,7a-Di(tert-butyl)-3-(2-naphthyl)-2-phenyl-2,3,3a,7a-tetra-
hydro-1,2-benzisoxazole-4,5-dione (3e). This compound was
obtained as yellow crystalline solid, mp: 114–116�C; yield:
105 mg (45%); 1H NMR: d ¼ 0.91 (s, 9H, CH3), 1.14 (s, 9H,

CH3), 4.03 (d, 1H, J ¼ 9 Hz, CH), 5.01 (d, 1H, J ¼ 9 Hz,
CH), 6.87 (s, 1H, vinylic), 6.90 (d, 2H, J ¼ 9Hz, ArH), 7.21
(t, 3H, J ¼ 9Hz, ArH), 7.46–7.52 (m, 3H, ArH), 7.79–7.90 (m,
4H, ArH) ppm; 13C NMR: d ¼ 25.4, 28.3, 35.1, 37.4, 67.0,
93.8, 112.4, 123.1, 124.3, 125.1, 125.9, 127.0, 127.2, 127.8,

128.1, 129.2, 133.4, 137.2, 150.3, 152.3, 181.5, 190.9 ppm;
hrms (EI): m/z calcd for C31H33NO3: 467.5987; found:
467.6065; IR (KBr): 3030, 2914, 1660, 1643, 1562 cm�1.

5,7a-Di(tert-butyl)-2,3-diphenyl-2,3,3a,7a-tetrahydro-1,2-
benzisoxazole-4,7-dione (5g). This compound was obtained

as yellow crystalline solid, mp: 108–110�C; yield: 46 mg
(22%); 1H NMR: d ¼ 1.09 (s, 9H, CH3), 1.27 (s, 9H, CH3),
3.89 (d, 1H, J ¼ 9 Hz, CH), 4.52 (d, 1H, J ¼ 9 Hz, CH), 6.60
(s, 1H, vinylic), 6.88 (d, 2H, J ¼ 9Hz, ArH), 7.12 (t, 3H, J ¼
9Hz, ArH), 7.25–7.38 (m, 5H, ArH) ppm; 13C NMR: d ¼
26.0, 30.0, 35.5, 36.5, 68.4, 73.8, 92.5, 115.3, 122.0, 127.0,
128.5, 128.5, 129.1, 136.1, 138.9, 149.9, 158.8, 194.7, 199.0
ppm; hrms (FAB): m/z calcd. for C27H31NO3: 417.2304;
found: 417.1175; IR (KBr): 3026, 2966, 1651, 1483, 1474,

1438, 796, 686 cm�1.
5,7a-Di(tert-butyl)-3-(4-methoxyphenyl)-2-phenyl-2,3,3a,7a-

tetrahydro-1,2-benzisoxazole-4,7-dione (5b). This compound
was obtained as yellow crystalline solid, mp: 144–146�C;
yield: 20 mg (9%); 1H NMR: d ¼ 1.09 (s, 9H, CH3), 1.26 (s,

9H, CH3), 3.86 (d, 1H, J ¼ 9 Hz, CH), 3.89 (s, 3H, OCH3),
4.52 (d, 1H, J ¼ 9 Hz, CH), 6.59 (s, 1H, vinylic), 6.85–6.90
(m, 3H, ArH), 6.99 (d, 2H, J ¼ 9Hz, ArH), 7.09–7.20 (m, 5H,
ArH) ppm; 13C NMR: d ¼ 26.3, 33.0, 35.8, 37.5, 55.7, 68.2,
73.6, 92.7, 115.8, 121.0, 127.0, 128.5, 128.5, 129.4, 133.1,

133.9, 149.9, 158.8, 159.3, 194.7, 199.0 ppm; hrms (FAB): m/
z calcd for C28H33NO4: 447.2410; found: 447.2292; IR (KBr):
3029, 1844, 1444, 687 cm�1.

3a: X-ray crystallographic data. Single crystals were
grown from CDCl3. Crystal system: triclinic; space group: P-1;

T ¼ 100 (2) K; a ¼ 9.8727 (8) A�, b ¼ 10.6520 (8) A�, c ¼
22.0592 (17) A�, a ¼ 94.8130 (10)�, b ¼ 92.3670 (10)�, c ¼
90.1150 (10)�, z ¼ 4, Dcalcd ¼ 1.201 mg/m3; crystal size 0.66 �
0.45 � 0.12 mm; y range for data collection 1.85� to 28.27�.
Limiting indices �13h12, �14k13, �29l29; reflections collected
20146, independent reflections: 10519. Refinement method: full-

matrix least squares on F2; goodness of fit on F2: 1.053; final R
indices [I > 2r (I)] R1 ¼ 0.0623, wR2 ¼ 0.1329; largest differ-
ence peak and hole o.422 and �0.224 eA��3. Selected bond
lengths (A�) and angles (�): O(1)-C(3): 1.454(2), C(1)-C(2):
1.557(2), O(1)-N(1): 1.4296(18), N(1)-C(1): 1.478(2), C(3)-

C(7): 1.506(2), C(3)-C(20): 1.5496(2), C(5)-C(24): 1.532(2),
C(1)-C(14): 1.514(2), N(1)-C(8): 1.417(2), O(1)-C(3)-C(4):
106.51(13), O(1)-C(3)-C(2): 102.19(13), C(2)-C(7)-C(6):
116.44(14), C(1)-C(2)-C(7): 111.06(14), N(1)-C(1)-C(2):
104.95(13), O(1)-N(1)-C(1): 107.33(12), C(4)-C(5)-C(24):

123.40(16), C(4)-C(3)-C(20): 113.92(14), O(1)-C(3)-C(20):
106.48(13).
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A one-step preparation procedure of 8,10a-epoxypyrido[2,1-a]isoindoles and their 7-carboxylic deriv-
atives is reported. The key synthetic step includes the intramolecular exo-Diels–Alder reaction (IMDAF)
of N-furfurylacrylamide, produced in situ from 2-furylpiperidin-4-ones and a,b-unsaturated acid anhy-

drides. The synthesis of the title compounds can be performed under mild conditions with a high level
of regio- and stereoselectivity. The same strategy has been successfully used for the synthesis of 9,11a-
epoxyimidazo[40,50:3,4]pyrido[2,1-a]isoindole-8-carboxylic acid from maleic anhydride and the spina-
cine derivatives – 4-(2-furyl)-4,5,6,7-tetrahydro-3H-imidazo[4,5-c]pyridines.

J. Heterocyclic Chem., 47, 400 (2010).

INTRODUCTION

Substituted and hydrogenated pyrido[2,1-a]isoindoles
possess a wide range of pharmacological activity. For

example, they are known to have a protective effect

against nitrogen-induced hypoxia [1] and are potential

inhibitors of tumor cell proliferation [2]. It is known as

well that compounds containing heterocyclic fragments

of spinacine and b-carboline are of great biological im-

portance. Thus, the aminoacid spinacine (separated first

from shark liver [3], found also in ginseng roots [4] and

cheese [5]) shows the properties of an inhibitor of c-
aminobutyric acid uptake in neurons [6]. The heterocy-

clic structure of b-carboline serves as a framework for

well-known alkaloids: Elaeagnine, Harman, and Har-
mine [7] (Fig. 1).

Therefore, one of the aims of this work was the de-

velopment of a convenient method of synthesis for

potentially biologically active heterocycles—ben-

zo[1,2]indolizino[8,7-b]indole and imidazo[40,50:3,4]
pyrido[2,1-a]isoindole, combining the above fragments

into one structure.

To achieve the aforementioned goal, we used an

intramolecular variant of the Diels-Alder reaction in the

piperidone series (IMDAF), containing the unsaturated

moiety [8–10]. We have used the same strategy before

for various preparations of heterocyclics – particularly

for isoindolo[2,1-a]quinolines [11], isoindolo[2,1-

b][2]benzazepines [12], and isoindolo[1,2-a]isoquino-
lines [13], with the structure close to natural alkaloids.

RESULTS AND DISCUSSION

Starting materials for pyrido[2,1-a]isoindoles prepara-

tion, the furfuryl amines 1, were synthesized from readily

accessible ketones and from furfural (5-methylfurfural),

according to the known method [14] with small variations
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(see Experimental section). The piperidones 1a–d were

separated after the recrystallization in moderate yield

(Scheme 1) as individual all-e-diastereoisomers.

It should be noted that the yields of symmetrically

substituted amino ketones 1b,d turned out �20% higher

than for unsymmetric 1a,c.

Interaction of a,b-unsaturated acid derivatives (metha-

crylic and cinnamic acid chlorides) with symmetric fur-

furyl amines 1b,d proceeds smoothly in boiling toluene

(Scheme 2). It was established during experiment that af-

ter initial acylation on the nitrogen atom, a spontaneous

intramolecular [4þ2] cycloaddition of an unsaturated

fragment to the furan ring occurs in intermediate N-acryl-
oyl amides. The final products of the reaction are hydro-

genated 2H-8,10a-epoxypyrido[2,1-a]isoindole-2,6(6aH)-
diones 2, 3. The substituent’s size in olefin moiety exerts

a considerable influence on the yield of adducts 2, 3—the

yield of 6a-methylsubstituted derivatives 2 is 15–30%

higher compared to their more sterically hindered 7-phe-

nyl analogues 3.

In both cases the Diels-Alder reaction occurs stereose-

lectively as exo-[4þ2]-cycloaddition with endo-position
of methyl (phenyl) group in oxabicyclo[2.2.1]heptene

fragment of adducts 2 and 3. Axial-axial constant of pi-

peridine ring protons 3J1,10b ¼ 11.8�12.2 Hz and vicinal

constant of bicyclic fragment’s low-field protons 3J9,10
¼ 5.5�6.2 Hz are most evident in their 1H NMR

spectra.

Acylation of piperidones 1b,d by citraconic anhydride

proceeds in both carbonyl groups, leading to the forma-

tion of stereoisomers 4bA,4dA/4bB,4dB mixtures with

different methyl group positions (see Scheme 2 for the

total yield of stereoisomeric mixture). 7-Methylsubsti-

tuted isomers 4bA, 4dA dominate in crude reaction mix-

tures; the A/B ratio fluctuates in different experiments

and is usually within the 4:1–3:1 interval. Major isomers

4bA, 4dA were separated as individual compounds by

fractional recrystallization from i-PrOH�DMF mixture

(their yields are summarized in Experimental section).

Cycloaddition of methacryloyl chloride, crotonyl chlo-

ride, and cinnamoyl chloride to unsymmetric difurylpi-

peridines 1a,c proceeds stereoselectively as well as

regioselectively, giving exo-products of Diels-Alder

2a,c, 3a,c,e with moderate yield (Scheme 3). Citraconic

anhydride, being added to piperidones 1a,c, forms dia-

stereomeric mixtures, from which we could separate

only major adducts 4aA, 4cA after the recrystallization.

It should be noted if the three-fold excess of dieno-

phile is used in reaction with furfuryl amines 1, the

cycloaddition of a second alkene molecule to the free

furan nucleus of isoindoles 2–4 does not occur.

Interestingly enough, from two furan fragments (X

and Y) present in unsymmetrical piperidones 1a,c,

[4þ2]-cycloaddition passes regiospecifically to 2-furyl

ring Y. In our opinion, such selectivity is related to the

fact that the furan cycle Y in intermediate lactam 4*

(Scheme 4) is fixed strictly favorably to the Diels-Alder

reaction (due to steric interaction with 3-alkyl substitu-

ent). Alternative 6-furyl substituent (X) can rotate freely,

and is consequently less predisposed to cycloaddition.

Cycloaddition adducts of 2,6-dioxo-8,10a-epoxypyr-

ido[2,1-a]isoindole-7-carboxylic acids (4) are white

powders with low solubility in most organic solvents, so

for the unequivocal determination of their spatial struc-

ture we have synthesized methyl ester 5 from the acid

4aA (Scheme 5). Slow recrystallization of this ester

from a hexane-ethyl acetate mixture gave us a mono-

crystal suitable for X-ray analysis.

Adduct 5 comprises a fused tetracyclic system con-

taining three five-membered (pyrrolidinone, dihydro-

and tetrahydrofurans) rings and one six-membered ring

(piperidinone) (Fig. 2). The five-membered rings have

the usual envelope conformation. The six-membered

ring adopts a twist-boat conformation (the C3 and C10B

carbon atoms are out of the mean plane as defined by

the other atoms of the ring by 0.577 and 0.559 Å,

respectively). The N5 nitrogen atom has a trigonal-pla-

nar geometry (the sum of the bond angles about N5 is

359.5�). The dihedral angle between the planes of the

pyrrolidinone and piperidinone rings is 19.1�. The

methyl substituent at the C1 carbon atom is in equatorial

position, whereas the furyl substituent at the C4 carbon

Figure 1. Some of the targeted alkaloid-like structures.

Scheme 1. Synthesis of the initial piperidones 1a-d.
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atom is in axial position. The sterically unfavorable

axial arrangement of the furyl substituent is apparently

explained by both the structure of the initial compound

1a and the structure of the [4þ2] cycloaddition reaction

intermediate.

The synthesis of 2,6-unsymmetrically substituted piper-

idine-4-ones by condensation of a,b-unsaturated ketone,

an aldehyde and ammonia was described earlier for the

dendrobatid frog alkaloid 241D [15]. In this case the yield

of target piperidine-4-ones did not exceed 10�12%. We

used this method for the synthesis of 6-aryl-2-furylpiperi-

dine-4-ones 6 (Scheme 6). The reaction conditions were

standard [14c,15], and furfural and 5-methylfurfural were

used as aldehydes. The usual work-up gives a mixture of

products, from which the target piperidones 6 can be sep-

arated easily (although with low yield) as hydrochlorides

(see Experimental section). 2-Furylpiperidones 6a-c react

smoothly with acryloyl chloride and maleic anhydride in

boiling toluene, giving exo-products of cycloaddition—

2H-8,10a-epoxypirido[2,1-a]isoindoles (8) and their 7-

carboxylic acids (7)—with moderate yields.

The most low-field chemical shifts of C-2 (d
208�211 ppm) and C-6 (d 170�176 ppm) carbon

atoms, together with well-identified C-10a and C-8 (d

Scheme 3. Cycloaddition with unsymmetrical substituted piperidones 1a,c.

Scheme 2. Cycloaddition with symmetrical substituted piperidones 1b,d.
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79�91 ppm) carbon atom signals are the most charac-

teristic in 13C NMR spectra of cycloaddition products

2�5, 7, 8.

A large number of methods for pentacyclic indolizi-

noindole core synthesis are known [16], and the similar-

ity of this heterocyclic system to some alkaloids

encourages further research. Several short studies [17]

dedicated to the synthesis of benzo[1,2]indolizino[8,7-

b]indol-4-carboxylic acids of type 10 from maleic anhy-

dride and N-furfurylidene(indol-3-yl)ethanamines have

been published recently. An elegant reaction sequence

(acylation/ Pictet-Spengler/ IMDAF) proceeds in mild

conditions (Scheme 7). To build some alkaloid-like pol-

ycyclic structures by Suzuki coupling, we needed to

synthesize 3-halosubstituted adducts 10.

As was shown earlier [17], the condensation of N-fur-
furylidenetriptamines 9a,b with maleic anhydride pro-

ceeds stereoselectively, yielding the single exo-diaster-
eoisomer 10a,b. Analogous interaction of azomethine 9c

with citraconic anhydride leads with good yield to the

mixture of polycycles 12A and 12B (in approximatively

equal amounts), isomeric by methyl group position, that

we could not separate by recrystallization.

Haloderivatives 10a,b are white powders, low soluble

even in DMSO, so to determinate their structure by 1H

and 13C NMR we have synthesized esters 11. The spa-

tial structure of these latter was established by NOE

spectra, in which we can observe a significant change of

H-13b proton integral intensity, while irradiating H-4a

(and vice versa). This fact indicated the spatial closeness

(cis-orientation) of the above protons.

In the last part of our work we have applied an analo-

gous method for the synthesis of spinacines annelated

with epoxyisoindole moiety. The condensation of hista-

mine with aromatic aldehydes in an alkaline medium

leading to spinacines (Fig. 1) was already described

[18]. However, no examples of 4-furyl substituted imi-

dazo[4,5-c]pyridines have been published until now.

Furylspinacines 13 were synthesized with moderate

yield according to modified method [18b] (Scheme 8).

Acylation of spinacines 13 with maleic anhydride at

room temperature occurs exclusively on the N-5 nitro-

gen atom of the tetrahydropyridine ring – products of

anhydride addition to imidazole cycle were not found in

the reaction mixture. Acylation (same as in previous

cases) is accompanied by simultaneous [4þ2] cycloaddi-

tion giving exo-adducts 14. We suppose the cis-position
of H-7a and H-11b protons by analogy with adducts 2-

4, 7, 8, and 10. Cycloaddition products are extremely

hard-soluble and hard-crystallizing tawny powders. The

low-field singlet signal of H-2 proton at d �7.5 ppm

and broaded one of H-11b at d �5.3 ppm, as well as

associated exo-protons H-7a, H-8 with 3J7a,8 ¼ 8.9�9.1

Hz (at d 2.5�3.0 ppm), can be considered as character-

istic. In the carbon spectrum, C-2 and C-11a peaks at d
135�136 and 90�91 ppm, respectively, are remarkable.

Scheme 5. Esterification of the carboxylic acid 4aA.

Figure 2. Molecular structure of ester 5, depicting anisotropic dis-

placement ellipsoids at the 50% probability level. Only hydrogen

atoms at the asymmetric centers are shown.

Scheme 4. Mechanistic explanation for the high regioselectivity of Diels-Alder reaction.
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Therefore, in the current study we have demonstrated

the possibility of synthesis of various heterocyclic sys-

tems condensed with an epoxyisoindole fragment:

8,10a-epoxypyrido[2,1-a]isoindoles, 3,13c-epoxyben-

zo[1,2]indolizino[8,7-b]indoles and 9,11a-epoxyimida-

zo[40,50:3,4]pyrido[2,1-a]isoindoles, based on IMDAF-

reaction of annelated furfuryl amines with a,b-unsatu-
rated acid anhydrides. It was shown that in the majority

of cases the Diels-Alder reaction proceeds with a high

degree of regio- and stereoselectivity as exo-[4þ2]

cycloaddition.

EXPERIMENTAL

All reagents were purchased from Acros Chemical Co. All
solvents were used without further purification. Melting points
were determined using SMP10 and are uncorrected. IR spectra

were obtained in KBr pellets using an IR-fourier spectrometer
Infralum FT-801. 1H and 13C NMR spectra were recorded on
Jeol JNM-ECA 600 (600 MHz for 1H and 150.9 MHz for 13C)
or Bruker Uniti þ (400 MHz for 1H and 100.6 MHz for 13C)
spectrometers in CDCl3 or DMSO-d6 at 27�C, and residual

signals of chloroform (1H NMR d 7.26 ppm and 13C NMR
76.9 ppm) or DMSO-d5H (1H NMR d 2.49 ppm and 13C NMR
39.4 ppm) were used as the internal standard. Mass spectra

Scheme 7. Synthesis of 3,13c-epoxybenzo[1,2]indolizino[8,7-b]indol-4-carboxylic acids 10-12.

Scheme 6. Synthesis and [4þ2] cycloaddition of 2-aryl-6-furylpiperidine-4-ons 6.
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were measured either on Thermo Focus DSQ II (electron ioni-

zation, 70 eV, ion source temperature 200�C, gas chromato-
graphic inlet with Varian FactorFour VF-5ms column) or on
Thermo Trace DSQ (electron ionization, 70 eV, ion source
temperature was 200�C, direct inlet probe) spectrometers. Posi-

tive-ion electrospray ionization (ESIþ) mass spectra were
acquired using an API4000 instrument (Applied Biosystems)
in the ESIþ mode (sample MeOH-H2O solution). Nitrogen
was used as nebulizer and argon as collision gas, needle volt-
age was set at 3000 V with ion source at 100�C. The purity of

the obtained substances and the composition of the reaction
mixtures were controlled by TLC Sorbfile plates. The separa-
tion of the final products was carried out by column chroma-
tography on Al2O3 (activated, neutral, 50–200 mm) or by frac-
tional crystallization. Microanalyses were performed for C, H,

N on a Vario Macro Cube C,H,N,O,S-analyser and were
within 60.4% of theoretical values.

The crystal of ester 5 (C20H21NO6, M ¼ 371.38) is mono-
clinic, space group P21/c, at T ¼ 100 K: a ¼ 18.8819(12), b
¼ 8.6778(5), c ¼ 10.7027(7) Å, b ¼ 102.2460(10)�, V ¼
1713.77(18) Å3, Z ¼ 4, dcalc ¼ 1.439 g/cm3, F(000) ¼ 784, l
¼ 0.107 mm�1. 19,911 total reflections (4560 unique reflec-
tions, Rint ¼ 0.053) were measured on a Bruker SMART
APEX II CCD diffractometer (k(MoKa)-radiation, graphite

monochromator, x and / scan mode, 2ymax ¼ 58�). The struc-
ture was determined by direct methods and refined by full-ma-
trix least squares technique on F2 with anisotropic displace-
ment parameters for nonhydrogen atoms. The hydrogen atoms
were placed in calculated positions and refined within the ri-

ding model with fixed isotropic displacement parameters
(Uiso(H) ¼ 1.5 Ueq(C) for the CH3-groups and Uiso(H) ¼ 1.2
Ueq(C) for the other groups). The final divergence factors were
R1 ¼ 0.043 for 3182 independent reflections with I > 2r (I)
and wR2 ¼ 0.083 for all independent reflections, S ¼ 1.007.

All calculations were carried out using the SHELXTL program
[19]. CCDC No. 741777 contains the supplementary crystallo-
graphic data for this article. These data can be obtained free of
charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from
the Cambridge Crystallographic Data Centre, 12, Union Road,

Cambridge CB2 1EZ, UK; fax: þ44 1223 336033).
General procedure for preparation of piperidones 1a-

d. A solution of corresponding furaldehyde (�25 mL, 0.3 mol)
and ammonium acetate (23 g, 0.3 mol) in ethanol (150 mL) was

added to a solution of ketone 1a–d (0.15 mol) in ethanol (50
mL). The resulting clear mixture was allowed to remain at room

temperature for 3 d. Then the obtained brown mixture was
diluted with diethyl ether (400 mL) and washed with water (3 �
200 mL). The organic layer was separated, dried (MgSO4), fil-
tered, evaporated, and purified by column chromatography on
alumina (eluant: hexane) to give corresponding piperidones 2a-

d as white prisms in good to moderate yields.
(2S*,3R*,6R*)-2,6-Di(2-furyl)-3-methylpiperidin-4-one

(1a). Yield 34%; mp 63�64�C (hexane-ethyl acetate) lit. [14b]:
40�C; ir: NH 3317, C¼¼O 1706 cm�1; 1H NMR (400 MHz,
CDCl3): d ¼ 0.92 (d, J3,Me ¼ 6.5 Hz, 3 H, CH3-3), 2.35 (brs, 1

H, NH), 2.71 (dd, J5B,6 ¼ 3.0, 2J5,5 ¼ 13.6 Hz, 1 H, H-5B), 2.84
(dq, J3,2 ¼ 10.7, J3,Me ¼ 6.5 Hz, 1 H, H-3), 2.85 (dd, J5A,6 ¼
12.1, 2J5,5 ¼ 13.6 Hz, 1 H, H-5A), 3.80 (d, J2,3 ¼ 10.7 Hz, 1 H,
H-2), 4.17 (dd, J6,5A ¼ 12.1, J6,5B ¼ 3.0 Hz, 1 H, H-6), 6.21
(brd, Jb0,b ¼ 3.2 Hz, 1 H, H-b*)y, 6.29 (dd, Ja,b ¼ 1.8, Jb0 ,b ¼ 3.2

Hz, 1 H, H-b), 6.32 (m, 2 H, H-b0 and H-b0*), 7.36 (dd, Jb0,a ¼
0.8, Ja,b ¼ 1.8 Hz, 1 H, H-a), 7.39 (dd, Jb0,a ¼ 0.6, Ja,b ¼ 1.8
Hz, 1 H, H-a*); ms (EI, 70 eV): m/z 245 (28) [M]þ, 175 (3), 174
(10), 150 (2), 146 (2), 136 (5), 123 (14), 122 (31), 108 (10), 95

(30), 94 (100), 93 (97), 79 (31), 66 (40), 65 (35), 56 (23), 40
(12). Anal. Calcd for C14H15NO3: C, 68.56; H, 6.16; N, 5.71.
Found: C, 68.48; H, 6.20; N, 5.93.

(2R*,3S*,5R*,6S*)-2,6-Di(2-furyl)-3,5-dimethylpiperidin-4-
one (1b). Yield 63%; mp 73.5–74.5�C (hexane-ethyl acetate)

lit. [14b]: 57�C; ir: NH 3315, C¼¼O 1705 cm�1; 1H NMR
(400 MHz, CDCl3): d ¼ 0.91 (d, JMe,3(Me,5) ¼ 6.6 Hz, 6 H,
CH3-3 and CH3-5), 2.27 (brs, 1 H, NH), 2.95 (dq, J2,3(5,6) ¼
10.8, JMe,3(Me,5) ¼ 6.6 Hz, 2 H, H-3 and H-5), 3.76 (d, J2,3(5,6)
¼ 10.8 Hz, 2 H, H-2 and H-6), 6.27 (dd, Ja,b0 ¼ 0.8, Jb0,b ¼
3.2 Hz, 2 H, H-b0), 6.31 (dd, Ja,b ¼ 1.8, Jb0,b ¼ 3.2 Hz, 2 H,
H-b), 7.38 (dd, Jb0 ,a ¼ 0.8, Ja,b ¼ 1.8 Hz, 2 H, H-a); ms (EI,
70 eV): m/z (%) 259 (13) [M]þ, 174 (14), 146 (3), 136 (29),
123 (23), 108 (100), 96 (16), 80 (16), 79 (54), 77 (27), 55
(14), 53 (15), 39 (42). Anal. Calcd for C17H15NO3: C, 69.48;

H, 6.61; N, 5.40. Found: C, 69.30; H, 6.51; N, 5.61.
(2S*,3R*,6R*)-3-Ethyl-2,6-di(2-furyl)piperidin-4-one (1c). Yield

33%; mp 45–47�C (hexane-ethylacetate) lit. [14b]: 47�C; ir: NH
3316, CO 1707 cm�1; 1H NMR (400 MHz, CDCl3): d ¼ 0.81 (t,

JCH2,Me ¼ 7.0 Hz, 3 H, CH3), 1.28 (m, 1 H, CH2ACH3), 1.60
(m, 1 H, CH2BCH3), 2.31 (brs, 1 H, NH), 2.70 (dd, J5B,6 ¼ 2.5,
2J5,5 ¼ 13.0 Hz, 1 H, H-5B), 2.73 (m, 1 H, H-3), 2.84 (dd, 2J5,5
¼ J5A,6 ¼ 13.0 Hz, 1 H, H-5A), 3.91 (d, J2,3 ¼ 10.9 Hz, 1 H, H-
2), 4.15 (dd, J6,5B ¼ 2.5, J6,5A ¼ 13.0 Hz, 1 H, H-6), 6.21 (brd,

Jb0 ,b ¼ 3.1 Hz, 1 H, H-b0), 6.31 (m, 3 H, H-b, H-b*, H-b0*), 7.35
(brd, Ja,b ¼ 1.6 Hz, 1 H, H-a), 7.39 (brd, Ja,b ¼ 1.6 Hz, 1 H, H-
a*); ms (EI, 70 eV): m/z (%) 259 (15) [M]þ, 174 (10), 149 (3),
137 (9), 122 (21), 107 (6), 96 (14), 94 (100), 77 (8), 65 (10), 55
(14), 39 (27). Anal. Calcd for C15H17NO3: C, 69.48; H, 6.61; N,

5.40. Found: C, 69.39; H, 6.55; N, 5.45.
(2R*,3S*,5R*,6S*)-3,5-Dimethyl-2,6-bis(5-methyl-2-furyl)-

piperidin-4-one (1d). Yield 41%; mp 85–86�C (hexane-ethyl
acetate); ir: NH 3282, C¼¼O 1704 cm�1; 1H NMR (400 MHz,
CDCl3): d ¼ 0.92 (d, JMe,3(Me,5) ¼ 6.5 Hz, 6 H, CH3-3 and

CH3-5), 2.27 (d, JMe,b0 ¼ 0.6 Hz, 6 H, CH3-Fur and CH3-
Fur*), 2.75 (brs, 1 H, NH), 2.90 (dq, J3,2 (5,6) ¼ 10.8 Hz,
JMe,3(Me,5) ¼ 6.5 Hz, 2 H, H-3 and H-5), 3.66 (d, J3,2(5,6) ¼
10.8 Hz, 2 H, H-2 and H-6), 5.88 (dq, JMe,b0 ¼ 0.6, Jb0 ,b ¼ 3.0

Hz, 2 H, H-b0 and H-b0*), 6.12 (brd, Jb0,b ¼ 3.0 Hz, 2 H, H-b
and H-b*); ms (EI, 70 eV): m/z (%) 287 (35) [M]þ, 244 (5),

Scheme 8. Synthesis of 9,11a-epoxyimidazo[40,50:3,4]pyrido[2,1-a]iso-
indole-8-carboxylic acids 14a-c.

y
a*, b* and b0*—the protons of the second furan ring.
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202 (20), 150 (40), 137 (13), 122 (100), 110 (20), 101 (8), 79
(7), 77 (6), 43 (7). Anal. Calcd for C17H21NO3: C, 71.06; H,
7.37; N, 4.87. Found: C, 70.98; H, 7.50; N, 4.75.

General procedure for preparation of 6a-methylepoxy-

pyrido[2,1-a]isoindolones 2a-d. A mixture of corresponding

piperidone 1a-d (4.0 mmol), methacryloyl chloride (0.6 mL,

6.0 mmol) and triethylamine (1.7 mL, 12.0 mmol) in toluene

(25 mL) was refluxed for 4 h. The reaction progress was moni-

tored by TLC (until disappearance of the starting compound’s

spot). At the end of the reaction the mixture was poured into

water (100 mL), an aq. (5%) solution of HCl added until pH

�6 and organic substances extracted with ethyl acetate (3 �
80 mL). The organic layers were combined, dried (MgSO4),

and concentrated to give crude products. Further crystallization

from hexane-ethyl acetate gave corresponding compounds 2a-

d as white needles.

(1R*,4R*,6aR*,8S*,10aS*,10bS*)-4-(2-Furyl)-1,3,4,7,8,10b-
hexahydro-1,6a-dimethyl-2H-8,10a-epoxypyrido[2,1-a]isoin-
dole-2,6(6aH)-dione (2a). Yield 47%; mp 136�138�C (hex-

ane-ethyl acetate); ir: NH 3282, C¼¼O 1724, N–C¼¼O 1695
cm�1; 1H NMR (600 MHz, CDCl3): d ¼ 1.09 (brs, 3 H, CH3-
6a), 1.11 (d, J1,Me-1 ¼ 6.8 Hz, 3 H, CH3-1), 1.12 (d, J7endo,7exo
¼ 11.8 Hz, 1 H, H-7endo), 2.45 (dd, J7exo,8 ¼ 4.8, J7exo,7endo
¼ 11.8 Hz, 1 H, H-7exo), 2.91 (dq, J1,10b ¼ 11.9, J1,Me-1 ¼
6.8 Hz, 1 H, H-1), 2.91 (dd, J3B,4 ¼ 6.2, 2J3,3 ¼ 17.2 Hz, 1 H,
H-3B), 2.99 (dd, J3A,4 ¼ 2.1, 2J3,3 ¼ 17.2 Hz, 1 H, H-3A),
4.20 (d, J10b,1 ¼ 11.9 Hz, 1 H, H-10b), 5.00 (dd, J8,9 ¼ 1.7,
J8,7exo ¼ 4.8 Hz, 1 H, H-8), 5.32 (brdd, J4,3B ¼ 2.1, J4,3A ¼
6.2 Hz, 1 H, H-4), 6.20 (dd, J40 ,50 ¼ 1.8, J40 ,30 ¼ 3.2 Hz, 1 H,
H-40), 6.25 (dd, J30,50 ¼ 0.7, J30,40 ¼ 3.2 Hz, 1 H, H-30), 6.33
(d, J10,9 ¼ 5.8 Hz, 1 H, H-10), 6.43 (dd, J9,8 ¼ 1.7 Hz, J9,10
¼ 5.8 Hz, 1 H, H-9), 7.23 (dd, J50,30 ¼ 0.7, J50 ,40 ¼ 1.8 Hz, 1
H, H-50); 13C nmr (100.6 MHz, CDCl3): d ¼ 208.1 (C2), 177.1

(C6), 152.6 (C20), 142.1 (C50), 137.0 and 131.6 (C9 and C10),
110.4 and 107.7 (C30 and C40), 92.7 (C10a), 78.6 (C8), 57.9
(C4), 52.7 (C6a), 46.2 and 44.3 (C1 and C10b), 41.8 (C3), 36.6
(C7), 20.0 (CH3-6a), 10.3 (CH3-1); ms (EI, 70 eV): m/z (%)
313 [Mþ] (22), 228 (20), 176 (9), 162 (12), 149 (19), 121

(10), 108 (38), 94 (52), 69 (48), 66 (26), 41 (100). Anal. Calcd
for C18H19NO4: C, 68.99; H, 6.11; N, 4.47. Found: C, 68.89;
H, 6.21; N, 4.51.

(1R*,3S*,4R*,6aR*,8S*,10aS*,10bS*)-4-(2-Furyl)-1,3,4,7,8,
10b-hexahydro-1,3,6a-trimethyl-2H-8,10a-epoxypyrido[2,1-a]iso-
indole-2,6(6aH)-dione (2b). Yield 46%; mp 134�136�C (hex-
ane-ethyl acetate); ir: C¼¼O 1717, NAC¼¼O 1678 cm�1; 1H
NMR (400 MHz, CDCl3): d ¼ 1.13 (s, 3 H, CH3-6a), 1.14 (d,
J ¼ 6.6 Hz, 3 H, CH3-1), 1.18 (d, J7exo,7endo ¼ 11.7 Hz, 1 H,

H-7exo), 1.39 (d, J3,Me-3 ¼ 7.6 Hz, 3 H, CH3-3), 2.51 (dd,
J7exo,8 ¼ 4.8, J7exo,7endo ¼ 11.7 Hz, 1 H, H-7exo), 3.00 (dq,
J1,Me-1 ¼ 6.6, J1,10b ¼ 12.0 Hz, 1 H, H-1), 3.10 (dq, J3,Me-3 ¼
7.6, J3,4 ¼ 2.0 Hz, 1 H, H-3), 4.21 (d, J10b,1 ¼ 12.0 Hz, 1 H,
H-10b), 5.03 (dd, J4,30 ¼ 0.6, J4,3 ¼ 2.0 Hz, 1 H, H-4), 5.07

(dd, J8,9 ¼ 1.7, J8,7exo ¼ 4.8 Hz, 1 H, H-8), 6.25 (dd, J40 ,50 ¼
1.8, J40,30 ¼ 3.2 Hz, 1 H, H-40), 6.32 (dt, J30 ,50 ¼ 4J4,30 ¼ 0.6,
J30,40 ¼ 3.2 Hz, 1 H, H-30), 6.40 (d, J10,9 ¼ 5.9 Hz, 1 H, H-
10), 6.49 (dd, J9,8 ¼ 1.8, J9,10 ¼ 5.9 Hz, 1 H, H-9), 7.28 (dd,
J50,30 ¼ 0.6, J50,40 ¼ 1.8 Hz, 1 H, H-50); 13C NMR (100.6

MHz, CDCl3): d ¼ 210.6 (C2), 178.0 (C6), 152.5 (C20), 142.0
(C50), 136.9 and 131.5 (C9 and C10), 110.3 and 107.6 (C30 and
C40), 93.0 (C10a), 78.7 (C8), 57.6 (C4), 52.8 (C6a), 52.6 (C10b),
46.4 and 43.8 (C1 and C3), 36.6 (C7), 20.0 (CH3-6a), 17.5

(CH3-3), 10.3 (CH3-1); ms (EI, 70 eV): m/z (%) 327 [Mþ]
(86), 312 (13), 242 (85), 176 (100), 163 (90), 148 (38), 108
(74), 79 (43), 69 (46). Anal. Calcd for C19H21NO4: C, 69.71;
H, 4.28; N, 6.47. Found: C, 69.42; H, 4.32; N, 6.73.

(1R*,4R*,6aR*,8S*,10aS*,10bS*)-1-Ethyl-4-(2-furyl)-1,3,4,7,
8,10b-hexahydro-6a-methyl-2H-8,10a-epoxypyrido[2,1-a]iso-
indole-2,6(6aH)-dione (2c). Yield 55%; mp 140�C (hexane-
ethyl acetate); ir: C¼¼O 1720, NAC¼¼O 1698 cm�1; 1H NMR
(600 MHz, CDCl3): d ¼ 0.93 (t, JCH2,Me ¼ 7.3 Hz, 1 H,
CH2CH3), 1.12 (s, 3 H, CH3-6a), 1.14 (d, J7endo,7exo ¼ 12.1

Hz, 1 H, H-7endo), 1.58 (m, 1 H, CH2(B)CH3), 1.93 (m, 1 H,
CH2(A)CH3), 2.47 (dd, J7exo,8 ¼ 5.0, 2J7exo,7endo ¼ 12.1 Hz, 1
H, H-7exo), 2.89 (dd, J3B,4 ¼ 6.2, 2J3,3 ¼ 17.0 Hz, 1 H, H-
3B), 2.89 (m, 1 H, H-1), 3.00 (brd, 2J3,3 ¼ 17.0 Hz, 1 H, H-
3A), 4.46 (d, J10b,1 ¼ 12.1 Hz, 1 H, H-10b), 5.02 (brd, J8,7exo
¼ 5.0 Hz, 1 H, H-8), 5.30 (brd, J3B,4 ¼ 6.2 Hz, 1 H, H-4),
6.23�6.25 (m, 2 H, H-30 and H-40), 6.41 (d, J10,9 ¼ 6.0 Hz, 1
H, H-10), 6.45 (brd, J9,10 ¼ 6.0 Hz, 1 H, H-9), 7,25 (brd, J40 ,50
¼1.6 Hz, 1 H, H-50); 13C nmr (100.6 MHz, CDCl3): d ¼
207.9 (C2), 177.1 (C6), 152.6 (C20), 142.2 (C50), 137.2 (C10),
131.3 (C9), 110.4 and 107.6 (C30 and C40), 92.6 (C10a), 78.7
(C8), 55.0, 49.6, 46.29 (C1, C10b, and C4), 52.8 (C6a), 42.9
(C3), 36.6 (C7), 20.1 (CH3-6a), 18.4 (CH2CH3), 10.4
(CH2CH3); ms (EI, 70 eV): m/z (%) 327 [Mþ] (100), 300 (12),

256 (15), 242 (25), 162 (31), 148 (63), 122 (40), 94 (56), 67
(42), 41 (49). Anal. Calcd for C19H21NO4: C, 69.71; N, 6.47;
H, 4.28. Found: C, 69.51; N, 6.59; H, 4.62.

(1R*,3S*,4R*,6aR*,8S*,10aS*,10bS*)-4-(5-Methyl-2-furyl)-
1,3,4,7,8,10b-hexahydro-1,3,6a,8-tetramethyl-2H-8,10a-epoxy-
pyrido[2,1-a]isoindole-2,6(6aH)-dione (2d). Yield 60%; mp

182�C (hexane-ethyl acetate); ir: C¼¼O 1713, NAC¼¼O 1688

cm�1; 1H NMR (600 MHz, CDCl3): d ¼ 1.04 (s, 3 H, CH3-

6a), 1.05 (d, J1,Me-1 ¼ 6.8 Hz, 3 H, CH3-1), 1.19 (d,
2J7exo,7endo ¼ 12.1 Hz, 1 H, H-7exo), 1.31 (d, J3,Me-3 ¼ 7.7

Hz, 3 H, CH3-3), 1.56 (s, 3 H, CH3-8), 2.13 (s, 3 H, CH3-5
0),

2.17 (d, 2J7endo,7exo ¼ 12.1 Hz, 1 H, H-7endo), 2.90 (dq, J1,Me-

1 ¼ 6.8, J1,10b ¼ 12.2 Hz, 1 H, H-1), 3.03 (dq, J3,Me-3 ¼ 7.7,

J3,4 ¼ 1.0 Hz, 1 H, H-3), 4.06 (d, J10b,1 ¼ 12.2 Hz, 1 H, H-

10b), 4.93 (brs, 1 H, H-4), 5.74 (brd, J40,30 ¼ 2.9 Hz, 1 H, H-

40), 6.10 (brd, J30,40 ¼ 2.9 Hz, 1 H, H-30), 6.22 (d, J9,10 ¼ 6.1

Hz, 1 H, H-10), 6.30 (d, J9,10 ¼ 6.1 Hz, 1 H, H-9); 13C NMR

(150.9 MHz, CDCl3): d ¼ 211.2 (C2), 178.3 (C6), 151.6 and

150.7 (C20 and C50), 140.1 (C9), 132.1 (C10), 107.9 (C30), 106.3

(C40), 86.8 (2C, C10a and C8), 57.6, 56.0 and 52.5 (C6a, C10b,

and C4), 46.7, 43.8 and 42.9 (C1, C3, and C7), 19.8, 19.1 and

17.7 (CH3-5
0, CH3-6a and CH3-8), 13.5 (CH3-3), 10.3 (CH3-

1); ms (EI, 70 eV): m/z (%) 355 [Mþ] (67), 270 (86), 242 (9),

190 (100), 162 (29), 149 (36), 122 (95), 107 (30), 93 (14), 79

(39), 69 (22), 41 (66). Anal. Calcd for C21H25NO4: C, 70.96;

H, 3.94; N, 7.09. Found: C, 70.88; H, 3.89; N, 7.13.

General procedure for preparation of 7-phenylepoxypyr-

ido[2,1-a]isoindolones 3a-d. A mixture of corresponding
piperidone 1a-d (4.0 mmol), cinnamoyl chloride (1.0 g, 6.0

mmol) and triethylamine (1.7 mL, 12.0 mmol) in toluene (25
mL) was refluxed for 5�6 h. The reaction progress was moni-
tored by TLC (until disappearance of the starting compound’s
spot). At the end of the reaction the mixture was poured into
water (100 mL), an aq. (5%) solution of HCl added until pH

�6 and extracted with ethyl acetate (3 � 80 mL). The organic
layers were combined, dried (MgSO4), and concentrated to
give crude products. Further crystallization from hexane-ethyl
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acetate gave corresponding compounds 3a–d as colourless

needles.

(1R*,4R*,6aR*,8S*,10aS*,10bS*)-4-(2-Furyl)-1,3,4,7,8,10b-
hexahydro-1-methyl-7-phenyl-2H-8,10a-epoxypyrido[2,1-a]iso-
indole-2,6(6aH)-dione (3a). Yield 74%; mp 137�138�C (hex-

ane-ethyl acetate); ir: C¼¼O 1724, NAC¼¼O 1692 cm�1; 1H
NMR (400 MHz, CDCl3): d ¼ 1.19 (d, J1,Me-1 ¼ 6.8 Hz, 3 H,
CH3-1), 2.83 (d, J6a,7 ¼ 4.4 Hz, 1 H, H-6a), 2.97 (dd, J3A,4 ¼
5.6, 2J3,3 ¼ 16.8 Hz, 1 H, H-3A), 2.99 (dq, J1,Me-1 ¼ 6.9,

J1,10b ¼ 11.8 Hz, 1 H, H-1), 3.02 (dd, J3B,4 ¼ 2.5, 2J3,3 ¼
16.8 Hz, 1 H, H-3B), 3.84 (t, J7exo,8 ¼ J6a,7 ¼ 4.4 Hz, 1 H, H-
7exo), 4.37 (d, J10b,1 ¼ 11.8 Hz, 1 H, H-10b), 5.25 (dd, J8,9 ¼
1.9, J8,7exo ¼ 4.4 Hz, 1H, H-8), 5.39 (dd, J4,3B ¼ 2.5, J4,3A ¼
5.6 Hz, 1 H, H-4), 6.29 (dd, J40 ,50 ¼ 1.9, J40 ,30 ¼ 3.1 Hz, 1 H,

H-40), 6.34 (brd, J30 ,40 ¼ 3.1 Hz, 1 H, H-30), 6.30 (dd, J9,8 ¼
1.9, J9,10 ¼ 6.2 Hz, 1 H, H-9), 6.57 (d, J10,9 ¼ 6.2 Hz, 1 H,
H-10), 7.29–7.15 (m, 6H, H-Ph, and H-50); 13C NMR (100.6
MHz, CDCl3): d ¼ 207.8 (C2), 172.9 (C6), 152.5 (C20), 142.1
(C50), 138.8 (C100), 135.4 and 134.0 (C9 and C10), 128.3 and

127.8 (each by 2C, C200, and C600, C300 and C500), 126.8 (C400),
110.3 and 107.5 (C30 and C40), 91.9 (C10a), 82.3 (C8), 59.2 and
55.6 (C10b and C4), 47.4, 46.2 and 44.3 (C1, C6a, and C7), 41.8
(C3), 10.2 (CH3-1); ms (EI, 70 eV): m/z (%) 375 [Mþ] (9),
307 (2), 245 (5), 238 (13), 228 (50), 224 (11), 210 (5), 169

(5), 162 (12), 148 (17), 131 (81), 108 (59), 103 (86), 94 (100),
77 (79), 66 (41), 65 (26), 55 (14), 39 (23). Anal. Calcd for
C23H21NO4: C, 73.58; H, 5.64; N, 3.73. Found: C, 73.73; H,
5.37; N, 4.04.

(1R*,3S*,4R*,6aR*,8S*,10aS*,10bS*)-4-(2-Furyl)-1,3,4,7,8,
10b-hexahydro-1,3-dimethyl-7-phenyl-2H-8,10a-epoxypyrido[2,1-
a]isoindole-2,6(6aH)-dione (3b). Yield 30%; mp 153�155�C
(hexane-ethyl acetate); ir: C¼¼O 1724, NAC¼¼O 1683 cm�1;
1H NMR (400 MHz, CDCl3): d ¼ 1.16 (d, J3,Me-3 ¼ 6.9 Hz, 3

H, CH3-3), 1.35 (d, J1,Me-1 ¼ 7.5 Hz, 3 H, CH3-1), 2.83 (d,
J6a,7 ¼ 4.4 Hz, 1 H, H-6a), 3.11�2.96 (m, 2 H, H-1 and H-3),
3.85 (t, J7,6a ¼ J7,8 ¼ 4.4 Hz, H-7), 4.30 (d, J1,10b ¼ 12.5 Hz,
H-10b), 5.00 (d, J3,4 ¼ 2.5 Hz, 1 H, H-4), 5.26 (dd, J8,9 ¼ 1.3,
J8,7 ¼ 4.4 Hz, 1 H, H-8), 6.28 (dd, J9,8 ¼ 1.3, J9,10 ¼ 6.2 Hz,

1 H, H-9), 6.27 (dd, J40,50 ¼ 1.8, J40,30 ¼ 3.1 Hz, 1 H, H-40),
6.56 (d, J10,9 ¼ 6.2 Hz, 1 H, H-10), 7.30–7.13 (m, 5 H, H-Ph),
7.30 (brd, J40,50 ¼ 1.8 Hz, H-50); 13C NMR (100.6 MHz,
CDCl3): d ¼ 210.3 (C2), 173.8 (C6), 152.3 (C20), 142.1 (C50),
138.8 (C100), 135.5 and 134.0 (C9 and C10), 128.4 and 127.9

(each by 2C, C200 and C600, C300, and C500), 126.8 (C400), 110.3
and 107.7 (C30 and C40), 92.1 (C10a), 82.4 (C8), 59.4, 55.6,
53.0, 47.6, 46.5 and 43.9 (C10b, C4, C1, C6a, C7, and C3), 17.0
(CH3-3), 10.2 (CH3-1); ms (EI, 70 eV): m/z (%) 389 [Mþ]
(21), 281 (8), 256 (19), 242 (75), 238 (11), 207 (9), 191 (6),

174 (12), 162 (45), 146 (18), 131 (85), 108 (100), 103 (97), 94
(18), 77 (84), 75 (84), 65 (16). Anal. Calcd for C24H23NO4: C,
74.02; H, 5.95; N, 3.60. Found: C, 73.76; H, 5.88; N, 3.37.

(1R*,4R*,6aR*,7S*,8S*,10aS*,10bS*)-1-Ethyl-4-(2-furyl)-
7-phenyl-1,3,4,7,8,10b-hexahydro-2H-8,10a-epoxypyrido[2,1-
a]isoindole-2,6(6aH)-dione (3c). Yield 51%; mp 140�C (hex-
ane-ethyl acetate); ir: C¼¼O 1715, NAC¼¼O 1689 cm�1; 1H
NMR (400 MHz, CDCl3): d ¼ 0.97 (t, JCH2,Me ¼ 7.5 Hz, 3H,
CH2CH3), 1.62 (m, 1 H, CHHBCH3), 1.97 (m, 1 H, CHAHCH3),

2.81 (d, J6a,7 ¼ 4.4 Hz, 1 H, H-6a), 2.90 (dd, J3A,4 ¼ 1.8, 2J3A,3B
¼ 16.2 Hz, 1 H, H-3A), 2.91 (m, 1 H, H-1), 2.91 (dd, J3B,4 ¼
6.2, 2J3B,3A ¼ 16.2 Hz, 1 H, H-3B), 3.82 (t, J7,6a ¼ J7,8 ¼ 4.4
Hz, 1 H, H-7), 4.61 (d, J1,10b ¼ 11.8 Hz, 1 H, H-10b), 5.24 (dd,

J8,9 ¼ 1.8, J7,8 ¼ 4.4 Hz, 1 H, H-8), 5.35 (dd, J4,3A ¼ 1.8, J4,3B
¼ 6.2 Hz, 1 H, H-4), 6.26 (dd, J40 ,50 ¼ 1.8, J40 ,30 ¼ 3.2 Hz, 1 H,
H-40), 6.29 (dd, J9,8 ¼ 1.8, J9,10 ¼ 6.2 Hz, 1 H, H-9), 6.30 (dd,
J30,50 ¼ 0.7, J30,40 ¼ 3.2 Hz, 1 H, H-30), 6.59 (d, J10,9 ¼ 6.2 Hz, 1
H, H-10), 7.26–7.14 (m, 5 H, H00-Ph), 7.28 (brd, J30 ,50 ¼ 1.8 Hz,

1 H, H-50); 13C NMR (100.6 MHz, CDCl3): d ¼ 207.7 (C2),
173.1 (C6), 152.6 (C20), 142.4 (C50), 138.9 (C100), 135.9 and
133.8 (C9 and C10), 128.5 (2C, C300 and C500), 128.0 (2C, C200, and
C600), 127.0 (C400), 110.5 (C30), 107.7 (C40), 91.9 (C10a), 82.5 (C8),
56.7, 55.9, 49.8, 47.6 and 46.5 (C1, C4, C6a, C7, and C10b), 43.1

(C3), 18.5 (CH2CH3), 10.5 (CH2CH3); ms (EI, 70 eV): m/z (%)
389 [Mþ] (11), 360 (2), 321 (3), 266 (7), 258 (11), 242 (98), 238
(81), 210 (8), 176 (10), 148 (58), 131 (100), 122 (35), 103 (54),
94 (31), 77 (37), 65 (10). Anal. Calcd for C24H23NO4: C, 74.02;
H, 5.95; N, 3.60. Found: C, 74.31; H, 5.68; N, 3.91.

(1R*,3S*,4R*,6aR*,8S*,10aS*,10bS*)-1,3,8-Trimethyl-4-(5-
methyl-2-furyl)-7-phenyl-1,3,4,7,8,10b-hexahydro-2H-8,10a-
epoxypyrido[2,1-a]isoindole-2,6(6aH)-dione (3d). Yield 30%;
mp 160�C (hexane-ethyl acetate); ir: C¼¼O 1722, NAC¼¼O

1683 cm�1; 1H NMR (600 MHz, CDCl3): d ¼ 1.15 (d, JMe-1,1

¼ 6.6 Hz, 3 H, CH3-1), 1.35 (d, JMe-3,3 ¼ 7.7 Hz, 3 H, CH3-
3), 1.57 (s, 3 H, CH3-8), 2.19 (brs, 3 H, CH3-5

00), 2.95 (d,
J6a,7exo ¼ 3.9 Hz, 1 H, H-6a), 2.98 (dq, J1,Me-1 ¼ 6.6, J1,10b ¼
12.1 Hz, 1 H, H-1), 3.05 (dq, J3,4 ¼ 2.5, J3,Me-3 ¼ 7.7 Hz, 1

H, H-3), 3.99 (d, J7exo,6a ¼ 3.9 Hz, 1 H, H-7exo), 4.24 (d,
J10b,1 ¼ 12.1 Hz, H-10b), 4.97 (brd, J4,3 ¼ 2.5 Hz, 1 H, H-4),
5.82 (dq, J40 ,Me-50 ¼ 1.1, J40,30 ¼ 3.1 Hz, 1 H, H-40), 6.05 (d,
J10,9 ¼ 5.5 Hz, 1 H, H-10), 6.19 (brd, J30,40 ¼ 3.1 Hz, 1 H, H-
30), 6.60 (d, J9,10 ¼ 5.5 Hz, 1 H, H-9), 7.11 (m, 2 H, H-200 and
H-600), 7.25–7.18 (m, 3 H, H-300�H-500); 13C NMR (150.9
MHz, CDCl3): d ¼ 210.9 (C2), 173.9 (C6), 151.8 and 150.7
(C20 and C50), 138.8 and 134.2 (C9 and C10), 128.2 (5C,
C200�C600), 127.1 (C100), 108.0 (C30), 106.3 (C40), 91.4 and 90.5
(C8 and C10a), 59.44, 59.40, 53.3 and 53.0 (C10b, C6a, C7, and

C4), 46.8 (C3), 44.0 (C1), 17.7 (CH3-5
0), 17.5 (CH3-8), 13.6

(CH3-3), 10.4 (CH3-1); ms (EI, 70 eV): m/z (%) 417 [Mþ] (3),
270 (100), 252 (45), 224 (10), 176 (22), 150 (16), 149 (10),
131 (49), 122 (24), 107 (7), 103 (23), 79 (8), 77 (17). Anal.

Calcd for C26H27NO4: C, 74.80; H, 6.52; N, 3.35. Found: C,
74.66; H, 6.49; N, 3.21.

(1R*,4R*,6aR*,8S*,10aS*,10bS*)-4-(2-Furyl)-1,7-dimethyl-
1,3,4,7,8,10b-hexahydro-2H-8,10a-epoxypyrido[2,1-a]isoindole-
2,6(6aH)-dione (3e). A mixture of piperidone 1a (0.98 g, 4.0

mmol), crotonyl chloride (0.6 mL, 6.0 mmol) and triethyl-
amine (1.7 mL, 12.0 mmol) in toluene (25 mL) was refluxed
for 6 h. The reaction progress was monitored by TLC. At the
end of the reaction the mixture was poured into water (100
mL), an aq. (5%) solution of HCl added until pH �6 and

extracted with ethyl acetate (3 � 80 mL). The organic layers
were combined, dried (MgSO4), and concentrated to give
crude product. Further crystallization from hexane-ethyl ace-
tate gave compound 3e as white needles. Yield 48%, mp 160
�C (hexane-ethyl acetate); ir: C¼¼O 1722, NAC¼¼O 1687

cm�1; 1H NMR (600 MHz, CDCl3): d ¼ 0.97 (d, J7,Me-7 ¼ 7.1
Hz, 3 H, CH3-7), 1.11 (d, J1,Me-1 ¼ 6.9 Hz, 3 H, CH3-1), 2.04
(d, J6a,7 ¼ 3.8 Hz, 1 H, H-6a), 2.58 (dq, J1,Me-1 ¼ 6.9, J1,10b
¼ 11.9 Hz, 1 H, H-1), 2.89 (ddq, J7,6a ¼ 3.8, J7,8 ¼ 4.5, JMe-
7,7 ¼ 7.1 Hz, 1 H, H-7), 2.90 (dd, J3B,4 ¼ 6.2, 2J3B,3A ¼ 17.1
Hz, 1 H, H-3B), 2.97 (dd, J3A,4 ¼ 2.0, 2J3A,3B ¼ 17.1 Hz, 1
H, H-3A), 4.23 (d, J10b,1 ¼ 11.9 Hz, 1 H, H-10b), 4.90 (dd,
J8,9 ¼ 1.6, J8,7exo ¼ 4.5 Hz, 1H, H-8), 5.31 (dd, J3A,4 ¼ 2.0,
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J4,3B ¼ 6.2 Hz, 1 H, H-4), 6.20 (dd, J40 ,50 ¼ 1.8, J40,30 ¼ 3.2
Hz, 1 H, H-40), 6.23 (brdd, J30 ,40 ¼ 3.2, J30 ,50 ¼ 0.5 Hz, 1 H,
H-30), 6.35 (dd, J9,8 ¼ 1.6, J9,10 ¼ 5.8 Hz, 1 H, H-9), 6.45 (d,
J10,9 ¼ 5.8 Hz, 1 H, H-10), 7.24 (dd, J30,50 ¼ 0.5, J40,50 ¼ 1.8
Hz, 1 H, H-50); 13C NMR (100.6 MHz, CDCl3): d ¼ 208.0

(C2), 173.4 (C6), 152.5 (C20), 142.1 (C50), 134.8 and 134.1 (C9

and C10), 110.3 and 107.4 (C30 and C40), 91.3 (C10a), 82.1 (C8),
59.3 and 55.5 (C10b and C4), 46.1, 44.3 and 37.0 (C6a, C7, and
C1), 41.7 (C3), 17.0 (CH3-7), 10.1 (CH3-1); ms (EI, 70 eV): m/
z (%) 313 [Mþ] (25), 228 (22), 176 (10), 162 (13), 149 (20),

148 (14), 108 (33), 94 (55), 79 (41), 69 (44), 66 (25), 65 (20),
41 (100). Anal. Calcd for C18H19NO4: C, 68.99; H, 6.11; N,
4.47. Found: C, 68.89; H, 6.07; N, 4.52.

General procedure for preparation of carboxylic acids

4a-d. A solution of piperidone 1a-d (4.0 mmol) and citraconic

anhydride (0.54 mL, 6.0 mmol) in toluene (30 mL) was
refluxed for 4�6 h. At the end of the reaction the resulting
mixture was cooled, and formation of white, yellow, or brown
solids was observed. The crystals were filtered off, washed

first with toluene (2 � 30 mL), then with acetone (2 � 20
mL) and air-dried to give corresponding acids 4a-d as
regioisomer mixtures (total yields of isomers 4b,dA and 4b,dB
given on the Scheme 2). After recrystallization from isopropa-
nol-DMF mixture the major isomers 4a-dA were isolated as

white powders.
(1R*,4R*,6aR*,7S*,8R*,10aS*,10bS*)-4-(2-Furyl)-1,7-di-

methyl-2,6-dioxo-1,3,4,6,6a,7,8,10b-octahydro-2H-8,10a-epoxy-
pyrido[2,1-a]isoindole-7-carboxylic acid (4aA). Yield 63%; mp
168�170�C; ir: C¼¼O 1722, CO2H 1698 and NAC¼¼O 1674

cm�1; 1H NMR (400 MHz, DMSO-d6): d ¼ 1.00 (d, J1,Me-1 ¼
7.5 Hz, 3 H, CH3-1), 1.11 (s, 3 H, CH3-7), 2.49 (s, 1 H, H-
6a), 2.50 (dq, J1,10b ¼ 11.8, J1,Me-1 ¼ 7.5 Hz, 1 H, H-1), 2.73
(dd, J3B,4 ¼ 1.9, 2J3,3 ¼ 16.8 Hz, 1 H, H-3B), 3.27 (dd, J3A,4
¼ 6.2, 2J3,3 ¼ 16.8 Hz, 1 H, H-3A), 4.58 (d, J10b,1 ¼ 11.8 Hz,

1 H, H-10b), 5.02 (d, J8,9 ¼ 1.2 Hz, 1 H, H-8), 5.18 (dd, J4,3B
¼ 1.9, J4,3A ¼ 6.2 Hz, 1 H, H-4), 6.27 (dd, J40,50 ¼ 1.8, J40 ,30
¼ 3.1 Hz, 1 H, H-40), 6.37 (brd, J30,40 ¼ 3.1 Hz, 1 H, H-30),
6.52 (dd, J8,9 ¼ 1.2, J9,10 ¼ 5.6 Hz, 1 H, H-9), 6.65 (d, J9,10
¼ 5.6 Hz, 1 H, H-10), 7.49 (brd, J50 ,40 ¼ 1.8 Hz, 1 H, H-50);
13C NMR (DMSO-d6, 100.6 MHz): d ¼ 208.6 (C2), 174.8
(CO2H), 170.0 (C6), 153.2 (C20), 142.3 (C50), 136.2 and 135.4
(C9 and C10), 110.4 and 107.0 (C30 and C40), 84.0 (C8), 79.2
(C10a), 58.9 (C6a), 57.1, 46.0 and 44.0 (C1, C4, and C10b), 50.4

(C7), 42.1 (C3), 22.1 (Me-7), 10.0 (Me-1); ms (EI, 70 eV): m/z
(%) 357 [Mþ] (3), 245 (39), 228 (14), 176 (9), 174 (13), 122
(21), 108 (16), 96 (10), 94 (100), 79 (11), 77 (9), 68 (22), 66
(12), 65 (13), 39 (14). Anal. Calcd for C19H19NO6: C, 63.86;
H, 5.36; N, 3.92. Found: C, 63.91; H, 5.51; N, 4.26.

(1R*,3S*,4R*,6aR*,7S*,8R*,10aS*,10bS*)-4-(2-Furyl)-1,3,7-
trimethyl-2,6-dioxo-1,3,4,6,6a,7,8,10b-octahydro-2H-8,10a-epoxy-
pyrido[2,1-a]isoindole-7-carboxylic acid (4bA). Yield 63%; mp
206�208�C; ir: C¼¼O and CO2H brd 1704, NAC¼¼O 1638
cm�1; 1H NMR (DMSO-d6, 400 MHz): d 1.08 (d, 3H, JMe-1,1

¼ 6.7 Hz, CH3-1), 1.11 (s, 3H, CH3-7), 1.32 (d, 3H, JMe-3,3 ¼
7.8 Hz, CH3-3), 2.52 (s, 1H, H-6a), 2.63 (dq, 1H, J1,10b ¼
11.8, J1,Me-1 ¼ 6.7 Hz, H-1), 2.93 (dq, 1H, J3,4 ¼ 2.5, J3,Me-3

¼ 7.8 Hz, H-3), 4.54 (d, 1H, J1,10b ¼ 11.8 Hz, H-10b), 4.92

(brd, 1H, J3,4 ¼ 2.5 Hz, H-4), 5.06 (d, 1 H, J8,9 ¼ 1.9 Hz, H-
8), 6.28 (dd, 1 H, J30 ,40 ¼ 3.1, J40,50 ¼ 1.9 Hz, H-40), 6.48 (dt,
1 H, J30 ,40 ¼ 3.1, 4J30 ,4 ¼ J30 ,50 ¼ 0.9 Hz, H-30), 6.53 (dd, 1 H,
J9,10 ¼ 5.6, J8,9 ¼ 1.9 Hz, H-9), 6.66 (d, 1 H, J9,10 ¼ 5.6 Hz,

H-10), 7.51 (dd, 1 H, J50,40 ¼ 1.9, J30 ,50 ¼ 0.9 Hz, H-50), 12.31
(brs, 1H, CO2H);

13C NMR (DMSO-d6, 100.6 MHz): d ¼
210.1 (C2), 176.3 (CO2H), 172.1 (C6), 151.6 (C20), 142.2 (C50),
136.1 and 135.0 (C9 and C10), 110.6 and 108.1 (C30 and C40),
91.3 (C10a), 84.9 (C8), 59.2, 58.7, 53.1, 46.4 and 43.9 (C1, C6a,

C4, C3, C10b and C6a), 52.4 (C7), 22.5 (Me-7), 17.4 (Me-3),
10.2 (Me-1); ms (EI, 70 eV): m/z (%) 371 [Mþ] (16), 327 (3),
290 (15), 258 (31), 242 (92), 235 (7), 217 (22), 190 (51), 176
(38), 162 (20), 136 (54), 123 (74), 108 (100), 95 (23), 78 (83),
68 (25), 58 (34), 43 (66), 39 (76), 33 (96). Anal. Calcd for

C20H21NO6: C, 64.68; H, 5.70; N, 3.77. Found: 64.51; H,
5.31; N, 3.98.

(1R*,4R*,6aR*,7S*,8R*,10aS*,10bS*)-1-Ethyl-4-(2-furyl)-
7-methyl-2,6-dioxo-1,3,4,6,6a,7,8,10b-octahydro-2H-8,10a-epox-
ypyrido[2,1-a]isoindole-7-carboxylic acid (4cA). Yield 44%;

mp 160 �C; ir: C¼¼O 1719, CO2H 1678 and NAC¼¼O 1675
cm�1; 1H NMR (400 MHz, DMSO-d6): d ¼ 0.86 (t, JCH2,Me ¼
7.5 Hz, 3 H, CH2CH3), 1.11 (s, 3 H, CH3-7), 1.48 (m, 1 H,
CH2ACH3), 1.70 (m, 1 H, CH2BCH3), 2.47 (m, 1 H, H-1),

2.46 (s, 1 H, H-6a), 2.73 (dd, J3B,4 ¼ 1.9, 2J3,3 ¼ 16.2 Hz, 1
H, H-3B), 3.25 (dd, J3A,4 ¼ 6.2, 2J3,3 ¼ 16.2 Hz, 1 H, H-3A),
4.77 (d, J10b,1 ¼ 11.8 Hz, 1 H, H-10b), 5.02 (d, J8,9 ¼ 1.9 Hz,
1 H, H-8), 5.16 (dd, J4,3B ¼ 1.9, J4,3A ¼ 6.2 Hz, 1 H, H-4),
6.26 (dd, J40,50 ¼ 1.9, J40 ,30 ¼ 3.1 Hz, 1 H, H-40), 6.35 (brd,

J30,40 ¼ 3.1 Hz, 1 H, H-30), 6.53 (dd, J8,9 ¼ 1.9, J9,10 ¼ 5.6
Hz, 1 H, H-9), 6.69 (d, J9,10 ¼ 5.6 Hz, 1 H, H-10), 7.48 (brd,
J50,40 ¼ 1.9 Hz, 1 H, H-50); 13C NMR (DMSO-d6, 100.6 MHz):
d ¼ 208.6 (C2), 174.8 (CO2H), 170.0 (C6), 153.2 (C20), 142.4
(C50), 136.3 and 135.3 (C9 and C10), 110.4 (C30), 107.0 (C40),

84.0 (C8), 79.2 (C10a), 59.0 (C6a), 54.8, 49.5 and 46.1 (C1, C4

and C10b), 50.4 (C7), 43.1 (C3), 22.2 (Me-7), 18.3 (CH2CH3),
10.5 (CH2CH3); ms (EI, 70 eV): m/z (%) 371 [Mþ] (24), 259
(17), 258 (28), 242 (87), 204 (26), 176 (80), 175 (35), 148
(16), 138 (15), 136 (30), 135 (18), 122 (69), 107 (16), 94

(100), 79 (18), 77 (18), 66 (19), 65 (19). Anal. Calcd for
C20H21NO6: C, 64.68; H, 5.70; N, 3.77. Found: C, 64.71; H,
5.37; N, 3.81.

(1R*,3S*,4R*,6aR*,7S*,8R*,10aS*,10bS*)-1,3,7,8-Tetra-
methyl-4-(5-methyl-2-furyl)-2,6-dioxo-1,3,4,6,6a,7,8,10b-octahy-
dro-2H-8,10a-epoxypyrido[2,1-a]isoindole-7-carboxylic acid
(4dA). Yield 55%; mp 136�140�C; ir: C¼¼O 1721, CO2H
1698, NAC¼¼O 1672; 1H NMR (600 MHz, DMSO-d6): d ¼
0.99 (d, J1,Me-1 ¼ 6.8 Hz, 3 H, CH3-1), 1.05 (s, 3 H, CH3-7),

1.27 (d, J3,Me-3 ¼ 7.7 Hz, 3 H, CH3-3), 1.50 (s, 3 H, CH3-8),
2.18 (brs, 3 H, CH3-5

0), 2.56 (s, 1 H, H-6a), 2.61 (brdq, J1,Me-1

¼ 6.8, J1,10b ¼ 12.2 Hz, 1 H, H-1), 2.87 (dq, J3,Me-3 ¼ 7.7,
J3,4 ¼ 2.2 Hz, 1 H, H-3), 4.45 (d, J10b,1 ¼ 12.2 Hz, 1 H, H-
10b), 4.80 (d, J4,3 ¼ 2.2 Hz, 1 H, H-4), 5.86 (dq, J40 ,30 ¼ 3.0,

J40,Me-50 ¼ 1.0 Hz, 1 H, H-40), 6.32 (d, J9,10 ¼ 5.5 Hz, 1 H, H-
10), 6.41 (brd, J30 ,40 ¼ 3.0 Hz, 1 H, H-30), 6.62 (d, J9,10 ¼ 5.5
Hz, 1 H, H-9); 13C nmr (DMSO-d6, 100.6 MHz): d ¼ 210.7
(C2), 173.8 (CO2H), 170.9 (C6), 151.2 and 150.6 (C20 and C50),
139.2 (C9), 136.2 (C10), 108.1 and 106.4 (C30 and C40), 91.4

and 89.4 (C8 and C10a), 61.9 and 57.2 (C4 and C10b), 53.2
(C7), 52.2, 47.1 and 43.7 (C1, C3, and C6a), 22.1 (Me-7), 16.6,
14.6, 13.3 (Me-3, Me-8, and Me-500), 10.1 (Me-1); ms (EI, 70
eV): m/z (%) 399 [Mþ] (5), 304 (3), 287 (44), 270 (51), 244

(14), 204 (65), 202 (53), 190 (21), 162 (15), 150 (60), 136
(50), 122 (100), 110 (59), 95 (60), 77 (62), 68 (49), 55 (65),
44 (44). Anal. Calcd for C22H25NO6: C, 66.15; H, 6.31; N,
3.51. Found: C, 66.18; H, 6.45; N, 3.78.
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Methyl (1R*,4R*,6aR*,7S*,8R*,10aS*,10bS*)-4-(2-furyl)-
1,7-dimethyl-2,6-dioxo-1,3,4,6,6a,7,8,10b-octahydro-2H-8,10a-
epoxypyrido[2,1-a]isoindole-7-carboxylate (5). A mixture of

acid 4a (5.0 g, 13.0 mmol) and sulphuric acid (0.5 mL) in
methanol (80 mL) was refluxed for 12 h. At the end, the mix-
ture was cooled, poured into water (400 mL), and extracted
with CH2Cl2 (5 � 80 mL). The organic layers were combined,
dried over MgSO4, and concentrated to give crude product.

Further crystallization from hexane-ethyl acetate gave ester 5

as colourless prisms. Yield 80%; mp 168 �C; ir: CO2Me 1739,
C¼¼O 1720, NAC¼¼O 1670 cm�1; 1H NMR (400 MHz,
CDCl3): d ¼ 1.14 (d, J1,Me-1 ¼ 6.9 Hz, 3 H, CH3-1), 1.27 (s, 3
H, CH3-7), 2.42 (s, 1 H, H-6a), 2.91 (dd, J3A,4 ¼ 6.2, 2J3,3 ¼
16.8 Hz, 1 H, H-3A), 2.96 (dq, J1,10b ¼ 11.8, J1,Me-1 ¼ 6.9
Hz, 1 H, H-1), 3.02 (dd, J3B,4 ¼ 1.9, 2J3,3 ¼ 16.8 Hz, 1 H, H-
3B), 3.58 (s, 3 H, CO2CH3), 4.25 (d, J10b,1 ¼ 11.8 Hz, 1 H,
H-10b), 5.09 (d, J8,9 ¼ 1.7 Hz, 1 H, H-8), 5.32 (dd, J4,3B ¼
1.9, J4,3A ¼ 6.2 Hz, 1 H, H-4), 6.26 (dd, J40,50 ¼ 1.8, J40,30 ¼
3.1 Hz, 1 H, H-40), 6.40 (brd, J30,40 ¼ 3.1 Hz, 1 H, H-30), 6.50
(dd, J8,9 ¼ 1.7, J9,10 ¼ 5.6 Hz, 1 H, H-9), 6.52 (d, J9,10 ¼ 5.6
Hz, 1 H, H-10), 7.27 (dd, J50,40 ¼ 1.8, J50 ,30 ¼ 0.7 Hz, 1 H, H-
50); 13C NMR (150.9 MHz, CDCl3): d ¼ 207.8 (C2), 173.9

(CO2Me), 170.3 (C6), 152.2 (C20), 142.4 (C50), 136.7 and 134.9
(C9 and C10), 110.4 (C40), 107.8 (C30), 90.9 (C8), 84.4 (C10a),
59.4 and 58.7 (C6a and C7), 52.4 (CO2 CH3), 46.3, 44.6 and
41.8 (C1, C3 and C4), 22.1 (CH3-7), 10.1 (CH3-1); ms (EI, 70
eV): m/z (%) 371 (40) [M]þ, 343 (9), 295 (12), 244 (46), 228

(90), 190 (62), 176 (100), 127 (54), 122 (65), 99 (25), 79 (16),
53 (19). Anal. Calcd for C19H19NO6: C, 63.86; H, 5.36; N,
3.92. Found: C, 63.91; H, 5.42; N, 3.87.

(2S*,3R*,5S*,6R*)-2-(2-Furyl)-3,5-dimethyl-6-phenylpiperi-
din-4-one (6a). A homogeneous solution of furfural (7.5 mL,

9.0 mmol), 2-methyl-1-phenylpent-1-en-3-on (15.7 g, 9 mmol),
ammonium acetate (13.0 g, 1.8 mmol) and NH3 (5 mL of 25%
aqueous solution) in ethanol (100 mL) was stirred for a week
at room temperature. The resulting mixture was put into water
(400 mL), extracted with ethyl acetate (3 � 100 mL), and the

organic layer separated, dried (MgSO4), filtered, and evapo-
rated. The residue (viscous brown oil) was transferred into ox-
alate by the following method: to the residue, dissolved in 200
mL of absolute ether, a saturated ether solution of the anhy-
drous oxalic acid (�100 mL) was added until the end of the

pale-brown precipitate formation. Obtained residue was filtered
off, washed with acetone (2 � 70 mL), and then boiled in 100
mL of acetone. Remaining solids were filtered off and air-
dried to give oxalate of piperidone 6a as white powder. For

further transformations, the obtained oxalate was dissolved in
water (80 mL), a 10% solution of NH4OH was added until pH
9�10, and free base was extracted with ether (3 � 70 mL).
The organic layers were separated, dried (MgSO4), filtered,
and evaporated to give a pale-yellow viscous oil, which crys-

tallized when left to stand into colourless needles; yield 8%;
mp 68�69�C (hexane-ethyl acetate); ir: NH 3312, C¼¼O 1704
cm�1; 1H NMR (600 MHz, CDCl3): d ¼ 0.80 and 0.99 (two
d, J3(5),Me-3(Me-5) ¼ 6.7 Hz, each to 3 H, CH3-3 and CH3-5),
2.12 (brs, 1 H, NH), 2.76 (ddq, 4J3,5 ¼ 1.2, J3,2 ¼ 10.6, J3,Me-3

¼ 6.7 Hz, 1 H, H-3), 2.95 (ddq, 4J3,5 ¼ 1.2, J5,6 ¼ 10.7, J5,Me-

5 ¼ 6.7 Hz, 1 H, H-5), 3.55 (d, J3,2 ¼ 10.6 Hz, 1 H, H-2),
3.78 (d, J5,6 ¼ 10.7 Hz, 1 H, H-6), 6.25 (dd, J30 ,40 ¼ 3.2, J50 ,30
¼ 0.6 Hz, 1 H, H-30), 6.30 (dd, J30 ,40 ¼ 3.2, J40,50 ¼ 1.8 Hz, 1
H, H-40), 7.37 (dd, J50,30 ¼ 0.6, J50,40 ¼ 1.8, 1 H, H-50),

7.26�7.44 (m, 5H, H-Ph); 13C NMR (150.9 MHz, CDCl3): d
¼ 210.6 (C4), 154.5 (C20), 142.2 (C50), 141.6 (C100), 128.7 (2C,
C200 and C600), 128.2 (C400), 127.8 (2C, C300 and C500), 110.2
(C40), 107.5 (C30), 68.6 (C6), 61.9 (C2), 51.9 and 49.9 (C3 and
C5), 10.65 and 10.62 (CH3-1 and CH3-3); ms (EI, 70 eV): m/z

(%) 269 (21) [M]þ, 184 (20), 146 (17), 123 (21), 117 (30),
108 (44), 79 (42), 77 (36), 56 (100). Anal. Calcd for
C17H19NO2: C, 75.81; H, 7.11; N, 5.20. Found: C, 75.43; H,
7.30; N, 5.05.

(2S*,3R*,5S*,6R*)-3,5-Dimethyl-2-(5-methyl-2-furyl)-6-phe-
nylpiperidin-4-one (6b). A homogeneous solution of 5-methyl
furfural (9.80 mL, 9.7 mmol), 2-methyl-1-phenylpent-1-en-3-
one (17.05 g, 9.7 mmol), ammonium acetate (15.09 g, 19.6
mmol) and NH3 (5 mL of 25% aqueous solution) in ethanol
(80 mL) was stirred for a week at room temperature. The

resulting mixture was treated as stated earlier for compound
6a. Piperidone 6b was obtained as colourless needles; yield
8%; mp 105�106�C (hexane-ethyl acetate); ir: NH 3317,
C¼¼O 1703 cm�1; 1H NMR (400 MHz, CDCl3) d ¼ 0.81 and

0.95 (two d, J3(5),Me-3(Me-5) ¼ 6.9 Hz, each to 3 H, CH3-3 and
CH3-5), 2.11 (brs, NH), 2.27 (d, 4J40,Me-50 ¼ 1.2 Hz, 3 H, CH3-
50), 2.75 (dq, J3,2 ¼ 11.2, J3,Me-3 ¼ 6.9 Hz, 1 H, H-3), 2.94
(dq, J5,6 ¼ 10.6, J5,Me-5 ¼ 6.9 Hz, 1 H, H-5), 3.55 (d, J5,6 ¼
10.6 Hz, 1 H, H-6), 3.71 (d, J3,2 ¼ 11.2 Hz, 1 H, H-2), 5.88

(dq, J30,40 ¼ 3.1, 4J40 ,Me-50 ¼ 1.2 Hz, 1 H, H-40), 6.12 (d, J30 ,40
¼ 3.1 Hz, 1 H, H-30), 7.25�7.54 (m, 5H, H-Ph); 13C NMR
(150.9 MHz, CDCl3): d ¼ 210.8 (C4), 152.7 and 151.8 (C20

and C50), 141.6 (C100), 128.6 (2C, C200 and C600), 128.7 (2C, C300

and C500), 128.0 (C400), 108.2 (C30), 106.1 (C40), 68.5 (C6), 62.0

(C2), 51.8 (C1), 49.7 (C1), 13.7 (CH3-5
0), 10.7 and 10.6 (CH3-

3 and CH3-5); ms (EI, 70 eV): m/z (%) 283 (54) [M]þ, 240
(3), 226 (3), 198 (20), 149 (9), 137 (47), 122 (100), 117 (30),
104 (16), 91 (35), 79 (34), 57 (16), 56 (93), 43 (83). Anal.
Calcd for C18H21NO2: C, 76.29; H, 7.47; N, 4.94. Found: C,

76.43; H, 7.26; N, 5.01.
(2S*,3R*,5S*,6R*)-2-(2-Furyl)-3,5-dimethyl-6-(2-thienyl)pi-

peridin-4-one (6c). A homogeneous solution of furfural (4.2
mL, 51.4 mmol), 2-methyl-1-(a-thienyl)pent-1-en-3-one (9.22

g, 51.4 mmol), ammonium acetate (7.9 g, 100 mmol) and NH3

(2.2 mL of 25% aqueous solution) in ethanol (40 mL) was
stirred for 72 h at room temperature. The resulting mixture
was treated as stated earlier for piperidone 6a. Piperidone 6c

was obtained as colourless needles; yield 10%; mp 86�88�C
(hexane-ethyl acetate); ir: NH 3307, C¼¼O 1704 cm�1;
1HNMR (600 MHz, CDCl3): d 0.93 and 0.95 (two d,
J3(5),Me-3(Me-5) ¼ 6.7 Hz, each to 3 H, CH3-3 and CH3-5), 2.35
(brs, 1 H, NH), 2.73 (ddq, J3,2 ¼ 10.7, J3,Me-3 ¼ 6.7, 4J3,5 ¼
1.2 Hz, 1 H, H-3), 2.98 (ddq, J5,6 ¼ 10.6, J5,Me-5 ¼ 6.7, 4J3,5
¼ 1.2 Hz, 1 H, H-5), 3.81 (d, J2,3 ¼ 10.6 Hz, 1 H, H-2), 3.95
(d, J5,6 ¼ 10.6 Hz, 1 H, H-6), 6.31 (dd, J50,30 ¼ 0.7, J40 ,50 ¼
3.2 Hz, 1 H, H-30furyl), 6.35 (dd, J50,40 ¼ 1.8, J40,30 ¼ 3.2 Hz,
1 H, H-40furyl), 6.96 (dd, J50,40 ¼ 5.1, J30,40 ¼ 3.5 Hz, 1 H, H-
40thienyl), 7.02 (dd, J50,30 ¼ 1.1, J40 ,30 ¼ 3.5 Hz, 1 H, H-

30thienyl), 7.28 (dd, J50,30 ¼ 5.1, J50 ,40 ¼ 1.1 Hz, 1 H,
H-50thienyl),7.41 (dd, J50,40 ¼ 1.8, J50 ,30 ¼ 0.7 Hz, 1 H, H-
50furyl); 13C NMR (100.6 MHz, CDCl3): d ¼ 209.3 (C4),
154.2 (C20furyl), 145.3 (C20thienyl), 142.1 (C50furyl), 126.3, 125.2,

and 125.0 (C30thienyl, C40thienyl, and C50thienyl), 110.2 and 107.4
(C30furyl and C40furyl), 63.7 (C2), 61.4 (C6), 53.1 (C5), 49.7 (C3),
10.6 and 10.5 (CH3-3 and CH3-5); ms (EI, 70 eV): m/z
(%)275 (4) [M]þ, 228 (2), 190 (19), 163 (5), 152 (25), 124
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(97), 108 (100), 96 (42), 79 (70), 77 (43), 55 (28), 45 (35), 41
(40), 39 (72). Anal. Calcd for C15H17NO2S: C, 65.43; H, 6.22;
N, 5.09; S, 11.64. Found: C, 65.23; H, 6.31; N, 5.42.

General procedure for preparation of carboxylic acids

7a-c. A solution of piperidone 6a-c (21.0 mmol) and maleic

anhydride (2.06 g, 21.0 mmol) in toluene (30 mL) was
refluxed for 6–8 h. At the end of the reaction, the resulting
mixture was cooled, and formation of yellow-brown solids was
observed. The crystals were filtered off, washed first with tolu-
ene (2 � 30 mL), then with acetone (2 � 20 mL) and air-dried

to give corresponding acids 7a–c. Subsequent recrystallization
from isopropanol-DMF mixture gave target products as colour-
less powders.

(1R*,3S*,4R*,6aR*,7S*,8R*,10aS*,10bS*)-1,3-Dimethyl-2,6-
dioxo-4-phenyl-1,3,4,6,6a,7,8,10b-octahydro-2H-8,10a-epox-
ypyrido[2,1-a]isoindole-7-carboxylic acid (7a). Yield 41%;
mp 224�225�C; ir: OH br 3245, CO2H 1736, C¼¼O 1718,
NAC¼¼O 1681 cm�1; 1H NMR (400 MHz, DMSO-d6) d ¼
1.03 (d, J1,Me-1 ¼ 6.9 Hz, 3 H, CH3-1), 1.42 (d, J3,Me-3 ¼ 7.5

Hz, 3 H, CH3-3), 2.60 (d, J6a,7 ¼ 9.4 Hz, 1H, H-6a), 2.62 (dq,
J1,Me-1 ¼ 6.9, J1,10b ¼ 12.5 Hz, 1 H, H-1), 2.83 (dq, J3,Me-3 ¼
7.5, J3,4 ¼ 1.8 Hz, 1 H, H-3), 3.01 (d, J6a,7 ¼ 9.4 Hz, 1 H, H-
7), 4.69 (d, J1,10b ¼ 12.5 Hz, 1 H, H-10b), 4.96 (brd, J8,9 ¼
1.1 Hz, 1 H, H-8), 5.22 (d, J3,4 ¼ 1.8 Hz, 1 H, H-4), 6.49 (dd,

J8,9 ¼ 1.1, J9,10 ¼ 5.6 Hz, 1 H, H-9), 6.65 (d, J9,10 ¼ 5.6 Hz,
1 H, H-10), 7.15 (brt, Jmeta,para ¼ 7.5 Hz, 1 H, H-para), 7.21
(brt, Jmeta,ortho ¼ Jmeta,para ¼ 7.5 Hz, 2 H, H-meta), 7.40 (brd,
Jortho,meta ¼ 7.5 Hz, 2 H, H-ortho), 8.27 (s, 1 H, CO2H);

13C
NMR (150.9 MHz, DMSO-d6): d ¼ 211.6 (C2), 173.5 (CO2H),

171.3 (C6), 142.0 (C10), 136.7 and 136.1 (C9 and C10), 128.6
(2C, C200, and C60), 127.0 (C40), 126.7 (2C, C3, and C50), 90.9
(C10a), 81.7 (C8), 57.6 and 57.3 (C4 and C10b), 51.4, 51.3, 45.4
and 44.7 (C1, C3, C7, C6a), 18.6 (Me-3), 11.0 (Me-1); ms (EI,
70 eV): m/z (%) 367 (15) [Mþ], 323 (13), 269 (19), 268 (77),

252 (56), 213 (19), 203 (19), 186 (53), 176 (74), 149 (22), 135
(22), 122 (32), 118 (69), 108 (100), 105 (32), 94 (22), 79 (26),
59 (35), 43 (47). Anal. Calcd for C21H21NO5: C, 68.65; H,
5.76; N, 3.81. Found: C, 68.61; H, 5.81; N, 3.95.

(1R*,3S*,4R*,6aR*,7S*,8R*,10aS*,10bS*)-1,3,8-Trimethyl-
2,6-dioxo-4-phenyl-1,3,4,6,6a,7,8,10b-octahydro-2H-8,10a-epox-
ypyrido[2,1-a]isoindole-7-carboxylic acid (7b). Yield 56%; mp
223�224 �C; ir OH br 3227, CO2H 1740, C¼¼O 1719,
NAC¼¼O 1679 cm�1; 1H NMR (400 MHz, DMSO-d6) d ¼
1.03 (brd, J1,Me-1 ¼ 6.8 Hz, 3 H, CH3-1), 1.35 (d, J3,Me-3 ¼
7.5 Hz, 3 H, CH3-3), 1.66 (s, 3 H, CH3-8), 2.60 (d, J6a,7 ¼ 9.3
Hz, 1 H, H-6a), 2.64 (m, 1 H, H-3), 2.79 (m, 1 H, H-1), 3.01
(d, J6a,7 ¼ 9.3 Hz, 1 H, H-7), 4.60 (d, J1,10b ¼ 11.8 Hz, 1 H,
H-10b), 4.88 (brs, 1 H, H-4), 6.31 (d, J10,9 ¼ 5.3 Hz, 1 H, H-

10), 6.68 (d, J9,10 ¼ 5.3 Hz, 1 H, H-9), 7.15 (brt, Jmeta,para ¼
7.5 Hz, 1 H, H-para), 7.22 (brt, Jmeta,ortho ¼ Jmeta,para ¼ 7.5
Hz, 2 H, H-meta), 7.44 (brd, Jortho,meta ¼ 7.5 Hz, 2 H, H-
ortho), 8.27 (s, 1 H, CO2H);

13C NMR (CDCl3, 100.6 MHz):
d ¼ 211.0 (C2), 171.7 and 171.0 (CO2H and C6), 141.6 (C10),

139.3 and 136.7 (C9 and C10), 127.9 (2C, C20 and C60), 126.5
(C40), 126.4 (2C, C30 and C50), 89.6 and 88.6 (C8 and C10a),
79.2 (C4), 57.7, 54.1, 51.0, 48.2 and 44.2 (C1, C3, C6a, C7, and
C10b), 17.5 and 16.0 (Me-8 and Me-3), 10.5 (Me-1); ms (EI,

70 eV): m/z (%) 381 (44) [Mþ], 337 (10), 290 (30), 283 (56),
266 (67), 235 (23), 217 (29), 202 (21), 198 (53), 190 (97), 175
(78), 164 (22), 148 (70), 131 (62), 121 (98), 117 (100), 107
(68), 91 (82), 84 (23), 79 (96), 65 (39), 59 (46), 55 (77), 45

(12), 43 (47). Anal. Calcd for C22H23NO5: C, 69.28; H, 6.08;
N, 3.67. Found: C, 69.12; H, 6.11; N, 3.71.

(1R*,3S*,4R*,6aR*,7S*,8R*,10aS*,10bS*)-1,3-Dimethyl-2,6-
dioxo-4-(2-thienyl)-1,3,4,6,6a,7,8,10b-octahydro-2H-8,10a-epox-
ypyrido[2,1-a]isoindole-7-carboxylic acid (7c). Yield 54%; mp

200�202�C; ir: OH 3221, CO2H 1734, C¼¼O 1718, NAC¼¼O
1677 cm�1; 1H NMR (600 MHz, DMSO-d6): d ¼ 1.00 (d, J1,Me-1

¼ 6.8 Hz, 3 H, CH3-1), 1.40 (d, J3,Me-3 ¼7.5 Hz, 3 H, CH3-3),
2.61 (d, J6a,7 ¼ 9.1 Hz, 1 H, H-6a), 2.62 (dq (septet), J1,Me-1 ¼
6.8, J1,10b ¼ 12.4 Hz, 1 H, H-1), 2.89 (dq, J3,Me-3 ¼ 7.5, J3,4 ¼
1.6 Hz, 1 H, H-3), 3.04 (d, J6a,7 ¼ 9.1 Hz, 1 H, H-7), 4.67 (d,
J1,10b ¼ 12.4 Hz, 1 H, H-10b), 5.17 (d, J8,9 ¼ 1.5 Hz, 1 H, H-8),
5.21 (d, J3,4 ¼ 1.6 Hz, 1 H, H-4), 6.48 (dd, J8,9 ¼ 1.5, J9,10 ¼ 5.7
Hz, 1 H, H-9), 6.61 (d, J9,10 ¼ 5.7 Hz, 1 H, H-10), 6.82 (dd, J50 ,40
¼ 4.8, J30,40 ¼ 3.5 Hz, 1 H, H-40), 7.17 (brd, J30 ,40 ¼ 3.5 Hz, 1 H,

H-30), 7.36 (brd, J40 ,50 ¼ 4.8 Hz, 1 H, H-a); 13C NMR (100.6
MHz, DMSO-d6): d ¼ 211.2 (C2), 173.6 (CO2H), 171.4 (C6),
145.1 (C20), 136.9 and 135.8 (C9 and C10), 127.0, 126.3 and 125.6
(C30, C40 and C50), 90.9 (C10a), 81.7 (C8), 57.1 (C10b), 53.9 (C4),

51.9, 51.3, 45.5 and 44.1 (C1, C3, C7, C6a), 17.9 (Me-3), 10.6
(Me-1); ms (EI, 70 eV): m/z (%) 373 (22) [M]þ, 276 (20), 274
(40), 258 (70), 219 (71), 203 (32), 192 (85), 178 (52), 176 (100),
162 (50), 151 (68), 139 (64), 138 (83), 124 (84), 108 (74), 97
(50), 79 (40), 78 (81), 59 (32), 55 (83), 45 (54), 43 (75). Anal.

Calcd for C19H19NO5S: C, 61.11; H, 5.13; N, 3.75; S, 8.59.
Found: C, 60.97; H, 5.09; N, 3.65.

General procedure for preparation of isoindolones 8a-c. A
mixture of corresponding piperidone 6a-c (10 mmol), acryloyl
chloride (1.3 mL, 15 mmol) and triethylamine (2.5 mL, 20

mmol) in benzene (25 mL) was refluxed for 6 h. The reaction
progress was monitored by TLC. At the end of the reaction,
the mixture was poured into water (100 mL), an aq. (5%) solu-
tion of HCl added until pH �6 and extracted with ethyl ace-
tate (3 � 80 mL). The organic layers were combined, dried

(MgSO4), and concentrated to give crude products. Further
crystallization from hexane-ethyl acetate gave corresponding
compounds 8a–c as colourless prisms.

(1R*,3S*,4R*,6aR*,8S*,10aS*,10bS*)-1,3-Dimethyl-4-phe-
nyl-1,3,4,7,8,10b-hexahydro-2H-8,10a-epoxypirido[2,1-a]isoin-
dole-2,6(6aH)-dione (8a). Yield 58%; mp 161�162�C; ir: C¼¼O
br 1719, NAC¼¼O 1680 and 1694 cm�1; 1H NMR (400 MHz,
CDCl3) d ¼ 1.16 (d, J1,Me-1 ¼ 6.2 Hz, 3 H, CH3-1), 1.45 (d, J3,Me-

3 ¼ 7.5 Hz, 3 H, CH3-3), 1.66 (dd, 2J7endo,7exo ¼ 11.8, J7endo,6a ¼
8.7 Hz, 1 H, H-7endo), 2.27 (ddd, 2J7endo,7exo ¼ 11.8, J6a,7exo ¼
3.7, J7exo,8 ¼ 4.4 Hz, 1 H, H-7exo), 2.59 (dd, J7endo,6a ¼ 8.7,
J6a,7exo ¼ 3.7 Hz, 1 H, H-6a), 2.85�2.94 (m, 2 H, H-1 and H-3),
4.41 (d, J1,10b ¼ 12.5 Hz, 1 H, H-10b), 5.06 (d, J3,4 ¼ 1.9 Hz, 1
H, H-4), 5.22 (d, J7exo,8 ¼ 4.4 Hz, 1 H, H-8), 6.44 (s, 2 H, H-10

and H-9), 7.16�7.28 (m, 5H, H-Ph); 13C NMR (150.9 MHz,
CDCl3): d ¼ 210.8 (C2), 174.5 (C6), 140.8 (C10), 136.8 and 133.1
(C9 and C10), 128.7 (2C, C20 and C60), 127.3 (C40), 125.7 (2C, C30

and C50), 91.2 (C10a), 79.1 (C8), 59.4 and 58.3 (C4 and C10b), 51.0,
48.1 and 44.7 (C1, C3, C6a), 28.6 (C7), 18.9 (CH3-3), 10.7 (CH3-

1); ms (EI, 70 eV): m/z (%) 323 (100) [M]þ, 295 (5), 252 (17),
187 (7), 172 (9), 162 (23), 149 (12), 117 (25), 108 (12), 79 (17),
55 (70), 39 (5). Anal. Calcd for C21H21NO3: C, 74.28; H, 6.55; N,
4.33. Found: C, 74.32; H, 6.58; N, 4.29.

(1R*,3S*,4R*,6aR*,8S*,10aS*,10bS*)-1,3,8-Trimethyl-4-phe-
nyl-1,3,4,7,8,10b-hexahydro-2H-8,10a-epoxypirido[2,1-a]isoin-
dole-2,6(6aH)-dione (8b). Yield 83%; mp 185�186�C; ir:
C¼¼O and NAC¼¼O br 1694 cm�1; 1H NMR (400 MHz,
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CDCl3): d ¼ 1.15 (d, J1,Me-1 ¼ 6.9 Hz, 3 H, CH3-3), 1.44 (d,
J3,Me-3 ¼ 7.5 Hz, 3 H, CH3-3), 1.72 (s, 3 H, CH3-8), 1.74 (dd,
2J7endo,7exo ¼ 12.0, J7endo,6a ¼ 8.7 Hz, 1 H, H-7endo), 2.00
(dd, J7endo,6a ¼ 8.7, J6a,7exo ¼ 3.7 Hz, 1 H, H-6a), 2.68 (dd,
2J7endo,7exo ¼ 12.0, J6a,7exo ¼ 3.7 Hz, 1 H, H-7exo), 2.84�2.92

(m, 2 H, H-1 and H-3), 4.32 (d, J1,10b ¼ 12.5 Hz, 1 H, H-
10b), 5.05 (d, J3,4 ¼ 1.9 Hz, 1 H, H-4), 6.25 (d, J9,10 ¼ 5.6
Hz 1 H, H-10), 6.42 (d, J9,10 ¼ 5.6 Hz, 1 H, H-9), 7.17 (m, 1
H, H-Phpara), 7.23�7.21 (m, 4 H, H-Ph); 13C NMR (150.9
MHz, CDCl3): d ¼ 208.5 (C2), 172.3 (C6), 138.5 (C10), 137.6

(C9). 131.2 (C10), 126.2 (2C, C20 and C60), 124.8 (C40), 123.4
(2C, C30 and C50), 88.6 (C10a), 85.0 (C8), 57.3 and 55.9 (C4

and C10b), 48.9, 48.6 and 42.3 (C1, C3, C6a), 32.4 (C7), 16.5
(2C, Me-3 and Me-8), 8.3 (Me-1); ms (EI, 70 eV): m/z (%)
337 (85) [M]þ, 309 (5), 266 (17), 246 (18), 191 (23), 176

(30), 122 (41), 117 (34), 55 (100), 25 (18). Anal. Calcd for
C21H23NO3: C, 74.75; H, 6.87; N, 4.15. Found: C, 74.79; H,
6.91; N, 4.08.

(1R*,3S*,4R*,6aR*,8S*,10aS*,10bS*)-1,3-Dimethyl-4-(2-
thienyl)-1,3,4,7,8,10b-hexahydro-2H-8,10a-epoxypirido[2,1-
a]isoindole-2,6(6aH)-dione (8c). Yield 72%; mp 150�151�C;
ir: C¼¼O br 1716, NAC¼¼O 1691 cm�1; 1H NMR (400 MHz,
CDCl3): d ¼ 1.10 (d, J1,Me-1 ¼ 6.7 Hz, 3 H, CH3-1), 1.42 (d,
J3,Me-3 ¼ 7.7 Hz, 3 H, CH3-3), 1.65 (dd, J7,6a ¼ 8.8,
2J7endo,7exo ¼ 11.9 Hz,1 H, H-7endo), 2.25 (dd, J7exo,6a ¼ 3.5,
J8,7exo ¼ 4.5 Hz, 1 H, H-7exo), 2.57 (dd, J7endo,6a ¼ 8.8,
J6a,7exo ¼ 3.5 Hz, 1 H, H-6a), 2.91 (dq, J1,Me-1 ¼ 6.7, J1,10b ¼
12.3 Hz, 1 H, H-1), 3.03 (dq, J3,Me-3 ¼ 7.7, J3,4 ¼ 1.5 Hz, 1
H, H-3), 4.34 (d, J1,10b ¼ 12.3 Hz, 1 H, H-10b), 5.15 (dd, J8,9
¼ 1.3, J8,7exo ¼ 4.5 Hz 1 H, H-8), 5.30 (brd, J3,4 ¼ 1.5 Hz, 1
H, H-4), 6.38 (d, J9,10 ¼ 5.8 Hz, 1 H, H-10), 6.39 (dd, J8,9 ¼
1.3, J9,10 ¼ 5.8 Hz, 1 H, H-9), 6.82 (dd, J30 ,40 ¼ 3.5, J50,40 ¼
5.0 Hz, 1 H, H-40), 6.93 (brdd, J30 ,50 ¼ 1.0, J30,40 ¼ 3.5 Hz, 1
H, H-30), 7.12 (dd, J50,40 ¼ 5.0, J30,50 ¼ 1.0 Hz, 1 H, H-50); 13C

NMR (150.9 MHz, CDCl3): d ¼ 210.6 (C2), 174.7 (C6), 144.7
(C20), 136.9 (C9), 132.9 (C10), 126.7, 124.88, and 124.91 (C40,
C30 and C50), 91.1 (C10a), 79.0 (C8), 59.1 (C10b), 54.1, 50.7,
48.1 and 44.1 (C1, C3, C4, C6a), 28.7 (C7), 18.4 (Me-3), 10.5

(Me-1); ms (EI, 70 eV): m/z (%) 329 (7) [M]þ, 300 (1), 258
(8), 192 (4), 178 (19), 123 (20), 108 (36), 97 (19), 79 (34), 66
(22), 55 (100), 20 (43). Anal. Calcd for C18H19NO3S: C,
65.63; H, 5.81; N, 4.25; S, 9.73. Found: C, 65.51; H, 5.57; N,
4.09.

General procedure for preparation of imines 9a-c. Powder
of MgSO4 (10 g, 83 mmol) was added to the solution of trypt-
amine (10.0 g, 62.5 mmol) and corresponding furfural (62.5
mmol) in dichloromethane (200 mL) at vigorous stirring. After
1 h, the reaction mixture was allowed to stay at

room temperature for 24 h. Then MgSO4 was filtered off,
washed with dichloromethane (2 � 75 mL), the organic layers
combined and evaporated. Further crystallization of solid resi-
due from hexane-ethyl acetate gave the corresponding imines
9a-c.

N-(5-Iodo-2-furyl)methylene-2-(1H-indol-3-yl)ethanamine
(9a). Bright yellow needles, yield 67%; mp 138�140�C; ir:
C¼¼N 1643 cm�1; 1H NMR (400 MHz, CDCl3): d ¼ 3.20 (t,
J1,2 ¼ 7.2 Hz, 2 H, H-2), 3.94 (dt, JN¼¼CH,1 ¼ 0.8, J1,2 ¼ 7.2

Hz, 2 H, H-1), 6.58 (d, J30,40 ¼ 3.3 Hz, 1 H, H-40furyl), 6.63
(d, J30,40 ¼ 3.3 Hz, 1 H, H-30furyl), 7.01 (dd, J200 ,NH ¼ 2.1, J2,20
¼ 0.8 Hz, 1 H, H-200), 7.15 (ddd, 4J500 ,700 ¼ 0.7, J500 ,400 ¼ 8.0,
J500 ,600 ¼ 7.5 Hz, 1 H, H-500), 7.22 (ddd, 2J600 ,400 ¼ 0.7, J600 ,500 ¼

7.5, J600 ,700 ¼ 8.0 Hz, 1 H, H-600), 7.37 (dd, J700 ,600 ¼ 8.0, 4J500 ,700
¼ 0.7 Hz, 1 H, H-700), 7.67 (brd, J400 ,500 ¼ 8.0 Hz, 1 H, H-400),
7.84 (t, JN¼¼CH,1 ¼ 0.8 Hz, 1 H, HC¼¼N), 8.15 (brs, 1 H, NH).
Anal. Calcd for C15H13N2OI: C, 49.48; H, 3.61; I, 34.86; N,
7.70. Found: C, 49.73; H, 3.45; N, 7.65.

N-(5-Bromo-2-furyl)methylene-2-(1H-indol-3-yl)ethanamine
(9b). Yellow needles, yield 61%; mp 138�140�C; ir: C¼¼N
1645 cm�1; 1H NMR (400 MHz, CDCl3): d ¼ 3.19 (t, J1,2 ¼
7.3 Hz, 2 H, H-2), 3.92 (dt, JN¼¼CH,1 ¼ 0.8, J1,2 ¼ 7.3 Hz, 2 H,
H-1), 6.40 (d, J30,40 ¼ 3.5 Hz, 1 H, H-40furyl), 6.63 (d, J30 ,40 ¼
3.5 Hz, 1 H, H-30furyl), 7.01 (brd, J200 ,NH ¼ 2.2 Hz, 1 H, H-
200), 7.14 (ddd, 4J500 ,700 ¼ 1.0, J500 ,400 ¼ 8.1, J500 ,600 ¼ 7.7 Hz, 1 H,
H-500), 7.21 (dt, 2J600 ,400 ¼ 1.0, J600 ,500 ¼ J600 ,700 ¼ 7.7 Hz, 1 H, H-
600), 7.37 (brd, J700 ,600 ¼ 7.7 Hz, 1 H, H-700), 7.67 (brd, J400 ,500 ¼
7.7 Hz, 1 H, H-400), 7.84 (d, JN¼¼CH,1 ¼ 0.8 Hz, 1 H, HC¼¼N),

8.18 (brs, 1 H, NH). Anal. Calcd for C15H13N2OBr: C, 56.80;
H, 4.13; Br, 25.19; N, 8.83. Found: C, 56.65; H, 4.29; N, 8.91.

N-(2-Furylmethylene)-2-(1H-indol-3-yl)ethanamine (9c). Bright
yellow needles, yield 70%; mp 135�138�C; ir: C¼¼N 1647

cm�1; 1H NMR (400 MHz, CDCl3): d ¼ 3.19 (dt, J1,2 ¼ 7.4,
J200 ,2 ¼ 0.7 Hz, 2 H, H-2), 3.91 (dt, JN¼¼CH,1 ¼ 1.2, J1,2 ¼ 7.4
Hz, 2 H, H-1), 6.47 (dd, J30 ,40 ¼ 3.4, J50,40 ¼ 1.8 Hz, 1 H, H-
40furyl), 6.68 (dd, J30 ,40 ¼ 3.4, J30 ,50 ¼ 0.6 Hz, 1 H, H-30furyl),
7.02 (brd, J200 ,NH ¼ 2.3 Hz, 1 H, H-200), 7.12 (ddd, 4J500 ,700 ¼
1.0, J500 ,400 ¼ 8.0, J500 ,600 ¼ 7.0 Hz, 1 H, H-500), 7.19 (ddd, 2J600 ,400
¼ 1.2, J600 ,500 ¼ 7.0, J600 ,700 ¼ 8.2 Hz, 1 H, H-600), 7.36 (dd,
J700 ,600 ¼ 8.2, J700 ,500 ¼ 1.0 Hz, 1 H, H-700), 7.51 (dd, J50 ,40 ¼ 1.8,
J30,50 ¼ 0.6 Hz, 1 H, H-50furyl), 7.65 (dd, J400 ,500 ¼ 8.0, J600 ,400 ¼
1.2 Hz, 1 H, H-400), 7.96 (brt, JN¼¼CH,1 ¼ 1.2 Hz, 1 H, HC¼N),

8.04 (brs, 1 H, NH); ms (EI, 70 eV): m/z (%) 238 [Mþ] (10),
143 (5), 131 (16), 130 (100), 115 (7), 108 (16), 107 (16), 81
(26), 77 (31), 63 (7), 53 (25), 39 (21). Anal. Calcd for
C15H14NO2: C, 75.60; H, 5.93; N, 11.77. Found: C, 75.46; H,
5.72; N, 12.01.

General procedure for preparation of benzo[1,2]indoli-

zino[8,7-b]indol-4-carboxylic acids 10a,b. A solution of azo-
methine 9a,b (42.0 mmol) and maleic anhydride (4.5 g, 46
mmol) in CH2Cl2 (100 mL) was stirred at room temperature

for 24 h. Formation of yellow solids was observed. The crys-
tals were filtered off, washed first with CH2Cl2 (2 � 30 mL),
then with acetone (2 � 20 mL) and air-dried. The correspond-
ing acids 10a,b were obtained as white powder.

(3R*,4S*,4aS*,13bR*,13cR*)-3-Iodo-5-oxo-3,4,4a,5,7,8,13,13b-
octahydro-3,13c-epoxybenzo[1,2]indolizino[8,7-b]indole-4-carbox-
ylic acid (10a). Yield 33%; mp >210�C (decomp.) (i-PrOH-
DMF); ir: CO2H 1687, NAC¼¼O 16 and 1610 cm�1; 1H NMR
(600 MHz, DMSO-d6): d ¼ 2.56 (m, 1 H, H-8B), 2.80 (m, 1
H, H-8A), 2.92 (d, J4,4a ¼ 8.8 Hz, 1 H, H-4), 3.00 (m, 1 H, H-

7B), 3.15 (d, J4a,4 ¼ 8.8 Hz, 1 H, H-4a), 4.28 (dd, J ¼ 5.7,
2J7,7 ¼ 12.8 Hz, 1 H, H-7A), 5.63 (brs, 1 H, H-13b), 6.63 (d,
J2,1 ¼ 5.4 Hz, 1 H, H-2), 6.80 (d, J1,2 ¼ 5.4 Hz, 1 H, H-1),
7.00 (brt, J10,11 � J10,9 ¼ 7.7 Hz, 1 H, H-10), 7.09 (brt, J11,10
� J11,12 ¼ 7.7 Hz, 1 H, H-11), 7.37 (brd, J12,11 ¼ 7.7 Hz, 1

H, H-12), 7.43 (brd, J9,10 ¼7.7 Hz, 1 H, H-9), 10.95 (s, 1 H,
NH), 12.44 (brs, 1 H, CO2H);

13C NMR (100.6 MHz, DMSO-
d6): d ¼ 170.4 and 168.0 (CO2H and C5), 142.9 (C2), 137.2
(C1), 136.5 (C12a), 128.2 and 126.3 (C13a and C8b), 121.2,

118.6, 117.8 (C9�C11), 111.2 (C12), 108.3 (C8a), 89.7 (C13c),
65.6 (C3), 53.8, 53.2 and 52.9 (C4, C4a and C13b), 37.1 (C7),
20.9 (C8); ms (EI, 70 eV): m/z (%) 364 [Mþ-98] (26), 363
(40), 335 (32), 290 (29), 262 (8), 254 (52), 237 (47), 222 (26),

March 2010 411[4þ2] Cycloaddition of a,b-Unsaturated Acid Anhydrides to 2-Furylpiperidin-4-ones:

The Short Route to Annulated 8,10a-Epoxypyrido[2,1-a]isoindoles

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



209 (65), 207 (57), 181 (47), 180 (97), 169 (46), 152 (32), 143
(46), 131 (70), 130 (100), 127 (90), 104 (24), 98 (77), 83 (96),
77 (77), 54 (98). Anal. Calcd for C19H15IN2O4: C, 49.37; H,
3.27; I, 27.45; N, 6.06. Found: C, 49.51; H, 3.32; N, 6.12.

(3R*,4S*,4aS*,13bR*,13cR*)-3-Bromo-5-oxo-3,4,4a,5,7,8,13,13b-
octahydro-3,13c-epoxybenzo[1,2]indolizino[8,7-b]indole-4-carbox-
ylic acid (10b). Yield 53%; mp >230�C (decomp.) (i-PrOH-
DMF); ir: CO2H 1745, NAC¼¼O 1663 and 1644 cm�1; 1H NMR
(400 MHz, DMSO-d6): d ¼ 2.58 (m, 1 H, H-8B), 2.80 (m, 1 H,
H-8A), 3.02 (d, J4,4a ¼ 8.9 Hz, 1 H, H-4), 3.02 (m, 1 H, H-7B),

3.23 (dd, J4a,4 ¼ 8.8, J4a,13b ¼ 0.8 Hz, 1 H, H-4a), 4.29 (dd, J ¼
5.4, 2J7,7 ¼ 12.9 Hz, 1 H, H-7A), 5.63 (brs, 1 H, H-13b), 6.58 (d,
J2,1 ¼ 5.6 Hz, 1 H, H-2), 6.98 (d, J1,2 ¼ 5.6 Hz, 1 H, H-1), 7.01
(brt, J10,11 � J10,9 ¼ 7.7 Hz, 1 H, H-10), 7.10 (brt, J11,10 � J11,12
¼ 7.7 Hz, 1 H, H-11), 7.36 (brd, J12,11 ¼ 7.7 Hz, 1 H, H-12), 7.44

(brd, J9,10 ¼7.7 Hz, 1 H, H-9), 10.98 (s, 1 H, NH), 12.46 (brs, 1 H,
CO2H);

13C NMR (100.6 MHz, DMSO-d6): d ¼ 170.1 and 168.4
(C5 and CO2H), 140.1 and 138.4 (C2 and C1), 136.9 (C12a), 128.6
(C13a), 126.8 (C8b), 121.8 (C10), 119.1 and 118.3 (C9 and C11),

111.7 (C12), 108.8 (C8a), 91.2 and 89.7 (C13c and C3), 54.62 and
54.57 (C4 and C13b), 51.7 (C4a), 37.6 (C7), 21.4 (C8); ms (EI, 70
eV): m/z (%): 318 [Mþ�98] (46), 316 (44), 290 (64), 288 (63),
261 (16), 237 (51), 229 (23), 223 (13), 220 (15), 208 (40), 191 (9),
180 (100), 169 (26), 154 (27), 152 (34), 144 (32), 130 (27), 128

(25), 115 (20), 102 (16), 98 (14), 89 (18), 81 (35), 79 (70), 59
(26), 54 (48), 43 (55). Anal. Calcd for C19H15BrN2O4: C, 54.96;
H, 3.64; Br, 19.24; N, 6.75. Found: C, 54.89; H, 3.41; N, 6.93.

General procedure for preparation of esters

11a,b. Corresponding acid 10a,b (10.5 mmol) was dissolved

in methanol (130 mL) and sulphuric acid (0.5 mL) was added.
The resulting solution was refluxed for 12 h. The reaction pro-
gress was monitored by TLC. At the end of the reaction the
mixture was cooled, poured into water (400 mL) and extracted
with CH2Cl2 (5 � 80 mL). The organic layers were combined,

dried over MgSO4, and concentrated. Further crystallization of
solid residue from ethanol gave the corresponding esters 11a,b
as pale-brown powders.

Methyl (3R*,4S*,4aS*,13bR*,13cR*)-3,4,4a,5,7,8,13,13b-
octahydro-3-iodo-5-oxo-3,13c-epoxybenzo[1,2]indolizino[8,7-
b]indole-4-carboxylate (11a). Pink powder, yield 60%; mp
>215�C (decomp.); ir: CO2Me 1752, NAC¼¼O 1683 cm�1; 1H
NMR (400 MHz, DMSO-d6): d ¼ 2.58 (m, 1 H, H-8B), 2.80
(brdd, J ¼ 3.7, 2J8,8 ¼ 15.0 Hz, 1 H, H-8A), 2.99 (m, 1 H, H-

7B), 3.10 (d, J4,4a ¼ 9.3 Hz, 1 H, H-4), 3.20 (brd, J4a,4 ¼ 9.3 Hz,
1 H, H-4a), 3.58 (s, 3 H, CO2CH3), 4.29 (dd, J ¼ 5.6, J7,7 ¼
13.1 Hz, H-7A), 5.64 (s, 1 H, H-13b), 6.63 (d, J1,2 ¼ 5.3 Hz, 1
H, H-1), 6.82 (d, J2,1 ¼ 5.3 Hz, 1 H, H-2), 7.00 and 7.09 (two
brt, J � 7.5 Hz, each to1 H, H-10 and H-11), 7.36 (d, J11,12 ¼
8.1 Hz, 1 H, H-12), 7.44 (brd, J9,10 ¼ 7.5 Hz, 1 H, H-9), 10.94
(brs, 1 H, NH); 13C NMR (100.6 MHz, DMSO-d6): d ¼ 169.8
and 168.1 (C5 and CO2CH3), 142.9 (C2), 137.3 (C1), 136.5,
128.1 and 126.3 (C12a, C13a, C8b), 121.3 (C11), 118.7 and 117.9
(C9 and C10), 111.3 (C12), 108.4 (C8a), 90.0 (C13c), 64.9 (C3),

53.9, 53.6, 53.0, and 51.4 (C4, C4a, CO2CH3, and C13b), 37.2
(C7), 20.9 (C8); ms (ESIþ): m/z 499 [28, (MþNa)þ], 477 [100,
(MþH)þ]. Anal. Calcd for C20H17IN2O4: C, 50.44; H, 3.60; I,
26.65; N, 5.88. Found: C, 50.18; H, 3.51; N, 5.94.

Methyl (3R*,4S*,4aS*,13bR*,13cR*)-3-bromo-3,4,4a,5,7,8,13,
13b-octahydro-5-oxo-3,13c-epoxybenzo[1,2]indolizino[8,7-b ]indole-
4-carboxylate acid (11b). Straw-coloured powder, yield 70%; mp
>225�C (decomp.); ir: CO2Me 1734, C¼¼O 1662 cm�1; 1H

NMR (400 MHz, DMSO-d6): d ¼ 2.60 (m, 1 H, H-8B), 2.80
(m, 1 H, H-8A), 3.00 (m, 1 H, H-7B) 3.19 (d, J4,4a ¼ 9.0 Hz,
1 H, H-4), 3.29 (brd, J4a,4 ¼ 9.0 Hz, 1 H, H-4a), 3.58 (s, 3 H,
CO2CH3), 4.29 (dd, J ¼ 5.6, J7,7 ¼ 13.1 Hz, 1 H, H-7A), 5.65
(brs, 1 H, H-13b), 6.57 (d, J1,2 ¼ 5.6 Hz, 1 H, H-1), 7.00 (d,

J1,2 ¼ 5.6 Hz, 1 H, H-2), 7.00 (brdd, J10,11 ¼ 7.5, J11,12 ¼ 8.1
Hz, 1 H, H-11), 7.09 (dt, 4J10,12 ¼ 1.2, J10,11 ¼ J9,10 ¼ 7.5
Hz, 1 H, H-10), 7.36 (brd, J11,12 ¼ 8.1 Hz, 1 H, H-12), 7.43
(brd, J9,10 ¼ 7.5 Hz, 1 H, H-9), 10.96 (s, 1 H, NH); 13C NMR
(100.6 MHz, DMSO-d6): d ¼ 168.9 and 168.0 (C5 and

CO2CH3), 139.6 and 138.0 (C2 and C1), 136.5, 127.9 and
126.3 (C12a, C13a, and C8b), 121.4 (C10), 118.7 and 117.9 (C9

and C10), 111.3 (C12), 108.5 (C8a), 90.3 and 89.5 (C13c and
C3), 54.40, 54.26, 51.5, and 51.2 (C4, C13b, C4a, CO2CH3),
37.3 (C7), 20.9 (C8); ms (ESIþ): m/z 452 [33, (MþNa)þ,
81Br], 450 [35, (MþNa)þ, 79Br], 430 [98, (MþH)þ, 81Br], 428
[100, (MþH)þ, 79Br]. Anal. Calcd for C20H17BrN2O4: C,
55.96; H, 3.99; Br, 18.61; N, 6.53. Found: C, 55.94; H, 3.82;
N, 6.82.

(3S*,4R*,4aS*,13bR*,13cR*)-3,4,4a,5,7,8,13,13b-Octahydro-
4a-methyl-5-oxo-3,13c-epoxybenzo[1,2]indolizino[8,7-b]indole-
4-carboxylic acid (12A) and (3S*,4R*,4aS*, 13bR*,13cR*)-
4-methyl-5-oxo-3,4,4a,5,7,8,13,13b-octahydro-3,13c-epoxyben-
zo[1,2]indolizino[8,7-b]indole-4-carboxylic acid (12B). A
solution of citraconic anhydride (7.6 mL, 84 mmol) in
dichloromethane (10 mL) was added to a solution of imine 9c

(10 g, 42 mmol) in dichloromethane (30 mL). The reaction
mixture was stirred at room temperature for 24 h. Obtained
crystals were filtered off, washed with dichloromethane (3 �
20 mL) and air-dried to give corresponding acid as a mixture
of the regioisomers 12A:12B, in the ratio 1.3:1. Following
data is cited for isomer mixture. White powder, yield 70%;
mp >220�C (decomp.) (i-PrOH-DMF); ir: CO2H 1725, C¼¼O
br 1667 cm�1; 1H NMR (400 MHz, DMSO-d6): 12A maj: d
¼ 1.20 (s, 3 H, CH3-4), 2.09 (s, 1 H, H-4a), 2.52 (m, 1 H, H-
8B), 2.77 (m, 1 H, H-8A), 3.00 (m, 1 H, H-7B), 4.25 (m, 1
H, H-7A), 4.75 (d, J2,3 ¼ 1.6 Hz, 1 H, H-3), 5.53 (brs, 1 H,
H-13b), 6.58 (dd, J1,2 ¼ 5.7, J3,2 ¼ 1.6 Hz, 1 H, H-2), 6.81

(d, J2,1 ¼ 5.7 Hz, 1 H, H-1), 6.98 (brt, J10,11 � J10,9 ¼ 7.7
Hz, 1 H, H-10), 7.07 (brt, J11,10 � J11,12 ¼ 7.7 Hz, 1 H, H-
11), 7.34 (brd, J12,11 ¼ 8.0 Hz, 1 H, H-12), 7.41 (brd, J9,10 ¼
7.7 Hz, 1 H, H-9), 10.86 (s, 1 H, NH), 12.10 (brs, 1 H,
CO2H); 12B min: d ¼ 1.09 (s, 3 H, CH3-4a), 2.54 (s, 1 H, H-

4), 2.52 (m, 1 H, H-8B), 2.77 (m, 1 H, H-8A), 2.98 (m, 1 H,
H-7B), 4.29 (m, 1 H, H-7A), 4.78 (d, J2,3 ¼ 1.6 Hz, 1 H, H-
3), 5.54 (brs, 1 H, H-13b), 6.53 (dd, J1,2 ¼ 5.7, J3,2 ¼ 1.6 Hz,
1 H, H-2), 6.87 (d, J2,1 ¼ 5.7 Hz, 1 H, H-1), 6.98 (brt, J10,11
� J10,9 ¼ 7.7 Hz, 1 H, H-10), 7.07 (brt, J11,10 � J11,12 ¼ 7.7

Hz, 1 H, H-11), 7.34 (brd, J12,11 ¼ 8.0 Hz, 1 H, H-12), 7.41
(brd, J9,10 ¼ 7.7 Hz, 1 H, H-9), 10.86 (s, 1 H, NH), 12.10
(brs, 1 H, CO2H);

13C NMR 12Aþ12B (100.6 MHz, DMSO-
d6): d ¼ 174.7, 172.8, 172.7, 169.4, 137.6, 136.5, 136.3,
135.7, 133.2, 129.00, 128.92, 126.4, 121.1 (2C), 118.6 (2C),

117.7 (2C), 111.2 (2C), 108.2 (2C), 92.6, 91.3, 84.0, 80.3,
79.2 (2C), 59.4, 57.0, 54.3, 53.1, 52.6, 50.2, 37.0, 36.8, 22.3,
21.4, 20.94, 20.86; ms (EI, 70 eV): m/z (%) 261 [Mþ�89]
(25), 259 (40), 257 (13), 203 (27), 201 (67), 199 (26), 180

(23), 178 (31), 121 (54), 119 (50), 101 (74), 98 (45), 82 (36),
72 (80), 59 (100), 57 (56), 55 (44), 43 (79). Anal. Calcd for
C20H18N2O4: C, 68.56; H, 5.18; N, 8.00. Found: C, 68.53; H,
5.41; N, 8.12.
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General procedure for preparation of 3H-imidazo[4,5-

c]pyridines 13a-c. A solution of corresponding furfural (10.0
mmol) in ethanol (30 mL) was added to a mixture of hista-

mine dihydrochloride (1.84 g, 10.0 mmol) and triethylamine
(2.8 mL, 25.0 mmol) in ethanol (50 mL) while stirring. The
resulting mixture was refluxed for 3 h. At the end of the reac-
tion the solvent was evaporated, and obtained brown oil was
triturated with acetone to give corresponding spinacine in

moderate yield. Spinacine 13c was used in the next step with-
out further purification and spectral identification.

4,5,6,7-Tetrahydro-4-(5-iodo-2-furyl)- 3H-imidazo[4,5-c]pyri-
dine (13a). Red powder, yield 30%, mp >150�C (decomp.) (i-
PrOH-DMF); ir: NH 3414 cm�1; 1H NMR (400 MHz, DMSO-

d6): d ¼ 2.51 (brt, J6,7 ¼ 5.7 Hz, 2 H, H-7), 2.90 (brt, J6,7 ¼
5.7 Hz, 2 H, H-6), 4.94 (s, 1 H, H-4), 5.97 (d, J30,40 ¼ 3.3 Hz,
1 H, H-30), 6.57 (d, J30 ,40 ¼ 3.3 Hz, 1 H, H-40), 7.44 (s, 1 H,
H-2); 13C NMR (100.6 MHz, DMSO-d6): d ¼ 160.2 (C20),
134.9 (C2), 129.4 and 126.6 (C3a and C7a), 120.5 (C40), 111.1

(C30), 90.2 (C50), 50.0 (C4), 40.0 (C6), 22.5 (C7); ms (EI, 70
eV): m/z (%) 315 [Mþ] (22), 314 (39), 286 (22), 251 (23),
188 (100), 159 (26), 132 (33), 131 (37), 104 (14), 95 (13), 79
(15), 77 (19), 51 (12), 45 (12). Anal. Calcd for C10H10IN3O:

C, 38.12; H, 3.20; I, 40.27; N, 13.34. Found: C, 38.39; H,
3.04; N, 13.58.

4-(5-Bromo-2-furyl)-4,5,6,7-tetrahydro-3H-imidazo[4,5-c]pyr-
idine (13b). Yellow powder, yield 62%, mp > 150�C
(decomp.) (i-PrOH-DMF); ir: NH 3426 cm�1; 1H NMR (400

MHz, DMSO-d6): d ¼ 2.78 (m, 2 H, H-7), 3.20 (m, 2 H, H-6),
5.44 (brs, 1 H, H-4), 6.39 (d, J30,40 ¼ 3.3 Hz, 1 H, H-30), 6.57
(d, J30,40 ¼ 3.3 Hz, 1 H, H-40), 7.60 (s, 1 H, H-2); 13C NMR
(100.6 MHz, DMSO-d6): d ¼ 158.5 (C20), 133.5 (C2), 130.1
and 126.7 (C3a and C7a), 119.6 (C50), 111.9 and 110.1 (C30 and

C40), 50.1 (C4), 39.9 (C6), 23.1 (C7); ms (ESIþ): m/z 291 [17,
(MþNa)þ, 81Br], 389 [20, (MþNa)þ, 79Br], 369 [95, (MþH)þ,
81Br], 367 [100, (MþH)þ, 79Br]. Anal. Calcd for
C10H10BrN3O: C, 44.80; H, 3.76; N, 15.67; Br, 29.80. Found:
C, 44.66; H, 3.81; N, 15.71.

General procedure for preparation of imida-

zo[40,50:3,4]pyrido[2,1-a]isoindole-8-carboxylic acids 14a-c. A

solution of maleic anhydride (0.57 g, 5.8 mmol) in ethanol (10

mL) was added to a solution of corresponding spinacine 13a–c

(5.3 mmol) in ethanol (20 mL). The reaction mixture was

stirred at room temperature for 24 h. Formation of off-white

precipitates was observed. At the end of the reaction the

obtained solids were filtered off and washed with ethanol (3 �
20 mL) giving amino acids 14a-c as poorly dissolved pale-yel-

low powders in most organic solvents.

(7aS*,8S*,9R*,11aR*,11bR*)-9-Iodo-1,4,5,7,7a,8,9,11b-octa-
hydro-7-oxo-9,11a-epoxyimidazo[40,50:3,4]pyrido[2,1-a]isoindole-
8-carboxylic acid (14a). Yield 41%, mp > 220�C (decomp.) (i-
PrOH-DMF); ir: CO2H 1756, C¼¼O 1687 cm�1; 1H NMR (400

MHz, DMSO-d6): d ¼ 2.59 (m, 1 H, H-4B), 2.90�2.98 (m, 2

H, H-4A and H-5B), 2.88 (d, J8,7a ¼ 8.1 Hz, 1 H, H-8), 3.06

(brd, J7a,8 ¼ 8.1 Hz, 1 H, H-7a), 4.20 (dd, 2J5,5 ¼ 13.1, J5A,4B
¼ 5.6 Hz, 1 H, H-5A), 5.32 (brs, 1 H, H-11b), 6.54 (d, J10,11
¼ 5.8 Hz, 1 H, H-11), 6.72 (d, J11,10 ¼ 5.8 Hz, 1 H, H-10),

7.51 (s, 1 H, H-2); 13C NMR (100.6 MHz, DMSO-d6): d ¼
170.8 and 168.7 (CO2H and C7), 143.4 (C10), 137.8 (C11)

135.1 (C2), �114.4 (br 2C, C11c, and C3a), 90.2 (C11a), 66.3

(C9), 55.2 (C11b), 53.6 and 53.5 (C7a and C8), 37.1 (C5), 22.4

(C4); ms (EI, 70 eV): m/z (%) 315 [Mþ�98] (5), 314 (15),

286 (75), 182 (53), 127 (100), 98 (35); ms (ESIþ): m/z 436

[23, (MþNa)þ], 414 [100, (MþH)þ]. Anal. Calcd for

C14H12IN3O4: C, 40.70; H, 2.93; I, 30.72; N, 10.17. Found: C,

40.67; H, 2.86; N, 10.23.

(7aS*,8S*,9R*,11aR*,11bR*)-9-Bromo-1,4,5,7,7a,8,9,11b-
octahydro-7-oxo-9,11a-epoxyimidazo[40,50:3,4]pyrido[2,1-a]iso-
indole-8-carboxylic acid (14b). Yield 38%, mp > 230�C
(decomp.) (i-PrOH-DMF); ir: CO2H 1761, C¼¼O 1685 cm�1;
1H NMR (400 MHz, DMSO-d6): d ¼ 2.61 (m, 1 H, H-4B),
2.90�2.95 (m, 2 H, H-4A, and H-5B), 2.97 (d, J8,7a ¼ 9.0 Hz,

1 H, H-8), 3.13 (brd, J7a,8 ¼ 9.0 Hz, 1 H, H-7a), 4.21 (dd,
2J5,5 ¼ 13.1, J5A,4B ¼ 5.6 Hz, 1 H, H-5A), 5.32 (brs, 1 H, H-
11b), 6.48 (d, J10,11 ¼ 5.3 Hz, 1 H, H-11), 6.91 (d, J11,10 ¼
5.8 Hz, 1 H, H-10), 7.51 (s, 1 H, H-2); 13C NMR (150.9 MHz,
DMSO-d6): d ¼ 170.0 and 168.6 (CO2H and C7), 140.1 (C10),

138.4 (C11), 135.1 (C2), 113.6 (br 2C, C11c, and C3a), 90.2
(C11a), 89.7 (C9), 55.5 (C11b), 54.5 and 51.8 (C7a and C8), 37.2
(C5), 22.4 (C4); ms (ESIþ): m/z 389 [30, (MþNa)þ, 81Br],
387 [29, (MþNa)þ, 79Br], 367 [98, (MþH)þ, 81Br], 365 [100,
(MþH)þ, 79Br]. Anal. Calcd for C14H12BrN3O4: C, 45.92; H,

3.30; Br, 21.82; N, 11.48. Found: C, 45.98; H, 3.55; N, 11.54.
(7aS*,8R*,9S*,11aR*,11bR*)-1,4,5,7,7a,8,9,11b-Octahydro-

7-oxo-9,11a-epoxyimidazo[40,50:3,4]pyrido[2,1-a]isoindole-8-
carboxylic acid (14c). Yield 39%, mp > 220�C (decomp.)

(i-PrOH-DMF); ir: CO2H and C¼¼O br 1687 cm�1; 1H NMR
(400 MHz, D2O/(CD3)2CO (5:1)/K2CO3 (5 mol %), traces of
(CD3)COCD2H at d 2.06 ppm were used as the internal
standard): d ¼ 2.34 (m, 2J4,4 ¼ 15.6, J4B,5A ¼ 6.2, J4B,5B ¼
11.6, 5J11b,Hb-4 ¼ 2.2 Hz, 1 H, H-4B), 2.48 (m, 2J4,4 ¼ 15.6,

J4A,5B ¼ 4.8, J ¼ 1.3 Hz, 1 H, H-4A), 2.50 (d, J8,7a ¼ 9.3
Hz, 1 H, H-8), 2.90 (dddd, 2J5,5 ¼ 13.4, J5B,4B ¼ 11.6,
J5B,4B ¼ 4.8, J ¼ 1.4 Hz, 1 H, H-5B), 2.95 (dd, J7a,8 ¼ 9.3,
4J11b,7a ¼ 1.3 Hz, 1 H, H-7a), 4.14 (dd, 2J5,5 ¼ 13.4, J5A,4B
¼ 6.2 Hz, 1 H, H-5A), 4.84 (d, J9,10 ¼ 1.8 Hz, 1 H, H-9),

5.27 (brdd, 5J11b,4B ¼ 2.2, 4J11b,7a ¼ 1.3 Hz, 1 H, H-11b),
6.44 (dd, J10,11 ¼ 5.8, J10,9 ¼ 1.8 Hz, 1 H, H-10), 6.65 (d,
J11,10 ¼ 5.8 Hz, 1 H, H-11), 7.50 (s, 1 H, H-2); 13C NMR
(100.6 MHz, D2O/(CD3)2CO (5:1)/K2CO3 (5 mol %), the sig-
nal of (CD3)2CO at d 29.2 ppm was used as the internal

standard): d ¼ 178.9 (CO2H), 172.6 (C7), 137.5 (C10), 135.6
(C2), 133.5 (C11), 127.7 (C11c), 125.2 (C3a), 90.40 (C11a),
81.8 (C9), 55.8 (C11b), 50.8 (C7a), 47.0 (C8), 36.6 (C5), 20.5
(C4); ms (EI, 70 eV): m/z (%) 287 [Mþ] (3), 241 (5), 225
(4), 189 (32), 188 (55), 161 (16), 160 (88), 159 (19), 133

(13), 132 (22), 131 (100), 120 (11), 104 (11), 95 (13), 77
(6), 54 (35), 44 (6), 28 (5), 26 (13). Anal. Calcd for
C14H13N3O4: C, 58.54; H, 4.57; N, 14.64. Found: C, 58.58;
H, 4.65; N, 14.81.
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Synthesis of novel 3-substituted-1,2,3-triazolo[1,5-a]quinazolinones in high yields was performed via
anionic hetero-domino reaction of appropriate substituted 2-azidobenzoates prepared from isatines and
acetonitriles activated by 1,3-thiazole, 1,3-benzothiazole, 1,3,4-oxadiazole, and 1,2,4-oxadiazole rings. It
was shown that acetonitriles exhibited high reactivity and were convenient methylenic compounds for
such reactions providing rapid structural variation.

J. Heterocyclic Chem., 47, 415 (2010).

INTRODUCTION

1,2,3-Triazolo[1,5-a]quinazolines are an important

class of heterocycles, which have been the subject of

great interest because of their biological activities. For

instance, in the works of Jones and coworkers [1] the

synthesis and evaluation of the biological affinity of a

large number of C-5 substituted 1,2,3-triazolo[1,5-a]qui-

nazolines are reported. It was shown that compounds of

the current class were new ligands for GABAA receptors

and potentially pharmaceutically acceptable for treat-

ment of Alzheimer’s disease. Moreover, Biagi et al [2].

found the activity of some 3-ethoxycarbonyl- or 3-phe-

nyl-substituted 1,2,3-triazolo[1,5-a]quinazolines towards

benzodiazepine, A1 and A2A adenosine receptors. The

promising biological activity and the unique structure of

these families make them attractive synthetic targets.

Furthermore, in the article [1b,c] it was underlined that

1,2,3-triazolo[1,5-a]quinazolines were first synthesized

in 1966 [3], however, this class of compounds has sub-

sequently received little attention [1,4]. Their syntheses,

using readily available raw materials with short and fac-

ile routes, continue to be challenging endeavors.

It is noteworthy that more attention was drawn to syn-

thetic strategies, which have been developed to allow

easy variation of the C-5 position of triazoloquinazoli-

none [1]. On the contrary, diversification of other posi-

tions has been discussed insufficiently. 2-Azidobenzoic

acid and cyanoacetic acid derivatives were mostly used

for construction of triazoloquinazolinone framework [4].

At the same time, the reaction of azides with acetoni-

triles activated by (het)aryl substituents is a perspective

synthetic approach. The exclusive examples of the reac-

tion of arylazides with (5-methylisoxazol-3-yl)acetoni-

trile [1] and phenylacetonitrile [5] have been described.

In addition, introduction of new heterocyclic fragments

to the C-3 position may extend the spectrum of biologi-

cal activity of such compounds.

Recently, we have reported [6] the synthesis of 1H-
1,2,3-triazole derivatives by cyclization of arylazides

with (1,3-benzothiazol-2-yl)/(4-aryl-1,3-thiazol-2-yl)ace-

tonitriles. It was shown that (1,3-benzothiazol-2-yl)ace-

tonitrile undergoes an anionic domino reaction with

methyl 2-azidobenzoate or 2-azidobenzonitrile to give

[1,2,3]triazolo[1,5-a]quinazoline derivatives [6a]. Fur-

thermore, it was found that acetonitrile possesses high

reactivity, as an active methylenic compound for such

reactions, for construction of [1,2,3]triazolo[1,5-a]pyri-

midines system [6b] with heterocyclic substituents.

RESULTS AND DISCUSSION

In the current work we present the results of a study

of hetarylacetonitriles in the reaction with substituted

methyl 2-azidobenzoates. Starting hetarylacetonitriles

were obtained by several synthetic procedures. First the

required precursors 1a–d, 2 were synthesized in moder-

ate to good yields according to the literature procedure

[7]. Then we developed a synthetic protocol for prepara-

tion of acetonitriles activated by 1,3,4-oxadiazole and

1,2,4-oxadiazole. Compounds containing the oxadiazole

VC 2010 HeteroCorporation
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ring have been widely studied recently since they ex-

hibit biological activity [8] and possess some attractive

photophysical properties [9]. Initial (5-aryl-1,3,4-oxadia-

zol-2-yl)acetonitriles 5a–d were synthesized by one-pot

cyclization of diacylhydrazines prepared in situ by acy-

lation of cyanoacetic acid hydrazide 4 with the corre-

sponding substituted benzoyl chlorides 3a–d, via modifi-

cation of known procedures [10]. (5-Phenyl-1,2,4-oxa-

diazol-2-yl)acetonitrile 8 was prepared by heating phe-

nylamide oxime 6 with cyanoacetyl chloride 7 in anhy-

drous DMF in the presence of pyridine (Scheme 1).

The obtained hetarylacetonitriles 1a, 5a, 8 were

examined in the reaction with phenylazide in sodium

methoxide solution at room temperature. These condi-

tions allowed to avoid possible Dimroth rearrangement

[11] occurring when 5-aminotriazoles were heated in a

strong base medium. As a result, new triazole deriva-

tives 9a–c were isolated in high yields and no by-prod-

ucts were formed. The corresponding 1,2,3-triazoles 9a–

c precipitated in good yields from the reaction medium.

In an effort to diversify the azido component, the

method of 2-azidobenzoate synthesis from isatines, pre-

pared from the corresponding anilines 10 by the Sand-

meyer method [12], was used. By the reaction of ani-

lines 10a,b with chloral hydrate and hydroxylamine

hydrochloride in aqueous sodium sulfate, isonitrosoace-

tanilides were formed. The obtained isonitrosoacetani-

lides were treated with concentrated sulfuric acid and

yielded isatines 11b,c [12]. Compounds 11d,e were pre-

pared from isatine 11a by the reaction with brome [13]

or chlorine generated in situ from HCl and hydrogen

peroxide [14] correspondingly. Isatines 11a–e were oxi-

dated with alkaline hydrogen peroxide to form substi-

tuted 2-aminobenzoic acids [15], which were converted

into esters 12a–e by the following reaction with metha-

nol in the presence of sulphuric acid [16]. It is of note

that compound 12d can be prepared from commercially

available methyl anthranilate 12a via chlorization by the

use of calcium hypochlorite [17]. Finally, compound 12f

was prepared by subsequent nitration and reduction of

dimethyl benzene-1,4-dicarboxylate. Anthranilates 12a–f

were readily converted into 2-azidobenzoic acid esters

13a–f by diazotisation and displacement with sodium

azide (Scheme 2).

To obtain [1,2,3]triazolo[1,5-a]quinazolines, substi-

tuted methyl 2-azidobenzoates were allowed to react

with acetonitriles 1, 2, 5, 8. The reaction was carried

out using 1 equiv. of sodium methoxylate at room tem-

perature. It was found that the reaction exhibited an

appreciable exothermal effect and was completed within

1–2 min. In general, the reaction product was formed

immediately after mixing the reagents and precipitated

from the reaction medium. The polycyclic compounds

14a–o were isolated in excellent yields (84–98%) (Table

1). It is noteworthy that esters 13 used in such a reaction

are more convenient instead of 2-azidobenzoic acids. In

the reaction of 2-azidobenzoic acids, yields were lower

and the reaction required more time. Moreover, in some

cases the reaction mixture must be heated. For instance,

in the work [1a] triazoloquinazolinone framework was

prepared by treatment of an equimolar mixture of 2-azi-

dobenzoic acid with isoxazole acetonitrile in the pres-

ence of sodium ethoxide at 80�C for 5 h. Bertelli et al.

[2b] reported that 2-carboxy-4/5-chloro-phenylazide

reacted with ethyl cyanoacetate in absolute ethanol in

the presence of two equivalents of sodium ethoxide at

Scheme 1
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Scheme 2

Table 1

Physical and analytical data of compounds 14a–o.

Compound R C-3 substituent

Mp

(�C)
Yield,

%a
IR, mmax

(cm�1)b
MS (CI):

[MþHþ]
Molecular

formula

Analysis %

Calcd./Found

C H N

14a H 4-methyl-1,3-thiazol-2-yl >300 90 1679 284 C13H9N5OS 55.11 3.20 24.72

55.28 3.02 24.93

14b 7-Br – >300 92 1683 362, 364 C13H8BrN5OS 43.11 2.23 19.34

43.28 2.01 19.17

14c H 4-phenyl-1,3-thiazol-2-yl >300 96 1677 346 C18H11N5OS 62.60 3.21 20.28

62.44 3.34 20.06

14d – 4-(4-methylphenyl)-1,3-

thiazol-2-yl

>300 95 1680 360 C19H13N5OS 63.49 3.65 19.49

63.36 3.37 19.66

14e – 4-(4-chlorophenyl)-1,3-

thiazol-2-yl

>300 98 1671 380 C18H10ClN5OS 56.92 2.65 18.44

57.08 2.41 18.38

14f 7-Me 1,3-benzothiazol-2-yl >300 98 1674 334 C17H11N5OS 61.25 3.33 21.01

61.15 3.19 21.77

14g 7-F – >300 94 1690 338 C16H8FN5OS 56.97 2.39 20.76

56.84 2.30 20.52

14h 7-Cl – >300 97 1678 354 C16H8ClN5OS 54.32 2.28 19.80

54.26 2.46 19.99

14i 8-CO2Me – >300 94 1724,

1680,

1276

378 C18H11N5O3S 57.29 2.94 18.56

57.19 2.78 18.44

14j H 5-phenyl-1,3,4-oxadiazol-2-yl >300 87 1688 330 C17H10N6O2 61.82 3.05 25.44

61.73 2.92 25.35

14k – 5-(4-methylphenyl)-1,3,4-

oxadiazol-2-yl

>300 84 1672 345 C18H12N6O2 62.79 3.51 24.41

62.87 3.39 24.28

14l – 5-(4-methoxyphenyl)-1,3,4-

oxadiazol-2-yl

>300 93 1684 361 C18H12N6O3 60.00 3.36 23.32

60.15 3.15 23.41

14m – 5-(4-bromophenyl)-1,3,4-

oxadiazol-2-yl

>300 93 1677 409, 411 C17H9BrN6O2 49.90 2.22 20.54

49.77 2.13 20.31

14n 3-phenyl-1,2,4-oxadiazol-5-yl >300 90 1680 331 C17H10N6O2 61.82 3.05 25.44

61.97 2.93 25.36

14o 7-Cl – >300 97 1686 365 C17H9ClN6O2 55.98 2.49 23.04

55.87 2.40 23.19

a Isolated yields.
b All compounds 14 showed a similar stretching peaks of associated NH (OH) groups with mmax approximately 3400 cm�1.



room temperature, affording 1-(4- or 5-chloro-2-car-

boxy-phenyl)-4-ethoxycarbonyl-5-amino-1H-1,2,3-triazole

intermediates, and the corresponding triazoloquinazoli-

nones were formed after acidification of the alkaline so-

lution. The reaction of such azides with phenylacetoni-

trile required refluxing of the reaction mixture but it pro-

ceeded in the same manner [2b]. Obviously, replacement

of the carboxylic group into the carboxylate one

increased the rate of the reaction of the amino group in

the intermediate triazole A, which was formed at the first

stage of the reaction. The carboxylate function provided

the formation of the pyrimidine ring without any addi-

tional procedures.

The structures of all new compounds were confirmed

by analytical and spectroscopic data (Tables 1 and 2,

Fig. 1). In the 1H NMR spectra of compounds 14a–o

there were characteristic shift values for the H6, H7,

H8, and H9 protons typical for the 1,2,3-triazolo[1,5-

a]quinazoline system (Table 2). Furthermore, aryloxa-

diazolyl fragments were easily identified via low-field

shifted aromatic protons ortho to the oxadiazole rings,

usually found at 8.03–8.19 ppm.

In conclusion, in the current work we described effi-

cient and economic routes to 1,2,3-triazolo[1,5-a]quina-

zolines from cheap abundant starting materials and with

a possibility of substituent variation in triazoloquinazo-

line framework. Moreover, new active methylenic com-

pounds were used for anionic domino reactions leading

to formation of triazoloquinazolines.

EXPERIMENTAL

All melting points were determined in capillary tubes in a
Thiele apparatus and are uncorrected. 1H NMR spectra were
recorded on a Varian Mercury 400 instrument (400 MHz for
1H) and Bruker 500 (500 MHz for 1H, 125 MHz for 13C) with

Table 2

1H NMR spectra of products 14a–o (J, Hz) 500 MHz.

Compound Me

[1,2,3]triazolo[1,5-a]quinazoline protons

(Het)Aryl fragmentH-6 H-9 H-7 H-8

14a 2.42 8.18 (t, J 9.2) 7.78 (t, J 7.1) 7.52 (t, J 7.1) 7.08 (s, 1H)

14b 2.41 8.24 (s) 8.15 (d, J 7.0) – 7.94 (d, J 7.0) 7.09 (s, 1H)

14c
a 8.22 (t, J 7.6) 7.75 (t, J 7.6) 7.49 (t, J 7.6) 7.29 (t, J 7.4, 1H), 7.42 (t, J 7.6, 2H),

7.70 (s, 1H), 8.04 (d, J 7.2, 2H)

14d 2.39 8.20–8.25 (m) 7.74 (t, J 7.4) 7.51 (t, J 7.6) 7.22 (d, J 8.0, 2H, H-3,5), 7.70 (s, 1H,

HTz), 7.86 (d, J 8.0, 2H, H-2,6)

14e 8.24 (t, J 8.0) 7.77 (t, J 7.6) 7.50 (t, J 7.6) 7.43 (d, J 8.8, 2H, H-3,5), 7.86 (s, 1H,

HTz), 8.02 (d, J 8.8, 2H, H-2,6)

14f 2.42 7.89 (d, J 2.0) 7.87 (d, J 8.4) – 7.62 (dd, J 8.4, 2.0), 7.32 (t, J 7.0, 1H, H-6), 7.44 (t, J 7.4,

1H, H-5), 7.99 (d, J 7.8, 1H, H-7),

8.05 (d, J 7.4, 1H, H-8)

14g 8.29 (dd, J 8.4, 3.9) 7.85 (dd, J 8.9, 1.7), – 7.70 (dt, J 8.6, 2.5) 7.34 (t, J 7.0, 1H, H-6), 7.47 (t, J 7.4,

1H, H-5), 7.98 (d, J 8.0, 1H, H-7),

8.06 (d, J 7.4, 1H, H-8)

14h 8.12 (s) 8.25 (d, J 8.4) – 7.85 (d, J 8.7) 7.31-7.38 (m, 1H, H-6), 7.47 (t, J 7.1,

1H, H-5), 7.97 (d, J 7.2, 1H, H-7),

8.07 (d, J 7.0, 1H, H-8)

14i 3.97 8.30 (d, J 7.6) 8.73 (s) 8.08 (d, J 7.6) – 7.35 (t, J 7.1, 1H, H-6), 7.48 (t, J 6.7,

1H, H-5), 7.98 (d, J 7.4, 1H, H-7),

8.08 (d, J 7.3, 1H, H-8)

14ja 8.35 (d, J 8.0) 8.26 (d, J 7.9) 7.94 (t, J 7.1) 7.65 (t, J 7.6) 7.57-7.62 (m, 3H), 8.19 (m, 2H)

14k 2.47 8.34 (d, J 8.00) 8.28 (d, J 7.7) 7.94 (t, J 7.9) 7.67 (t, J 7.7) 7.40 (d, J 7.9, 2H), 8.04 (d, J 7.9, 2H)

14l 3.88 8.37 (d, J 8.0) 8.25 (d, J 8.0) 7.97 (t, J 7.9) 7.70 (t, J 7.9) 7.12 (d, J 8.2, 2H), 8.09 (d, J 8.2, 2H)

14m 8.22 (d, J 8.1) 8.09 (d, J 8.0) 7.80 (t, J 7.6) 7.56 (t, J 7.6) 7.86 (d, J 7.9, 2H), 8.03 (d, J 8.1, 2H)

14n 8.34 (d, J 8.0) 8.27 (d, J 7.9) 7.97 (t, J 7.9) 7.64 (t, J 8.0) 7.53-7.59 (m, 3H), 8.17 (m, 2H)

14o 8.14 (s) 8.27 (d, J 8.7) – 7.83 (d, J 8.7) 7.55-7.62 (m, 3H), 8.19 (m, 2H)

a Recorded at 400 MHz.

Figure 1.
13C NMR chemical shifts of compounds 9a, 14b, 14g.
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TMS or deuterated solvent as an internal reference. Mass spec-

tra were run using Agilent 1100 series LC/MSD with an API-

ES/APCI ionization mode. IR spectra were recorded on a Spe-

cord 80M spectrophotometer in KBr pellets. The evolution of

the reactions and purity of the synthesized compounds were

monitored chromatographically on Silufol UV-254 plates. 13C

NMR spectra of product 9b,c and 14a, c–f, h–o are not

reported due to their very low solubility.

(5-Aryl-1,3,4-oxadiazol-2-yl)acetonitriles 5a–d (general

procedure). The solution of 21 mmol of substituted benzoyl

chloride 3 in 10 mL of anhydrous dioxane was added under

continuous stirring to the solution of 2.1 g (21 mmol) of 2-

cyanoacetohydrazide and 2.9 mL (21 mmol) of triethylamine

in 30 mL of anhydrous dioxane. The mixture was stirred for

0.5 h at room temperature and 10 mL of POCl3 was added.

The mixture was heated for 3 h at 80�C, cooled to room tem-

perature and poured onto ice. The precipitate was filtered off

and dried in air. The crude product was purified by flash chro-

matography followed by recrystallization from ethanol.

(3-Phenyl-1,2,4-oxadiazol-5-yl)acetonitrile 8. Cyanoacetyl

chloride 6 (0.52 g, 5 mmol) was added to the solution of 5

mmol of N’-hydroxybenzenecarboximidamide 7 in 2 mL of

pyridine. The mixture was kept for 0.5 h and 5 mL of DMF

was added. The mixture was heated for 3 h at 80�C, cooled to

room temperature and mixed with 30 mL of water. The precip-

itate was filtered off, washed with water on a filter, recrystal-

lized from alcohol and dried in air.

Azides 13a–f preparation. The solution of sodium nitrite

(7.1 g, 0.1 mol) in water (30 mL) was added dropwise to a

stirred solution of substituted anthranilic esters (0.1 mol) in 40

mL of concentrated HCl and 20 mL of water keeping the tem-

perature below 5�C. After that the mixture was stirred for 10

min and rapidly filtered. To the obtained solution NaN3 (6.5 g,

0.1 mol) in water (125 mL) was added dropwise. The mixture

was stirred for 15 min at 0�C and then for 30 min at room

temperature. Azides 13a,b were extracted by diethyl ether (3

� 10 mL). Ether was evaporated in vacuo. Azides 13c–f were

filtered and washed with water twice. Azides were used with-

out subsequent cleaning: methyl 2-azidobenzoate 13a, yield

11.5 g, 65%; dark red oil; MS: (CI) m/z (%) ¼ 178 (100%)

[MþHþ]; methyl 2-azido-5-methylbenzoate 13b, yield 13.7

g, 72%; dark red oil; MS: (CI) m/z (%)¼ 192 (100%)

[MþHþ]; methyl 2-azido-5-fluorobenzoate 13c, yield 13.8 g,

71%; pink solid, mp: 28–29�C; MS: (CI) m/z (%)¼ 196

(100%) [MþHþ]; methyl 2-azido-5-chlorobenzoate 13d,

yield 16.7 g, 79%; white pink solid, mp: 50–52�C; MS: (CI)

m/z (%) ¼ 212(100%) [MþHþ]; methyl 2-azido-5-bromoben-

zoate 13e, yield 20.8 g, 81%; white solid, mp: 71–72�C; MS:

(CI) m/z (%) ¼ 256 (100%) [MþHþ], 258 (100%) [MþHþ];
dimethyl 2-azidobenzene-1,4-dicarboxylate 13f, yield 17.7 g,

75%; white solid, mp: 83–85�C; MS: (CI) m/z (%) ¼ 236

(100%) [MþHþ]. (Caution! All azides are potentially explo-

sive and should not be heated).

General procedure for the synthesis of 1H-1,2,3-triazol-

5-amines 9a–c and [1,2,3]triazolo[1,5-a]quinazolin-5(4H)-

one 14a–o. To the solution of sodium methoxide (540 mg,
10.0 mmol) in dry methanol (20 mL) an appropriate substi-

tuted acetonitrile 1, 2, 5 or 8 (10.0 mmol) was added. To this
solution substituted methyl 2-azidobenzoate 2 (10.0 mmol) in
dry methanol (2 mL) was added dropwise and the solid started
to precipitate. The mixture was stirred for 1 h. The resulting

suspension was filtered and the solid product was washed with
water and methanol to give the corresponding 1H-1,2,3-triazol-
5-amines 9a–c and [1,2,3]triazolo[1,5-a]quinazolin-5(4H)-ones
14a–o.

4-(4-Methyl-1,3-thiazol-2-yl)-1-phenyl-1H-1,2,3-triazol-5-

amine (9a). Yield: 2.2 g (87%); as white crystals; mp 168–
169�C (DMF–EtOH); 1H NMR (DMSO-d6 400MHz): d 2.45
(s, 3H, Me), 6.47 (s, 2H, NH2), 6.95 (s, 1H, thiazole), 7.52 (t,
3J ¼ 7.1 Hz, 1H, HPh-4), 7.61 (t, 3J ¼ 7.2 Hz, 2H, HPh-3,5),
7.66 (d, 3J ¼ 7.2 Hz, 2H, HPh-2,6); MS: (CI) m/z (%) ¼ 258

(100%) [MþHþ]. Anal. Calcd. for C12H11N5S (257.31): C
56.01; H 4.31; N 27.22. Found: C 56.19; H 4.24; N 27.07.

1-Phenyl-4-(5-phenyl-1,3,4-oxadiazol-2-yl)-1H-1,2,3-triazol-

5-amine (9b). Yield: 2.8 g (93%); as white crystals; mp 214–
215�C (DMF–EtOH); 1H NMR (DMSO-d6 400MHz): d 6.58

(s, 2H, NH2), 7.50–7.72(m, 8H, arom.), 8.11–8.16 (m, 2H,
HPh-2,6); MS: (CI) m/z (%) ¼ 305 (100%) [MþHþ]. Anal.
Calcd. for C16H12N6O (304.31): C 63.15; H 3.97; N 27.62.
Found: C 63.01; H 3.74; N 27.48.

1-Phenyl-4-(3-phenyl-1,2,4-oxadiazol-5-yl)-1H-1,2,3-triazol-

5-amine (9c). Yield: 2.7 g (90%); as white crystals; mp 230–
231�C (DMF–EtOH); 1H NMR (DMSO-d6 400MHz): d 6.80
(s, 2H, NH2), 7.52–7.59 (m, 5H, arom.), 7.63–7.66 (m, 3H,
arom.), 8.16–8.18 (m, 2H, HPh-2,6); MS: (CI) m/z (%) ¼ 305

(100%) [MþHþ]. Anal. Calcd. for C16H12N6O (304.31): C
63.15; H 3.97; N 27.62. Found: C 63.06; H 3.88; N 27.64.
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A clean, one-pot and three-component synthesis of new spironaphthopyrano[2,3-d]pyrimidine-5,30-in-
doline derivatives by cyclo-condensation reaction of isatins, 2-naphthol, and barbituric acids in aqueous

media is reported.

J. Heterocyclic Chem., 47, 421 (2010).

INTRODUCTION

Multicomponent reactions (MCRs) have been fre-

quently used by synthetic chemists as a facile means to

generate molecular diversity from bifunctional substrates

that react sequentially in an intramolecular fashion [1,2].

Devising such types of MCRs that achieve the formation

of multiple bonds in a single operation is one of the

major challenges in modern organic synthesis [3,4]. As

such processes avoid time-consuming and costly purifi-

cation processes, and protection-deprotection steps, they

are inherently more environmentally benign and atom

economic [5]. They provide a powerful tool toward the

one-pot synthesis of diverse and complex compounds

and small and drug-like heterocycles [6]. Designing of

MCRs in water is another attractive area in green chem-

istry [7], because water is a cheap, safe, and environ-

mentally benign solvent. There is need for developing

MCRs in water with a suitable catalyst and without the

use of any harmful organic solvents.

Indole moiety is probably the most well-known het-

erocycle and a common and important feature of a vari-

ety of natural products and medicinal agents [8]. Fur-

thermore, it has been reported that sharing of the indole

3-carbon atom in the formation of spiroindoline deriva-

tives highly enhances biological activity [9,10]. The spi-

rooxindole system is the core structure of many pharma-

cological agents and natural alkaloids [11–13]. There-

fore, a number of methods have been reported for the

preparation of spirooxindole fused heterocycles [14–17].

Substituted amino-pyrans take a significant place

among the 6-membered oxygen-containing heterocycles.

Some of them possess anticancer and antimicrobial

activity [18,19]. Serotonin receptor modulators (pteropo-

dine and its stereoisomers) and natural alkaloids, con-

taining both spiro-indole and pyran cycles, were isolated

from stem bark of Uncaria tomentosa (Fig. 1) [11]. Sev-

eral spiroheterocycles containing both indole and pyran

heterocycles possess anticonvulsant and analgetic [20],

herbicidal and antibacterial activities [21].

Pyrimidine and its derivatives have been studied for

over a century because of a variety of chemical and bio-

logical significance. They have been reported as antibac-

terial, antiviral, and antitumor agents [22]. A number of

heterocyclic compounds fused with pyrimidines are

known for their varied biological activities [23–26].

Similarly, naphthopyran derivatives are an important

class of compounds with excellent photochromic proper-

ties [27–29], some of which are also structural motifs

present in many biologically active compounds [30–32].

For example, some naphthopyran derivatives could have

potential applications in biochemical research as photo-

switch tag compounds [33].

As part of our continuing efforts on the synthesis of

biologically active heterocyclic compounds [34–41], we

recently described an efficient synthesis of spiropyrimi-

doquinoline-pyrrolopyrimidines and spiroindoline-pyri-

dodipyrimidines via a condensation reaction between

amino-uraciles and isatines [42,43]. We have also
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developed an efficient synthesis of spiro[dibenzo[b,i]-
xanthene-13,30-indoline]-pentaones via a reaction of isa-

tins and 2-hydroxy-naphthoquinone in water [44].

Considering the important biological properties of spi-

rooxindole-fused heterocycles, we report herein a one-

pot, three-component and clean synthesis of spironaph-

thopyrano[2,3-d]pyrimidine-5,30-indolines 4 through a

one-pot, three-component condensation reaction of bar-

bituric acids 1a–c, 2-naphthol 2, and isatins 3a–d in

water (Scheme 1).

RESULTS AND DISCUSSION

In a pilot experiment, a mixture of barbituric acid 1a,

2-naphthol 2, and isatin 3a at refluxing water was stirred

in the presence of catalytic p-toluenesulfonic acid (p-
TSA) as an inexpensive and available catalyst to afford

the spiro[naphtho[10,20:5,6]pyrano[2,3-d]pyrimidine-5,30-
indoline]2,20,4(1H,3H)-trione 4a in 85% for 24 h. Then,

to delineate this approach, particularly in regard to

library construction, this methodology was evaluated

using three commercially available barbituric acids 1a–

c, 2-naphthol 2, and four substituted isatins 2a–d, and

the corresponding spironaphthopyrano[2,3-d]pyrimidine-

5,30-indoline derivatives 4a–i were synthesized by the

one-pot, three-component condensation reaction for

good yields under similar conditions (Table 1). 1H- and
13C-NMR spectra of the crude products clearly indicated

the formation of spirooxindol-fused naphthopyranopyri-

midine 4. The nature of these compounds as 1:1:1

adducts was apparent from their mass spectra, which

displayed, in each case, the molecular ion peak at appro-

priate m/z values. Compounds 4a–i are stable solids

whose structures were established by IR, 1H- and 13C-

NMR spectroscopy and elemental analysis.

The results were good in terms of yields and product

purity in the presence of p-TSA, whereas without p-
TSA the yields of products were trace even after 48 h.

To the best of our knowledge, this new procedure

provides the first example of an efficient and three-

component method for the synthesis of spironaphtho-

pyrano[2,3-d]pyrimidine-5,30-indoline derivatives. This

method, based on three-component p-TSA-catalyzed
reaction in water, is the most simple and convenient and

would be applicable for the synthesis of different types

of spironaphthopyranopyrimidine-indolines.

We have not established an exact mechanism for the

formation of spironaphthopyranopyrimidine-indolines 4;

however, the formation of products 4 can be rationalized

via initial formation of intermediate 5 by condensation

of 2-naphthol 2 and isatin 3 [45]. Subsequent addition

of barbituric acids 1 to the intermediate 5, followed by

cyclization afforded the 4 and water (Scheme 2).

In conclusion, we have demonstrated an efficient, a

clean, and a simple method for the preparation spiro-

naphthopyranopyrimidine-indolines using readily avail-

able starting materials. Prominent among the advantages

of this new method are novelty, operational simplicity,

good yields, and easy work-up procedures used. More-

over, it is worth noting that two CAC and one CAO

bonds were formed with concomitant creation of a spi-

rooxindol-fused naphthopyranopyrimidine in this one-

pot, three-component process.

EXPERIMENTAL

Melting points were measured on an Elecrtothermal 9100
apparatus. Mass spectra were recorded on a FINNIGAN-MAT

8430 mass spectrometer operating at an ionization potential of
70 eV. 1H- and 13C-NMR spectra were recorded on a
BRUKER DRX-300 AVANCE spectrometer at 300.13 and
75.47 MHz, respectively. IR spectra were recorded using a

Shimadzu IR-470 apparatus. Elemental analyses were per-
formed using a Heracus CHN-O-Rapid analyzer.

Figure 1. Spirooxindole natural alkaloids.

Scheme 1

Scheme 2
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Typical procedure for the preparation of spiro[naphtho

[10,20:5,6]pyrano[2,3-d]pyrimidine-5,30-indoline]2,20,4(1H,3H)-

trione (4a). A mixture of barbituric acid 1a (0.13 g, 1 mmol),
2-naphthol 2 (0.14 g, 1 mmol), isatin 3a (0.15 g, 1 mmol), and
p-TSA (0.1 g) in refluxing water (5 mL) was stirred for 24 h
(the progress of the reaction was monitored by TLC). After

completion, the reaction mixture was filtered and the precipi-
tate washed with water (10 mL) and recrystallized by EtOH to
afford the pure product 4a as with powder (85%); m.p >
300�C (dec). IR (KBr) (mmax/cm

�1): 3265, 3013, 1723, 1645,
1627. 1H-NMR (300 MHz, DMSO-d6): dH 6.62–8.01 (m, 10H,

ArH), 9.67 (s, 1H, NH), 10.79 (s, 1H, NH), 10.87 (s, 1H, NH).
13C-NMR (75 MHz, DMSO-d6): dC 50.36, 83.2, 111.9, 117.5,
120.4, 121.4, 124.5, 124.9, 127.1, 127.5, 128.2, 129.6, 130.1,
130.6, 131.4, 135.1, 146.5, 149.7, 150.3, 162.4, 178.7. MS(EI,
70 eV) m/z: 383 (Mþ). Anal. Calcd for C22H13N3O4: C, 68.93;

H, 3.42; N, 10.96. Found: C, 68.79; H, 3.39; N, 10.90.
10-Methyl-spiro[naphtho[10,20:5,6]pyrano[2,3-d]pyrimidine-

5,30-indoline]2,20,4(1H, 3H)-trione (4b). Gray powder (83%);
m.p > 300�C; IR (KBr) (mmax/cm

�1): 3324, 2921, 1720, 1680,
1600. 1H-NMR (300 MHz, DMSO-d6): dH 3.34 (3H, s, CH3),

6.85–8.03 (10H, m, H-Ar), 10.98 (1H, s, NH), 12.25 (1H, s,
NH). MS(EI, 70 eV) m/z: 397 (Mþ). Anal. Calcd for
C23H15N3O4: C, 69.52; H, 3.80; N, 10.57. Found: C, 69.57; H,
3.76; N, 10.50.

Because of very low solubility of the product 4b, we cannot
report the 13C-NMR data for this product.

50-Bromo-spiro[naphtho[10,20:5,6]pyrano[2,3-d]pyrimidine-

5,30-indoline]2,20,4(1H, 3H)-trione (4c). Light brown powder
(80%); mp > 300�C; IR (KBr) (mmax/cm

�1): 3316, 3065, 1781,

1712, 1651. 1H-NMR (300 MHz, DMSO-d6): dH 6.68–8.03
(9H, m, H-Ar), 9.88 (1H, s, NH), 10.85 (1H, s, NH), 11.05
(1H, s, NH). 13C-NMR (75 MHz, DMSO-d6): dC 50.3, 83.2,
112.1, 115.5, 120.5, 121.3, 122.6, 125.1, 126.5, 128.1, 128.5,
129.4, 130.3, 131.1, 131.5, 132.6, 135, 146.4, 149.7, 162.4,

178.3. MS(EI, 70 eV) m/z: 463 (Mþ), 461 (Mþ). Anal. Calcd
for C22H12BrN3O4: C, 57.16; H, 2.62; N, 9.09. Found: C,
57.20; H, 2.67; N, 9.14.

50-Bromo-10-methyl-spiro[naphtho[10,20:5,6]pyrano[2,3-d]
pyrimidine-5,30-indoline]2,20,4(1H,3H)-trione (4d). Gray

powder (82%); mp > 300�C; IR (KBr) (mmax/cm
�1): 3178,

3055, 1719, 1663, 1601. 1H-NMR (300 MHz, DMSO-d6): dH
3.31(3H, s, CH3), 6.79–8.05 (9H, m, H-Ar), 11.03 (1H,
s, NH), 12.29 (1H, s, NH). MS(EI, 70 eV) m/z: 477 (Mþ), 475
(Mþ). Anal. Calcd for C23H14BrN3O4: C, 58.00; H, 2.96; N,
8.82. Found: C, 57.94; H, 2.91; N, 8.90.

Because of very low solubility of the products 4d–i, we can-
not report the 13C-NMR data for these products.

1,3-Dimethyl-spiro[naphtho[10,20:5,6]pyrano[2,3-d]pyrimi-

dine-5,30-indoline]2,20,4(1H,3H)-trione (4e). Gray powder
(79%); mp > 300�C; IR (KBr) (mmax/cm

�1): 3296, 1710, 1607,

1528. 1H-NMR (300 MHz, DMSO-d6): dH 2.97 (3H, s, CH3),
3.62 (3H, s, CH3), 6.61–7.98 (10H, m, H-Ar), 9.83 (1H, s,
NH). MS(EI, 70 eV) m/z: 411 (Mþ). Anal. Calcd for
C24H17N3O4: C, 70.07; H, 4.16; N, 10.21. Found: C, 70.02; H,
4.20; N, 10.26.

10,1,3-Trimethyl-spiro[naphtho[10,20:5,6]pyrano[2,3-d]pyri-
midine-5,30-indoline]2,20,4(1H,3H)-trione (4f). Gray powder
(77%); mp > 300�C; IR (KBr) (mmax/cm

�1): 3034, 17129,
1667, 1632. 1H-NMR (300 MHz, DMSO-d6): dH 3.02 (3H, s,
CH3), 3.34 (3H, s, CH3), 3.53 (3H, s, CH3), 6.85–8.05 (10H,

m, H-Ar). MS(EI, 70 eV) m/z: 425 (Mþ). Anal. Calcd for
C25H19N3O4: C, 70.58; H, 4.50; N, 9.88. Found: C, 70.52; H,
4.45; N, 9.81.

2-Thioxo-spiro[naphtho[10,20:5,6]pyrano[2,3-d]pyrimidine-

5,30-indoline]20,4(1H,3H)-dione (4g). Gray powder (81%); mp
> 300�C; IR (KBr) (mmax/cm

�1): 3334, 2921, 1771, 1613,
1570. 1H-NMR (300 MHz, DMSO-d6): dH 6.63-8.01 (11H, m,
NH and H-Ar), 9.41 (1H, s, NH), 12.26 (1H, s, NH). MS(EI,
70 eV) m/z: 399 (Mþ). Anal. Calcd for C22H13N3O3S: C,

66.15; H, 3.28; N, 10.52. Found: C, 66.21; H, 3.32; N, 10.61.
50-Bromo-2-Thioxo-spiro[naphtho[10,20:5,6]pyrano[2,3-d]

pyrimidine-5,30-indoline]20,4(1H,3H)-dione (4h). Gray pow-
der (82%); mp > 300�C; IR (KBr) (mmax/cm

�1): 3311, 2921,
1771, 1647, 1559. 1H-NMR (300 MHz, DMSO-d6): dH 6.70–

8.04 (10H, m, NH and H-Ar), 9.56 (1H, s, NH), 12.29 (1H, s,
NH). MS (EI, 70 eV) m/z (%): 479 (Mþ), 477 (Mþ). Anal.
Calcd for C22H12BrN3O3S: C, 55.24; H, 2.53; N, 8.78. Found:
C, 55.20; H, 2.50; N, 8.73.

50-Bromo-10-methyl-2-hioxo-spiro[naphtho[10,20:5,6]pyrano
[2,3-d]pyrimidine-5,30-indoline]20,4(1H,3H)-dione (4i). Gray
powder (80%); mp > 300�C; IR (KBr) (mmax/cm

�1): 3311,
2921, 1767, 1647, 1559. 1H-NMR (300 MHz, DMSO-d6): dH
3.22 (3H, s, CH3), 715–8.37 (9H, m, H-Ar), 9.60 (1H, s, NH),

12.43 (1H, s, NH). MS(EI, 70 eV) m/z: 493 (Mþ), 491 (Mþ).
Anal. Calcd for C23H14BrN3O3S: C, 55.11; H, 2.87; N, 8.53.
Found: C, 55.17; H, 2.93; N, 8.45.
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The reaction of N-methyl- (3a) or N-phenylcyanothioformamide (3b) with acetaldimine (5a, as 1-
amino-1-ethanol) gives 5-(amino)imidazolidine-4-thiones 6B. Product 6a reacts with a second equivalent

of 3a to give 8 which in turn is oxidized to disulfide 9. Using araldimines 5b,c, only 1:2 intermediates
10 derived from 3a, b and two moles of the imine 5 are formed, but proved to be easily oxidized to
disulfides 11. Acetylation of 6 occurs chemoselectively on the exocyclic nitrogen and finally also on the
thione sulfur to give 14 via 13.

J. Heterocyclic Chem., 47, 425 (2010).

INTRODUCTION

There is continuing interest in the design and evolu-

tion of novel antioxidants as a means to alleviate oxida-

tive stress in biochemical processes [1–3]. For the

heterocyclic chemist, an attractive lead structure appears

to be the unusual amino acid family of ovothiols 1a–c

[4–7]. So, imidazole-4-thiols 2 have become attractive

targets for synthesis (Scheme 1).

N-Acylaminoacid thioamides are possible precursors of

ovothiols 1 [4], but their cyclization is not always repro-

ducible [5]. Similarly, the Asinger group has reported the

formation of imidazolethiols 2 from a-oxothioamides and

aldimines [8]. Recently, we have reported the synthesis of

oxazolidines 4 from cyanothioformamides 3 and alde-

hydes or ketones [9] as part of our study on heterocyclic

ring-closure reactions [10–16] and now envisaged that

cyanothioformamides 3 and N-unsubstituted aldimines

should give products of type 2, though with a 5-amino

group as additional feature which may assist in free-radi-

cal trapping. However, the position of the tautomeric equi-

librium in the probable cyclization products 6 between

iminothiones 6A, aminothiones 6B, and aminothiols 6C is

a priori open (Scheme 2). On the other hand, heterocycles

6 are also of special interest as precursors of the elusive

bicyclic heteroaromatic products of type 12 (Scheme 5).

RESULTS AND DISCUSSION

We selected N-methyl- (3a) and N-phenylcyanothio-
formamide (3b) as nucleophiles, and acetaldimine 5a (as

1-amino-1-ethanol [17]) or benzaldimines 5b,c as elec-

trophiles. Triethylamine was used as a catalyst.

Thioamide 3a and acetaldimine 5a give a smooth

reaction to furnish 1:1 product 6a as the only defined

Scheme 1. Imidazole-4-thiols.
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product. An analogous product 6b is formed from thio-

amide 3b und 5a (Scheme 2). As to the position of the

tautomeric equilibrium, appearance of the 2-methyl sig-

nal of 6a as a doublet in the 1H NMR spectrum and a

low-field 13C NMR signal (ca. 182 ppm) pointing to-

ward the presence of a thiocarbonyl carbon as in 6A

and 6B allow to rule out tautomer 6C. Another low-field
13C NMR peak at d about 159 ppm occurs at definitely

lower field than for the exocyclic imino group in model

compound 7 (d 154.2 ppm) [10,11,18], and in the 1H

NMR spectrum, the two NH protons are magnetically

equivalent as expected for 6B. Moreover, the IR spectra

lack a strong vibration in the 1650–1670 cm�1 range

which is observed for 7 (1659 cm�1) and in other

authentic 5-imino-imidazolidine-4-thiones [13,18]. So

obviously, tautomer 6B is preferred indicating that the

greatest degree of stabilization is achieved by conjuga-

tion within the transoid S¼¼CAC¼¼N unit of tautomer

6B when compared with the corresponding cisoid sys-

tem in 6A or the aromaticity of 6C.

Prolonged reaction times in the addition of 3a to 5a

showed that the thioamide 3a adds faster to cyclization

product 6a than to 5a giving rise to a 2:1 adduct 8 as

well as aromatic disulfide 9 as oxidation product

(Scheme 3).

An X-ray crystallographic study revealed the structure

of 9 and so implicitly also of precursor 8. As the spec-

troscopic data for 8 are similar to those of 6, we assume

that the imidazole unit in 8 has structure B as in the pre-

ferred tautomer B of 6. In the formation of 8, the second

mole of 3a has been incorporated via its nitrile function

by addition to the exocyclic imino group of 6a and this

is obviously followed by aromatization and oxidation to

the disulfide 9 (Fig. 1).

Reactions of thioamides 3 with aromatic aldimines

5b,c take a different course (Scheme 4). Here, invariably

dehydrogenated 2:1 products 11a–c are formed obvi-

ously via intermediate 6, followed by Schiff base forma-

tion with a second equivalent of the imine 5 to give

azomethines 10 with loss of ammonia, and finally oxi-

dative aromatization. Even when the reactions were run

under nitrogen, conventional work-up led to oxidation

to give the aromatic disulfides 11. So, there is a strik-

ing difference in the sensitivity to oxidation between

the 2-methyl (R2 ¼ Me) products 6a,b and their 2-aryl

congeners 10.

Attempts to cyclize 6a,b using acetic anhydride gave

no indication for the formation of the bicyclic hetarene

12, but simple monoacetylation is observed (Scheme 5).

The spectroscopic data allow no unambiguous

Scheme 2. Reactions of cyanothioformamides with aldehydes or acetaldimine.

Scheme 3. Oxidation of imidazolinethione 6a.
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distinction between acetylation of the endocyclic or the

exocyclic nitrogen, but further acetylation of the product

derived from 6b yields a triacetylated product for which

structure 14 is suggested based on the magnetic equiva-

lence of two acetyl residues. Mutatis mutandis this leads

to structure 13 for the N-monoacetylated products. Simi-

larly, monoacetylation in the exocyclic position is

observed when the hydrolysis product 15 of imine 6a is

acetylated to give apparently an ester derivative 16. This

is evident particularly from the high-wavenumber car-

bonyl absorptions (1762, 1731 cm�1) of the product.

CONCLUSIONS

The reaction of cyanothioformamides 3 with aldi-

mines 5 takes the expected initial course when the

Figure 1. ORTEP drawing of disulfide 9 with salient bond lengths [Å]: S51-C5 1.840(9), S51-S151 2.176(4), N1-C2 1.367(11), N3-C2 1.323(10),

N3-C4 1.402(10), C4-C5 1.395(10), N41-C42 1.298(9), N43-C42 1.385(10), S45-C-44 1.676(8), N46-C44 1.295(9), S151-C105 1.712(7), N101-

C105 1.405(9), N101-C102 1.356(9), N103-C102 1.320(9), N103-C104 1.365(8), C104-C105 1.401(10), N141-C142 1.270(8), N143-C142 1.331(9),

S145-C144 1.751(8), N146-C144 1.303(10).

Scheme 4. Cyanothioformamides and araldimines.

Scheme 5. Acylation of imidazolinethiones 6.
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nitrogen in the thioamide moiety in 3 attacks the elec-

trophilic imine carbon of 5, whereas the nitrile function

provides the opportunity for subsequent cyclization to

give imidazolidines 6. However, among the possible tau-

tomers 6B is apparently preferred and can be isolated

for R2 ¼ methyl whereas compounds with R2 ¼ aryl

tend to add a second equivalent of imine 5 and easily

undergo oxidative dimerization. The ready oxidation of

imidazole-4-thiols had been seen before in similar exam-

ples [5,8]. Unfortunately, the disulfide form of L-ovo-

thiol A (1a) is biologically inactive [6] and this may

also be anticipated for the disulfides of this work.

EXPERIMENTAL

General. NMR: Bruker WP 80–FT, AMX 400, or Varian
FT–80A; CDCl3 as solvent unless stated otherwise, with TMS
as internal standard; coupling constants J are given in Hz. IR:
Perkin–Elmer FTIR 1720 X or Pye-Unicam SP3-200 spectrom-
eters. Elemental analyses: Institut für Pharmazeutische Chemie,

TU Braunschweig.
N-Methylcyanothioformamide (3a) [9] and cyanothioforma-

nilide (3b) [19] were prepared as previously described, though
in the preparation of 3b we found use of THF as solvent ad-
vantageous. For the synthesis of imine 5a see ref. [17], for

benzaldimine (5b) see ref. [20]; imine 5c [21] was prepared
analogously.

5-Amino-2,3-dimethyl-5-imidazoline-4-thione (6a). An ethe-
real (20 mL) solution of 3a (2.38 g, 20 mmol), 5a (3.66 g, 20

mmol), and triethylamine (three drops) was stirred for 30 min at
20�C to give 6a as reddish–brown crystals (745 mg, 26%); m.p.
137�C (dec.). IR (KBr): ~v ¼ 3370, 3180, 2950, 1470, 1140
cm�1. 1H NMR: d ¼ 1.44 (d, J ¼ 6.4, 3 H, CCH3), 3.36 (s, 3
H, CH3N), 5.13 (q, J ¼ 6.4, 1 H, CH), 5.58 (broad, 2 H, NH).
13C NMR: d ¼ 181.96 (C¼¼S), 159.37 (N¼¼C), 84.64 (CAMe),
32.28 (NAMe), 18.80 (Me). MS: m/z (%) ¼ 143 (100) [M], 128
(23) [MACH3], 74 (28), 69 (31). HRMS for (C5H9N3S þ H):
calcd 144.0595, found 144.0601.

5-Amino-2-methyl-3-phenyl-5-imidazoline-4-thione (6b). An
ethereal (25 mL) solution of 3b (1.62 g, 10 mmol), 5a (1.83 g,
10 mmol), and triethylamine (three drops) was stirred for 15
min and then diluted with hexane. The gummy residue was
extracted several times with hexane. These extracts were com-
bined with the ether-hexane solution. Removal of the solvents

under reduced pressure gave 6b as reddish brown crystals (308
mg, 15%); m.p. 125–127�C. IR (KBr): ~v ¼ 3350, 3270, 2950,
1470, 1130 cm�1. 1H NMR: d ¼ 1.33 (d, J ¼ 6.4 Hz, 3 H,
CH3), 5.78–5.60 (q, J ¼ 6.4, 1 H, CH and broad, 2 H, NH2,

exchangeable with D2O), 7.48 (m, 5 H, ArH). 13C NMR: d ¼
181.80 (C¼¼S), 159.03 (N¼¼C), 129.49, 128.44, 125.01 (Ph),
85.47 (CAMe), 19.63 (Me). MS: m/z (%) ¼ 205 (68) [M], 204
(8), 190 (7), 135 (12), 70 (100). C10H11N3S (205.3); calcd C
58.51, H 5.40, N 20.47, S. 15.62; found C 58.31, H 5.52, N

20.10, S 15.23.
5-Imino-1-methyl-3-phenyl-4-thioxoimidazolidin-2-one (7). The

compound had been prepared before [10,16]. IR (KBr): 1766
(C¼¼O), 1659 (C¼¼N) cm�1. 13C NMR (CH3): d ¼181.9
(C¼¼S), 154.8 (C¼¼O), 154.2. (C¼¼NH), 132.5 (Ar), 129.4,
129.3, 126.9 (ArH), 26.8 (NCH3).

2-(1,2-Dimethyl-5-mercaptoimidazol-4-yl)amino-2-imino-N-
methyl-thioacetamide (8B) and bis[4-(imino-(N-methylthiocarba-
moyl)methyl)amino-1,2-dimethylimidazol-5-yl] disulfide (9). An
ethereal (20 mL) solution of 3a (3.24 g, 20 mmol), 6a (3.66 g,
20 mmol), and triethylamine (three drops) was stirred at 20�C
for 30 min and then allowed to stand for 16 h. The solid prod-
uct was extracted several times with cold ethanol. The remain-
ing solid was recrystallized from boiling ethanol to give 8 as
yellow crystals (9.73 g, 20%); m.p. 173–175�C. IR (KBr): ~v ¼
3150–3300, 2930–2970, 1450, 1130 cm�1. 1H NMR: d ¼ 2.50
(s, 3 H, CCH3), 2.90 (d, J ¼ 6 Hz, 3 H, NHCH3, collapses to
s with D2O), 3.56 (s, 3 H, CH3N), 7.63, 9.33, 10.40 (each s,
3H, broad NH, exchanges with D2O). Concentration of the
ethanolic extract from earlier gave 9 as reddish crystals (145
mg, 30%); m.p. 195–197�C. IR (KBr): ~v ¼ 3350–3230 (broad,
NH), 2910–2980, 1470, 1150 cm�1. 1H NMR: d ¼ 2.29 (s, 6
H, CH3C), 3.21 (s, 6 H, CH3NH), 3.3 (s, 6 H, CH3N), 7.47,
8.99, 9.88 (each broad, NH; exchanges with D2O).
C16H24N10S4. (484.7): calcd. C 39.65, H 4.99, N 28.90, S
26.46; found C 39.60, H 5.00, N 29.00, S 26.50.

Bis(4-benzylidenamino-1-methyl-2-phenyl-imidazole)-5,50-diyl
disulfide (11a). An ethereal solution (20 mL) of 3a (1.0 g, 10
mmol), 5b (1.05 g, 10 mmol), and triethylamine was stirred at
20�C for 0.5–2 h to provide yellow crystals (750 mg, 51%),
m.p. 187–190�C. IR (KBr): ~v ¼ 1605, 1573. 1H NMR: d ¼
3.85 (s, 3 H, CH3), 7.2–7.78 (m, 10 H, Ph, CH), 8.99 (s, 1 H,
PhCH¼¼N). 13C NMR: d ¼ 158.6 (N¼¼CH), 155.7 (C-2), 149.8
(C-4), 136.3, 130.9, 128.9, 128.7, 128.6, 128.4, 128.2 (Ar),
116.4 (C-5), 32.5 (NCH3). MS: m/z (%) ¼ 585 (48) [M þ H],
481 (58), 437 (59), 393 (92), 349 (100). C34H28N6S2 (584.8):
calcd. for C 69.83, H 4.83, N 14.37, S 10.97; found C 69.13,
H 4.96, N 14.51, S. 10.65.

Bis(4-benzylidenamino-1,2-diphenyl-imidazole)-5,50-diyl di-
sulfide (11b). An ethereal solution (20 mL) of 3a (1.62 g, 10
mmol), benzaldimine 5b (2.10 g, 20 mmol), and triethylamine
(three drops) was stirred for 30 min and allowed to stand over-
night. The yellow crystals were collected and recrystallized
from dichloromethane/methanol; yield 1.60 g (45%). m.p.
195�C (dec.). Repeated crystallization afforded a product with
m.p. 207�C (dec.). IR (KBr): ~v ¼ 1605, 1573, 1503, 1316
cm�1. 1H NMR: d ¼ 6.96–7.48 (m, 13H), 9.11 (s, 1 H,
PhCH¼¼N). 13C NMR: d ¼ 159.3 (N¼¼CH), 155.7 (C-4), 148.6
(C-2), 136.62, 136.41, 129.52 (Ar), 130.94, 129.07, 128.90,
128.58, 128.48, 128.43, 127.88 (ArH), 119.0 (C-5). MS: m/z
(%) ¼ 709 (100) [M þ H], 337 (18), 289 (9), 161 (19), 105
(8). C44H32N6S2 (708.9): calcd C 74.55, H 4.55, N 11.86; S
9.05 found C 74.19; H 4.69; N 11.82; S 8.82.

Bis[4-(4-methoxybenzylidenamino)-1-methyl-2-(4-methoxy-
phenyl)-imidazole]-5,50-diyl disulfide (11c). Prepared by the

procedure described for 11 using 5c in place of 5b. Yield

55%, m.p. 155�C. IR (KBr): ~v ¼ 1600, 1470, 1210 cm�1. MS:

m/z (%) ¼ 352 (25) [M/2], 351 (100), 176 (14), 151 (48).

C38H36N6O4S2 (704.86) calcd. C 64.75 H 5.15 N 11.92, S

9.10; found C 64.70, H 5.50, N 12.00, S 9.10.

N-(1,2-Dimethyl-5-thioxo-3-imidazolin-4-yl)acetamide (13a). A
solution of 6a (100 mg, 0.7 mmol) in acetic anhydride (1.4
mL, 14.8 mmol) was allowed to stand for 16 h. Removal of
acetic anhydride under reduced pressure gave a gummy prod-
uct which was triturated with water to afford dark pink crys-
tals of 13a (36 mg, 28%); m.p. 107–109�C. IR: ~v ¼ 3191,
1686, 1666, 1537 cm�1. 1H NMR: d ¼ 1.63 (d, J ¼ 5.6, 3 H,
CH3CN2), 2.67 (s, 3 H, CH3CO), 3.39 (s, 3 H, CH3N), 5.51
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(q, J ¼ 5.6, 1 H, CH). 13C NMR: d ¼ 181.02 (C¼¼S), 170.07
(C¼¼O), 155.77 (C¼¼N), 74.28 (C-2), 84.64 (CAMe), 31.2
(NAMe), 25.72 (Ac-CH3), 18.68 (2-Me). MS: m/z (%) ¼ 185
(89) [M], 143 (100), 128 (14). HRMS for (C7H11N3OS þ H):
calcd 186.0701, found 186.0696.

N-(2-Methyl-1-phenyl-5-thioxo-3-imidazolin-4-yl)acetamide
(13b). A solution of 6b (4.10 g, 20 mmol) in acetic anhydride

(10 mL) was allowed to stand at 20�C for 30 min. Removal of
the reagent under reduced pressure gave 13b as yellow crystals
(990 mg, 20%); m.p. 115–117�C. IR (KBr): ~v ¼ 3210, 1720,
1450, 1120 cm�1. 1H NMR: d ¼ 1.5 (d, J ¼ 6.0, 3 H, 2-CH3),
2.7 (s, 3 H, CH3CO), 5.5 (q, J ¼ 6.0, 1 H, 2-H), 7.5 (m, 5 H,

ArH,), 9.4 (broad s, 1 H, NH, exchanges with D2O).
C12H13N3OS (247.3): calcd C 58.28, H 5.30, N 16.99, S
12.97; found C 58.19, H 5.16, N 17.11, S 12.89.

N-(5-Acetylthio-2-methyl-1-phenyl-imidazol-4-yl)diacetamide
(14). The earlier reaction was repeated, but allowed to run for

16 h to give 14 as yellow crystals (1.66 g, 25%); m.p. 110–
111�C. IR (KBr): ~v ¼ 2970, 2910, 1690 cm�1. 1H NMR: d ¼
2.1, 2.3 (each, s, 3 H, CH3), 2.4 (s, 6 H, Ac2N), 7.0–7.6 (m, 5
H, ArH). MS: m/z (%) ¼ 331 (3) [M], 289 (20), 247 (93), 205
(100). C16H17N3O3S (331.4): calcd. C 57.99, H 5.17, N 12.68,

S 9.68; found C 57.80, H 5.26, N 12.66, S 9.55.
1,2-Dimethyl-5-thioxoimidazolidin-4-one (15) and (1,2-di-

methyl-5-thioxo-3-imidazolin-4-yl) acetate (16). A suspension
of thione 6a (50 mg, 0.35 mmol) in EtOH (2.1 mL), and 2M
HCl (0.35 mL) was refluxed for 30 min. After cooling, water
(3.5 mL) was added. Sticky yellow crystals could be removed
by filtration and were used as such in the subsequent step.
Yield 20 mg (40%). IR (KBr): 3455, 3368, 3211, 1731 cm�1.
1H NMR (MeOD): 1.64 (d, J ¼ 6.2 Hz, 2-CH3), 3.42 (d, J ¼
1.2 Hz, 1-CH3), 5.52 (q þ q), J ¼ 1.2; 6.2 Hz, 2-H). 13C
NMR (MeOD): d ¼177.7 (C¼¼S), 157.5 (C¼¼O), 77.9 (C-2),
32.9 (1-CH3), 18.2 (2-CH3). Lactam 15 (17 mg, 0.12 mmol)
was added to Ac2O (0.24 mL, 2.54 mmol) and the mixture
allowed to stand at room temperature for 16 h. After concen-

tration in vacuo, water was added and the precipitate isolated
by filtration. Yield 10 mg (46%), m. p. 125�C. IR: ~v ¼ 1762,
1731, 1533 cm�1. 1H NMR: d ¼ 1.68 (d, J ¼ 5.8 Hz, 3 H, 2-
CH3), 2.65 (s, 3 H, AcACH3), 3.42 (s, 3 H, CH3N), 5.44 (q, J
¼ 5.8 Hz, 1 H, 2-H). 13C NMR: d ¼ 180.6 (C¼¼S), 169.8

(C¼¼O), 156.1 (C¼¼N), 72.3 (C-2), 33.3 (1-CH3), 25.2
(AcACH3), 18.7 (1-CH3). MS: m/z (%) ¼ 186 (74) [M], 144
(75), 129 (18), 74 (100).

Crystal structure determinations of disulfide 9. Intensity
data were collected with a CAD 4-SDP single-crystal diffrac-
tometer (Enraf-Nonius) using graphite-monochromated Cu Ka
radiation in the rage y < 60�. The final refinements were based
on 1657 symmetry-independent reflections with I > 3r for I.
The structure was solved by the direct-methods program MUL-

TAN. The E map revealed the position of all the heavy atoms.
Because of the thinness of the crystal, the positions of the
hydrogen atoms were geometrically calculated, but difficult to
refine. Convergence was achieved at R ¼ 0.060 (Rw ¼ 0.071).

C16H24N10S4, Mr ¼ 484.7, monoclinic, a ¼ 755.2(1), b ¼
22726(1), c ¼ 1992.8(1) pm, b ¼ 100.32(1)�, V ¼ 2.352 �
109 pm3, T ¼ room temp., space group Cc, Z ¼ 4, dcal. 1.38 g
cm�1, lCu Ka ¼ 38.7 cm�1 [22].
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a-Aroyl ketene-N,S-acetals 3 prepared by the reaction of b-oxothioamides 1 with phenacyl bromides
2, underwent sequential cyclizations under microwave irradiation to afford pyrrolo[2,1-b]thiazol-6-ones
6 in good yields. A double cyclization takes place regioselectively in one pot and variety of functional-

ized pyrrolo[2,1-b]thiazol-6-ones were prepared by this protocol. The mode of cyclization under micro-
wave condition is different from conventional heating.

J. Heterocyclic Chem., 47, 430 (2010).

INTRODUCTION

The structural diversity and biological importance
exhibited by pyrrolothiazoles have made them attractive
targets for synthesis [1]. Pyrrolo[2,1-b]thiazoles are
known to display a wide range of biological activities
such as antileukemic [2], platelet-activating factor antag-
onistic [3] and for prevention and treatment of various
liver diseases [4]. The common strategy for their synthe-
ses involves ring annelation of appropriately functional-
ized pyrroles [5,6] or thiazoles [7,8]. Other approaches
are based on the cycloaddition reactions of thiazolium
ylides [9], imidazo[2,1-b]thiazoles [10] or mesoionic
thiazolo[3,2-c]oxazoles [2] with dimethyl acetylenedi-
carboxylate and related unsaturated acid derivatives.
Recently, thiazadiene, an unsymmetrical polyhetropo-
lyene, on sequential reaction with a-carbonyl bromide
was converted into pyrrolo[2,1-b]thiazoles [11]. Ring
contraction strategy is also used for constructing this
heterobicyclic system [12]. All these reported methods
needed multistep reaction sequences. Recently, micro-
wave-assisted organic synthesis has attracted consider-
able attention due to enhanced reaction rates, high
yields, improved selectivity, and cleaner products [13].
Herein, we report an efficient, microwave assisted, and
environmentally benign one pot method for the prepara-
tion of pyrrolo[2,1-b]thiazol-6-ones 6 from easily acces-
sible a-aroyl ketene-N,S-acetals 3. To the best of our
knowledge, this is the first report on the direct transfor-
mation of an open chain system into pyrrolo[2,1-b]thia-
zole derivative using a one pot strategy.

Direct alkylation of thioamides using alkyl halide

affords ketene-N,S-acetals which is widely used as a

synthon in heterocyclic synthesis [14]. Recently we

have explored the synthetic potential of a-aroyl ketene-
N,S-acetals prepared by the alkylation of b-oxothioa-
mides 1 for the synthesis of functionalised pyrroles [15].

a-Aroyl ketene-N,S-acetals were previously prepared in

our laboratory as an intermediate for the synthesis of

functionalized thiophenes via alkylation of thioamides

using 1,2-bielectrophiles in presence of base [16].

RESULTS AND DISCUSSION

Initially, alkylation of thioamide 1 with one equiv. of

a 1,2-bielectrophile—phenacyl bromide in the presence

of K2CO3 (2 equiv.) as the base in acetone at room tem-

perature was carried out expecting monoalkylation at

sulphur followed by in situ cyclization to form thiazole

4, which could be further transformed into the pyrrolo-

thiazoles. However, we isolated only the monoalkylated

a-aroyl ketene-N,S-acetals 3 in nearly quantitative yields

(Scheme 1, Table 1). The unexpected complex pattern

of peaks observed in the 1H NMR (360 MHz) spectrum

of 3 is apparently due to the diastereotopic nature of the

methylene protons. For example, in 3a, ethyl moiety

showed a triplet at d 1.27 and two sets of doublets each

at d 3.40 and 3.50 (J ¼ 12). Another doublet of doublet

appeared at 3.79 (1H, J ¼ 12 Hz) and 4.08 (1H, J ¼ 12

Hz) due to SCH2 moiety. The NCH2 moiety showed a

VC 2010 HeteroCorporation
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multiplet at d 4.18–4.26 ppm. By recording the 1H

NMR spectrum at higher frequency (500 MHz), we fur-

ther confirmed these sets of peaks as doublet of doublet

rather than peaks arising from the possible geometrical

isomeric forms.

Next, taking 3a as a model substrate, its cyclization

to thiazole 4a was attempted. Initial experiments using

K2CO3 as the base in acetone under reflux conditions

failed to afford thiazole. Use of a strong base like KOH

in ethanol or NaH in DMF afforded only intractable

mixture of products. Further studies using acid catalysts

showed that the ketene-N,S-acetals 3 can be easily trans-

formed into thiazoles 4. Thus, a solution of the ketene-

N,S-acetal 3a in acetic acid was heated at 70�C for 4 h;

the thiazole 4a was formed quantitatively. Using a simi-

lar protocol the thiazole 4b was prepared (Table 2).

Alternatively, when the alkylation of the thioamide 1a

was attempted in the presence of excess of K2CO3 (8

equiv.) in DMF, thiazole 4a was formed in good yields.

The same strategy was used for the preparation of thia-

zoles 4b–f (Table 2).

Since the thiazole 4 containing structural units that

can be easily transformed into pyrrolo[2,1-b]thiazoles,
we attempted their pyrrole ring annulation studies. Simi-

lar cyclization has been previously reported by our

group for the synthesis of pyrroles from ketene-N,S-ace-
tals using Vilsmeier Haack reagent (POCl3/DMF) [15].

Tverdokhlebov et al. used the same reagent for the syn-

thesis of pyrrolo[2,1-b]thiazoles from thiazoles [17].

Attempts using base catalysts or Vilsmeier Haack rea-

gent failed to afford pyrrolothiazoles. However, the thia-

zole 4a or 4b after heating under reflux in acetic acid

for a period of 15 h, we observed the formation of pyr-

rolo[2,1-b]thiazoles 5a and 5b in 48% and 42% yields

respectively (Scheme 1). To our surprise, other thiazoles

(4c–4f) even after refluxing in acetic acid for 24 h, it

was possible to isolate only the unreacted starting mate-

rial. Failure of the above cyclization was apparently due

to the unfavorable orientation of the aroyl moiety in the

thiazole 4.

The observation that the N,S-acetal 3a underwent fac-

ile cyclization in presence of acetic acid prompted us to

irradiate a solution of 3a in acetic acid under

Scheme 1

Table 1

Ketene-N,S-acetals 3 prepared from thioamide 1.

Product R1 R2 Yield (%)

3a CH3 H 92

3b OCH3 Cl 88

3c H Cl 92

3d Br Cl 94

3e OCH3 H 85

3f Br H 94

3g H H 96

Table 2

Thiazoles 4 prepared from thioamide 1 or from ketene-N,S-acetal 3.

Product R1 R2 Yield (%)

4a H H 88

4b Br H 87

4c Cl CH3 85

4d Cl H 86

4e OCH3 CH3 80

4f H CH3 82
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microwave. Thus, by dissolving 3a in acetic acid fol-

lowed by microwave irradiation for 15 min at 150�C in

a microwave synthesizer, transformation to the corre-

sponding pyrrolo[2,1-b]thiazole 6a was observed in 81%

yield. Using a similar protocol we have prepared other

pyrrolothiazoles (6b–f) in good yields (Table 3). Elec-

tron withdrawing or donating substituents have little

effect on the mode of cyclization or on the overall yield

of the pyrrolothiazoles 6 formed. When we reduced

only the reaction time to 10 min, the reaction was

incomplete and could be possible to isolate a mixture of

the intermediate thiazole 4a and the pyrrolothiazole 6a

in a ratio 1 : 3. In an independent experiment, transfor-

mation of 4a to 6f was observed under microwave heat-

ing. It is interesting to note that the mode of cyclization

during pyrrole ring annelation step in conventional heat-

ing is different from that in microwave conditions.

Thus, under microwave conditions pyrrolothiazoles 6

were formed which is structurally different form the

pyrrolothiazoles 5, formed during conventional heating.

This is apparently due to the fact that under microwave

conditions, the geometry of the exocyclic double bond

present in the initially formed thiazole 4 was affected to

a lesser extend and the ethyl carboxylate functionality

underwent rapid conformational changes favoring the

regioselective formation of pyrrolothiazoles 6. While in

conventional heating the reverse is true leading to the

formation of pyrrolothiazole 5.

In summary, we have developed a convenient and ef-

ficient one-pot procedure for the synthesis of a variety

of pyrrolo[2,1-b]thiazoles from less expensive as well as

easily accessible ketene-N,S-acetals under microwave

conditions in a regioselective and efficient manner. The

reaction is very fast and the product can be easily sepa-

rated from the reaction medium by dilution using water

followed by filtration.

EXPERIMENTAL

Thioamide 1 was prepared as reported [15(b)]. Microwave-
assisted reactions were done in a multimode microwave reac-

tor (Biotage InitiatorTM). Melting points were obtained on a
Buchi-530 melting point apparatus and are uncorrected. 1H

and 13C NMR spectra were recorded on a Bruker DRX-300
MHz or AM-360 MHz spectrometer in CDCl3. Chemical shifts
are expressed in parts per million. Coupling constants J are
given in Hertz. Mass spectra-EIMS, FAB, were obtained on a
Finngen-Mat 312, Jeol SX 102/Da-600 instruments respec-

tively. Elemental analyses were recorded on an elementar vario
EL III analyzer.

General procedure for the synthesis of a-aroyl ketene-

N,S-acetals (3). A suspension of the thioamide 1 (10 mmol)
and anhyd K2CO3 (20 mmol) in dry acetone (30 mL) was

refluxed with stirring for 30 min. The mixture was cooled and
phenacyl bromide 2 (10 mmol) was added followed by stirring
at room temperature for 4 h. When the reaction was completed
(TLC), the mixture was poured into ice-cold water and
extracted using CH2Cl2 (2 � 50 mL). The organic layer was

washed with water (2 � 100 mL), dried using anhyd Na2SO4

and evaporated. The crude product thus obtained was purified
by column chromatography over silica gel using hexane: ethyl
acetate (7 : 3) as eluent afforded the a-aroyl ketene-N,S-acetals
3a–g (Table 1).

Ethyl[3-(4-methylphenyl)-3-oxo-1-(2-oxo-2-phenyl-ethylsul-
fanyl)-propenylamino]acetate (3a). White solid; mp 143–
145�C. 1H NMR (360 MHz, CDCl3): d 1.27 (t, 3H, J ¼ 7.2
Hz, CH2CH3), 2.39 (s, 3H, ArCH3), 3.40 (1H, J ¼ 12 Hz,
CH2CH3), 3.50 (1H, J ¼ 12 Hz, CH2CH3), 3.79 (1H, J ¼ 12
Hz, SCH2), 4.08 (1H, J ¼ 12 Hz, SCH2), 4.18–4.26 (m, 2H,
NCH2), 6.09 (s, 1H, vinylic), 7.21 (d, 2H, J ¼ 8 Hz, 2H,
ArH), 7. 39 (m, 3H, ArH), 7.59 (m, 2H, ArH), 7.77 (d, 2H, J
¼ 8 Hz, ArH) ppm. 13C NMR (90 MHz, CDCl3): d 14.5, 22.2,
48.1, 52.5, 62.3, 97.4, 126.4, 129.3, 129.7, 130.0, 133.7, 135.0,
141.9, 145.8, 156.5, 168.8, 195.9, 196.1. EIMS: m/z (%)
397.16 (Mþ, 12), 379.16 (100), 306.15 (38), 246.14 (45), and
119.1 (70). Anal. Calcd. for C22H23NO4S (397.13): C, 66.48;
H, 5.83; N, 3.52. Found: C, 66.35; H, 5.87; N, 3.58.

Ethyl{1-[2-(4-chlorophenyl-2-oxo-ethylsulfanyl]-3-(4-methoxy-
phenyl)-3-oxo-propenylamino}acetate (3b). White solid; mp 95–
97�C. 1H NMR (360 MHz, CDCl3): d 1.26 (t, 3H, J ¼ 7.2 Hz,

CH2CH3), 3.36 (d, 1H, J ¼ 12 Hz, CH2CH3), 3.43 (1H, J ¼
12 Hz, CH2CH3), 3.85 (d, 1H, J ¼ 18 Hz, SCH2), 3.84 (s, 3H,

ArOCH3), 4.05 (d, 1H, J ¼ 18 Hz, SCH2), 4.16–4.30 (m, 2H,

NCH2), 5.04 (bs, 1H, NH), 6.06 (s, 1H, vinylic), 6.91 (d, 2H,

J ¼ 8 Hz, 2H, ArH), 7. 38 (d, 3H, J ¼ 8Hz, ArH), 7.55 (d,

2H, J ¼ 8 Hz, ArH), 7.86 (d, 2H, J ¼ 8 Hz, ArH) ppm. MS

(FAB): m/z 448 (Mþ þ H). Anal. Calcd. for C22H22ClNO5S

(447.09): C, 58.99; H, 4.95; N, 3.13. Found: C, 58.76; H,

4.90; N, 3.17.

Ethyl{1-[2-(4-chloro-phenyl-2-oxo-ethylsulfanyl]-3-oxo-3-phe-
nyl propenylamino}acetate (3c). White solid. mp 98–100�C. 1H
NMR (360 MHz, CDCl3): d 1.28 (t, 3H, J ¼ 7.2 Hz,
CH2CH3), 3.39 (d, 1H, J ¼ 10 Hz, CH2CH3), 3.47 (d, 1H, J ¼
10 Hz, CH2CH3), 3.77 (d, 1H, J ¼ 18 Hz, SCH2), 4.07 (d, 1H,
J ¼ 18 Hz, SCH2), 4.15–4.32 (m, 2 H, NCH2), 4.99 (bs, 1H,

NH), 6.10 (s, 1H, vinylic), 7.39–7.45 (m, 3H, ArH), 7. 56 (d, J
¼ 8Hz, 2H, ArH), 7.89 (d, 2H, J ¼ 7 Hz, ArH) ppm. 13C
NMR (90 MHz, CDCl3): d 14.5, 44.8, 48.0, 63.1, 90.6, 96.2,
127.7, 128.5, 128.7, 129.1, 129.4, 131.8, 135.5, 139.3, 139.7,
166.1, 170.7, 187.7 ppm. MS (FAB): m/z 418 (Mþ þ H).

Anal. Calcd. for C21H20ClNO4S (417.08): C, 60.35; H, 4.82;
N, 3.35. Found: C, 60.49; H, 4.91; N, 3.28.

Ethyl{3-(4-bromophenyl)-1-[2-(4-chloro-phenyl)-2-oxo-ethyl-
sulfanyl]-3-oxo propenylamino}acetate (3d). White solid. mp
147–149�C. 1H NMR (360 MHz, CDCl3): d 1.28 (t, 3H, J ¼

Table 3

Pyrrolo[2,1-b]thiazol-6-ones 6 prepared from ketene-N,S-acetal 3.

Product R1 R2 Yield (%)

6a CH3 H 81

6b OCH3 Cl 85

6c H Cl 82

6d OCH3 H 80

6d Br H 76

6f H H 84
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10 Hz, CH2CH3), 3.43 (q, 2H, J ¼ 10 Hz, CH2CH3), 3.78 (d,
1H, J ¼ 18 Hz, SCH2), 4.08 (d, 1H, J ¼ 18 Hz, SCH2), 4.16–
4.32 (m, 2 H, NCH2), 4.99 (bs, 1H, NH), 6.10 (s, 1H, vinylic),
7.40 (d, J ¼ 10 Hz, 2H, ArH), 7.55–7.57 (m, 4 H, ArH), 7.88
(d, 2H, J ¼ 10 Hz, ArH) ppm. 13C NMR (90 MHz, CDCl3): d
14.2, 49.0, 62.4, 95.9, 106.9, 125.1, 128.5, 129.4, 130.7, 131.5,
136.2, 138.3, 139.8, 164.3, 166.9, 181.8, 185.7 ppm. EIMS: m/
z (%) 497.1 (Mþ þ 2, 14), 479.1 (82), 406.1 (48), 324.2 (22),
240.2 (25), 183.1 (82) and 139.1 (100). Anal. Calcd. for
C21H19BrClNO4S (494.99): C, 50.77; H, 3.85; N, 2.82. Found:

C, 50.65; H, 3.89; N, 2.76.
Ethyl[3-(4-methoxyphenyl)-3-oxo-1-(2-oxo-2-phenyl-ethyl-

sulfanyl)-propenylamino]acetate (3e). Pale yellow glass. 1H
NMR (360 MHz, CDCl3): d 1.26 (t, 3H, J ¼ 7.2 Hz,
CH2CH3), 3.38 (d, 1H, J ¼ 14 Hz, CH2CH3), 3.49 (1H, J ¼
14 Hz, CH2CH3), 3.79 (d,1H, J ¼ 18 Hz, SCH2), 3.84 (s, 3H,
ArOCH3 þ 1H, SCH2), 4.06 (d, 1H, J ¼ 18 Hz, SCH2), 4.15–
4.28 (m, 2H, NCH2), 4.50 (bs, 1H, NH), 6.07 (s, 1H, vinylic),
6.92 (d, 2H, J ¼ 9 Hz, 2H, ArH), 7. 41 (m, 3H, ArH), 7.61 (d,

2H, J ¼ 7 Hz, ArH), 7.87 (d, 2H, J ¼ 9 Hz, ArH). 13C NMR
(90 MHz, CDCl3): d 14.1, 44.3, 47.6, 55.3, 62.4, 89.6, 96.1,
113.4, 126.5, 128.7, 129.2, 132.1, 140.3, 162.1, 165.2, 170.3,
186.1, 187.1 ppm. EIMS (CHCl3/CH3CNþHþ): m/z (%) 414.1,
(Mþ þ H 12), 396.2 (100), 366.2 (18), 248.1 (35). Anal.

Calcd. for C22H23NO5S (413.13): C, 63.90; H, 5.61; N, 3.39.
Found: C, 63.82; H, 5.67; N, 3.43.

Ethyl[3-(4-bromophenyl)-3-oxo-1-(2-oxo-2-phenyl-ethylsul-
fanyl) propenylamino]acetate (3f). White solid. mp 98–99�C.
1H NMR (360 MHz, CDCl3): d 1.27 (t, 3H, J ¼ 7.2 Hz,

CH2CH3), 3.43 (d, 1H, J ¼ 10 Hz, CH2CH3), 3.53 (d, 1H, J ¼
10 Hz, CH2CH3), 3.81 (d, 1H, J ¼ 18 Hz, SCH2), 4.08 (d, 1H,
J ¼ 18 Hz, SCH2), 4.20–4.30 (m, 2 H, NCH2), 4.51 (s, 1H,
NH), 6.03 (s, 1H, vinylic), 7.31 (d, 2H, J ¼ 7 Hz, 2H, ArH),
7. 43 (m, 3H, ArH), 7.60 (m, 2H, ArH), 7.82 (d, 2H, J ¼ 7
Hz, ArH) ppm. 13C NMR (90 MHz, CDCl3): d 14.5, 44.8,
53.8, 62.7, 96.8, 126.9, 129.0, 129.3, 130.5, 131.9, 132.5,
138.6, 140.5, 166.9, 170.6, 182.6, 186.2 ppm. MS (FAB): m/z
462 (Mþ þ H). Anal. Calcd. for C21H20BrNO4S (461.03): C,
54.55; H, 4.36; N, 3.03. Found: C, 54.62; H, 4.29; N, 3.06.

Ethyl[3-oxo-1-(2-oxo-2-phenyl-ethylsulfanyl)-3-phenyl-pro-
penylamino]acetate (3g). White solid. mp 118–120�C. 1H
NMR (360 MHz, CDCl3): d 1.29 (t, 3H, J ¼ 7.2 Hz,
CH2CH3), 3.42 (1H, J ¼ 10 Hz, CH2CH3), 3.53 (1H, J ¼ 10
Hz, CH2CH3), 3.81 (1H, J ¼ 18 Hz, SCH2), 4.11 (1H, J ¼ 18
Hz, SCH2), 4.18–4.32 (m, 2 H, NCH2), 4.82 (s, 1H, NH), 6.11
(s, 1H, vinylic), 7.40–7.48 (m, 6H, ArH), 7.61 (d, 2H, ArH),
7.90 (d, 2H, J ¼ 8 Hz, ArH) ppm. 13C NMR (90 MHz,
CDCl3): d 14.5, 44.8, 48.1, 62.9, 90.4, 97.6, 126.9, 127.7,
128.7, 129.3, 129.4, 131.7, 139.8, 140.6, 166.4, 170.8, 187.6
ppm. MS (FAB): m/z 385 (Mþ þ H). Anal. Calcd. for
C21H21NO4S (383.12): C, 65.78; H, 5.52; N, 3.65. Found: C,
65.86; H, 5.59; N, 3.60.

General procedure for the synthesis of thiazoles

(4). Method (a): From ketene-N,S-acetal 3: To a suspension of

the ketene-N,S-acetal 3a or 3b (10 mmol) in glacial acetic acid
(10 mL) was heated at 70�C with stirring for 4 h. The reaction
mixture was cooled, diluted with water (50 mL), and the pre-
cipitated product was filtered, recrystallized from ethanol to
afford the thiazole 4a or 4b in moderate yields.

Method (b): From thioamide 1: To a suspension of the thio-
amide 1 (10 mmol) in anhyd DMF (30 mL) was added
K2CO3 (80 mmol) followed by phenacyl bromide 2 (10

mmol). The mixture was stirred at room temperature for 4 h
then at 100�C for 2 h. It was then cooled, poured into ice-
cold water and extracted using ethyl acetate (2 � 50 mL).
The organic layer was washed with water (2 � 100 mL),
dried using anhyd Na2SO4 and evaporated. The crude product

thus obtained was purified by column chromatography over
silica gel using hexane: ethyl acetate (7 : 3) as eluent to give
4a–f (Table 2).

Ethyl 2-{2-[(Z)-oxo(phenyl)ethylidene]-4-phenyl-1,3-thiazol-
3-yl}acetate (4a). Pale yellow needles; mp. 130–131�C. 1H

NMR (300 MHz, CDCl3) d 1.27 (t, 3H, J ¼ 7 Hz, CH2CH3),
4.26 (q, 2H, J ¼ 7 Hz, CH2CH3), 4.50 (s, 1H, NCH2), 6.32 (s,
1H, vinylic), 6.40 (s, 1H, tzol CH), d 7.42 (m, 6H, ArH), d
7.94 (m, 4H, ArH). 13C NMR (75.5 MHz, CDCl3) d 14.1

(CH2CH3), 48.9 (NCH2), 62.2 (CH2CH3), 86.4 (tzol CH),
106.0 (vinylic), 126.8 (C4, tzol CH), 164.0 (C2, tzol), 128.1,
128.9, 129.3, 129.7, 129.9, 130.4, 139.6, 140.9 (ArC), d 167.1
and 183.1 (carbonyl). EIMS: m/z (%) 365 (Mþ, 82), 336 (41),
292 (51), 275 (15), 214 (33), 186 (36), 147 (54), 134 (58), and

105 (100). Anal. Calcd. for C21H19NO3S (365.45): C, 69.02;
H, 5.24; N, 3.83. Found: C, 68.72; H, 5.36; N, 3.57.

Ethyl 2-{2-[(Z)-(4-bromophenyl)(oxo)ethylidene]-4-phenyl-
1,3-thiazol-3-yl}acetate (4b). Pale yellow crystalline solid; mp
118–120�C. 1H NMR (300 MHz, CDCl3) d 1.19 (t, 3H, J ¼ 7

Hz, CH2CH3), 4.20 (q, 2H, J ¼ 7 Hz, CH2CH3), 4.53 (s, 1H,
NCH2), 6.46 (s, 1H, vinylic), 7.19 (s, 1H, tzol CH), 7.30–7.47
(m, 7H, ArH), 7.75 (d, 2H, J ¼ 8 Hz, ArH). 13C NMR (75.5
MHz, CDCl3) d 14.2 (CH2CH3), 49.1 (NCH2), 62.3 (CH2CH3),
86.2 (tzol CH), 106.4 (vinylic), 125.0 (C4, tzol), 164.5 (C2,
tzol), 128.6, 128.3, 129.1, 129.5, 129.9, 131.4, 138.7, and
141.2 (ArC), 167.09 and d 181.82 (carbonyl) ppm. EIMS: m/z
(%) 443 (Mþ, 50), 445 (Mþ þ 2, 51), 411 (32), 260 (21), 216
(22), 185 (100), 157 (74), 134 (74), and 105 (51). Anal. Calcd.
for C21H18BrNO3S (444.34): C, 56.76; H, 4.08; N, 3.15.
Found: C, 56.52; H, 4.16; N, 3.02.

Ethyl 2-{2-[(Z)-(4-chlorophenyl)(oxo)ethylidene]-4-(4-meth-
ylphenyl)-1,3-thiazol-3-yl}acetate (4c). White crystalline solid;
mp 148–149�C. 1H NMR (300 MHz, CDCl3) d 1.27 (t, 3H, J
¼ 7 Hz, CH2CH3), 2.41 (s, 3H, CH3), 4.28 (q, 2H, J ¼ 7.2
Hz, CH2CH3), 4.51 (s, 1H, NH CH2), 6.25 (s, 1H, vinylic),
6.40 (s, 1H, tzol CH), 7.27 (m, 4H, ArH), 7.37 (d, 2H, J ¼ 8
Hz, ArH), 7.86 (d, 2H, J ¼ 8 Hz, ArH). 13C NMR (75.5 MHz,
CDCl3) 14.2 (CH2CH3), 49.1 (NCH2), 62.2 (CH2CH3), 86.3
(tzol CH), 106.0 (vinylic), 126.4 (C4, tzol), 164.5 (C2 tzol),
127.0, 128.4, 129.4, 129.8, 136.4, 138.3, 140.2, 141.3 (ArC),
167.2, and d 181.6 (carbonyl) ppm. EIMS: m/z (%) 415 (Mþ

þ 2, 23), 413 (Mþ, 72), 396 (41), 340 (38), 263 (15), 200
(26), 188 (34) and 139 (100). Anal. Calcd. for C22H20ClNO3S
(413.92): C, 63.84; H, 4.87; N, 3.38. Found: C, 64.08; H,
4.56; N, 3.24.

Ethyl 2-{2-[(Z)-(4-chlorophenyl)(oxo)ethylidene]-4-phenyl-
1,3-thiazol-3-yl}acetate (4d). White crystalline solid; mp 110–
111�C. 1H NMR (300 MHz, CDCl3) d 1.28 (t, 3H, J ¼ 7 Hz,
CH2CH3), 4.27 (q, 2H, J ¼ 7 Hz, CH2CH3), 4.51 (s, 1H,
NCH2), 6.26 (s, 1H, vinylic), 6.44 (s, 1H, tzol CH), 7.37–7.48

(m, 7H, ArH), 7.87 (d, 2H, J ¼ 8 Hz, ArH). 13C NMR (75.5
MHz, CDCl3), 14.2 (CH2CH3), 48.1 (NCH2), 62.3 (CH2CH3),
86.4 (tzol CH), 106.0 (vinylic), 126.8 (C4 tzol) 164.0 (C2
tzol), 127.7, 128.4, 129.2, 129.9, 136.4, 138.3, 141.2 (ArC ),
167.1, and d 181.6 (carbonyl) ppm. EIMS: m/z (%) 401, (Mþ

þ2, 28), 399 (Mþ, 85), 382 (27), 326 (34), 298 (24), 249 (21),
183 (53), 141 (54), 139 (100), and 111 (100). Anal. Calcd. for
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C21H18ClNO3S (399.89): C, 63.07; H, 4.54; N, 3.50. Found:
C, 62.74; H, 4.78; N, 3.45.

Ethyl 2-{2-[(Z)-(4-methoxyphenyl)(oxo)ethylidene]-4-(4-
methylphenyl)-1,3-thiazol-3-yl}acetate (4e). Pale yellow glass.
1H NMR (300 MHz, CDCl3) d 1.28 (t, 3H, J ¼ 7 Hz,
CH2CH3), 2.17 (s, 3H, CH3), 4.27 (q, 2H, J ¼ 7 Hz,
CH2CH3), 4.69 (s, 1H, NCH2), 6.46 ppm (s, 1H, vinylic), 6.48
ppm (s, 1H, tzol CH), 6.77 (d, 2H, J ¼ 8 Hz, ArH), 6.90 (d,
2H, J ¼ 8 Hz, ArH), 7.04 (d, 2H, J ¼ 8 Hz, ArH), 7.28 (d,
2H, J ¼ 8 Hz, ArH). 13C NMR (75.5 MHz, CDCl3) 14.2
(CH2CH3), 21.3 (CH3), 49.1 (NCH2), 55.3 (OCH3), 62.2
(CH2CH3), 86.1 (tzol CH), 105.5 (vinylic) 127.3 (C4 tzol),
161.6 (C2 tzol ), 113.5, 128.8, 129.4, 129.7, 132.7, 139.9,
140.9, and 163.8 (ArC), 167.4 and 182.5 (carbonyl) ppm.
EIMS: m/z (%) 409 (Mþ, 78), 336 (32), 306 (15), 228 (25),
200 (16), 172 (11), 135 (100), and 121 (92). Anal. Calcd. for
C23H23NO4S (409.50): C, 67.46; H, 5.66; N, 3.42. Found: C,
67.32; H, 5.73; N, 3.48.

Ethyl 2-{4-(4-methylphenyl)-2-[(Z)-oxo(phenyl)ethylidene]-
1,3-thiazol-3-yl}acetate (4f). Pale yellow crystalline solid; mp

128–129�C. 1H NMR (300 MHz, CDCl3) d 1.28 (t, 3H, J ¼ 7
Hz, CH2CH3), 2.41 (s, 3H, CH3), 4.27 (q, 2H, J ¼ 7 Hz,
CH2CH3), 4.51 (s, 1H, NCH2), 6.26–7.95 (m, 10H, ArH þ
tzol H). 13C NMR (75.5 MHz, CDCl3) d 14.1 (CH2CH3), 21.3
(CH3), 48.9 (NCH2), 62.4 (CH2CH3), 90.0 (tzol CH), 105.8

(vinylic), 126.5 (C4 tzol), 165.9 (C2 tzol), 127.3, 128.3, 129.3,
129.7, 130.4, 131.2, 137.4, and 138.9 (ArC), 170.3 and 187.1
(carbonyl). EIMS: m/z (%) 379 (Mþ, 84), 362 (31), 306 (51),
278 (18), 232 (13), 188 (16), 147 (34), 119 (58) and 105

(100). Anal. Calcd for C22H21NO3S (379.47): C, 69.63; H,
5.58; N, 3.69. Found: C, 69.32; H, 5.67; N, 3.76.

General procedure for the synthesis of pyrrolothiazoles

(5). A suspension of the thiazole 3 (10 mmol) in glacial acetic
acid (10 mL) was refluxed with stirring for 15 h. The mixture

was cooled and poured into ice cold water and extracted using
CHCl3 (2 � 50 mL). The organic layer was washed with water
(2 � 50 mL) and dried using anhyd Na2SO4. The solvent was
evaporated and the crude product thus obtained was purified
by column chromatography over silica gel using hexane: ethyl

acetate as eluent (4 : 1) to afford 5a or 5b.
Ethyl 3,6-diphenylpyrrolo[2,1-b]-[1,3]thiazole-5-carboxylate

(5a). Pale yellow glass. 1H NMR (300 MHz, CDCl3) d 0.65 (t,
3H, J ¼ 7 Hz, CH2CH3), 3.45 (q, 2H, J ¼7 Hz, CH2CH3),
6.34 (s, 1H pyrrole CH), 6.52 (s, 1H, tzol CH(7.07–8.07 (m,

10H, ArH) ppm. 13C NMR (75.5 MHz, CDCl3) d 12.6, 59.0,
99.6 (tzol CH), 109.7, 112.3, 125.3, 126.2, 127.4, 127.5,
127.6, 128.8, 129.1, 131.7, 132.7, 135.6, 137.7 (ArH), 159.48.
EIMS: m/z (%) 347 (Mþ, 48), 302 (24), 275(100), 241 (18),

215 (15), 202 (12), 172 (15), 145 (20), and 102 (27). Anal.
Calcd. for C21H17NO2S (347.43): C, 72.60; H, 4.93; N, 4.03.
Found: C, 72.43; H, 4.86; N, 4.14.

Ethyl 3-(4-methylphenyl)-6-phenylpyrrolo[2,1-b][1,3]thia-
zole-5-carboxylate (5b). Pale yellow glass.1H NMR (300 MHz,

CDCl3) d 0.68 (t, 3H, J ¼ 7 Hz, CH2CH3), d 3.50 (q, 2H, J ¼
7 Hz, CH2CH3), d 2.30 (s, 3H, CH3), d 6.33 (s, 1H, pyrrole
CH), d 6.49 (s, 1H, tzol CH), d 7.13–7.53 (m, 9H, ArH) ppm.
13C NMR (75.5 MHz, CDCl3) d 14.0, 21.7, d 60.4, 101.0 (tzol
CH). 110.6, 126.7, 127.6, 128.0, 128.9, 129.6, 130.2, 130.5,

134.0, 135.8, 137.8, 137.2, 139.0, 160.9. EIMS: m/z (%) 361
(Mþ, 47), 316 (22), 289 (100), 273 (14), 210 (8), 145 (15), and
115 (31). Anal. Calcd. for C22H19NO2S (361.46): C, 73.10; H,
5.30; N, 3.88. Found: C, 73.28; H, 5.43; N, 3.74.

General procedure for the synthesis of pyrrole[2,1-b]thia-
zol-6-ones (6). To a 10 mL glass vial equipped with a small
magnetic stirring bar, a-aroyl ketene-N,S-acetal 2 (1.0 mmol)

was added followed by glacial acetic acid (3 mL). The mixture
was then irradiated in a microwave synthesizer for 15 min at
150�C. After completion of the reaction, the vial was cooled
to 50�C by air jet cooling before it was opened. It was then
diluted with water (20 mL), and the precipitated product was

collected by filtration, washed with cold water and recrystal-
lized from ethyl acetate to afford 6a–f (Table 3).

7-(4-Methyl-benzoyl)-3-phenyl-pyrrolo[2,1-b]thiazol-6-one
(6a). White solid; mp 206–207�C. 1H NMR (360 MHz,
CDCl3): d 2.40 (s, 3H ArCH3), 4.62 (s, 2H, NCH2), 6.80 (s,

1H tzol), 7.53 (s, 7H, ArH), 8.05 (d, 2H, J ¼ 7 Hz, ArH). 13C
NMR (90 MHz, CDCl3): d 22.1, 59.3, 109.2, 127.7, 128.4,
128.9, 129.6, 129.9, 130.8, 135.5, 141.5, 142.7, 179.8, 185.4,
185.9. HRMS: calcd. for C20H15NO2S 333.0823, found
333.0809.

3-(4-Chloro-phenyl)-7-(4-methoxy-benzoyl)pyrrolo[2,1-b]thiazol-
6-one (6b). White solid; mp 211–213�C. 1H NMR (360 MHz,
CDCl3): d 3.84 (s, 3H, OCH3), 4.93 (s, 2H, NCH2), 6.99–7.01
(d, 2H, J ¼ 7.2 Hz, ArH), 7.47 (s, 1H tzol), 7.61–7.63 (d, 2H,

J ¼ 7.2 Hz, ArH), 7.79–7.81 (d, 2H, J ¼ 7.2 Hz, ArH), 8.12–
8.14 (d, 2H, J ¼ 7.2 Hz, ArH). 13C NMR (90 MHz, CDCl3): d
54.8, 59.9, 108.5, 127.6, 129.8, 131.0, 131.5, 135.1, 139.9,
162.4, 178.5, 183.0, 186.2. EIMS (THF/HCOOH): m/z (%)
384.1, Mþ þ H 100), 316.4 (56), 288.4 (78), 244.3 (12), 166.2

(18). Anal. Calcd. for C20H14ClNO3S (383.04): C, 62.58; H,
3.68; N, 3.65. Found: C, 62.69; H, 3.74; N, 3.58.

7-Benzoyl-3-(4-chloro-phenyl)-pyrrolo[2,1-b]thiazol-6-one
(6c). White solid. mp 200–202�C. 1H NMR (360 MHz,
CDCl3): d 4.93 (s, 2H, NCH2), 7.46–7.48 (m, 7H, ArH), 6.50
(s, 1H tzol), 7.61–7.63 (d, 2H, J ¼ 7.2 Hz, ArH), 7.79–7.81
(d, 2H, J ¼ 7.2 Hz, ArH), 7.97–7.99 (d, 2H, J ¼ 7.2 Hz,
ArH). 13C NMR (90 MHz, CDCl3): d 59.7, 108.2, 127.4,
127.8, 128.2, 129.1, 129.4, 129.7, 130.1, 135.0, 138.5, 139.8,
178.0, 184.1, 186.3. MS (FAB): m/z 354 (Mþ þ H). Anal.
Calcd. for C19H12ClNO2S (353.03): C, 64.50; H, 3.42; N,
3.96. Found: C, 64.41; H, 3.38; N, 3.99.

7-(4-Methoxy-benzoyl)-3-phenyl-pyrrolo[2,1-b]thiazol-6-one
(6d). White solid. mp 216–218 �C. 1H NMR (360 MHz,
CDCl3): d 3.78 (s, 3H, OCH3), 4.88 (s, 2H, NCH2), 6.93–6.95
(d, 2H, J ¼ 7.2 Hz, ArH), 7.36 (s, 1H tzol), 7.47 (s, 3H, ArH),
7.70 (s, 2H, ArH), 8.07–8.09 (d, 2H, J ¼ 7.2 Hz, ArH). 13C
NMR (90 MHz, CDCl3): d 55.7, 59.7, 108.3, 127.9, 128.9,
129.3, 129.6, 130.9, 131.2, 131.4, 140.9, 162.2, 178.3, 182.8,
186.1. MS (FAB): m/z 350 (Mþ þ H). Anal. Calcd. for
C20H15NO3S (349.08): C, 68.75; H, 4.33; N, 4.01. Found: C,
68.62; H, 4.38; N, 4.07.

7-(4-Bromo-benzoyl)-3-phenyl-pyrrolo[2,1-b]thiazol-6-one
(6e). White solid; mp 222–224�C. 1H NMR (360 MHz,
CDCl3): d 4.63 (s, 2H, NCH2), 6.84 (s, 1H tzol), 7.54–7.60
(m, 7H, ArH), 8.04 (d, 2H, J ¼ 7.2 Hz, ArH). 13C NMR (90
MHz, CDCl3): d 59.3, 109.2, 109.4, 126.9, 127.8, 128.3,

129.9, 129.9, 130.9, 131.4, 136.9, 141.6, 179.9, 184.6, 185.4.
MS (FAB): m/z 398 (Mþ þ H), 400 (Mþ þ H þ 2). Anal.
Calcd. for C19H12BrNO2S (396.98): C, 57.30; H, 3.04; N,
3.52. Found: C, 57.18; H, 3.10; N, 3.55.

7-Benzoyl-3-phenyl-pyrrolo[2,1-b]thiazol-6-one (6f). White
solid; mp 216–217�C. 1H NMR (360 MHz, CDCl3): d 4.62 (s,
2H, NCH2), 6.80 (s, 1H tzol), 7.45–7.53 (m, 8H, ArH), 8.12
(d, 2H, J ¼ 7.2 Hz, ArH). 13C NMR (90 MHz, CDCl3): d
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59.3, 109.2, 109.3, 127.7, 128.2, 128.4, 129.5, 129.9, 130.8,
132.2, 138.2, 141.6, 179.8, 185.4, 186.0. MS (FAB): m/z 320
(Mþ þ H). Anal. Calcd. for C19H13NO2S (319.07): C, 71.45;
H, 4.10; N, 4.39. Found: C, 71.58; H, 4.16; N, 4.32.
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The novel reaction of [hydroxyl (((þ)-10-camphorsulfonyl)oxy)iodo]benzene (1) with alkenoic acids
was reported. When 1 reacted with various 4-pentenoic acids in CH3CN, camphorsulfonylactons were

obtained in excellent yields in short times, some had two diastereoisomers, whereas 1 reacted with 5-
hexenoic acid, giving middle yield of camphorsulfonylacton; however, 3-butenoic and trans-3-hexenoic
acids reacted with 1 slowly in CH2Cl2, only unsaturated lactones were provided.

J. Heterocyclic Chem., 47, 436 (2010).

INTRODUCTION

Lactonizations have been studied extensively, and this

type of transformation serves as an important key reac-

tion in a variety of syntheses [1]. Among them, halolac-

tonization and phenylselenolactonization are general

used methods [2]. Recently, organic hypervalent iodine

reagents have found broad application in organic chem-

istry and frequently used in synthesis due to their chemi-

cal properties and reactivity are similar to those of Hg

(II), Tl (III), and Pb (IV), but without the toxic and

environmental problems of these heavy metal congeners

[3]. Koser and coworkers first reported the tosyloxylac-

tonization of alkenoic acids with the hypervalent iodine

reagent, [hydroxyl(tosyloxy)iodo]benzene (HTIB, Kos-

er’s reagent), which mechanism was different with halo-

lactonization and phenylselenolactonization and received

much attention [4]. The ability of HTIB to introduce the

tosylate ligand into alkenoic acids prompted us to inves-

tigate the camphorsulfonyloxylactonization of alkenoic

acids with the analogous reagent, [hydroxyl (((þ)-10-

camphorsulfonyl)oxy)iodo]benzene (1) [5], a stable and

incorporating a chiral ligand hypervalent iodine reagent.

Here, we would like to report a novel and convenient

camphorsulfonyloxylactonization of alkenoic acids, a

series of new 5-camphorsulfonyloxy-4-pentanolactones

and 6-camphorsulfonyloxy-5-hexanolactone were

synthesized.

Initially, we prepared [hydroxyl (((þ)-10-camphorsul-

fonyl)oxy)iodo]benzene (1) according to the literature

procedure [5]. Then, we investigated the reaction of 4-

pentenoic acid with 1, we found that when the equal

equivalent of both them were mixed and stirred in

CH3CN at room temperature, the reaction was carried

out fluently and finished in 0.5 h, the novel compound

of 5-camphorsulfonyloxy-4-pentanolactone was obtained

in nearly quantitative (Scheme 1). Prompted by the

good result, a series of experiments were performed on

the reaction of 4-pentenoic acid with 1 in order to deter-

mine the suitable reaction conditions, and CH3CN and

CH2Cl2 were found to be the most preferred solvents.

Finally, the reaction of a series of alkenoic acids (2)

with 1 in CH3CN or CH2Cl2 at room temperature were

investigated, several new camphorsulfonylactons (3)

were provided (Scheme 2), the good results are summar-

ized in Table 1.

It is shown from Table 1 that 4-pentenoic acid (2a),

2-methyl-4-pentenoic acid (2b), 3-methyl-4-pentenoic

acid (2c) and 2, 2-dimethyl-4-pentenoic acid (2d) all

reacted with 1 fast, and gave the corresponding 5-cam-

phorsulfonyloxy-4-pentanolactones, respectively, in

excellent yields (entries 1–4); Similar treatment of 5-

hexenoic acid needed longer time compared with 4-pen-

tenoic acid and provided 6-camphorsulfonyloxy-5-hexa-

nolactone (3e) in middle yield (entry 5), which meant

that five-membered lactone ring was formed easier than

six-membered lactone ring in the camphorsulfonyloxy-

lactonization of alkenoic acids. We also checked the

reaction of 6-heptenoic acid with 1, found that after 48

h it had not been completed and the desired seven-mem-

bered lactone ring was obtained in poor yield. When 3-

butenoic and trans-3-hexenoic acids were treated with 1

VC 2010 HeteroCorporation
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in same reaction conditions, the reaction was somewhat

difficult to carry out in CH3CN and slowly; then using

CH2Cl2 in place of CH3CN, we found that after 24 h

the reaction was finished. However, the products were

not the desired camphorsulfonylactons, two unsaturated

lactones were found (entries 6 and 7). It was revealed

by 1H-NMR technique that the desired 3-sulfonyloxy-4-

butanolactones were first formed, but then transformed

into the unsaturated lactones during workup procedure

by elimination. 2-Cyclopenteneacetic acid reacted with

1 also fluently, but gave another unsaturated lactone

(entry 8), which agreed with Koser and coworkers report

[4].

Koser et al. in 1988 reported another lactonizaton

using the similar hypervalent iodine reagent, [hydroxyl

((bis(phenyloxy)phosphoryl)oxy)iodo]benzene, and they

found that when 2-methyl-4-pentenoic acid was treated

with the hypervalent iodine reagent, the products were a

mixture of diastereomers, with a ratio varied from 1.2 to

1.4:1 [6]. Because of [hydroxyl (((þ)-10-camphorsulfo-

nyl)oxy)-iodo]benzene is a chiral hypervalent iodine rea-

gent, the lactonizaton of it may be stereoselectivity, and

some evidence was obtained by examination of the 1H-

NMR spectrum of camphorsulfonylactons: when 2-

methyl-4-pentenoic acid (2b) and 3-methyl-4-pentenoic

acid (2c) were treated with 1 at room temperature, the

provided products were mixtures of diastereomers, the

ratios of them were 3.1:1 and 2.3:1, respectively. Then,

we checked the effect of temperature on the stereoselec-

tivity of 2b and found that the camphorsulfonylactoniza-

tion got diastereomers with higher ratio at lower of tem-

perature; The reaction was investigated at room temper-

ature, �20�C and �50�C, respectively, the ratios of dia-

stereomers varied from 3.1, 4.0 to 4.8:1. However,

except 2b and 2c, other alkenoic acids were not

observed having the stereoselectivity in the camphorsul-

fonylactonization at room temperature. Solvents also

had small effect on the stereoselectivity, we found that

CH3CN was better than CH2Cl2 to get high diastereom-

ers ratio for 2b in the reaction.

[Hydroxyl (((þ)-10-camphorsulfonyl)oxy)iodo]ben-

zene was made from (diacetoxyiodo)benzene and (þ)-

10-camphorsulfonic acid in CH3CN. To extend the

scope of camphorsulfonylactonization, find simpler and

more convenient camphorsulfonylactonization, the ‘‘one-

pot’’ reaction was investigated; when equal equivalent

of (diacetoxyiodo)benzene, (þ)-10-camphorsulfonic acid

and 4-pentenoic acid were mixed in CH3CN at room

temperature and stirred the mixture, we found that the

reaction was completed in 0.5 h, giving the desired 3a

in 95% of yield. When [bis(trifluoroacetoxy)iodo]ben-

zene was used in place of (diacetoxyiodo)benzene, the

same result was obtained in 94% of yield. Therefore,

the simpler and more convenient ‘‘one-pot’’ camphorsul-

fonylactonization was found (Scheme 3). Further inves-

tigation of the reaction will be reported later.

The plausible mechanism is similar to the literature

procedure [4], which included the electrophilic addition

of hypervalent iodine reagent 1 on the alkene, then an

intramolecular nucleophilic displacement was happened,

followed by another nucleophilic displacement to give

the camphorsulfonylactone (Scheme 4).

In conclusion, we have successfully developed a

novel and convenient reaction of [hydroxyl-(((þ)-10-

camphorsulfonyl)oxy)iodo]benzene with alkenoic acids,

several new 5-camphorsulfonyloxy-4-pentanolactones in

excellent yields and 6-camphorsulfonyloxy-5-hexanolac-

tone in middle yield were prepared. The camphorsulfo-

nylactonization has some advantages, such as, mild reac-

tion conditions, simple procedure, and good yields. Fur-

thermore, the scope of hypervalent iodine reagents in

organic synthesis could be extended.

Scheme 1

Scheme 2
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Table 1

The result of the camphorsulfonylactonization of alkenoic acids.

Entry Alkenoic acids (2) Camphorsulfonyloxylactones (3)a Time (h) Yield (%)b

1 0.5 98

2 0.5 95

3 0.5 93

4 1.0 95

5 2.5 63

6 24 52c

7 24 41c

8 1.0 81

a Cs, (þ)-10-camphorylsulfonyl.
b Isolated yield.
c CH2Cl2 was used as solvent.
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EXPERIMENTAL

General procedure for the iodination of terminal

alkynes. To CH3CN or CH2Cl2 (2 mL), alkenoic acid 2 (0.3
mmol), [hydroxyl (((þ)-10-camphorsulfonyl)oxy)iodo]benzene
1 (0.3 mmol) were added. The mixture was stirred at room
temperature for 0.5–24 h (shown in Table 1) and then sepa-
rated on a silica gel plate using (3:1, hexane–ethyl acetate) as

eluant to give camphorsulfonyloxylacton 3 in good to excellent
yields.

3a: Oil. 1H-NMR (500 MHz, CDCl3): 4.82–4.79 (m, 1H),
4.51 (ddd, J ¼ 22.0, 11.5, 3.0 Hz, 1H), 4.37 (ddd, J ¼ 21.5,
11.0, 4.5 Hz, 1H), 3.62 (dd, J ¼ 15.5, 6.0 Hz, 1H), 3.08 (dd, J
¼ 15.0, 4.0 Hz, 1H), 2.69–2.52 (m, 2H), 2.43–2.37 (m, 3H),
2.20–2.02 (m, 3H), 1.97 (d, J ¼ 17.5 Hz, 1H), 1.75–1.65 (m,
1H), 1.51–1.45 (m, 1H), 1.10 (s, 3H), 0.88 (s, 3H). 13C-NMR
(125 MHz, CDCl3): 214.2, 176.1, 76.7 (d, J ¼ 7.5 Hz), 70.1,
69.9, 57.8 (d, J ¼ 2.5 Hz), 48.1, 47.2, 42.6 (d, J ¼ 2.5 Hz),

42.4 (d, J ¼ 1.3 Hz), 27.9, 26.8, 24.8 (d, J ¼ 7.5 Hz), 23.3 (d,
J ¼ 8.8 Hz), 19.5 (t, J ¼ 2.5 Hz). IR (film): m ¼ 2963, 1781,
1746, 1456, 1418, 1360, 1282, 1167, 1070, 962 cm�1. MS (EI,
m/z, %): 330 (Mþ, 100). HRMS: C15H22O6S calcd.: 330.1137,

found: 330.1125.
3b: Oil. 1H-NMR (500 MHz, CDCl3): 4.79–4.72 (3b1) and

4.68–4.62 (3b2) (m, 1H), 4.51 (ddd, J ¼ 19.0, 11.5, 3.0 Hz,
1H), 4.37–4.31 (m, 1H), 3.66–3.59 (m, 1H), 3.09–3.03 (m,
1H), 2.83–2.78 (3b1) and 2.77–2.70 (3b2) (m, 1H), 2.56–2.49

(m, 1H), 2.46–2.37 (m, 2H), 2.16–2.13 (m, 1H), 2.10–2.03 (m,
1H), 1.97 (d, J ¼ 18.0 Hz, 1H), 1.79–1.68 (m, 2H), 1.50–1.44
(m, 1H), 1.31 (d, J ¼ 5.5 Hz, 3b1) and 1.30 (d, J ¼ 6.0 Hz,
3b2) (d, 3H), 1.10 (3b1) and 1.09 (3b2) (s, 3H), 0.89 (3b1) and
0.88 (3b2) (s, 3H). 13C-NMR (125 MHz, CDCl3): 214.4,

214.3, 179.2, 178.3, 74.9, 74.5 (d, J ¼ 7.5 Hz), 70.5, 70.4,
69.7, 69.4, 57.9 (d, J ¼ 3.8 Hz), 48.2 (d, J ¼ 3.8 Hz), 47.4,
47.3 (d, J ¼ 6.3 Hz), 42.7, 42.5 (d, J ¼ 2.5 Hz), 35.2, 33.7,
32.2 (d, J ¼ 8.8 Hz), 31.6 (d, J ¼ 6.3 Hz), 26.9, 24.9 (t, J ¼
3.8 Hz), 19.6 (d, J ¼ 5.0 Hz), 16.1, 15.1 (d, J ¼ 3.8 Hz). IR

(film): m ¼ 2966, 1775, 1747, 1456, 1360, 1286, 1168, 1069,

972, 931 cm�1. MS (EI, m/z, %): 344 (Mþ, 100). HRMS:
C16H24O6S calcd.: 344.1294, found: 344.1289.

3c: Oil. 1H-NMR (500 MHz, CDCl3): 4.75–4.30 (m, 3H),

3.63 (dd, J ¼ 15.0, 4.5 Hz, 1H), 3.07 (dd, J ¼ 15.5, 4.0 Hz,
1H), 2.85–2.78 (m, 1H), 2.72–2.66 (3c1) and 2.56–2.49 (3c2)
(m, 1H), 2.45–2.22 (m, 3H), 2.15–2.13 (m, 1H), 2.11–2.02 (m,
1H), 1.97 (d, J ¼ 18.5 Hz, 1H), 1.75–1.65 (m, 1H), 1.51–1.44
(m, 1H), 1.23 (dd, J ¼ 6.5, 3.0 Hz, 3c1) and 1.17 (d, J ¼ 7.5

Hz, 3c2) (3H), 1.10 (s, 3H), 0.88 (s, 3H). 13C-NMR (125
MHz, CDCl3): 214.3, 175.7(d, J ¼ 2.5 Hz), 175.4, 83.3 (d, J
¼ 2.5 Hz), 79.2 (d, J ¼ 5.0 Hz), 68.8, 68.6, 68.2, 68.0, 57.9
(d, J ¼ 3.8 Hz), 48.2, 47.4 (d, J ¼ 3.8 Hz), 47.2 (d, J ¼ 2.5
Hz), 42.7 (d, J ¼ 3.8 Hz), 42.5 (d, J ¼ 2.5 Hz), 36.4 (d, J ¼
3.8 Hz), 36.2, 31.9, 31.8, 31.7, 26.9, 24.9 (d, J ¼ 2.5 Hz),
24.8, 19.6 (d, J ¼ 3.8 Hz), 18.0, 13.5. IR (film): m ¼ 2965,
1785, 1747, 1456, 1418, 1361, 1283, 1214, 1166, 1054, 975,
933 cm�1. MS (EI, m/z, %): 344 (Mþ, 100). HRMS:

C16H24O6S calcd.: 344.1294, found: 344.1277.
3d: Oil. 1H-NMR (500 MHz, CDCl3): 4.73–4.69 (m, 1H),

4.51 (ddd, J ¼ 20.0, 11.5, 3.5 Hz, 1H), 4.33 (ddd, J ¼ 19.5,
11.5, 5.5 Hz, 1H), 3.63 (dd, J ¼ 15.5, 8.0 Hz, 1H), 3.08 (d, J
¼ 15.0 Hz, 1H), 2.45–2.37 (m, 2H), 2.20–2.13 (m, 2H), 2.10–

2.01 (m, 1H), 1.99–1.95 (m, 2H), 1.75–1.67 (m, 1H), 1.51–
1.45 (m, 1H), 1.32 (s, 3H), 1.30 (s, 3H), 1.10 (s, 3H), 0.89 (s,
3H). 13C-NMR (125 MHz, CDCl3): 214.3 (d, J ¼ 8.8 Hz),
180.8, 73.6 (d, J ¼ 3.8 Hz), 69.9, 69.6, 57.9, 48.2, 47.4 (d, J
¼ 10.0 Hz), 42.7, 42.5 (d, J ¼ 2.5 Hz), 40.0 (d, J ¼ 2.5 Hz),

38.4 (d, J ¼ 7.5 Hz), 26.9, 24.9 (d, J ¼ 3.8 Hz), 24.8 (d, J ¼
3.8 Hz), 24.7 (d, J ¼ 2.5 Hz), 19.6. IR (film): m ¼ 2967, 1775,
1747, 1457, 1361, 1280, 1207, 1169, 1130, 1067, 983, 926
cm�1. MS (EI, m/z, %): 358 (Mþ, 100). HRMS: C17H26O6S
calcd.: 358.1451, found: 358.1441.

3e: Oil. 1H-NMR (500 MHz, CDCl3): 4.65–4.55 (m, 1H),
4.45–4.34 (m, 2H), 3.64 (dd, J ¼ 15.0, 8.5 Hz, 1H), 3.09 (d, J ¼
15.0 Hz, 1H), 2.65–2.60 (m, 1H), 2.52–2.35 (m, 3H), 2.15–1.85
(m, 6H), 1.80–1.70 (m, 2H), 1.51–1.42 (m, 1H), 1.10 (s, 3H),

0.89 (s, 3H). 13C-NMR (125 MHz, CDCl3): 214.4, 170.1, 70.4,
70.2, 57.9, 48.2 (d, J ¼ 2.5 Hz), 47.4 (d, J ¼ 2.5 Hz), 42.7 (d, J
¼ 3.8 Hz), 42.5, 29.5, 26.9, 24.9 (d, J ¼ 11.3 Hz), 23.9 (d, J ¼
6.3 Hz), 19.6, 18.2. IR (KBr): m ¼ 2961, 1744, 1456, 1360,
1240, 1169, 1081, 1054, 963 cm�1. MS (EI, m/z, %): 344 (Mþ,
100). HRMS: C16H24O6S calcd: 344.1294, found: 344.1288.
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A method for the synthesis of previously unknown heterocyclic systems 4-((5-(difluoromethoxy)-1H-
benzo[d]imidazol-2-ylthio)methyl)tetrazolo[1,5-a]quinolines derivatives 6 has been developed based on

various substitutes 2-chloroquinoline-3-carbaldehydes 1 via the consecutive steps of conversion into tet-
razolo[1,5-a]quinoline-4-carbaldehyde 2 on treatment with sodium azide which upon reduction to the
corresponding alcohol derivatives 3, conversion to chlorides 4 with thionyl chloride followed by the
coupling with 5-(difluoromethoxy)-1H-benzo[d]imidazole-2-thiol 5. The synthesized titled compounds

(6a–e) were screened for the antibacterial activity against gram positive and gram negative bacteria.

J. Heterocyclic Chem., 47, 441 (2010).

INTRODUCTION

Quinoline ring systems represent a major class of het-

erocycles in which benzene ring is fused with pyridine

ring. The derivatives of quinoline exhibit diverse biolog-

ical and physiological activities such as antimalarial

[1a], anti-inflammatory [1b], antitumor [1c], DNA bind-

ing capacity [1d], and antibacterial properties [1e].

Recently, quinoline has been employed in the study of

bio-organic and bio-organometallic processes [1f]. The

quinoline skeleton is often used as a key intermediate

for the design of many pharmacologically important

synthetic compounds [2].

The tetrazole group has considered analogous to car-

boxylic group [3] as a pharmacophore. Several substi-

tuted tetrazoles show pronounced activities such as anti-

fertility [4a], CNS depressant [4b], antimicrobial [4c],

anti-inflammatory [4d], and antiaids [4e]. The most

prominent pharmaceutical application of tetrazoles is as

angiotensin II receptor antagonists for the treatment of

high-blood pressure [5]. The fusion of quinoline to the

tetrazole ring is known to increase the biological activity

[6]. In particular, tetrazolo[1,5-a]quinoline-4-carbalde-

hyde serves as a key synthetic intermediate for the syn-

thesis of novel medicinally valuable compounds [7].

Benzimidazole scaffold has received extensive atten-

tion since the fact that it is a component of vitamin B12

[8]. The derivatives of benzimidazole are possessed broad

spectrum of biological activities including antibacterial,

antiviral [9a], antitumor [9b], antimutagens [9c], cardio-

vascular [9d], anticalmodulin [9e], and many other activ-

ities are well documented [10]. In particular, mercapto

benzimidazole is used for the synthesis of the most known

prazole drugs pantoprazole [11a], omeprazole [11b], rabe-

prazole [11c], and lansoprazole [11d] which are antiulcer-

ous agents useful in the treatment of stomach and duode-

nal ulcers. By all means, benzimidazole acts as ‘‘privi-

leged substructure’’ for drug design [12]. Among these,

pantoprazole is the proton pump inhibitor drug used in

gastroesophageal reflux disease and as antihelicobacter

agent [13] for the treatment of gastrointestinal disorders.

Pyridine and 5-difluoromethoxy-2-mercapto-1H-benzim-

idazole are the two key constituents of this drug.

After the extensive literature search, it was observed

that quinoline, tetrazole, 2-mercapto-1H-benzimidazole
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are the important pharmacophore, but till date enough

efforts have not been made to combine these three moi-

eties as a single molecular scaffold. So, our object was

to synthesize and biological screening of a series of new

compounds incorporating these moieties.

RESULTS AND DISCUSSION

In continuation of our work [14] herein, we report a

simple method for the synthesis of novel 4-((5-(difluoro-

methoxy)-1H-benzo[d]imidazol-2-ylthio)methyl)tetrazolo

[1,5-a]quinolines in excellent yields (Scheme 1).

The derivatives of tetrazolo[1,5-a]quinoline-4-carbal-

dehyde 2a–e were prepared from substituted 2-chloroqui-

noline-3-carbaldehyde 1a–e on treatment with sodium az-

ide in the presence of acetic acid. The reactions were car-

ried out using DMSO as a solvent at 40�C. The products

formed in 81–85% yields (Table 1, entries 1–5).

The synthesized tetrazolo[1,5-a]quinoline-4-carbalde-

hydes 2a–e on reduction with sodium borohydride at

room temperature stirring in methanol formed the deriv-

atives of (tetrazolo[1,5-a]quinolin-4-yl)methanol 3a–e in

excellent 94–97% yields within only 10 min (Table 1,

entries 6–10).

These (tetrazolo[1,5-a]quinolin-4-yl)methanol 3a–e

derivatives when reacted with thionyl chloride in the

presence of catalytic amount of DMF formed substituted

4-(chloromethyl)tetrazolo[1,5-a]quinolines 4a–e. The

reactions were carried out in DCM at reflux temperature

to give the products in excellent yields (97–98%) (Table

1, entries 11–15).

The reaction of 4-(chloromethyl)tetrazolo[1,5-a]quino-

line 4a–e with 5-(difluoromethoxy)-1H-benzo[d]imida-

zole-2-thiol 5 afforded the titled compounds 4-((5-

(difluoromethoxy)-1H-benzo[d]imidazol-2-ylthio)methyl)

tetrazolo[1,5-a]quinolines 6a–e. The mixture was stirred at

room temperature in acetone. The progress of the reaction

was monitored by thin layer chromatography (8:2—hex-

ane: ethyl acetate solvent system). The reaction proceeded

smoothly under basic condition (K2CO3 was used as a

base), and completed in 1 h to afford the corresponding ti-

tled compounds in very high yields (93–98%) (Table 1,

entries 16–20). The chemical structures of all the new

compounds were confirmed by IR, 1H NMR, 13C NMR,

mass spectroscopic data, and elemental analysis.

The titled compounds (6a–e) were screened for anti-

bacterial activities against Gram positive Bacillus subti-
lis, Staphylococcus aureus, and Gram negative Esche-
richia coli, Salmonella aboney bacteria. The compounds

Scheme 1
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tested are compared against the standard (Streptomycin)

by measuring the diameter of zone of inhibition. Almost

all the compounds tested exhibited moderate activity

against Gram positive bacteria and a few compounds

were found to be active against Gram negative bacteria

used in this study (Table 2).

EXPERIMENTAL

All the melting points were determined in open capillaries

in a paraffin bath and are uncorrected. 1H NMR spectra were
recorded on Mercury Plus Varian in DMSO-d6 at 400 MHz
and Bruker DRX-300 in CDCl3 at 300 MHz using TMS as an
internal standard. IR spectra were recorded on a Perkin-Elmer

FTIR model as KBr discs. 13C NMR spectrum was recorded
on Bruker DRX-300 at 75 MHz using TMS as an internal
standard. Mass spectra were recorded on Micromass Quattro II
using Electrospray Ionization technique. The elemental analy-
sis was carried out on Flash EA 1112, 50/60 Hz, 1400 VA

CHN analyzer. The progress of the reactions was monitored
by TLC.

General procedure. Tetrazolo[1,5-a]quinoline-4-carbal-
dehydes (2a–e). A mixture of 2-chloroquinoline-3-carbalde-
hyde (10 mmol), sodium azide (1.0 g) in water (5 mL), acetic

acid (2 mL), and dimethyl sulphoxide (100 mL) was stirred at
40�C for 3 h. The reaction mixture was allowed to remain at
room temperature overnight. A white crystalline solid formed
was filtered off, washed with water, dried, and recrystallized
from acetone.

(Tetrazolo[1,5-a]quinolin-4-yl)methanol (3a–e). To the
stirred solution of tetrazolo[1,5-a]quinoline-4-carbaldehydes (10
mmol) in 15 mL methanol was slowly added sodium borohydride
(0.25 g) at room temperature. The progress of reaction was moni-

tored on TLC (8:2—petroleum ether:ethyl acetate). After the
completion of the reaction (10 min), the reaction mixture was

concentrated under reduced pressure to obtain residue. To this
residue, ice cold water was added and the solid obtained was fil-

tered off to get product 3. ES-MS: m/z 201 (m þ 1).
4-(Chloromethyl)tetrazolo[1,5-a]quinolines (4a–e). To the

stirred solution of (tetrazolo[1,5-a]quinolin-4-yl)methanol (10
mmol) in DCM (10 mL) was added dropwise a solution of
SOCl2 (2 mL) in 5 mL DCM. After the complete addition,

four to five drops of DMF was added to this mixture and
stirred it for 1 h at reflux temperature. The reaction progress
was monitored by the TLC (9:1—petroleum ether:ethyl ace-
tate), after complete conversion, distilled out the solvent in a
rota-evaporator under reduced pressure to get the product.

4-((5-(Difluoromethoxy)-1H-benzo[d]imidazol-2-ylthio)methyl)
tetrazolo[1,5-a]quinolines (6a–e). To the stirred solution of 5-
(difluoromethoxy)-1H-benzo[d]imidazole-2-thiol 5 (10 mmol)
in 20 mL of acetone was added K2CO3 (15 mmol) stirred the

contents for 10 min. To this solution, 4-(chloromethyl)tetra-
zolo[1,5-a]quinoline (10 mmol) was added and continued the
stirring for 50 min at room temperature. The reaction progress
was monitored by the TLC (8:2—petroleum ether:ethyl ace-
tate), after complete conversion, the solvent was removed in a

rota-evaporator under reduced pressure. The obtained product
was purified by silica gel (60–120 mesh) column chromato-
graphic technique using petroleum ether:ethyl acetate (8:2) as
an eluent.

Antibacterial activity. All the compounds (6a–e) were

screened for antibacterial activities against Gram positive Ba-
cillus subtilis, Staphylococcus aureus (ATCC 6538), and Gram
negative Escherichia coli (ATCC 8739), Salmonella aboney
(NCTC 6017) bacteria using Streptomycin (Strept.) as a stand-
ard. Petri dishes and necessary glassware were sterilized in hot

air oven (190�C, 45 min). The nutrient agar and saline (0.82%
NaCl) were sterilized in autoclave (121�C, 15 psi, 20 min).
Inoculum was prepared in sterile saline (0.82% NaCl) and the
optical density of all pathogens was adjusted to 0.10 at 625

nm on a Chemito Spectrascan UV 2600 Spectrophotometer
that is equivalent to 0.5McFarland Standards [15]. The nutrient

Table 1

Physical data of the synthesized compounds.

Entry Compound R1 R2 R3 Yield (%) M.P. (�C)

1 2a H H H 81 240–241

2 2b CH3 H H 83 230–231

3 2c H H CH3 85 223–224

4 2d OCH3 H H 81 226–227

5 2e H OCH3 H 82 238–239

6 3a H H H 96 189–190

7 3b CH3 H H 95 195–196

8 3c H H CH3 94 199–200

9 3d OCH3 H H 96 219–220

10 3e H OCH3 H 97 231–232

11 4a H H H 96 202–203

12 4b CH3 H H 97 188–189

13 4c H H CH3 98 177–178

14 4d OCH3 H H 98 185–186

15 4e H OCH3 H 97 166–167

16 6a H H H 93 225–226

17 6b CH3 H H 95 222–223

18 6c H H CH3 97 227–228

19 6d OCH3 H H 94 205–206

20 6e H OCH3 H 98 195–196
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agar plates were prepared by the pour plate method. The activ-
ity of the compounds was tested by disc diffusion method (pa-
per disc method). All the bacterial cells were cultured in nutri-

ent agar plates and the compounds to be tested were dissolved
in N,N-dimethylformamide and were soaked on paper disc.
The discs were placed into the plates and incubated at 37�C
for 24 h. The diameter (mm) of the zone of inhibition around
each disc was measured and results were recorded (Table 2).

Spectroscopic data. (3a) IR (KBr, cm�1): 3352 (OH), 1604
(C¼¼C). 1H NMR (CDCl3þDMSO-d6, 300 MHz, d ppm): 5.20 (s,
2H, CH2AOH), 7.71 (t, 1H, J ¼ 7.5 Hz, Ar-H), 7.84 (t, 1H, J ¼
7.5, 7.8 Hz, Ar-H), 8.0 (d, 1H, J ¼ 7.8 Hz, Ar-H), 8.09 (s, 1H, Ar-
H), 8.65 (d, 1H, J ¼ 8.1 Hz, Ar-H). ES-MS (m/z): 201 (Mþ 1).

(4a) IR (KBr, cm�1): 1610 (C¼¼C). 1H NMR (CDCl3, 300
MHz, d ppm): 5.12 (s, 2H, CH2ACl), 7.74 (t, 1H, J ¼ 7.5 Hz,
Ar-H), 7.90 (t, 1H, J ¼ 7.5, 7.8 Hz, Ar-H), 8.0 (d, 1H, J ¼
7.8 Hz, Ar-H), 8.06 (s, 1H, Ar-H), 8.69 (d, 1H, J ¼ 8.4 Hz,

Ar-H). ES-MS (m/z): 219 (M þ 1), 221 (M þ 3).
(6a) IR (KBr, cm�1): 3241 (NH), 1606 (C¼¼C). 1H NMR

(DMSO-d6, 400 MHz, d ppm): 4.98 (s, 2H, SACH2), 6.94–
7.13 (m, 2H, OACHAF and Ar-CH), 7.25 (s, 1H, Ar-CH),
7.44 (s, 1H, Ar-CH), 7.75 (t, 1H, J ¼ 7.2 Hz, Ar-CH), 7.92 (t,
1H, J ¼ 7.2 Hz, Ar-CH), 8.14 (d, 1H, J ¼ 8.0 Hz, Ar-CH),
8.28 (s, 1H, Ar-CH), 12.8 (s, 1H, NH). ES-MS: m/z 399.1 (M
þ 1). Elemental analysis: Calc.: C: 54.27%, H: 3.04%, N:
21.09%. Found: C: 53.92%, H: 2.83%, N: 20.79%.

(6b) IR (KBr, cm�1): 3245 (NH), 1611 (C¼¼C). 1H NMR
(CDCl3þDMSO-d6, 300 MHz, d ppm): 2.54 (s, 3H, CH3), 4.99 (s,
2H, SACH2), 6.28–6.81 (td, 1H, J ¼ 8.7, 66.6 Hz, OACHAF),
6.96 (t, 1H, J ¼ 6.6 Hz, Ar-CH), 7.10 (s, 1H, Ar-CH), 7.27 (d, 1H,
J ¼ 8.4 Hz, Ar-CH), 7.60–7.66 (m, 2H, Ar-CH), 8.06 (d, 1H, J ¼
5.1 Hz, Ar-CH), 8.49 (d, 1H, J ¼ 8.4 Hz, Ar-CH), 12.25 (s, 1H,
NH). 13C NMR (CDCl3þDMSO-d6, 75 MHz, d ppm): 20.79 (Ar-
CH3), 30.91 (SACH2), 108.55 (Ar-C), 110.39 (Ar-C), 113.76 (Ar-
C), 114.34 (Ar-C), 115.69 (Ar-C), 116.03 (Ar-C), 117.86, (Ar-C),
122.12 (Ar-C), 123.45 (Ar-C), 127.56 (Ar-C), 128.07 (Ar-C),
131.51 (Ar-C), 131.82 (Ar-C), 137.86 (Ar-C), 146.01 (Ar-C),
146.52 (Ar-C), 158.08 (OACHAF2). ES-MS: m/z 413.4 (M þ 1).
Elemental analysis: Calc.: C: 55.33%, H: 3.42%, N: 20.38%.
Found: C: 55.02%, H: 3.09%, N: 20.01%.

(6d) IR (KBr, cm�1): 3250 (NH), 1606 (C¼¼C). 1H NMR
(CDCl3þDMSO-d6, 300 MHz, d ppm): 3.93 (s, 3H, OACH3),
4.98 (s, 2H, SACH2), 6.25–6.77 (td, 1H, J ¼ 8.7, 66.0 Hz,
OACHAF), 6.98 (td, 1H, J ¼ 2.1, 2.7 Hz, Ar-CH), 7.13 (d,
1H, J ¼ 2.1 Hz, Ar-CH), 7.22 (dd, 1H, J ¼ 2.1, 2.7 Hz, Ar-
CH), 7.39–7.46 (m, 1H, Ar-CH), 7.63 (d, 1H, J ¼ 8.7 Hz, Ar-
CH), 8.02 (d, 1H, J ¼ 7.2 Hz, Ar-CH), 8.52 (d, 1H, J ¼ 9.0
Hz, Ar-CH), 12.16 (s, 1H, NH). ES-MS: m/z 429.1 (M þ 1).
Elemental analysis: Calc.: C: 53.27%, H: 3.29%, N: 19.62%.
Found: C: 52.96%, H: 3.03%, N: 19.28%.
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A simple and effective Paal-Knorr condensation of 2, 5-hexanedione with most amines has been car-

ried out at room temperature under solvent-free condition. The pyrroles were obtained in high yields
and in short reaction times.

J. Heterocyclic Chem., 47, 446 (2010).

INTRODUCTION

Pyrroles and their derivatives are very important het-

erocyclic compounds. They constitute the core unit of

many natural products and serve as building blocks for

porphyrin synthesis [1–3]. A few substituted pyrroles

have been shown to possess extensively pharmacological

activities and various interesting biological activities

including anticancer, antimycobacterial, and antiviral

properties [4–6].

The Paal-Knorr reaction is an important method for

the synthesis of substituted pyrroles. Recently, clay-cata-

lyzed [7,8], iodine [9], aluminum oxide [10], proton

acid [11,12], Lewis acid [13,14], ionic liquids [15],

microwave-assisted reactions [16,17], and solvent-free

reaction [18,19] have been utilized for the preparation

of pyrroles under Paal-Knorr condition. However, they

are not very satisfactory with regard to reaction condi-

tions, such as the use of the toxic solvent, prolonged

reaction time, violence of reaction, difficulty of separa-

tion and purification. Therefore, it is necessary to de-

velop a simple, efficient, and more general method for

the synthesis of this useful heterocyclic nucleus.

RESULTS AND DISCUSSION

Herein, we wish to report our study on the synthesis

of pyrroles by using heterogeneous catalysts. It has been

observed that macroporous strongly acidic styrene resin

(D001), which equals to Amberlite 200 (USA) and Lew-

atit SP-210 (Germany), is an efficient catalyst for con-

struction for substituted pyrroles from amines and 2,5-

diketone (Scheme 1). Our initial study was started by

reacting aniline with 2,5-diketone under various cata-

lysts. The results are summarized in Table 1.

It was found that pyrrole 3a products (3, Scheme 1)

were obtained in low yields by using D152 as catalyst

(entries 1, Table 1). Although reaction yields were very

high when the NKC-9 and NR-50 were first performed

Scheme 1
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in this reaction as catalysts, the reaction yields were

sharply decreased when recycling these catalysts (entries

3, 4, Table 1). Inspiringly, the reaction yield little

reduced when recycling D001 as catalyst (entries 5, 6,

7, Table 1). However, increasing amount of catalyst in

excess had hardly raised yields of pyrrole 3a (entries 7,

Table 1). After a comprehensive survey of the reaction

conditions, acidic styrene resin (D001) was considered

as appropriate catalysis for Paal-Knorr reaction. Subse-

quently, a variety of amines were examined using this

method (Scheme 1). The results are listed in Table 2.

Aniline and its derivatives bearing whether electron

withdraw group or electron donating group could imple-

ment Paal-Knorr reaction with 2,5-hexanedione in good

yields at room temperature (entries 2, 3, 4, 5, 6, Table

2). The position of substitution group seldom had effect

on reaction yields. However, it was necessary that reac-

tion time was prolonged when meta-substituted substrate

was used for this reaction (entries 3, 6, Table 2). More-

over, naphthylamine and aliphatic amines also could

afford the corresponding pyrroles under the same condi-

tion smoothly (entries 7, 8, 9, 10, Table 2). Inspiringly,

when ethylene diamine was used in the present reaction,

the product 3j [1, 2-di (2, 5-dimethyl-1-pyrrole)-ethane]

was formed with two units of pyrrole ring (entries 10,

Table 2).

EXPERIMENTAL

IR (Perkin-Elmer, 2000 FTIR), 1H-NMR (CDCl3, 500
MHz), 13C-NMR (CDCl3, 125.7 MHz), and MS-GC (HP5890
(II)/HP 5972, EI) spectra were obtained at the Center of Ana-
lytical Configuration of University of Science and Technology
of China. Flash chromatographic sheet employed was pur-

chased from Anhui Liangchen Silicon Material Co., and all
material from Aldrich and used directly as received.

General procedure for the synthesis of pyrroles. To a
mixture of an amine (3 mmol) and hexane-2,5-dione (3 mmol)
resin (D001, 100 mg) was added. The mixture was stirred at

room temperature and the reaction was monitored by TLC. After
completion of the reaction, the mixture was extracted with
CH2Cl2, and filtered, the organic phase washed with saturated
brine, dried over anhydrous magnesium sulfate, and concentrated

Table 1

Effect of various resin catalysts on the Paal-Knorr reaction between aniline (2.4 mmol) with 2,5-diketone (2.0 mmol).

Entry Catalyst Functional group Resin type Raw catalyst yield (3a)/%a,b,c Recycling catalyst yield (3a)/% a,b,c

1 D152 (0.05g) ACOOH Acrylic acid 47 31

2 D072 (0.05g) ASO3H Styrene 81 76

3 NKC-9 (0.05g) ASO3H Styrene 95 83

4 NR-50 (0.05g) ASO3H Nafion-vinyl 91 85

5 D001 (0.05g) ASO3H Styrene 90 88

6 D001 (0.1g) ASO3H Styrene 93 91

7 D001 (0.15g) ASO3H Styrene 91 90

a Products were identified by IR, 1H-NMR, 13C-NMR, and HRMS.
b Reaction time was 1.0 h.
c The reaction medium is solvent-free.

Table 2

Resin (D001) catalyzed Paal-Knorr condensation between amines and 2,5-dione.

Entry RNH2 Time (h) Producta,b (Yield)/% Ref Entry RNH2 Time (h) Producta,b (Yield)/% Ref

1 1.0 3a (93) 9 6 2.5 3f (83) 19

2 1.0 3b (89)c 19 7 1.0 3g (85)c 9

3 1.5 3c (85) 19 8 2.0 3h (91) 16

4 0.5 3d (91)c 9 9 1.5 3i (82) 3i

5 0.5 3e (87)c 19 10 2.0 3j (76) 9

a Products were identified by IR, 1H-NMR, 13C-NMR, and HRMS.
b Isolated yields.
c Reaction temp was at 60�C.
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in vacuo. The pure products were obtained by flash chromatogra-
phy on silica gel eluting with petroleum ether/EtOAc (1:4, V:V),
and identified by IR, 1H-, 13C-NMR, and HRMS.

1-Octyl-2,5-dimethylpyrrole (3i). IR: 3035.2, 2983.5,
1593.6, 1466.5, 1340.2, 976.3, 810.3 cm�1; 1H-NMR (CDCl3,

300 MHz) d: 5.76 (s, 2H, 2�CH), 3.73 (t, J ¼ 7.8, 2H,
CH2N), 2.19 (s, 6H, 2�CH3), 1.68–1.74 (m, 2H, CH2), 1.33–
1.45 (m, 12H, 6�CH2), 0.97 (t, J ¼ 7.6, 3H, CH3);

13C-NMR
(CDCl3, 75 MHz) d: 12.71, 14.21, 24.62, 30.50, 31.10, 31.59,
32.30, 35.73, 47.82, 107.66, 129.84; HRMS: calcd for

C14H27N: 209.3707, found: 209.3695.
In conclusion, it was very appropriate that macroporous

strongly acidic styrol resin (D001) was employed as catalyst
for the Paal-Knorr reaction. Various amines underwent the ear-
lier reaction with 2,5-hexanedione to produce different substi-

tuted pyrroles in high yields. The majority of reactions were
carried out at room temperature and a shorter period of time
(0.5–2.5 h). The reaction conditions are very mild, and no sol-
vent was used to carry out the reaction.

REFERENCES AND NOTES

[1] Nonn, A. Angew Chem Int Ed 1995, 34, 1795.

[2] Weidner, M. F.; Sigurdsson, S. T. Biochemistry 1990, 29,

9225.

[3] Woo, J.; Sigurdsson, S. T. J Am Chem Soc 1993, 115,

3407.

[4] Cooney, J. V.; McEwen, W. E. J Org Chem 1981, 46,

2570.

[5] Lee, D.; Swager, T. M. J Am Chem Soc 2003, 125, 6870.

[6] Peschko, C.; Winklhofer, C.; Terpin, A.; Steglich, W. Syn-

thesis 2006, 3048.

[7] Sanmadjar, S.; Besker, F. F.; Banik, B. K. Heterocycles

2001, 55, 1019.

[8] Song, G.; Wang, B.; Wang, G.; Kang, Y.; Yang, T.; Yang,

L. Synth Commun 2005, 35, 1051.

[9] Banik, B. K.; Samajdar, S.; Bnik, I. J Org Chem 2004, 69,

213.

[10] Ballini, R.; Barboni, L.; Bosica, G.; Petrini, M. Synlett

2000, 391.

[11] Balme, G. Angew Chem Int Ed 2004, 43, 6238.

[12] Bianchi, I.; Forlani, R.; Minetto, G.; Peretto, I.; Regalia, N.;

Taddei, M.; Raveglia, L. F. J Comb Chem 2006, 8, 491.

[13] Banik, B. K.; Banik, I.; Renteria, M.; Dasgupta, S. K. Tet-

rahedron Lett 2005, 46, 2643.

[14] Chen, J.; Wu, H.; Zheng, Z.; Jin, C.; Zhang, X.; Su, W.

Tetrahedron Lett 2006, 47, 5383.

[15] Wang, B.; Gu, Y.; Luo, C.; Yang, T.; Yang, L.; Suo, J. Tet-

rahedron Lett 2004, 45, 3417.

[16] Danks, T. N. Tetrahedron Lett 1999, 40, 3957.

[17] Werner, S.; Iyer, P. S. Synlett 2005, 9, 1405.

[18] Das, B.; Reddy, K. R.; Teddy, M. R.; Thirupathi, P.; Rao,

Y. K. Indian J Heterocycl Chem 2004, 45, 3417.

[19] Zhu, X. H.; Chen, G.; Xu, Z. L.; Wan, Y. Q. Chin J Org

Chem 2008, 28, 115.

448 Vol 47S. Yuan, Z. Li, and L. Xu

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



New Polycyclic Ring Systems Derived from Canthin-4-one

Andreas Puzik and Franz Bracher*

Department of Pharmacy, Center for Drug Research, Ludwig-Maximilians University,

Butenandtstr. 5-13, 81377 Munich, Germany

*E-mail: Franz.Bracher@cup.uni-muenchen.de

Received July 30, 2009

DOI 10.1002/jhet.302

Published online 23 February 2010 in Wiley InterScience (www.interscience.wiley.com).

Starting from 5,6-dihydrocanthin-4-one, new penta- and hexacyclic ring systems (1,7b,14-triazadi-
benzo[e,k]acephenanthrylenes, 1,7b,10,12-tetraazabenzo[e]acephenanthrylenes) were built up using ring
annelation reactions. The new compounds represent hybrids between the canthinones and several bioac-

tive aromatic alkaloids

J. Heterocyclic Chem., 47, 449 (2010).

INTRODUCTION

Polycyclic aromatic compounds, especially alkaloids

from terrestric and marine sources [1], have been shown

to exhibit significant biological activities. Some promi-

nent examples are the marine pyridoacridone type alka-

loids [2], e.g., the cytotoxic metabolites ascididemine

(1a) [3] and 2-bromoleptoclinidinone (1b) [4] from tuni-

cates, the antifungal alkaloid sampangine (2) [5] from

Annonaceae, the cytotoxic alkaloid camptothecin (3)

[6], and the antileishmanial b-carboline annomontine (4)

[7] (Scheme 1).

Very recently, we reported on the first efficient entry

to the canthin-4-one ring system starting from 1-acyl-b-
carbolines, including total syntheses of the alkaloids

tuboflavine and norisotuboflavine [8]. In continuation of

our concept on the synthesis of hybrids between biologi-

cally active natural products and established drugs [9],

we intended to attach additional heterocyclic rings to

the canthin-4-one ring system, to combine the said tetra-

cyclic ring system with structural elements of the alka-

loids 1–4. Of special interest were polycyclic aromatic

compounds containing quinoneimine partial structures,

as can be found in the alkaloids 1a/b and 2. This struc-

tural element seems to be of importance for the biologi-

cal activities of the alkaloids, even though hetero ana-

logues missing the carbonyl group have been described

to exhibit significant antimicrobial activities as well

[10]. The new polycyclic compounds might act as DNA

intercalators in cancer and microbial cells.

The target compounds were envisaged to contain ei-

ther an anellated quinoline ring, to gain similarity to

ascididemine (1a), related pyridoacridones, and campto-

thecin (3), or a pyrimidine ring, to obtain rigid ana-

logues of the aminopyrimidyl-b-carboline alkaloid anno-

montine (4).

We intended to prepare the target compounds starting

from 5,6-dihydrocanthin-4-one (7) [11] using established

methods for the synthesis of fused heterocyclic ring

systems.

RESULTS AND DISCUSSION

So the first objective of this project was to work out

an efficient synthesis of the central building block 7.

For this purpose different strategies were tackled.

In the first approach, canthin-4-one (5), which is con-

veniently accessible from 1-acetyl-b-carboline and Bre-

dereck’s reagent (tert-butoxy-bis(dimethylamino)-meth-

ane) [8] in a 1-pot reaction, was submitted to catalytic

hydrogenation. Using Pd on charcoal as catalyst we

observed only very poor (<5%) conversion, with the

secondary alcohol 6 being produced in traces, accompa-

nied by products of over-reduction. Hydrogenation with

PtO2 (Adams catalyst), however gave the alcohol 6 in

70% yield. Subsequent oxidation with manganese diox-

ide gave the desired 5,6-dihydrocanthin-4-one (7) in

good yield (71%) (Scheme 2).
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We investigated an alternative approach to the ketone

7 via a Parham cyclization [12]. This reaction represents

a convenient, but poorly applied method for the prepara-

tion of cyclic aryl ketones starting from an aryl bromide

containing a neighboring alkoxycarbonylalkyl chain via
intermediate bromo-lithium exchange, followed by intra-

molecular nucleophilic attack of the organolithium spe-

cies at the ester group. A suitable precursor 9 for our

purpose was obtained by Michael-type nucleophilic

addition of 1-bromo-b-carboline (8) [13] to methyl acry-

late. Bromo-lithium exchange of 9 was performed with

n-butyllithium in THF at –100�C; upon warming to

room temperature cyclization took place to give 5,6-

dihydrocanthin-4-one (7) in 29% yield.

In conclusion, the first approach starting from can-

thin-4-one (5) remains the more effective one for the

preparation of ketone 7.

Friedländer-type condensation [14] of the ketone 7

with 2-aminobenzaldehyde, freshly prepared from 2-

nitrobenzaldehyde [15], and ethanolic KOH gave the

quinoline derivative 10 in 87% yield. This hexacyclic

1,7b,14-triazadibenzo[e,k]acephenanthrylene ring system

has not yet been described in literature. To achieve a

quinoneimine-like partial structure (compare the alka-

loids 1a/b, 2) the methylene group in 10 had to be

oxidized. This reaction proceeded with ease using man-

ganese dioxide in chloroform [16], and the carbonyl

compound 11 was obtained in 54% yield (Scheme 3).

The anellation of an aminopyrimidine ring to give a

rigid analogue of annomontine (4) was performed in

close analogy to our total synthesis of annomontine

[14b]. Thus, 5,6-dihydrocanthin-4-one (7) was heated

with Bredereck’s reagent in DMF to give the enamino-

ketone 12, which was further heated with guanidinium

carbonate to give the aminopyrimidine 13 in 78% over-

all yield. Again, the resulting 1,7b,10,12-tetraazaben-

zo[e]acephenanthrylene ring system has not been

described in literature before.

By treating the intermediate enaminoketone 12 with

ammonium formate and formamide in formic acid [17]

the pyrimidine 14 was obtained in 40% yield. Once

again oxidation with manganese dioxide gave the corre-

sponding carbonyl compound 15 containing a quinonei-

mine partial structure in high yield.

In conclusion, an effective approach towards 5,6-dihy-

drocanthin-4-one (7) has been developed. This ketone

served as a versatile building block for the synthesis of

hitherto unknown penta- and hexacyclic ring systems.

Presently, the new compounds undergo screenings for

cytotoxic and antimicrobial activities, the results will be

presented elsewhere in due time.

EXPERIMENTAL

General. Elementar analysis: Heraeus CHN Rapid; MS:

Hewlett Packard MS-Engine, electron ionization (EI) 70 eV,
chemical ionization (CI) with CH4 (300 eV); NMR: Jeol GSX
400 (1H: 400 MHz, 13C: 100 MHz); Melting points were deter-
mined on a Büchi Melting Point B-540 apparatus and are
uncorrected, flash column chromatography (FCC): silica gel 60

(230–400 mesh, E. Merck, Darmstadt).
(6)-5,6-Dihydro-4H-indolo[3,2,1-de][1,5]naphthyridin-4-

ol (6). A suspension of canthin-4-one (5) [8] (100 mg, 0.454
mmol) and PtO2 (25 mg) in 35 mL ethanol was stirred under a

hydrogen atmosphere at atmospheric pressure for 30 min. Af-
ter filtration and evaporating the solvent, the residual solid was
purified by FCC (dichloromethane:ethanol, 14:1, v/v) to give
71 mg (70%) 6 as a light yellow solid. mp 171�C; 1H nmr
(deuterochloroform): d 8.26 (d, J ¼ 5.5 Hz, 1H, 2-H), 8.12

(ddd, J ¼ 8.0 Hz, J ¼ 1.7 Hz, J ¼ 0.7 Hz, 1H, 11-H), 7.82 (d,
J ¼ 5.5 Hz, 1H, 1-H), 7.61 (ddd, J ¼ 8.3 Hz, J ¼ 7.2 Hz, J ¼
1.2 Hz, 1H, 9-H), 7.48 (d, J ¼ 8.3 Hz, 1H, 8-H), 7.29 (ddd, J
¼ 8.0 Hz, J ¼ 7.2 Hz, J ¼ 1.0 Hz, 1H, 10-H), 5.35 (m, 1H, 4-
H), 4.38 (m, 3H, 6-H, OH), 2.57 (m, 2H, 5-H); 13C nmr (deu-

terochloroform): 143.6 (C-3a), 141.0 (C-7a), 137.5 (C-2),
132.9 (C-11c), 128.5 (C-9), 126.8 (C-11b), 122.7 (C-11), 121.4

Scheme 1

Scheme 2
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(C-11a), 119.8 (C-10), 114.7 (C-1), 109.6 (C-8), 64.9 (C-4),
37.8 (C-6), 30.8 (C-5); ms: m/z 224 (61, Mþ), 205 (22), 168
(100), 140 (12); Anal. Calcd. for C14H12N2O: C, 74.98; H,

5.39; N, 12,49. Found: C, 74,42; H, 5,30; N, 12,33.
5,6-Dihydroindolo[3,2,1-de][1,5]naphthyridin-4-one (7). (a)

MnO2 (856 mg, 9.85 mmol) was added to a solution of 6 (170
mg, 0.758 mmol) in 7 mL chloroform, and the mixture was
stirred for 5 h at room temperature. After filtration the solution

was evaporated in vacuo, and the residue was purifieed by
FCC (dichloromethane:ethanol, 14:1, v/v) to give 119 mg
(71%) 7 as a yellow solid.

(b) A solution of 9 (259 mg, 0.777 mmol) in 7 mL anhy-

drous THF under nitrogen atmosphere was cooled to –100�C,
then a solution of n-butyllithium (1.6M in hexane; 0.49 mL,
0.77 mmol) was added slowly. The mixture was stirred at
–100�C for 1 h, and then at ambient temperature for 15 h. Af-
ter addition of 40 mL water the mixture was extracted with

dichloromethane (2 � 30 mL). The combined organic layers
were dried over Na2SO4 and evaporated in vacuo. The residue
was purified by FCC (ethyl acetate) to give 50 mg (29%) of 7.

mp 189�C; 1H nmr (deuterochloroform): d 8.63 (d, J ¼ 5.0
Hz, 1H, 2-H), 8.17 (ddd, J ¼ 7.9 Hz, J ¼ 1.8 Hz, J ¼ 0.8 Hz,

1H, 11-H), 8.02 (d, J ¼ 5.0 Hz, 1H, 1-H), 7.68 (ddd, J ¼ 8.3
Hz, J ¼ 7.3 Hz, J ¼ 1.2 Hz, 1H, 9-H), 7.50 (d, J ¼ 8.3 Hz,
1H, 8-H), 7.38 (ddd, J ¼ 7.9 Hz, J ¼ 7.3 Hz, J ¼ 0.9 Hz, 1H,
10-H), 4.56 (t, J ¼ 6.9 Hz, 2H, 6-H), 3.31 (t, J ¼ 6.9 Hz, 2H,
5-H); 13C nmr (deuterochloroform): d 191.5 (C¼¼O), 141.5 (C-

7a), 141.4 (C-11c), 140.9 (C-2), 133.9 (C-3a), 129.9 (C-11b),
129.6 (C-9), 123.0 (C-11), 121.7 (C-11a), 120.9 (C-10), 119.2
(C-1), 110.0 (C-8), 41.0 (C-6), 38.3 (C-5); ms: m/z 222 (49,
Mþ), 193 (14), 166 (24), 149 (35), 111 (40); Anal. Calcd. for
C14H10N2O: C, 75.66; H, 4.54; N, 12.60. Found: C, 75.78; H,
4.78; N, 12.50.

Methyl 3-(1-bromopyrido[3,4-b]indol-9-yl)-propanoate

(9). To a solution of 1-bromo-b-carboline (8) [13] (200 mg,

0.809 mmol) in 5 mL anhydrous DMF under a nitrogen atmos-

phere, anhydrous potassium carbonate (250 mg, 1.81 mmol)

and methyl acrylate (2.0 mL, 2.2 mmol) were added, and the

mixture was stirred at 50�C for 24 h. After adding 80 mL

water, the mixture was extracted with dichloromethane (2 �
60 mL), and the combined organic layers were dried over

Na2SO4 and evaporated. The residue was purified by FCC

(dichlormethane:ethanol, 14:1, v/v) to yield 71 mg (63%) 9 as

a colorless solid. mp 86�C; 1H nmr (deuterochloroform): d
8.20 (d, J ¼ 5.0 Hz, 1H, 3-H), 8.10 (ddd, J ¼ 7.9 Hz, J ¼ 1.0

Hz, J ¼ 0.8 Hz, 1H, 5-H), 7.92 (d, J ¼ 5.0 Hz, 1H, 4-H), 7.64

(ddd, J ¼ 8.4 Hz, J ¼ 7.1 Hz, J ¼ 1.1 Hz, 1H, 7-H), 7.57 (d,

J ¼ 8.4 Hz, 1H, 8-H), 7.33 (ddd, J ¼ 7.9 Hz, J ¼ 7.1 Hz, J ¼
0.9 Hz, 1H, 6-H), 5.11 (m, 2H, 30-H), 3.67 (s, 3H, CH3), 2.93

(m, 2H, 20-H), 13C nmr (deuterochloroform): d 171.5 (C¼¼O),

141.6 (C-8a), 138.9 (C-3), 133.7 (C-9a), 132.1 (C-4a), 129.3

(C-7), 122.6 (C-1), 121.7 (C-5), 120.9 (C-6), 120.8 (C-4b),

114.5 (C-4), 110.1 (C-8), 52.0 (CH3), 39.7 (C-30), 35.3 (C-20);
ms: m/z 334 (27, Mþ), 332 (29, Mþ), 261 (100), 259 (92), 179

(38); Anal. Calcd. for C15H13BrN2O2 C, 54.07; H, 3.93; N,

8.41. Found: C, 54.99; H, 4.28; N, 8.15.

8H-1,7b,14-Triazadibenzo[e,k]acephenanthrylene (10). A

solution of dihydrocanthin-4-one (7) (116 mg, 0.52 mmol) and

2-aminobenzaldehyde (63 mg, 0.520 mmol) in 7 mL ethanol

(96%) was treated with a solution of potassium hydroxide (29

mg, 0.52 mmol) in 0.5 mL ethanol (96%), and then the mix-

ture was refluxed for 18 h. The solvent was evaporated in

vacuo and the residue purified by FCC (dichloromethane:etha-

nol, 19:1, v/v) to yield 139 mg (87%) 10 as a yellow solid.

mp 189�C; 1H nmr ([D6]DMSO): d 8.48 (d, J ¼ 5.0 Hz, 1H,

2-H), 8.32 (s, 1H, 9-H), 8.27 (d, J ¼ 7.9 Hz, 1H, 4-H), 8.11

(d, J ¼ 8.5 Hz, 1H, 13-H), 8.04 (d, J ¼ 5.0 Hz, 1H, 3-H),

7.93 (d, J ¼ 8.0 Hz, 1H, 10-H), 7.75 (ddd, J ¼ 8.5 Hz, J ¼
8.0 Hz, J ¼ 1.1 Hz, 1H, 12-H), 7.67 (m, 2H, 7-H, 6-H), 7.59

(dd, J ¼ 8.0 Hz, J ¼ 8.0 Hz, J ¼ 1.0 Hz, 1H, 11-H), 7.36

(ddd, J ¼ 7.9 Hz, J ¼ 6.8 Hz, J ¼ 1.5 Hz, 1H, 5-H), 5.87 (s,

2H, 8-H); 13C nmr ([D6]DMSO): d 148.2 (C-14a), 147.3 (C-

13a), 140.4 (C-7a), 139.8 (C-2), 136.8 (C-14b), 136.1 (C-14c),

134.4 (C-9), 129.8 (C-12), 129.2 (C-13), 128.4 (C-6), 127.5

(C-10), 127.4 (C-9a), 127.2 (C-11), 126.5 (C-8a), 126.4 (C-

3a), 122.5 (C-4), 121.1 (C-3b), 120.2 (C-5), 116.2 (C-3), 110.4

(C-7), 45.1 (C-8); ms: m/z 307 (69, Mþ), 306 (100), 153 (27),

139 (8); HRMS Calcd. for C21H13N3: 321.0904. Found:

321.0902.
1,7b,14-Triazadibenzo[e,k]acephenanthrylen-8-one (11). To

a solution of 10 (222 mg, 0.723 mmol) in 25 mL chloroform

was added MnO2 (1.10 g, 12.7 mmol), and the mixture was
stirred at room temperature for 12 h. The inorganic precipitates
were filtered off and the filtrate was evaporated in vacuo. The
residue was purified by FCC (dichloromethane: ethanol, 14:1,
v/v), and the main fraction was crystallized from dichlorome-

thane/heptane to give 126 mg (54%) 11 as a colorless solid.
mp 313�C; 1H nmr (CF3COOD): d 9.28 (s, 1H, 9-H), 8.98 (d,
J ¼ 6.2 Hz, 1H, 2-H), 8.77 (d, J ¼ 8.0 Hz, 1H, 7-H), 8.70
(d, J ¼ 6.2 Hz, 1H, 3-H), 8.46 (d, J ¼ 7.9 Hz, 1H, 4-H), 8.42
(d, J ¼ 8.2 Hz, 1H, 13-H), 8.38 (d, J ¼ 8.0 Hz, 1H, 10-H),

8.12 (dd, J ¼ 8.2 Hz, J ¼ 7.5 Hz, 1H, 12-H), 8.00 (dd, J ¼
8.0 Hz, J ¼ 7.7 Hz, 1H, 6-H), 7.90 (dd, J ¼ 8.0 Hz, J ¼ 7.5
Hz, 1H, 11-H), 7.75 (dd, J ¼ 7.9 Hz, J ¼ 7.7 Hz, 1H, 5-H);

Scheme 3
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13C nmr (CF3COOD): d 156.4 (C¼¼O), 147.1 (C-13a), 140.3
(C-14a), 139.8 (C-7a), 139.6 (C-9), 135.9 (C-3a), 135.5 (C-2),
133.1 (C-12), 132.8 (C-6), 131.6 (C-14c), 128.4 (C-11), 128.3
(C-10), 127.2 (C-14b), 126.9 (C-13), 126.6 (C-9a), 125.2 (C-
5), 122.9 (C-4), 121.6 (C-8a), 121.2 (C-3b), 116.6 (C-3), 115.2

(C-7); ms: m/z 321 (100, Mþ), 293 (18), 265 (10), 149 (62),
133 (19); HRMS Calcd. for C21H11N3O: 321.0899. Found:
321.0902.

5-(Dimethylaminomethylene)-5,6-dihydroindolo[3, 2,1-

de]-[1,5]naphthyridin-4-one (12). To a solution of dihydro-

chanthin-4-one (7) (176 mg, 0.792 mmol) in 10 mL anhydrous

THF, tert-butoxy-bis(dimethylamino)methane (Bredereck’s rea-

gent; 0.18 mL, 0.84 mmol) was added dropwise. The mixture

was stirred under a nitrogen atmosphere for 3 h at 50�C. The
volatile components were evaporated in vacuo, and the residue

was purified by FCC (dichloromethane: ethanol:triethylamine,

13:1:1, v/v) to give 166 mg (80%) 12 as a yellow solid. Due

to partial hydrolysis of the enamine in the course of silica gel

chromatography this compound could not be obtained in abso-

lutely pure form. mp 223–225�C; 1H nmr ([D6]DMSO): d 8.42

(d, J ¼ 5.1 Hz, 1H, 1-H), 8.31 (d, J ¼ 7.9 Hz, 1H, 11-H),

8.14 (d, J ¼ 5.1 Hz, 1H, 2-H), 7.80 (d, J ¼ 8.2 Hz, 1H, 8-H),

7.77 (s, 1H, 10-H), 7.67 (dd, J ¼ 8.2 Hz, J ¼ 7.1 Hz, 1H, 9-

H), 7.36 (dd, J ¼ 7.9 Hz, J ¼ 7.1 Hz, 1H, 10-H), 5.67 (s, 2H,

6-H), 2.51 (s, 6H, N(CH3)2);
13C nmr ([D6]DMSO): d 178.4

(C¼¼O), 151.7 (C-10), 140.4 (C-7a), 139.2 (C-2), 138.9 (C-

11c), 135.6 (C-3a), 128.5 (C-9), 126.6 (C-11b), 122.7 (C-11),

120.6 (C-11a), 120.1 (C-10), 117.6 (C-1), 110.8 (C-8), 98.6

(C-5), 43.7 (CH3), 42.7 (C-6); ms: m/z 277 (22, Mþ), 234

(20), 205 (12), 169 (8), 94 (100); HRMS Calcd. for

C17H15N3O: 277.1215. Found: 277.1218.

11-Amino-8H-1,7b,10,12-tetraazabenzo[e]acephenanthry-

lene (13). A solution of dihydrocanthin-4-one (7) (120 mg,

0.540 mmol) and tert-butoxy-bis(dimethylamino)methane (0.15

mL, 0.70 mmol) in 12 mL anhydrous DMF was refluxed under a

nitrogen atmosphere for 1 h. Then guanidinium carbonate (283

mg, 2.02 mmol) was added and the mixture was refluxed for fur-

ther 5 h. After cooling to ambient temperature 20 mL saturated

sodium carbonate solution were added and the mixture was

extracted with ethyl acetate (2 � 30 mL). The combined organic

layers were dried over Na2SO4 and evaporated in vacuo, the res-

idue was purified by FCC (dichlormethane:ethanol, 9:1, v/v) to

give 115 mg (78%) 13 as a yellow solid. mp >300�C (dec.); 1H

nmr ([D6]DMSO): d 8.40 (d, J ¼ 5.3 Hz, 1H, 2-H), 8.39 (s, 1H,

9-H), 8.30 (d, J ¼ 7.9 Hz, 1H, 4-H), 8.09 (d, J ¼ 5.3 Hz, 1H, 3-

H), 7.66 (m, 2H, 7-H, 6-H), 7.36 (ddd, J ¼ 7.9 Hz, J ¼ 6.7 Hz,

J ¼ 1.5 Hz, 1H, 5-H), 6.88 (s, 2H, NH2), 5.57 (s, 2H, 8-H); 13C

nmr ([D6]DMSO): d 163.5 (C-11), 157.6 (C-9), 155.1 (C-12a),

140.2 (C-7a), 139.3 (C-2), 136.3 (C-12c), 135.9 (C-12b), 128.5

(C-6), 125.8 (C-3a), 122.7 (C-4), 120.8 (C-3b), 120.2 (C-5),

117.0 (C-3), 113.6 (C-8a), 110.4 (C-7), 42.8 (C-8); ms: m/z 273
(16, Mþ), 272 (32, Mþ-H), 169 (100), 147 (44), 119 (60);

HRMS Calcd. for C16H11N5: 272.0935 [Mþ-H]. Found:

272.0918.

8H-1,7b,10,12-Tetraazabenzo[e]acephenanthrylene (14). A
solution of 12 (184 mg, 0.663 mmol), ammonium formate (416

mg, 6.60 mmol), formamide (159 mg, 3.54 mmol) and formic
acid (159 mg, 3.46 mmol) was stirred at 160�C (temperature of
the oil bath) in an open flask for 1 h. After cooling to ambient
temperature 50 mL water were added, the mixture was neutral-
ized with solid sodium carbonate and extracted with dichlorome-

thane (2 � 50 mL). The combined organic layers were dried
over Na2SO4 and evaporated, the residue was purified by FCC
(dichloromethane:ethanol, 14:1, v/v) to give 68 mg (40%) 14 as
a yellow solid. mp >237�C (dec.); 1H nmr ([D6]DMSO): d 9.23
(s, 1H, 11-H), 8.89 (s, 1H, 9-H), 8.46 (d, J ¼ 5.2 Hz, 1H, 2-H),

8.33 (dd, J ¼ 7.9 Hz, J ¼ 0.9 Hz, 1H, 4-H), 8.15 (d, J ¼ 5.2 Hz,
1H, 3-H), 7.70 (m, 2H, 7-H, 6-H), 7.40 (ddd, J ¼ 7.9 Hz, J ¼
6.5 Hz, J ¼ 1.5 Hz, 1H, 5-H), 5.84 (s, 2H, 8-H); 13C nmr
([D6]DMSO): d 158.0 (C-11); 156.4 (C-9), 154.8 (C-12a), 140.2
(C-7a), 139.8 (C-2), 136.3 (C-12c), 134.9 (C-3a), 128.7 (C-6),

126.1 (C-12b and C-8a), 122.8 (C-5), 120.7 (C-3b), 120.4 (C-4),
117.7 (C-3), 110.4 (C-7), 43.1 (C-8); ms: m/z 258 (75, Mþ), 257
(100), 203 (18), 115 (21); Anal. Calcd. for C16H10N4: C, 74.41;
H, 3.90; N, 21.69. Found: C, 73.43; H, 3.84; N, 21.13.

1,7b,10,12-Tetraazabenzo[e]acephenanthrylen-8-one

(15). To a solution of 14 (68 mg, 0.26 mmol) in 10 mL chlo-
roform was added MnO2 (400 mg, 4.60 mmol), and the mix-
ture was stirred at room temperature for 12 h. The inorganic
precipitates were filtered off and the filtrate was evaporated in

vacuo. The residue was purified by FCC (dichlormethane:etha-
nol, 14:1, v/v), and the main fraction was crystallized from
dichloromethane/heptane to give 89 mg (64%) 15 as a color-
less solid. mp 256�C; 1H nmr ([D6]DMSO): d 99.82 (s, 1H, 9-
H), 9.65 (s, 1H, 11-H), 8.98 (d, J ¼ 4.9 Hz, 1H, 2-H), 8.63 (d,

J ¼ 8.3 Hz, 1H, 7-H), 8.33 (d, J ¼ 4.9 Hz, 1H, 3-H), 8.30 (d,
J ¼ 8.1 Hz, 4-H), 7.78 (ddd, J ¼ 8.3 Hz, J ¼ 7.5 Hz, J ¼ 1.1
Hz,1H, 6-H), 7.60 (ddd, J ¼ 8.1 Hz, J ¼ 7.5 Hz, J ¼ 1.0 Hz,
1H, 5-H); 13C nmr ([D6]DMSO): d 161.1 (C-11), 158.8 (C-9),
156.9 (C-12b), 156.2 (C-12a), 146.0 (C-2), 138.0 (C-7a), 133.6

(C-12c), 133.1 (C-3a), 130.8 (C-6), 125.6 (C-5), 124.0 (C-3b),
122.9 (C-4), 122.1 (C-8a), 118.4 (C-3), 116.4 (C-7); ms: m/z
272 (84, Mþ), 244 (57), 217 (45), 193 (34), 105 (100); Anal.
Calcd. for C16H8N4O: C, 70.58; H, 2.96; N, 20.58. Found: C,
70.16; H, 3.09; N, 19.79.
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The long-lasting problematic low yield in the D-ring cyclization of ellipticine (1a) was dramatically

improved through N-(1,4-dimethylcarbazol-3-ylmethyl)-N-tosylaminoacetaldehyde diethyl acetal with
microwave irradiation. The overall yield of 1a starting from indole was significantly increased by 25-
fold. This new approach is superior to reported methods in yields and, reaction time, and it provides ef-
ficient access to a broad spectrum of ellipticine derivatives.

J. Heterocyclic Chem., 47, 454 (2010).

INTRODUCTION

Ellipticine (5,11-dimethyl-6H-pyrido[4,3-b]carbazole,
1a), a tetracyclic natural alkaloid, was isolated from

Ochrosia elliptica Labill. in 1959 [1] and found to be a

potent anticancer agent [2]. Analogs bearing substituents

on N-1 and C-9 of ellipticine such as 9-hydroxyellipti-

cine (2) [3] and 9-hydroxy-2-methylellipticium (3)

[4] possess potent antitumor activities as well. The

structures of ellipticine and its analogs are shown in

Figure 1.

In view of the interesting biological activity, it has

attracted great attention to functionalize ellipticine. As

shown in Scheme 1, a five-step synthetic pathway of

ellipticine was first reported by Cranwell and Saxton

[5]: starting from indole (6a) to give 1,4-dimethylcarba-

zole (C-ring formation), then through Vilsmeier-Haack

formylation and Schiff base formation followed by

reduction and isoquinoline cyclization (D-ring forma-

tion) to afford ellipticine. However, the final step of iso-

quinoline cyclization suffered a 9% low yield, and the

total yield of 1a starting from indole was as low as

0.8%.

The low yield of the D-ring closure leading to ellipti-

cine has been improved to 30% via treating azomethine

with orthophosphoric acid by Dalton et al. [6]. A perusal

of literature revealed the general synthetic strategy to

build up the tatracycline skeleton involving a connection

of substituted indoles and various pyridines through

Diels-Alder annulation, Friedel-Crafts acylation, and

radical reactions. These methods could be simplified as

[2 þ 1] concept. For examples, Diels-Alder annulation

from 1,3-dimethyl-4-(phenylsulfonyl)-4H-furo[3,4-b]
indole and 3,4-pyridyne gave a mixture of 1a and isoel-

lipticine (4) in Gribble’s investigation [7]. In addition,

synthesis of ellipticine quinone (5), which could be con-

verted into ellipticine [8], demonstrated an alternative

pathway of [2 þ 1] annulation. Intramolecular reaction

between 2-indolylacyl radicals derived from phenyl

selenoester with pyridines [9] furnished polycyclic

indolylpyridyl ketones including ellipticine quinone.
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Friedel-Crafts acylation of N-protected indole with 3-

chlorocarbonylisonicotinic acid methyl ester [8a] was

followed by regioselective C-2 lithiation to yield ellipti-

cine quinine (5). Recently, a radical cascade protocol

has been used for the synthesis of ellipticine in higher

yield [10]. Although these approaches provided better

reaction yields and could be comprehensively applied in

the development of ellipticine analogs, it underwent an

intensively synthetic works to prepare intermediates for

the last annulation steps in comparison to the Saxton’s

approach. Nevertheless, the reported methods were still

unsatisfactory in preparing a number of derivatives for

the development of ellipticine derivatives as potential

anticancer drugs. Microwave (MW) irradiation has been

illustrated to give superior results and to shorten reac-

tion times in various aspects [11]. Further, MW irradia-

tion has been widely applied to the organic synthesis

including the total synthesis of natural products such as

quinazolinobenzodiazepine alkaloids by a one-pot reac-

tion [12] and biphenomycin B by the intramolecular

Suzuki-Miyaura reaction [13] Herein, we report an effi-

cient approach for the preparation of ellipticine by a

modified Saxton’s method with the assistance of MW

irradiation.

A treatment of indole (6a) with acetonylacetone in

the presence of p-toluenesulfonic acid (PTSA) in ethanol

at 100�C for 5 min under MW irradiation afforded 1,4-

dimethylcarbazole (7a) in 75% yield (Scheme 2). MW

irradiation shortened the reaction time and improved the

yield as compared with those in the conventional heat-

ing method (45 min, 36%) [5]. Subsequently, Vilsmeier-

Haack formylation of 7a by N-methylformanilide and

POCl3 in o-dichlorobenzene afforded aldehyde 8a in

55% yield. The reaction was proceeded by Bobbitt-

modified Pomeranz-Fritsch reaction [14] in which a

Schiff base would be reduced to an amino-acetal and

followed by a cyclization to isoquinoline. First, a one-

pot reaction of 8a, aminoacetaldehyde diethyl acetal (9),

and NaBH3CN in the presence of catalytic amount of

acetic acid at 70�C for 3 h furnished the desired hydro-

genated N-(1,4-dimethylcarbazol-3-ylmethyl)-aminoace-

taldehyde diethyl acetal (11) in 31% yield. Then, the

use of MW irradiation in this one-pot reaction resulted

in a twofold increase in the yield (68%). This modified

MW-assisted one-pot reaction dramatically shortened

the reaction time and increased the yield for the synthe-

sis of secondary amine 11 in comparison to the Sax-

tons’s method (2 h, 61%) [5]. Accordingly, 11 was sub-

jected to cyclization reaction with concentrated HCl in

ethanol at reflux by conventional heating. Unsurpris-

ingly, ellipticine (1a) was obtained in a low yield of

9.0% as reported [5]. Then again, MW irradiation was

used for the cyclization under the same condition to fur-

nish 1a in 28% yield. MW irradiation improved the

long-lasting problematic low yield in the D-ring

cyclization.

Nevertheless, a yield of 28% for the D-ring cycliza-

tion is still unsatisfactory in preparing a number of ellip-

ticine derivatives. Birch et al. [15] illustrated that N-
tosylated N-benzylaminoacetaldehyde dimethyl acetals

were cyclized under mild acidic conditions and in good

Figure 1. Ellipticine and its derivatives.

Scheme 1. Saxton approach for the synthesis of ellipticine (1a).

Scheme 2. Synthesis of ellipticine (1a).
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yields to isoquinolines in a one-pot reaction when the

benzyl groups were substituted with sufficiently activat-

ing groups. The carbazole moiety is a well known

strong electron donor [16]. We expected that the 1,4-

dimethylcarbazol-3-ylmethyl group could act as an acti-

vated group, and an N-tosylated derivative of 11 might

lead to ellipticine in an improved yield. Thus, N-(1,4-
dimethylcarbazol-3-ylmethyl)-N-tosylaminoacetaldehyde

diethyl acetal (12a) was obtained by a treatment of 11

with tosyl chloride in quantitative yield. Subsequently,

N-tosylated diethyl acetal 12a was subjected to cycliza-

tion to afford 1a in 76% yield in a reaction time of 1

min under the same condition as for the cyclization of

11 to 1a. As a result, a 51% yield of ellipticine from

aldehyde 8a was obtained through an N-tosylated acetal

12a together with the assistance of MW irradiation. This

approach improves the yield by nine folds in compari-

son to the Saxton’s method (5.5%). Importantly, the

overall yield of ellipticine starting from indole (6a) was

significantly increased by 25-fold (21%) as compared to

that (0.8%) reported by Saxton (Table 1).

To explore the general application of this approach,

condensation of 5-bromoindole (6b) with acetonylace-

tone was proceeded, and the resulting carbazole 7b was

formylated to the aldehyde 8b by N,N-dimethylforma-

mide (DMF) and POCl3 (Scheme 3). Compound 8b then

reacted with aminoacetaldehyde diethyl acetal (9) under

MW irradiation, and the resulting Schiff base was

reduced in situ. Removal of solvent followed by tosyla-

tion afforded N-tosylated derivative 12b, which was

cyclized under acidic condition with MW irradiation to

9-bromoellipticine (1b) in 72%. As a result, the bromo

substituent has little effect to the reactions in this

approach with MW irradiation. The slightly decrease in

overall yield of 1b with regard to ellipticine (1a) was

due to the lower yield in the formylation reaction of 6-

bromo-1,4-dimethylcarbazole (7b).

Birch et al. [15] reported that sufficiently activating

substituents on the benzyl group were required for the

cyclization of the N-benzyl-N-tosylaminoacetaldehyde

dimethyl acetals to isoquinolines. Otherwise, cyclization

failed and the N-benzyl-N-tosyl acetals would be first

hydrolyzed to N-benzyl-N-tosylaminoacetaldehyde and

then N-tosylbenzylamine. To investigate this substituent

effect in the synthesis of ellipticine derivatives, a direct

nitration of 8a led to 1,4-dimethyl-6-nitrocarbazole-3-

carbaldehyde (8c) which was condensed with aminoace-

taldehyde diethyl acetal (9) to the Schiff base and

reduced in situ under MW irradiation (Scheme 4). With-

out further isolation and purification, a subsequent treat-

ment with tosyl chloride at 55�C yielded the N-tosylated
compound 12c in 19% (three steps). Then, compound

12c was cyclized to 9-nitroellipticine (1c) in 37% yield

under the same conditions as described above. The cy-

clization to isoquinoline was proposed as electrophilic

substitution on the benzene ring [15], and lacking of

sufficiently activated substituents on the aromatic ring

failed in cyclization. Although a lower yield of 37%

was obtained, the cyclization to 9-nitroellipticine was

Table 1

Comparison of reaction time and yields by microwave irradiation and

conventional heating.

Reaction

MW irradiation Heatinga

Time (min) Yield (%) Time (min) Yield (%)

6a ! 7a 5 75 45 36

8a ! 11 5 68 120b 61.b

8a ! 12a 5 68

11 ! 1a 1 28 60 9

12a ! 1a 1 76

Overall yield from 6a to 1a

Path Method Yield (%)a

6a ! 7a ! 8a ! 10 ! 11 ! 1a Heating 0.8

6a ! 7a ! 8a ! 11 ! 1a MW 7.8

6a ! 7a ! 8a ! 12a ! 1a MW 21.3

a Data taken from ref. 5.
b Total yield in 2 steps of 8a ! 10 ! 11.

Scheme 3. Synthesis of 9-bromoellipticine (1b).

Scheme 4. Synthesis of 9-nitroellipticine (1c).
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still succeeded in this case. Apparently, the 1,4-dime-

thylcarbazole moiety could serve as an electron-efficient

aromatic moiety even with a strong deactivated nitro

group substituted at position 6.

In summary, we have developed a fast, efficient, and

high-yield approach for the synthesis of ellipticine and its

derivatives through N-(1,4-dimethylcarbazol-3-ylmethyl)-

N-tosylaminoacetaldehyde diethyl acetals by the use of

MW irradiation. In this modified process, MW irradiation

increased the overall yield by 10-fold as compared with

the reported yield (0.8%) in considerably shortened reac-

tion time. In an effort to synthesize the derivatives of

ellipticine efficiently, the key step of D-ring construction

is modified by converting the secondary amine to N-tosy-
lated derivative based on Birch’s investigation [15]. The

long-lasting problematic low yield in the D-ring cycliza-

tion was dramatically improved in this study. Even a

strong electron-withdrawing substituent on the 1,4-dime-

thylcarbazole moiety was endured in this method. This

new approach is superior to previously reported methods

in yields, reaction time, and versatility, and it will allow a

broad evaluation of this highly promising class of poten-

tial antitumor drugs.

EXPERIMENTAL

The reactions assisted by microwave were achieved on Biot-

age EmrysTM Optimizer and Biotage InitiatorTM. Reaction
temperatures were observed using built-in IR-sensor. Melting
points were taken on Laboratory Devices, INC. (Box 6402)
melting point apparatus and are uncorrected. 1H and 13C nu-
clear magnetic resonance spectra were obtained on Bruker

AMX-400 and DPX-200 spectrometers. Mass spectra were
obtained on Finnigan TSQ 7000 mass spectrometer. Elemental
analysis for C, H, S, and N was carried out on Heraeus Vari-
oEL III-CHNS apparatus. Thin layer chromatography (TLC)

was carried out on precoated plates (silical gel, Kieselgel
60F254, Merck). Column chromatography was performed with
Kieselgel Si 60 (40–63 lm, Merck). All starting materials
were obtained from commercial suppliers (Acros, Lancaster
and Riedel-de Haën) and used without purification.

General procedure for the synthesis of N-(2,2-Diethox-
yethyl)-N-(1,4-dimethyl-9H-carbazol-3-ylmethyl)-4-methyl-

benzenesulfonamide (12). A mixture of 3-formyl-1,4-dime-
thylcarbazole (8a, 1.0 g, 4.48 mmol), sodium cyanoborohy-
dride (0.35 g, 5.57 mmol), 9 (0.7 mL, 5.25 mmol) and acetic

acid (0.1 mL) in methanol (4 mL) was placed in a sealed tube.
Reaction was heated by microwave (75 W) at 70�C for 5 min.
Methanol was removed in vacuo, and then ethyl acetate (EA,
100 mL) was added. The solution was purified through column
chromatography to afford viscous residue. To the residue, 4-

tolueneulfonyl chloride (0.9 g, 4.72 mmol), triethylamine (0.5
mL, 4.94 mmol), and EA (30 mL) were added and stirred at
room temperature for 2 h. The mixture was subsequently puri-
fied with column chromatography.

N-(2,2-Diethoxyethyl)-N-(1,4-dimethyl-9H-carbazol-3-ylmethyl)-
4-methylbenzenesulfonamide (12a). White solid, mp 183–

184�C (lit. [17] 184�C); MS (ESI):m/z ¼ 493.3 (M-Hþ); 1H

NMR (400 Hz, DMSO-d6): d ¼ 0.88 (t, J ¼ 7.0 Hz, 6H), 2.38

(s, 3H), 2.41 (s, 3H), 2.73 (s, 3H), 3.01 (d, J ¼ 5.36 Hz, 2H,

CH2), 3.08 (m, 2H), 3.30 (m, 2H), 4.04 (t, J ¼ 5.24 Hz, 1H),

6.94 (s, 1H), 7.15 (t, J ¼ 7.5 Hz, 1H), 7.36 (t, J ¼ 7.77 Hz,

1H), 7.41 (d, J ¼ 7.97 Hz, 2H), 7.50 (d, J ¼ 8.06 Hz, 1H),

7.75 (d, J ¼ 8.05 Hz, 2H), 8.14 (d, J ¼ 7.97 Hz, 1H),11.17 (s,

1H); 13C NMR (100 Hz, DMSO-d6): d ¼ 15.5, 16.0, 17.1,

21.5, 49.8, 51.2, 62.6, 101.1, 111.5, 117.5, 119.2, 121.6, 122.8,

123.9, 123.7, 125.3, 127.6, 129.0, 130.1, 130.3, 136.9, 139.2,

140.7, 143.7.

N-(6-Bromo-1,4-dimethyl-9H-carbazol-3-ylmethyl)-N-(2,2-
diethoxyethyl)-4-methylbenzenesulfonamide (12b). White

solid, mp 196–197�C; MS (ESI): m/z ¼ 571.2 (M-Hþ); 1H

NMR (200 Hz, DMSO-d6): d ¼ 0.88 (t, J ¼ 7.0 Hz, 6H), 2.39

(s, 3H), 2.41 (s, 3H), 2.70 (s, 3H), 3.0–3.2 (m, 4H), 3.3–4.1

(m, 2H), 4.49 (s, 2H), 7.00 (s, 1H), 7.41 (d, J ¼ 8.4 Hz, 1H),

7.75 (d, J ¼ 8.4 Hz, 1H), 8.23 (s, 1H), 11.40 (s, 1H); 13C

NMR (50 Hz, DMSO-d6): d ¼ 15.0, 15.5, 16.6, 21.0, 49.3,

50.5, 62.0, 100.6, 110.7, 112.9, 117.3, 120.2, 123.7, 124.4,

125.1, 127.1, 127.2, 129.2, 129.8, 129.9, 136.4, 138.9, 139.2,

143.2. Anal. Calcd for C28H33BrN2O4S): C, 58.64; H, 5.80; N,

4.88; S, 5.59. Found, C, 58.27; H, 6.08; N, 4.76; S, 5.38.

N-(2,2-Diethoxyethyl)-N-(1,4-dimethyl-6-nitro-9H-carbazol-
3-ylmethyl)-4-methylbenzenesulfonamide (12c). Yellow solid.

mp 190–192�C; MS (ESI): m/z ¼ 538.3 (M-Hþ); 1H NMR

(400 Hz, acetonitrile-d3): d ¼ 0.92 (t, J ¼ 7.0 Hz, 6H), 2.35

(s, 3H), 2.37 (s, 3H), 2.62 (s, 3H), 3.06 (d, J ¼ 5.33 Hz, 2H),

3.13 (m, 2H), 3.35 (m, 2H), 4.14 (t, J ¼ 5.31 Hz, 1H), 4.41 (s,

2H), 6.99 (s, 1H), 7.35 (d, J ¼ 7.9 Hz, 2H), 7.43 (d, J ¼ 8.49

Hz, 1H), 7.71 (d, J ¼ 8.07 Hz, 2H), 8.17 (d, J ¼ 8.70 Hz,

1H), 8.80 (s, 1H), 9.99 (s, 1H); 13C NMR (50 Hz, DMSO-d6):
d ¼ 15.0, 15.4, 16.6, 21.0, 62.8, 100.7, 118.2, 120.8, 121.1,

122.7, 125.5, 127.2, 129.8, 130.0, 130.2, 136.4, 139.7, 140.0,

142.4, 143.3, 143.8. Anal. Calcd for C28H33N3O6S�0.33H20: C,

61.63; H, 6.22; N, 7.70. Found, C, 61.77; H, 6.00; N, 8.08.

General procedure for the synthesis of Ellipticine (1). A

mixture of 12a (1.0 g, 2.02 mmol), dioxane (3 mL), and 6M
HCl (1.0 mL) was placed in a sealed microwave tube. The

mixture was irradiated by microwave (180 W) at 140�C for 1

min and then purified with column chromatography to afford

1a.

Ellipticine (1a). Mp 309–310�C (dec.; lit. [5] 309–313�C,
dec.); MS (ESI): m/z ¼ 245.0 (M-Hþ) 1H NMR (400 Hz,

DMSO-d6): d ¼ 2.78 (s, 3H), 3.24 (s, 3H), 7.24 (t, J ¼ 7.1

Hz, 1H), 7.51 (t, J ¼ 7.7 Hz, 1H), 7.58 (d, J ¼ 7.95 Hz, 1H),

7.91 (d, J ¼ 6.03 Hz, 1H), 8.36 (d, J ¼ 7.90 Hz, 1H), 8.40 (d,

J ¼ 6.0 Hz, 1H), 9.68 (s, 1H), 11.59 (s, 1H); 13C NMR (100

Hz, DMSO-d6): d ¼ 12.0, 14.4, 108.1, 110.8, 116.0, 119.2,

121.9, 123.1, 123.5, 123.8, 127.1, 128.1, 132.5, 140.2, 140.7,

142.7, 149.5.

9-Bromoellipticine (1b). Mp 330–332�C (lit. [6] 318–

319�C); MS (ESI): 323.0 (M-Hþ); 1H NMR (200 Hz, DMSO-

d6): d ¼ 2.74 (s, 3H), 3.19 (s, 3H), 7.49 (d, J ¼ 8.6 Hz, 1H),

7.64 (d, J ¼ 8.6 Hz, 1H), 7.92 (d, J ¼ 6.0 Hz, 1H), 8.41 (s,

2H), 9.68 (s, 1H), 11.53 (s, 1H); 13C NMR (50 Hz, DMSO-

d6): d ¼ 12.0, 14.3, 108.6, 111.0, 112.5, 116.0, 122.0, 122.9,

125.0, 125.9, 128.9, 129.6, 132.7, 140.6, 140.8, 141.4, 149.9.

9-Nitroellipticine (1c). Mp (dec.) 352�C (dec., lit. [6]
350�C, dec.); MS (ESI): 290.1 (M-Hþ); 1H NMR (400 Hz,

DMSO-d6): d ¼ 2.75 (s, 3H), 3.08 (s, 3H), 7.61 (d, J ¼ 8.6
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Hz, 1H), 7.91 (d, J ¼ 6.1 Hz, 1H), 8.38 (d, J ¼ 9.0 Hz, 1H),
9.47 (d, J ¼ 5.9 Hz, 1H), 9.02 (s, 1H), 9.71 (s, 1H), 12.13 (s,
1H); 13C NMR (100 Hz, DMSO-d6): d ¼ 11.9, 14.3, 108.5,
110.9, 112.4, 115.9, 121.9, 122.3, 125.0, 125.8, 128.9, 129.5,
132.7, 140.6, 140.7, 141.4, 149.8.
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A four fused rings containing heterocyclic compound is formed in the reaction between 2-bromo-N-
quinoline-8-yl-acetamide, 2-(4-methoxyphenyl)ethylamine, and acetone in the presence of potassium
carbonate; the heterocycle undergoes further reaction with perchloric acid to form a perchlorate salt of
a quinoxaline derivative.

J. Heterocyclic Chem., 47, 459 (2010).

INTRODUCTION

Intramolecular cyclization processes are very useful in

heterocycle synthesis [1–6] and they are used for synthesis

of variety of natural products and drugs. Among them, N-
acylinium ion cyclization reactions are very attractive [7–

10]. Such intramolecular reactions are carried out under

catalytic conditions [11–18]. Several of these reactions

require multiple steps [1]. Multicomponent reactions to

prepare heterocycles help to reduce the inconvenience

caused by the extra work involved in product purification

[19–24] in each step and also to reduce the reaction time.

We have serendipitously observed formation of a hetero-

cycle from a reaction of 2-bromo-N-quinoline-8-yl-aceta-
mide, 2-(4-methoxyphenyl)ethylamine and acetone. The

characterization of the fused four-member heterocyle

along with its subsequent rearrangement to a quinoxaline

derivative is described here. Some quinoxaline derivatives

[1] have medicinal value, so new method of synthesis for

such compounds are desirable.

RESULTS AND DISCUSSION

A multicomponent reaction between 2-bromo-N-quin-
oline-8-yl-acetamide, 2-(4-methoxyphenyl)ethylamine,

and acetone in the presence of potassium carbonate

gives a fused ring heterocyclic compound I as illustrated

in Scheme 1. However, analogous multicomponent reac-

tion between 2-bromo-N-quinoline-8-yl-acetamide, 2-(2-

methoxyphenyl)ethylamine, and acetone in the presence

of potassium carbonate gives a fused ring heterocyclic

carbonyl compound III, not the imine that was obtained

while 2-(4-methoxyphenyl)ethylamine was used. This

compound transforms to perchlorate salt II of another

heterocycle on reaction with perchloric acid. The com-

pound III also undergoes rearrangement reaction with

perchloric acid to form perchlorate salt II. The use of

excess acetone in these reactions serves dual purposes

of reactant as well as solvent.

All these compounds were characterized from their

spectroscopic properties. The compound I has IR

absorptions at 1676 cm�1 and at 1635 cm�1 due to car-

bonyl and C¼¼N stretching, respectively. The high reso-

lution mass spectrum of the compound shows the mass

for the Mþ peak at 415.2688, that supports the composi-

tion. The 1H NMR and 13C NMR of the compounds

have the desirable numbers of peaks to support the

structure (for assignments of peaks please refer to sup-

porting figures). The compound I is further characterized

by X-ray crystallography and the structure of the com-

pound is shown in Figure 1(a).
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As mentioned the compound I undergoes hydrolysis

followed by ring opening reactions to give a quinoxaline

derivative in the form of a perchlorate salt II. The salt

II is characterized by conventional spectroscopic techni-

ques as well as by X-ray crystallography [Fig. 1(b)].

The IR spectra of the salt II have characteristic sharp

perchlorate absorption at 1100 cm�1 and its carbonyl

absorption appears at 1705 cm�1.

Plausible reaction paths (Scheme 2) for the formation

of the compound I may be through an initial condensa-

tion reaction of two molecules of acetone to form aldol

type intermediate. The carbonyl group of the aldol gets

condensed with 2-(4-methoxyphenyl)ethylamine to form

an imine derivative as an intermediate species. This

imine containing molecule has a hydroxy group, which

is attached to a tertiary carbon and it would like to form

CAC bond with the quinoiline ring through elimination

of a water molecule. Presumably, this intermediate com-

pound forms a bromide salt through cyclization reaction.

The cyclized product thus formed, undergo a hydride

shift to form a derivative that is suitable for further

nucleophilic attack of an anion generated next to the

C¼¼N group. It forms the desired product I. Thus, by

these reaction steps, two additional rings over the quino-

line rings are constructed. The added advantage of this

reaction is that it does not stop at the stage of formation

of one ring, but continues to form multiple rings; that

generally does not happen in intramolecular cyclization

reactions [2–6].

The formation of the salt II can be explained by a

three steps mechanistic path as illustrated in Scheme 2.

The first step could be the generation of ketone from a

hydrolytic reaction of perchloric acid by the conversion

of imine to keto group. The keto group containing com-

pound thus formed gets protonated under acidic condi-

tion to form enolised form of a cationic species with

perchlorate as a counter anion. This process leads to

opening of the five-member ring of the parent com-

pound. The enolic cation thus formed, on aromatization

leads to concomitant cleavage of a CAC bond along

with the formation of a new CAC bond at a tertiary

Scheme 1. Reaction leading to product I and III, which react with

perchloric acid to form salt II.

Figure 1. Crystal structure of (a) I and (b) II (ORTEP drawn with

50% thermal ellipsoid). [Color figure can be viewed in the online

issue, which is available at www.interscience.wiley.com.]

Scheme 2. Plausible paths for formation of I and II.
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carbon. This new CAC bond formation along with enol

to keto transformation as illustrated in Scheme 2 gives

the final product II.

Furthermore, we did not observe any aldol condensa-

tion and cyclization reactions from the reaction between

2-bromo-N-quinoline-8-yl-acetamide and acetone in the

presence of potassium carbonate without using an

amine. When 2-(4-methoxyphenyl)ethylamine was

reacted with acetone in the presence of potassium car-

bonate, it led to the corresponding imine. However, this

imine did not react with 2-bromo-N-quinoline-8-yl-acet-
amide to give product I. This suggests that the aldol

condensation and the formation of imine took place con-

comitantly in the presence of 2-bromo-N-quinoline-8-yl-
acetamide. When the same reaction was carried out with

2-(2-methoxyphenyl)ethylamine, we obtained the prod-

uct III. The formation of product, product II on treat-

ment of III with perchloric acid, shows that formation

of II does not depend on the amine used. The formation

of a ketone instead of imine as the final product while

using 2-(2-methoxyphenyl)ethylamine may be due to the

hydrolysis of the corresponding imine. We also carried

out similar reactions of 2-bromo-N-quinoline-8-yl-aceta-
mide with other amines such as benzylamine, picolyl-

amine, and no reaction was observed under analogous

reaction conditions. However, aromatic amines such as

8-aminoquinoline replaced the bromide of 2-bromo-N-
quinoline-8-yl-acetamide to form CAN bonded deriva-

tive. Use of ethylmethyl ketone as solvent did not lead to

the aldol condensation reaction; instead, 2-(4-methoxy-

phynelamino)-N-(quinoline-8-yl)acetamide (IV) was

formed by substitution of bromine by 2-(4-methoxy-

phenyl)ethylamine (Scheme 3).

In conclusion, these results demonstrate a new reac-

tion leading to a novel heterocylic quinoxaline deriva-

tive II. The formation of compound I in one pot is ad-

vantageous, as synthesis of this compound by alternative

routes would require multiple steps and less common

reagents.

EXPERIMENTAL

Synthesis and characterization of compounds

Compound I. 2-Bromo-N-quinoline-8-yl-acetamide (1.4 g, 5
mmol), 2-(4-methoxyphenyl)ethylamine (0.735 mL, 5 mmol)

and anhydrous potassium carbonate (1.03 g, 7.5 mmol) were
added to dry acetone (20 mL), and the reaction mixture was
stirred at 70�C for 12 h (progress of the reaction was moni-
tored at regular intervals by using TLC). The reaction mixture
was filtered to remove the residue and the solvent was

removed under reduced pressure. The product obtained was
purified by preparative thin layer chromatography using silica
gel with 30% ethylacetate in petroleum ether as eluant. Yield:
41%. IR (KBr, cm�1): 3125 (w), 3059 (m), 3008 (m), 2960
(m), 2923 (m), 1676 (s), 1658 (w), 1635 (m), 1613 (m), 1584

(m), 1511 (s), 1482 (s), 1387 (s), 1369 (w), 1270 (m), 1246
(s), 1172 (m), 1028 (m), 798 (m), 724 (m). 1H NMR (CDCl3):
8.4 (s, 1H), 7.1(d, J ¼ 8.4 Hz, 2H), 6.8 (d, J ¼ 6.4 Hz, 2H),
6.5 (m, 3H), 6.3 (d, J ¼ 10 Hz, 1H), 5.7 (dd, J ¼ 5.2, 10 Hz,
1H), 4.5 (dd, J ¼ 5.2, 10 Hz, 1H), 3.7 (s, 3H), 3.53 (s,1H),

3.50 (t, J ¼ 7.2 Hz, 2H), 2.8 (t, J ¼ 7.2 Hz, 2H), 2.5 (d, J ¼
10.4 Hz,1H), 1.7 (s, 3H), 1.1 (s, 3H), 1.0 (s, 3H). 13C NMR
(CDCl3): 20.3, 24.7, 27.1, 36.6, 44.6, 53.2, 55.5, 59.5, 66.4,
71.5, 109.9, 113.9, 114.6, 118.7, 120.3, 121.8, 123.5, 124.8,

125.2, 129.0, 130.0, 132.9, 158.1, 166.5. LC-MS [Mþ] calcd
for C26H29N3O2, 415.2260; found 415.2688.

Compound II. Compound I (0.41 g, 1 mmol) was dissolved
in dilute perchloric acid (3M) and heated for 10 min. The solu-
tion was kept undisturbed, yellow colored crystal of compound

II appeared after 6 days. Yield: 46%. IR (KBr, cm�1): 3258
(m), 3110 (w), 3083 (m), 2962 (m), 1705 (s), 1608 (w), 1587
(m), 1541 (s), 1471 (m), 1427 (s), 1384 (m), 1361(m), 1239
(w), 1177 (m), 1100 (s), 927 (m), 839 (s), 764 (m), 623 (s).
1H NMR (CDCl3/DMSO-d6): 12.0 (s,1H), 9.4 (d, J ¼ 6 Hz,

1H), 9.2 (d, J ¼ 8.4 Hz, 1H), 8.2 (m, 1H), 8.0 (d, J ¼ 8.4 Hz,
1H), 7.9 (t, J ¼ 8.0 Hz, 1H), 7.6 (d, J ¼ 7.6 Hz, 1H), 6.0 (s,
1H), 2.9 (d, J ¼ 18.4 Hz, 1H), 2.6 (d, J ¼ 19.2 Hz, 1H), 2.1
(s, 3H), 1.0 (s, 3H), 0.7 (s, 3H). 13C NMR (DMSO-d6): 24.0,
24.7, 31.5, 51.2, 72.9, 118.9, 122.9, 123.2, 127.3, 129.8, 131.0,

131.5, 148.3, 149.8, 162.1, 206.9. LC-MS [Mþ] calcd for
C17H19N2O2ClO4, 283.1441; found 283.1651.

Compound III. 2-Bromo-N-quinoline-8-yl-acetamide (1.4 g,
5 mmol), 2-(2-methoxyphenyl)ethylamine (0.735 mL, 5 mmol)
and anhydrous potassiumcarbonate (1.03 g, 7.5 mmol) were
added to dry acetone (20 mL) and the reaction mixture was
stirred at 70�C for 12 h (progress of the reaction was monitored
at regular intervals using TLC). The reaction mixture was fil-
tered to remove the residue and the solvent was removed under
reduced pressure. The product obtained was purified by prepara-
tive thin layer chromatography using silica gel with 30% ethyla-
cetate in petroleum ether as eluant. Yield: 25%. IR (KBr, cm�1):
3432 (b), 2924 (s), 2853 (m), 1681 (s), 1596 (m), 1527 (s), 1491
(m), 1458 (m), 1384 (m), 1325 (m), 1244 (s), 1174 (w), 1024
(m), 827 (m), 792 (m), 753 (s). 1H NMR (CDCl3): 8.2 (s, 1H),
6.4 (m, 2H), 6.3 (d, J ¼ 7.2 Hz, 1H), 6.1 (d, J ¼ 10 Hz, 1H),
5.5 (m, 1H), 4.1 (m, 1H), 3.3 (s, 1H), 2.6 (d, J ¼ 10 Hz, 1H),
1.9 (s, 3H), 0.9 (s, 6H). 13C NMR (CDCl3): 24.7, 26.9, 33.1,
45.3, 59.8, 68.6, 71.3, 114.8, 116.7, 119.1, 120.7, 122.1, 123.3,
136.3, 148.7, 165.5. LC-MS [Mþ] calcd for C17H18N2O2,
282.1368; found 283.1448 [Mþþ1].

Compound IV. 2-Bromo-N-quinoline-8-yl-acetamide (1.4 g,

5 mmol), 2-(4-methoxyphenyl)ethylamine (0.735 mL, 5

Scheme 3. Formation of product IV in ethyl methylketone.
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mmol), and anhydrous potassiumcarbonate (1.03 g, 7.5 mmol)
were added to ethyl methylketone (20 mL), and the reaction
mixture was stirred at 70�C for 12 h (progress of the reaction
was monitored at regular intervals using TLC). The reaction
mixture was filtered to remove the residue and the solvent was

removed under reduced pressure. The product obtained was
purified by preparative thin layer chromatography using silica
gel with 30% ethylacetate in petroleum ether as eluant. Yield:
45%. IR (KBr, cm�1): 3315 (m), 2925 (m), 2851 (w), 1655
(s), 1612 (w), 1579 (w), 1530 (s), 1488 (m), 1463 (m), 1424

(w), 1326 (s), 1245 (s), 1175 (m), 1033 (m), 786 (s), 750 (m).
1H NMR (CDCl3): 10.5 (s, 1H), 8.7 (m, 2H), 8.1 (d, J ¼ 6.8
Hz, 1H), 7.5 (m,3H), 7.4 (q, J ¼ 4 Hz, 1H), 7.1 (d, J ¼ 8.4,
1H), 6.8 (d, J ¼ 8.8, 1H), 4.3 (s, 3H), 3.7 (s,2H), 3.5 (s, 1H),
2.9 (t, J ¼ 6.8 Hz, 2H), 2.8 (t, J ¼ 6.0 Hz, 2H). 13C NMR

(DMSO-d6/CDCl3): 28.8, 34.9, 62.0, 85.4, 115.5, 121.1, 121.2,
126.4, 127.3, 129.0, 133.3, 135.6, 137.6, 147.8, 170.6. LC-MS
[Mþ] calcd for [Mþ] C20H21N3O2, 335.1634; found 336.1679
[Mþþ1].
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New 2-aryl-4-chloro-3-hydroxy-1H-indole-5,7-dicarbaldehydes were synthesized in three steps from
acetophenone derivatives. By oxidation of acetophenones to aryl glyoxals using selenium dioxide and

condensation with acetylacetone in the presence of ammonium acetate in water 3-acetyl-5-aryl-4-
hydroxy-2-methyl-1H-pyrrols were obtained. 2-Aryl-4-chloro-3-hydroxy-1H-indole-5,7-dicarbaldehydes
were synthesized via Vilsmeier-Haack reaction of pyrrole derivatives in moderate yields.

J. Heterocyclic Chem., 47, 463 (2010).

INTRODUCTION

The synthesis of indoles has occupied organic chem-

ists for well over a century [1]. And the invention of

new synthetic routes to substituted indoles continues to

command wide interest due to the numerous natural

products [2], physiologically active natural products and

important pharmaceuticals [3] whose structures incorpo-

rate this heterocyclic system. Indole derivatives are used

as neuroprotective agents affecting oxidative stress [3f],

potent opioid receptor agonists [3g], highly functional-

ized pharmacophores [3h], potent PPAR-c binding

agents with potential application for the treatment of

osteoporosis [3i], drugs for the treatment of peripheral

neuropathy and neurodegenerative diseases [3j,k], gluco-

kinase activators [3l,m], the cytotoxic antibiotic CC-

1065 and prodrugs [3n], PPAR-delta activators for the

treatment of cardiovascular diseases [3o] and dyestuffs

[4]. The combination of traditional and modern methods

has provided accessibility to a wide variety of structural

variations of this important class of heterocycles [3e,5].

A number of useful strategies are now available for the

synthesis of indoles substituted on the five-membered

ring, the majority of which involve the elaboration of

the heterocyclic system from aniline, o-halo aniline, or

other 2-substituted aniline derivatives. In contrast, few

existing methods provide efficient and regiocontrolled

access to indoles that are highly substituted on the ben-

zenoid ring. Herein we disclose a method, based on

Vilsmeier-Haack reaction of 3-acetyl-4-hydroxy-2-

methyl-5-phenyl-1H-pyrrols 3, to provide new highly

substituted indoles 4 with substituted on both five-mem-

bered and benzenoid ring of indole (Scheme 1).

The Vilsmeier–Haack reaction is a widely used

method for the formylation of activated aromatic and

heteroaromatic compounds [8]. The reactions of aliphatic

substrates [9], particularly carbonyl compounds [10] with

chloromethylene iminium salts are highly versatile. They

lead to multiple iminoalkylations in the presence of

excess reagent and the resulting intermediates undergo

cyclization to afford aromatic or heterocyclic compounds

[11]. Multifunctional intermediates derived from these

reactions (e.g., b-chloroenaldehydes) are subsequently

exploited for the synthesis of functionalized heterocycles

or other valuable target molecules [12].

VC 2010 HeteroCorporation
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RESULTS AND DISCUSSION

The reaction of 2-hydroxyacetophenones with Vilsme-

ier-Haack reagent also involves an iminoalkylation-cycli-

zation sequence, leading to the formation of 3-formyl

chromones 5 [13]. Similarly we expected to synthesis the

5-methyl-4-oxo-7-phenyl-4,6-dihydro-pyrano[2,3-c]pyr-

role-3-carbaldehyde 6a from the reaction of 3-acetyl-4-

hydroxy-2-methyl-5-phenyl-1H-pyrrol 3 with Vilsmeier-

Haack reagent, but we did not obtained the expected

compound 6a instead the reaction gave compound 4. In

the case of 4-bromoacetophenone 1c, not only 4c was

formed but also 6b was obtained in low yield.

Four examples of the conversion of acetophenones

1a–1d to various 2-aryl-4-chloro-3-hydroxy-1H-indole-
5,7-dicarbaldehydes 4a–4d are listed in Table 1.

As shown in Scheme 2, the proposed mechanism

involves the addition of enol 7 to the 2 equiv. chlorome-

thyleneiminium salt 8, then bis-iminium salt 9 under-

goes iminoalkylation to result enamine 10, that undergo

cyclization and elimination of dimethylamine to afford

the bis-iminium salt 12 which on hydrolysis leads to the

formation of 2-aryl-4-chloro-3-hydroxy-1H-indole-5,7-
dicarbaldehydes 4 [14].

4-Chloro-2-phenyl-5,7-bis-phenyliminomethyl-1H-indol-
3-ol 14 and 4-chloro-5,7-bis[(2,4-dinitrophenyl)-hydra-

zonomethyl]-2-phenyl-1H-indol-3-ol 16 were synthe-

sized from the reaction of 4a with aniline 13 and 2,4-

dinitrophenylhydrazine 15 in the presence of catalytic

amount of H2SO4 respectively (Scheme 3).

In conclusion, we have reported the synthesis of new

2-aryl-4-chloro-3-hydroxy-1H-indole-5,7-dicarbaldehydes
via Vilsmeier-Haack reaction starting from acetophenone

derivatives.

EXPERIMENTAL

General methods. Chemical shifts of the 1H NMR spectra

are reported in d (ppm) from tetramethylsilane with the solvent
as the internal standard (deuteriodimethyl sulfoxide, d ¼ 2.5
ppm), and coupling constants J were measured in Hz. Data are
reported as follows: chemical shifts, multiplicity (s ¼ singlet,
d ¼ doublet, t ¼ triplet, q ¼ quartet, dd ¼ doublet of doublets,

m ¼ multiplet, br ¼ broad). 13C NMR spectra were recorded
with complete proton decoupling. Chemical shifts are reported
in ppm from tetramethylsilane with the solvent as the internal
standard (deuteriodimethyl sulfoxide, d ¼ 39.0 ppm). Elemen-

tal analyses were carried out by using a CHN analyzer. IR
analyses were performed with an FT-IR spectrophotometer. IR
spectra of compounds are expressed by wavenumber (cm�1).

General procedure for synthesis of 2-aryl-4-chloro-3-
hydroxy-1H-indole-5,7-dicarbaldehydes 4. POCl3 (3 mmol)

was added dropwise to dimethylformamide (DMF) (1.5 mL)

Scheme 1. Three steps synthesis of 2-aryl-4-chloro-3-hydroxy-1H-

indole-5,7-dicarbaldehydes.

Table 1

Synthesis of 2-aryl-4-chloro-3-hydroxy-1H-indole-5,7-dicarbaldehydes
4 via Vilsmeier-Haack reaction.

Acetophenone 1 Indole 4 Yield (%)a

31

42

53

35

aYield of indole from pyrrole (3).
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with stirring at 30–35�C, after the addition, the mixture was

stirred at 50�C for 1 h. Then the solution of 3-acetyl-5-aryl-4-
hydroxy-2-methyl-1H-pyrrol 3 (0.5 mmol) at least amount of
DMF was added dropwise with stirring to the above mixture.
After that the mixture was stirred at 45–55�C for 2 h, kept
over the night at room temperature and poured over mixture of

ice and water (10 g). Product was stirred for 0.5 h, then fil-
tered off and recrystallized from ethanol.

4-Chloro-3-hydroxy-2-phenyl-1H-indole-5,7-dicarbaldehyde
(4a). A yellow solid, mp: decomposed at 258.2–261.2�C; IR
(KBr) 3553, 3343, 3053, 2853, 1671, 1580, 1425, 1025, 902,

812, 683 cm�1; 1H NMR (500 MHz, DMSO-d6): d 11.55 (s,
1H, NH, Exchanged with D2O), 10.49 (s, 1H, CHO), 10.39 (s,
1H, CHO), 8.75 (s, 1H, OH, Exchanged with D2O), 8.17 (s,
1H, CH), 8.01 (d, J ¼ 7.5 Hz, 2H, CH), 7.51 (t, J ¼ 7.45 Hz,
2H, CH), 7.37 (t, J ¼ 7.3 Hz, 1H, CH) ppm; 13C NMR (125

MHz, DMSO-d6): d 192.6, 189.5, 136.6, 134.6, 134.4, 130.9,
130.7, 129.3, 128.4, 127.7, 127.3, 124.8, 122.1, 119.8 ppm;
Anal. Calcd. for C16H10ClNO3: C, 64.12; H, 3.36; N, 4.67.
Found: C, 63.98; H, 3.50; N, 4.72.

4-Chloro-2-(4-fluorophenyl)-3-hydroxy-1H-indole-5,7-dicar-
baldehyde (4b). A yellow solid, mp: decomposed at 286.2–
289.3�C; IR (KBr) 3553, 3360, 3058, 2843, 1670, 1584, 1471,
1030, 901, 834, 634 cm�1; 1H NMR (500 MHz, DMSO-d6): d
11.60 (s, 1H, NH, Exchanged with D2O), 10.48 (s, 1H, CHO),

10.37 (s, 1H, CHO), 8.74 (s, 1H, OH, Exchanged with D2O),
8.16 (s, 1H, CH), 8.04 (dd, JH,F ¼ 8.07 Hz, JH,H ¼ 5.75 Hz,
2H, CH), 7.35 (t, J ¼ 8.75 Hz, 2H, CH) ppm; 13C NMR (125
MHz, DMSO-d6): d 192.5, 189.6, 161.3, 136.6, 134.5, 134.4,
129.9, 127.5, 127.1, 124.8, 122.0, 119.9, 116.4, 116.2 ppm;

Anal. Calcd. for C16H9ClFNO3: C, 60.49; H, 2.86; N, 4.41.
Found: C, 60.60; H, 2.73; N, 4.16.

2-(4-Bromophenyl)-4-chloro-3-hydroxy-1H-indole-5,7-dicar-
baldehyde (4c). A yellow solid, mp: decomposed at 268.9–
272.5�C; IR (KBr) 3540, 3352, 3030, 2839, 1670, 1585, 1465,

1030, 902, 814, 633 cm�1; 1H NMR (500 MHz, DMSO-d6): d
11.63 (s, 1H, NH, Exchanged with D2O), 10.47 (s, 1H, CHO),
10.38 (s, 1H, CHO), 8.74 (s, broad, 1H, OH, Exchanged with
D2O), 8.18 (s, 1H, CH), 7.97 (d, J ¼ 8.4 Hz, 2H, CH), 7.35

(d, J ¼ 8.35 Hz, 2H, CH) ppm; 13C NMR (125 MHz, DMSO-
d6): d 192.5, 189.5, 136.7, 135.4, 134.7, 132.2, 130.2, 129.6,
127.7, 126.7, 124.9, 122.0, 121.4, 119.9 ppm; Anal. Calcd. for

C16H9BrClNO3: C, 50.76; H, 2.40; N, 3.70. Found: C, 50.82;

H, 2.53; N, 3.66.
2-Biphenyl-4-yl-4-chloro-3-hydroxy-1H-indole-5,7-dicarbal-

dehyde (4d). A yellow solid, mp: decomposed at 204.1–
205.9�C; IR (KBr) 3561, 3419, 3033, 2922, 2857, 1670, 1598,
1468, 1427, 1029, 901, 840, 766, 697 cm�1; 1H NMR (500

MHz, DMSO-d6): d 11.60 (s, 1H, NH, Exchanged with D2O),
10.49 (s, 1H, CHO), 10.40 (s, 1H, CHO), 8.82 (s, 1H, OH,
Exchanged with D2O), 8.17 (s, 1H, CH), 8.12 (d, J ¼ 7.1 Hz,
2H, CH), 7.83 (d, J ¼ 7.0 Hz, 2H, CH), 7.76 (d, J ¼ 5.8 Hz,
2H, CH), 7.49 (m, 2H, CH), 7.39 (m, 1H, CH) ppm; 13C NMR

(125 MHz, DMSO-d6): d 192.6, 189.4, 140.5, 140.0, 136.6,
134.6, 134.4, 132.3, 130.9, 130.7, 129.7, 129.3, 128.4, 127.7,
127.3, 124.8, 122.1, 119.8 ppm; Anal. Calcd. for
C22H14ClNO3: C, 70.31; H, 3.75; N, 3.73. Found: C, 70.51; H,
3.68; N, 3.75.

7-(4-Bromophenyl)-5-methyl-4-oxo-4,6-dihydro-pyrano [2,3-
c]pyrrole-3-carbaldehyde (6b). In addition to 2-(4-bromo-
phenyl)-4-chloro-3-hydroxy-1H-indole-5,7-dicarbalde-hyde 4c,
5-methyl-4-oxo-7-phenyl-4,6-dihydro-pyrano[2,3-c]pyrrole-3-

carbaldehyde 6b was obtained in the case of 4-bromoaceto-
phenone. Ratio of 4c/6a was obtained 68/32, according to 1H
NMR spectrum of the mixture of 4c and 6a. This product

Scheme 2. Proposed mechanism for conversion of pyrroles 3 to indoles 4.

Scheme 3
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was characterized only in mixture with 4c using 1H NMR
spectrum and eliminate from mixture with washing of solid
with warm 85% ethanol. 1H NMR (500 MHz, DMSO-d6): d
11.75 (s, 1H, NH, Exchanged with D2O), 10.43 (s, 1H,
CHO), 8.63 (s, 1H, CH), 7.57 (d, J ¼ 8.2 Hz, 2H, CH), 7.36

(d, J ¼ 8.2 Hz, 2H, CH), 2.5 (s, 3H, CH3) ppm.
4-Chloro-2-phenyl-5,7-bis-phenyliminomethyl-1H-indol-3-ol

(14). To mixture of 4-chloro-3-hydroxy-2-phenyl-1H-indole-
5,7-dicarbaldehyde 4a. (0.2 mmol) and 3 drops of concentrate
H2SO4 in boiling ethanol (5 mL), was added Aniline 13 (0.4

mmol), and stirred at the same temperature for the 5 min.
Then the heat was removed and solution was cooled to room
temperature and product was obtained as pale yellow crystals
in 85% yield by filtration and washing with 5 mL of ethanol.
mp: decomposed at 173.6–175.1�C; IR (KBr) 3559, 3053,

2849, 2585, 2060, 1677, 1557, 1497, 1321, 1015, 741, 685,
606 cm�1; 1H NMR (500 MHz, DMSO-d6): d 11.34 (s, 1H,
NH, Exchanged with D2O), 9.20 (s, 1H, HC¼¼NPh), 9.05 (s,
1H, HC¼¼NPh), 8.52 (s, 1H, OH, Exchanged with D2O), 8.00

(d, J ¼ 7.55 Hz, 1H, CH), 7.5–7.04 (m, 15H, CH) ppm; Anal.
Calcd. for C28H20ClN3O: C, 74.74; H, 4.48; N, 9.34. Found:
C, 74.68; H, 4.47; N, 9.21.

4-Chloro-5,7-bis-[(2,4-dinitrophenyl)hydrazonomethyl]-2-
phenyl-1H-indol-3-ol (16). To the solution of 2,4-dinitrophe-

nylhydrazine 15 (0.6 mmol) and 3 drops of concentrate H2SO4

in mixture of ethanol/water (3/2 mL), was added the hot solu-
tion of 4-chloro-3-hydroxy-2-phenyl-1H-indole-5,7-dicarbalde-
hyde 4a (0.2 mmol) in ethanol (5 mL), and stirred for the 5
min. Then solution was cooled to room temperature and prod-

uct was obtained as dark purple solid in 83% yield by filtration
and washing with 5 mL of mixture of ethanol/water (3/2 mL).
mp: 326.8–328.5�C. Don’t soluble in solvents such as DMSO-
d6, Aceton-d6 and etc. for taking NMR spectra. IR (KBr)
3539, 3428, 3270, 3087, 1613, 1508, 1422, 1329, 1208, 1131,

920, 827, 734, 597 cm�1; Anal. Calcd. for C28H18ClN9O9: C,
50.96; H, 2.75; N, 19.10. Found: C, 51.09; H, 2.64; N, 18.93.
In comparing of IR spectrum of 16 with IR spectrum of 4a,
peak of the CAH of the aldehyde group at 2850 cm�1 for 4a

was eliminated in 16 IR spectrum, and the C¼¼O peak of 4a at
1673 cm�1 was replaced with C¼¼N peak of 16 at 1613 cm�1.
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A simple, efficient, and green procedure for the one-pot synthesis of 4(3H)-quinazolinones by three
components condensation of anthranilic acid, ortho esters, and amines in the presence of SnCl2 � 2H2O

has been developed. The reaction occurred within short reaction time at room temperature under sol-
vent-free conditions to afford the title products in excellent yields.

J. Heterocyclic Chem., 47, 468 (2010).

INTRODUCTION

It has been more than a century since the initial stud-

ies on 4(3H)-quinazolinones [1], and they are well-

known as important fused heterocycles because of their

pharmacological and therapeutic properties such as anti-

malarial, antitumor, anticonvulsant, antiinflammatory,

fungicidal, and antimicrobial activities [2]. Moreover,

the 4(3H)-quinazolinone moiety is found in several bio-

active natural products [3]. Because of the importance

of 4(3H)-quinazolinones different strategies for their

synthesis have been described in the literature: (a)

cyclocondensation of anthranilamide with aryl, alkyl, or

heteroaryl aldehydes in refluxing ethanol [4]; (b) poly-

(ethylene glycol) supported by aza-Wittig reaction [5];

(c) intramolecular cyclization of fluorine-containing S-
ethyl N-benzoylisothioureas [6]; (d) cyclocondensation

of 2-fluorobenzoyl chlorides with 2-amino-N-hetero-
cycles [7]; (e) copper-catalyzed cascade reactions of the

substituted 2-halobenzoic acids with amidines [8]; (f)

reaction of polymer-bound isothiourea with isatoic anhy-

dride [9]; (g) reaction of anthranilic acids and ammo-

nium or triethylammonium N-aryl-dithiocarbamates [10].

Multicomponent reactions (MCRs) are especially

attractive synthesis strategies due to the fact that the

products are formed in a single step and also the diver-

sity could be achieved simply by varying the reacting

components. In this type of reaction, at least three easily

accessible components are reacted to form a single prod-

uct, which incorporates essentially all of the atoms of

the starting materials. MCRs are highly flexible, chemo-

selective, convergent, and atom efficient processes.

Therefore, very efficient way to access heterocycles is

by using MCRs in the past decade. Several groups have

reported MCRs preparation methods for synthesis of

4(3H)-quinazolinones from anthranilic acid, orthoesters,

and amines using NaHSO4 or Amberlyst-15 [11],

Yb(III)-resin [12], Yb(OTf)3 [13], Bi(TFA)3-[nbp]FeCl4
ionic liquid [14], La(NO3)3 � 6H2O or p-toluenesulfonic
acid [15], Keggin-type heteropolyacid under microwave

irradiation [16], and SiO2AFeCl3 [17] etc. However,

some of these methods associated with certain draw-

backs such as expensive catalyst, high temperature

(60–80�C), long reaction time (20 h), and using harmful

organic solvent. In addition, aniline having strong elec-

tron-withdrawing substitutes, e.g., Cl and NO2, gave

generally no products at room temperature in previous

reports. Therefore, it is desirable to develop green

and efficient methods for the synthesis of 4(3H)-
quinazolinones.

During the course of our study on Lewis acid–cata-

lyzed organic reactions, we found that stannous chloride,

as an inexpensive and commercially available catalyst,

can catalyze one-pot three components Mannich-type

reaction efficiently [18]. As an extension of our study

on efficient synthesis of 4(3H)-quinazolinones, we

reported here a one-pot MCR of anthranilic acid 1,

orthoesters 2, and primary amines 3 in the presence of 1

mol % SnCl2 � 2H2O at room temperature without sol-

vent (Scheme 1). Most products were formed within

several minutes in excellent yields.

VC 2010 HeteroCorporation

468 Vol 47



RESULTS AND DISCUSSION

First, a controlled experiment of an anthranilic acid, a

triethyl orthoformate, and an aniline in the absence of

catalyst was investigated. The result showed that only

5% product was obtained after 1 h. However, various

4(3H)-quinazolinones 4 were prepared efficiently using

anthranilic acid 1, trimethyl or triethyl orthoformate 2,

and different substituted aryl amines or alkyl amine 3 in

the presence of SnCl2 � 2H2O at room temperature with-

out solvent (Table 1). All condensations mediated by

SnCl2 � 2H2O proceeded smoothly. Anilines carrying ei-

ther electron-donating or electron-withdrawing groups

all afford high yields. Steric hindrance seems to have no

effects on the efficiency of this transformation. The

reaction could tolerate different functional groups, such

as alkyl, halogen, and nitro present in the anilines. The

products derived from triethyl orthoformate were formed

in somewhat higher yields than those from trimethyl

orthoformate. Furthermore, trimethyl orthoformate req-

uired a comparatively longer reaction time. The conden-

sation yield with primary aliphatic amines was lower

than those with aniline derivatives.

A mechanism for this reaction has also been postu-

lated as shown in Scheme 2. The first step in this reac-

tion involves the SnCl2 � 2H2O catalyzed formation of

imidic ester 5, which stabilized by Sn2þ. The imidic

ester 5 may be very prone to react with an aryl amine 3,

Scheme 1

Table 1

Preparation of 4(3H)-quinazolinones 4(a–n) catalyzed by SnCl2 � 2H2O.
a

Product (4) R R1 Time (h) Isolated yield (%)

Mp (�C)

Found Reported

4a Et H 0.4 91 141–143 139–140 [13]

4b Et 2-Me 1.1 93 154–156 –

4c Et 3-Me 3 97 137–139 136–137 [13]

4d Et 4-Me 0.2 91 150–151 146–147 [13]

4e Et 2-MeO 0.5 97 152–154 –

4f Et 4-MeO 0.5 96 138–140 –

4g Et 2-Cl 0.1 81 119–120 –

4h Et 4-Cl 0.2 84 122–124 –

4i Et 4-Br 0.1 91 149–150 –

4j Et 2-NO2 0.1 61 151–153 156–158 [13]

4k Et 3-NO2 0.3 93 152–154 154–156 [13]

4l Et 4-NO2 0.2 86 167–169 165–166 [13]

4m Et 4-COOH 0.1 64 240–242 –

4n Et PhCH2 0.1 56 154–155 –

4a Me H 4 82 139–141 139–140 [13]

4b Me 2-Me 3 96 154–156 –

4c Me 3-Me 7 45 137–139 136–137 [13]

4d Me 4-Me 1 87 149–150 146–147 [13]

4e Me 2-MeO 2.2 91 152–154 –

4f Me 4-MeO 1 94 138–140 –

4g Me 2-Cl 0.2 80 118–120 –

4h Me 4-Cl 0.7 51 123–125 –

4i Me 4-Br 0.3 86 148–150 –

4j Me 2-NO2 7 50 152–154 156–158 [13]

4k Me 3-NO2 0.1 92 152–153 154–156 [13]

4l Me 4-NO2 0.1 80 166–168 165–166 [13]

4m Me 4-COOH 0.1 51 240–242 –

4n Me PhCH2 0.1 51 154–155 –

a The structures of the products were determined from spectral and analytical data (IR, 1H NMR and elemental analysis).
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thus leading to the amidine intermediate 6. Then, ami-

dine intermediate 6 activated by Sn2þ cyclized to form

the quinazolinone 4. A similar mechanism had also been

described by Wang et al. [13].
In conclusion, we have demonstrated a simple and ef-

ficient one-pot three components coupling condensation

from an anthranilic acid, orthoesters, and primary

amines in the presence of SnCl2 � 2H2O for the prepara-

tion of 4(3H)-quinazolinones. The mild and solvent-free

conditions, short reaction time (0.1–7 h), excellent

yields (45–97%), inexpensive, nontoxic, and commer-

cially available catalysts, and simple workup make it a

useful process for the synthesis of 4(3H)-quinazolinones.

EXPERIMENTAL

Melting points were determined using RY-1 micromelting
point apparatus and were uncorrected. Infrared spectra were
recorded on Scimitar 2000 series Fourier Transform instrument

of VARIAN. 1H NMR spectra were recorded on Bruker ARX-
500 spectrometer in DMSO-d6 using TMS as an internal stand-
ard. Elemental analyzes were performed on EA 2400II elemen-
tal analyzer (Perkin–Elmer).

General procedure for the synthesis of 4(3H)-

quinazolinones. To a mixture of anthranilic acid (10 mmol),
an orthoester (12 mmol), and an amine (12 mmol),
SnCl2 � 2H2O (0.1 mmol) was added. The mixture was stirred
at room temperature for an appropriate time (Table 1). The

reaction was monitored by TLC. After completion, the solid
obtained was crystallized in ethanol. The pure products were

identified by IR, 1H NMR, and elemental analysis. The spec-
tral properties of some representative 4(3H)-quinazolinones are
given below:

3-(2-Methylphenyl)quinazolin-4(3H)-one (4b). White solid.
IR (KBr): 1687, 1594, 1489 cm�1. 1H NMR (500 MHz,
DMSO-d6): d 8.56 (s, 1H), 8.31 (d, J ¼ 7.2 Hz, 1H), 7.75–
7.52 (m, 2H), 7.23–7.07 (m, 5H), 2.31 (s, 3H). Anal. Calcd.
for C15H12ON2: C, 76.26; H, 5.12; O, 6.77. Found: C, 76.35;

H, 5.10; O, 6.72.
3-(2-Methoxyphenyl)quinazolin-4(3H)-one (4e). White

solid. IR (KBr): 1681, 1595, 1457 cm�1. 1H NMR (500 MHz,
DMSO-d6): d 8.36 (s, 1H), 8.21 (d, J ¼ 7.7 Hz, 1H), 7.45 (d,

J ¼ 6.8 Hz, 1H), 7.25 (t, J ¼ 7.0 Hz, 1H), 7.08–7.03 (m, 2H),
6.94 (t, J ¼ 7.1 Hz, 1H), 6.78 (d, J ¼ 8.2 Hz, 1H), 6.53 (t, J
¼ 7.3 Hz, 1H), 3.85 (s, 3H). Anal. Calcd. for C15H12O2N2: C,
71.42; H, 4.80; O, 12.68. Found: C, 71.34; H, 4.82; O, 12.72.

3-(4-Methoxyphenyl)quinazolin-4(3H)-one (4f). White

solid. IR (KBr): 1715, 1591, 1454 cm�1. 1H NMR (500 MHz,
DMSO-d6): d 8.54 (s, 1H), 8.05 (d, J ¼ 7.5 Hz, 1H), 7.54–
7.48 (m, 2H), 7.16 (t, J ¼ 7.5 Hz, 1H), 6.97 (dd, J ¼ 8.5, 9.5
Hz, 4H), 3.76 (s, 3H). Anal. Calcd. for C15H12O2N2: C, 71.42;
H, 4.80; O, 12.68. Found: C, 71.51; H, 4.77; O, 12.64.

3-(2-Chlorophenyl)quinazolin-4(3H)-one (4g). Yellow
solid. IR (KBr): 1667, 1602, 1414 cm�1. 1H NMR (500 MHz,
DMSO-d6): d 8.57 (s, 1H), 8.02 (d, J ¼ 7.7 Hz, 1H), 7.73–
7.70 (m, 2H), 7.61 (t, J ¼ 7.6 Hz, 1H), 7.25–7.16 (m, 2H),
6.76 (d, J ¼ 8.0 Hz, 1H), 6.53 (t, J ¼ 7.2 Hz, 1H). Anal.

Calcd. for C14H9ON2Cl: C, 65.51; H, 3.53; O, 6.23; N, 10.91.
Found: C, 65.42; H, 3.55; O, 6.24; N, 10.93.

3-(4-Chlorophenyl)quinazolin-4(3H)-one (4h). Pale yellow
solid. IR (KBr): 1672, 1616, 1485 cm�1. 1H NMR (500 MHz,

DMSO-d6): d 8.52 (s, 1H), 7.71–7.68 (m, 2H), 7.24–7.20 (m,
2H), 6.75 (d, J ¼ 7.4 Hz, 2H), 6.52 (d, J ¼ 7.2 Hz, 2H). Anal.

Scheme 2
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Calcd. for C14H9ON2Cl: C, 65.51; H, 3.53; O, 6.23; N, 10.91.
Found: C, 65.43; H, 3.52; O, 6.25; N, 10.95.

3-(4-Bromophenyl)quinazolin-4(3H)-one (4i). White solid.
IR (KBr): 1713, 1587, 1443 cm�1. 1H NMR (500 MHz,
DMSO-d6): d 8.55 (s, 1H), 8.01 (d, J ¼ 7.7 Hz, 1H), 7.60 (t, J
¼ 7.5 Hz, 1H), 7.46–7.44 (m, 4H), 7.18 (d, J ¼ 7.5 Hz, 2H).
Anal. Calcd. for C14H9ON2Br: C, 55.84; H, 3.01; O, 5.31; N,
9.30. Found: C, 55.77; H, 3.01; O, 5.32; N, 9.33.

3-(4-Carboxylphenyl)quinazolin-4(3H)-one (4m). White
solid. IR (KBr): 1701, 1593, 1484 cm�1. 1H NMR (500 MHz,

DMSO-d6): d 10.49 (s, 1H), 8.34 (s, 1H), 7.92–7.88 (m, 3H),
7.71 (t, J ¼ 8.5 Hz, 2H), 7.63 (d, J ¼ 5.5 Hz, 1H), 7.31 (d, J
¼ 8.5 Hz, 1H), 6.56 (d, J ¼ 5.5 Hz, 1H). Anal. Calcd. for
C15H10O3N2: C, 67.67; H, 3.79; O, 18.03. Found: C, 67.76; H,
3.78; O, 18.00.

3-Benzylquinazolin-4(3H)-one (4n). White solid. IR (KBr):
1678, 1621, 1459 cm�1. 1H NMR (500 MHz, DMSO-d6): d
8.52 (s, 1H), 8.00 (d, J ¼ 7.5 Hz, 1H), 7.54–7.47 (m, 2H),
7.41–7.36 (m, 4H), 7.32 (t, J ¼ 6.8 Hz, 1H), 7.13 (t, J ¼ 7.0

Hz, 1H), 4.61 (s, 2H). Anal. Calcd. for C15H12ON2: C, 76.26;
H, 5.12; O, 6.77. Found: C, 76.35; H, 5.10; O, 6.74.
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The 1H-pyrazole-3-carboxylic acids 2 were converted via reactions of their acid chlorides 3 with
some semi- and thiosemicarbazide derivatives into the corresponding new phenylsemi- and thiosemicar-
bazides 4a–e, 6, 5-(pyrazol-3-yl)-4H-1,2,4-triazol-3-thiones 5a,b, and 2-(pyrazol-3-yl)-1,3,4-thiadiazol 7
derivatives, in good yields (45-97%, respectively). The reactions of 4a,c,e with Lawesson reagent lead

to the products 6 and 7 formation. The structures of these newly synthesized compounds were deter-
mined from the IR, 1H- and 13C-NMR spectroscopic data and elemental analyses.

J. Heterocyclic Chem., 47, 472 (2010).

INTRODUCTION

2,3-Furandiones in general are considered as conven-

ient and versatile synthons in heterocyclic synthesis

[1,2]. A convenient method for their synthesis, the

mechanism of reactions, and semiempirical (AM1 and

PM3) and ab initio (DFT) calculations on the interaction

of 4-benzoyl-5-phenyl-2,3-dihydro-2,3-furandione (1)

with several semicarbazones, ureas, thioureas, and ani-

lides have been reported recently [3–7]. The reactions of

2,3-furandione 1 and various hydrazines or hydrazones

result in new pyrazole-3-carboxylic acids, pyrazolopyri-

dazinones, and some of their derivatives. The pyrazole

carboxylic acids can be easily transformed into the cor-

responding acid chloride, ester, or amide derivatives by

the general chemical procedures [8–13]. Pyrazole deriv-

atives are generally well-known nitrogen containing het-

erocycles, and various procedures have been developed

for their syntheses [14–17].

Pyrazole derivatives are very important organic com-

pounds because they are widely used in pharmaceuticals

and agrochemicals. Their excellent control activities in

regard to various plant diseases are studied [18,19].

They can also be used as antifungal [20], antibacterial

[21], antimicrobial [22,23], and anti-inflammatory agents

[24–28]. The possible biological properties of the pyra-

zol, pyridazinone, pyrazolopyridazinone [29], and oxazin

derivatives make it attractive to study these compounds.

In view of these important properties, we decided

both to prove reproducibility of the reaction of 4-ben-

zoyl-1,5-diphenyl-1H-pyrazole-3-carboxylic acid (2a)

and -acid chloride (3a) with some semi- and thiosemicar-

bazide derivatives and to extend our investigations

related to preparing new heterocycles, which include the

pyrazole ring in their structure. Here, we report the chem-

ical behavior of 3 toward various semi- and thiosemicar-

bazides (see Scheme 1). As a result of these reactions,

new phenylsemi- and thiosemicarbazides 4a–e, 6, 5-(sub-

stituted pyrazol-3-yl)-4H-1,2,4-triazol-3-thiones 5a,b,

and 2-(substituted pyrazol-3-yl)-1,3,4-thiadiazol 7 deriva-

tives were synthesized, and their structures were identi-

fied by spectroscopic and elemental analyses.

RESULTS AND DISCUSSION

Treatment of the yellow furandione 1 with arylhydra-

zines under reflux in benzene for 1–6 h, the correspond-

ing white coloured 1H-pyrazole-3-carboxylic acids 2 [8]

were obtained. The compounds 2 can easily be trans-

formed into the corresponding 1H-pyrazole-3-carboxylic
acid chloride 3 by usual chemical procedures [9]. Sub-

stituted 2,3-furandione 1, -acid 2 and -acid chloride 3,

which are used as an important initial materials in the

synthesis of the target heterocycles, were prepared using

the literature procedures (2b and 3b were synthesized

by us, yet) [1,8,9,15] (see Scheme 1).

The compounds 3 treatment with various semi- and

thiosemi-carbazide derivatives in boiling benzene or xy-

lene gave the corresponding new structures 4,5 as main
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product. The progress of the reactions was monitored by

thin-layer chromatography until complete consumption

of the starting materials. The compounds 4a–e, 5a,b

were obtained in excellent yields (70–97%), except 5a

(45%), after evaporation of the organic solvents and

recrystallization from proper solvent (like methanol or

butanol, see Experimental part). The reaction of the

compound 3b with 1-phenylsemicarbazide led to the for-

mation of 4b, under reflux in xylene for 8 h, in 76%

yield without opening the pyrazole ring. To make the

reaction selective, we had to determine its parameters,

in other words, the reaction pathway, leading to such

results. The excellent yield of the reaction can be

explained by the chemical behavior of the compound 3

toward H-active nucleophiles, such as semi- and thiose-

micarbazides. It should start with a nucleophilic attack

of the nitrogen atoms’ lone pair electrons of the semi-

carbazide to the antibonding (p*) orbital at the carbonyl

carbon at C3 position of the pyrazol ring. Simultaneous

attack of the other nitrogen atoms of the semicarbazide

to the carbonyl carbon of the 3 could form some by-

products. We assume that the reaction occurs under ther-

modynamic control. The by-products formed in this way

are removed when the raw products are treated with

diethyl ether. Previously, analogs reactions have been

reported with hydrazines, ureas, diamines, aminophe-

nols, and the corresponding open chain compounds [9–

13]. In the IR spectrum of compound 4b, the ANH

absorption bands were observed between 3480 and 3300

cm�1, and the C¼¼O absorption was at 1682 cm�1. The
1H-NMR signals were found at d equal to 9.09 ppm (s,

1H, NH), 7.68–6.92 (m, 19H, ArH), 6.20 (b, 2H, NH2),

and 3.77 ppm (s, 3H, OCH3), and
13C NMR signals at d

such as 190.56 (t, PhCO), 159.98, 158.23 (two s,

C¼¼O), 159.50 (CAOCH3), 144.28, 143.45 (C-3, C-5),

118.40 (C-4), and 55.90 ppm (q, OCH3). Finally, the

elemental analysis data along with spectroscopic data

(details see Experimental) confirm the structure of 4b.

Interaction of the pyrazole-3-carboxylic acid chlorides

3 with some semi- and thiosemicarbazide derivatives at

reflux results in the corresponding new products 4a–e.

Surprisingly, using thiosemicarbazide in reaction with 3,

the 5-(substituted pyrazol-3-yl)-4H-1,2,4-triazol-3-thione
derivatives 5a,b were obtained exclusively. At this

point, the reaction of 3 with thiosemicarbazide in boil-

ing benzene for 4 h with no catalytic amounts of pyri-

dine or triethylamine gave the product 5a, which was

obtained in 65% yield by recrystallizing from n-butanol
(see Scheme 1). The moderate to good yield of the reac-

tion can be explained by the chemical behavior of acid

chlorides, similar to the behavior of the compound 3 to-

ward N-nucleophiles [8–13]. The formation of 5 can

easily be explained by a nucleophilic attack on the car-

bonyl group of the acid chloride 3. It appears, that this

process can be followed by elimination of a molecule of

hydrogen chloride, and finally, loss of a molecule of

water, to give 5, whose formation is confirmed by TLC

using authentic specimens of 5 and strongly supported

by the results of all analytical and spectroscopic meas-

urements. A Beilstein test did not give a green colour

for compound 5. The IR spectrum of 5a showed charac-

teristic absorption bands between 3500 and 2900 cm�1

(b, NH), and at 1662 cm�1 (s, CO). The 1H-NMR sig-

nals were found to be at d equal to 10.49 (b, 1H, NH),

9.34 (b, 1H, NH), 7.77–7.08 ppm (m, 15H, ArH), and

the 13C-NMR signals at d such as 191.70 (t, PhC¼¼O),

159.84 (C¼¼S), 154.68–114.88 (arom. C’s), 144.27,

143.66 (C-3, C-5), and 123.08 ppm (C-4).

To examine, if that kind of chemistry can be

extended to somewhat modified systems, several

attempts to change functional groups in 4 have now

been made, e.g. transformation of carbonyl groups into

the corresponding C¼¼S-moieties using the Lawesson
reagent [2,4-bis-(4-methoxyphenyl) 1,3,2,4-dithiadiphos-

phetane-2,4-disulfide] [30–33]. According to the usual

experimental procedures applied to achieve sulfuriza-

tion of carbonyls with aid of the Lawesson reagent

(LR) [30–33], the phenylsemicarbazide derivatives 4a,

4c, or 4e and LR were refluxed in dry xylene on an oil

bath for 16 or 24 h, thus, forming a yellow solution.

After cooling, white coloured crystals (6) or yellow

needles (7) could be obtained in moderate yields (39–

20%). Surprisingly, the outcome of these experiments

did not follow the expected routes, but novel, potential,

and biologically active pyrazole derivated heterocycles

were obtained from those reactions as shown in

Scheme 2.

Scheme 1
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CONCLUSION

This article reported the facile synthesis of new phe-

nylsemi- and thiosemicarbazides 4a–e, 6, 5-(substituted

pyrazol-3-yl)-4H-1,2,4-triazol-3-thiones 5a,b, and 2-

(substituted pyrazole-3-yl)-1,3,4-thiadiazol 7 derivatives

from the nucleophilic substitution or recyclization of a

pyrazole-3-carbonyl chlorides 3 with various semi- and

thiosemicarbazides. The products were easily purified

and obtained with a good yield and characterized by

spectroscopic techniques as well as microanalyses. All

newly synthesized compounds are soluble in most of or-

ganic solvents, but their limited solubility in most of

inorganic solvents could be a drawback for subsequent

applications. However, it may happen these compounds

possess interesting biological properties [18–29] that

would deserve further investigations. These functional-

ized products are amenable to further transformations,

and we anticipate that they may have important applica-

tions in medicinal and synthetic organic chemistry.

EXPERIMENTAL

Melting points are uncorrected and recorded on Electrother-
mal 9200 digital melting point apparatus. Microanalyses were
performed on a Leco-932 CHNS-O Elemental Analyser. A

Jasco 460 Plus FTIR and a Shimadzu FTIR-8400 model spec-
trophotometers were used for IR spectra (in the range of 400–
4000 cm�1 region), using KBr pellets or ATR techniques. The
1H-and 13C-NMR spectra were measured with Bruker 300

MHz and Bruker Avance III 400 MHz spectrometers and the
chemical shifts were recorded in ppm units. After completion
of the reactions, solvents were evaporated with rotary evapora-
tor (Buchi RE model 111). The reactions were followed by
TLC using DC Alufolien Kieselgel 60 F254 Merck and Camag

TLC lamp (254/366 nm). Solvents and all other chemical
reagents were purchased from Merck, Sigma, Aldrich and
Fluka and used directly without further purification. Solvents
were dried by refluxing with the appropriate drying agents and
distilled before use.

4-Benzoyl-5-phenyl-1-p-methoxyphenyl-1H-pyrazole-3-car-

boxylic acid (2b). A mixture of furandione 1 (0.28 g, 1 mmol)
and 4-methoxyphenylhydrazine hydrochloride (0.17 g, 1
mmol) was refluxed in 30 mL of dry benzene for 6 h by add-
ing 2–3 drops pyridine. After cooling, the precipitate was fil-

tered off and treated with dry ether to give a crude solid that
was recrystallized from methanol. The yield 0.25 g (63%) of
2b, mp 232�C; IR (ATR): 3400–2400 (b, OH, COOH), 3065,
3030 (arom. CH), 2951–2897 (aliph. CH), 1674 (s br, CO’s),

1604–1464 (phenyl and pyrazole rings C. . .C, C. . .N), 1248
cm�1 (CAO); 1H-NMR (400 MHz, CDCl3): d 7.69–6.81 (m,

14H, ArH), 3.86 ppm (s, 3H, OCH3);
13C-NMR (100 MHz,

CDCl3): d 183.34 (t, PhC¼¼O), 170.15 (s, COOH), 159.75

(MeOAPh), 158.75 (NAPh), 143.90, 143.12 (C-3, C-5),

139.82 (CAPh), 134.99, 134.25, 132.03, 130.51, 128.90,

128.63, 128.44, 128.13, 128.10, 127.60, 127.28, 127.25

(CAPh), 116.50 (s, C-4), 114.02, 114.00 (CAPh), 55.53 ppm

(q, OCH3). Anal. Calcd. for C24H18N2O4 (398.41): C, 72.35;

H, 4.55; N, 7.03. Found: C, 72.13; H, 4.72; N, 6.94.
4-Benzoyl-5-phenyl-1-p-methoxyphenyl-1H-pyrazole-3-car-

bonyl chloride (3b). Compound 2b (0.40 g, 1 mmol) and thi-

onyl chloride (1 mL, 13.8 mmol) were refluxed on a steam bath

for 6 h. After cooling, the crude precipitate formed was filtered

off and recrystallized from xylene or toluene, yield 0.31 g

(68%), mp 177�C; IR (ATR): 3060, 3013 (arom. CH), 2967–

2870 (aliph. CH), 1761, 1648 (s, CO), 1595–1454 (phenyl and

pyrazole rings C. . .C, C. . .N), 1250 cm�1 (CAO); 1H-NMR (400

MHz, DMSO-d6): d 7.80–6.74 (m, 14H, ArH), 3.78 ppm (s, 3H,

OCH3).
13C-NMR (100 MHz, DMSO-d6): d 191.35 (t, J ¼ 4.4

Hz, PhCO), 162.75 (s, COCl), 159.61 (MeOAPh), 143.44,

142.58 (C-3, C-5), 138.15 (CAPh), 133.81, 132.05, 130.08,

129.59, 129.49, 129.06, 128.83, 128.30, 127.75, 127.60

(CAPh), 122.97 (s, C-4), 114.60 (CAPh), 55.90 ppm (q,

OCH3). Anal. Calcd. for C24H17N2O3Cl (416.86): C, 69.15; H,

4.11; N, 6.72. Found: C, 69.23; H, 4.29; N, 6.60.
1-[(4-Benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonyl]-1-

phenylsemicarbazide (4a). Acid chloride 3a (0.39 g, 1 mmol)

and 1-phenylsemicarbazide (0.15 g, 1 mmol) were refluxed in

xylene on an oil bath for 2 h. After cooling, the crude precipi-

tate that formed was filtered off and recrystallized from metha-

nol, yield 0.44 g (88%) of 4a, mp 232–233�C; IR (KBr):

3488, 3334, 3256 (NH�OH and NH2), 3057 (aromatic CH),

1713, 1658 (s, CO), 1597–1452 cm�1 (C. . .C, C. . .N); 1H-NMR

(300 MHz, DMSO-d6): d 9.10 (s, 1H, NH), 7.58–7.10 (m,

20H, ArH), 6.19 ppm (b, 2H, NH2);
13C-NMR (75 MHz,

DMSO-d6): d 190.50 (t, J ¼ 4.3 Hz, PhCO), 159.13 (s, C¼¼O),

158.21 (C¼¼O), 155.83 (NAPh), 143.42, 142.54 (C-3, C-5),

138.95 (CAPh), 134.52, 133.18, 132.11, 131.86, 130.53,

129.59, 129.03, 128.82, 128.67, 128.56, 128.26, 126.08

(CAPh), 122.51, 119.94 ppm (C-4). Anal. Calcd. for

C30H23N5O3 (501.54): C, 71.84; H, 4.62; N, 13.96. Found: C,

72.03; H, 4.79; N, 13.64.

1-[(4-Benzoyl-5-phenyl-1-p-methoxyphenyl-1H-pyrazol-3-yl)

carbonyl]-1-phenylsemicarbazide (4b). Acid chloride 3b

(0.42 g, 1 mmol) and 1-phenylsemicarbazide (0.15 g, 1 mmol)

were refluxed in xylene on an oil bath for 8 h. After evapora-

tion, the oily residue obtained was treated with dry ether. The

crude product formed was filtered off and recrystallized from a

mixture of benzene-cyclohexane (1:3), yield 0.40 g (76%) of

4b, mp 129�C; IR (ATR): 3480, 3383, 3309 (NH�OH and

NH2), 3065, 2912, 2849 (arom. and aliph. CH), 1682 (s br,

CO’s), 1590–1447 (C. . .C, C. . .N), 1248 cm�1 (CAO); 1H-

NMR (400 MHz, DMSO-d6): d 9.09 (s, 1H, NH), 7.68–6.92

(m, 19H, ArH), 6.20 (b, 2H, NH2), 3.77 ppm (s, 3H, OCH3);
13C-NMR (100 MHz, DMSO-d6): d 190.56 (t, J ¼ 4.2 Hz,

PhCO), 159.98 (s, C¼¼O), 159.50 (MeOAPh), 158.23 (C¼¼O),

155.30 (NAPh), 144.28, 143.45 (C-3, C-5), 141.15 (CAPh),

138.17, 134.21, 132.10, 131.93, 130.55, 130.08, 129.49,

128.92, 128.76, 128.15, 127.96, 127.59, 126.79 (CAPh),

124.91, 118.40 (C-4), 116.61 (CAPh), 55.90 ppm (q, OCH3).

Anal. Calcd. for C31H25N4O4 (517.55): C, 71.94; H, 4.87; N,

10.83. Found: C, 72.03; H, 4.77; N, 10.68.

Scheme 2
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1-[(4-Benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonyl]-4-

phenylthiosemicarbazide (4c). Acid chloride 3a (0.30 g, 0.8
mmol) and 4-phenylthiosemicarbazide (0.13 g, 0.8 mmol)

were refluxed in benzene for 1 h. After cooling, the crude
precipitate that formed was filtered off and recrystallized
from n-butanol to give 0.27 g of 4c (68%), mp 250–251�C;
IR (KBr): 3393, 3209 (NH�OH ve NH), 3065 (arom. CH),
2415 (w, tautomeric SH), 1674 (CO), 1610–1460 (C. . .C,

C. . .N), 1360 cm�1 (C¼¼S); 1H-NMR (400 MHz, DMSO-d6):
d 12.61 (s, 1H, NH�SH), 10.02 (b, 1H, NH), 9.72 (b, 1H,
NH), 7.54–6.92 ppm (m, 20H, ArH); 13C-NMR (100 MHz,
DMSO-d6): d 191.50 (t, J ¼ 4.4 Hz, PhCO), 161.63 (C¼¼S),
158.26 (C¼¼O, amide), 156.60 (NAPh), 145.17, 142.56 (C-3,

C-5 exchangeable), 140.24 (CAPh), 138.86, 137.06, 133.96,
130.46, 129.11, 128.99, 128.91, 128.60, 128.18, 127.87,
127.71, 126.13 (CAPh), 123.17 (C-4), 117.08, 116.88 ppm
(CAPh). Anal. Calcd. for C30H23N5O2S (517.60): C, 69.61;
H, 4.48; N, 13.53; S, 6.19. Found: C, 69.88; H, 4.80; N,

13.91; S, 6.00.
1-[(4-Benzoyl-5-phenyl-1-p-methoxyphenyl-1H-pyrazol-3-yl)

carbonyl]-4-phenylthiosemicarbazide (4d). Acid chloride 3b

(0.42 g, 1 mmol) and 4-phenylthiosemicarbazide (0.17 g, 1

mmol) were refluxed in xylene for 6 h. After evaporation, the
oily residue obtained was treated with dry ether. The crude
product formed was filtered off and recrystallized from n-buta-
nol to give 0.38 g of 4d (70%), mp 202�C; IR (ATR): 3400–
3100 (NH�OH and NH), 3065, 2966, 2873 (CAH), 2450 (w,

tautomeric SH), 1674 (s br, CO’s), 1604–1475 (C. . .C, C. . .N),
1370 cm�1 (C¼¼S); 1H-NMR (400 MHz, DMSO-d6): d 12.59
(s, 1H, NH�SH), 10.39 (b, 1H, NH), 9.96 (t, 1H, NH), 7.74–
6.92 (m, 19H, ArH), 3.76 ppm (s, 3H, OCH3);

13C-NMR (100
MHz, DMSO-d6): d 191.30 (t, J ¼ 4.2 Hz, PhCO), 160.06

(C¼¼S), 159.85 (MeOAPh), 159.61 (C¼¼O, amide), 156.62
(NAPh), 144.07, 142.19 (C-3, C-5 exchangeable), 140.68
(CAPh), 138.15, 137.63, 134.74, 133.63, 132.19, 131.03,
130.17, 129.58, 129.22, 128.85, 128.56, 128.33, 128.13,
127.85, 127.77, 126.39 (CAPh), 122.09 (C-4), 117.86, 116.88,

114.52 (CAPh), 55.90 ppm (q, OCH3). Anal. Calcd. for
C31H25N4O3S (533.62): C, 69.77; H, 4.72; N, 10.50; S, 6.01.
Found: C, 69.85; H, 4.80; N, 10.32; S, 6.14.

1-[(4-Benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonyl]-4-

phenylsemicarbazide (4e). Acid chloride 3a (0.30 g, 0.8

mmol) and 4-phenylsemicarbazide (0.15 g, �0.8 mmol) were
refluxed in benzene for 4 h. After cooling, the crude precipi-
tate was filtered off and recrystallized from n-butanol, yield
0.40 g (97%) of 4e, mp 219�C; IR (KBr): 3435, 3329

(NH�OH), 3060 (arom. CH), 1696, 1641 (s, CO), 1601–1478
cm�1 (C. . .C, C. . .N); 1H-NMR (300 MHz, CDCl3/DMSO-d6):
d 9.79 (s, 1H, NH), 8.37 (s, 1H, NH), 7.99 (s, 1H, NH), 7.71–
6.85 ppm (m, 20H, ArH); 13C-NMR (75 MHz, CDCl3/DMSO-
d6): d 190.26 (t, J ¼ 4.3 Hz, PhCO), 159.51, 154.52

(HNC¼¼O), 143.16, 142.70 (C-3, C-5), 138.48, 137.87, 137.09,
132.21, 128.87, 128.46, 128.21, 127.88, 127.76, 127.68,
127.47, 126.96, 124.65 (CAPh), 121.37, 121.18, 117.62 ppm
(C-4). Anal. Calcd. for C30H23N5O3 (501.54): C, 71.84; H,
4.62; N, 13.96. Found: C, 71.47; H, 4.77; N, 14.21.

5-(4-Benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)-4H-1,2,4-tria-

zol-3-thione (5a). Acid chloride 3a (0.50 g, 1.3 mmol) and
thiosemicarbazide (0.12 g, 1.3 mmol) were refluxed in benzene
for 4 h. After cooling, the crude precipitate was filtered off
and recrystallized from n-butanol, yield 0.36 g (65%) of 5a,

mp 208�C; IR (KBr): 3600–2900 cm�1 (b, NH, peak max.:
3468, 3339, 3182), 3055 (arom. CH), 1662 (s, CO), 1602–
1497 (C. . .N, C. . .C), 1367 cm�1 (C¼¼S); 1H-NMR (400 MHz,
DMSO-d6): d 10.49 (b, 1H, NH), 9.34 (b, 1H, NH), 7.77–7.08
ppm (m, 15H, ArH); 13C-NMR (100 MHz, DMSO-d6): d
191.70 (t, J ¼ 4.5 Hz, PhCO), 159.84 (C¼¼S), 154.68 (NAPh),
144.27, 143.66, 143.25 (C-3, C-5 or C-50 exchangeable),
140.23 (CAPh), 139.21, 138.18, 136.39, 135.24, 133.67,
132.26, 131.75, 130.41, 129.68, 129.31, 128.91, 128.27,
127.74, 125.32 (CAPh), 123.08 (C-4), 117.18, 114.88 ppm

(CAPh). Anal. Calcd. for C24H17N5OS (423.49): C, 68.07; H:
4.05; N: 16.54; S: 7.57. Found: C, 67.90; H, 4.25; N, 16.40; S.
7.30.

5-(4-Benzoyl-5-phenyl-1-p-methoxyphenyl-1H-pyrazol-3-yl)-

4H-1,2,4-triazol-3-thione (5b). Acid chloride 3b (0.50 g, 1.2

mmol) and thiosemicarbazide (0.11 g, 1.2 mmol) were refluxed
in xylene for 8 h. After cooling, the crude precipitate was fil-
tered off and recrystallized from a mixture of carbon tetra-
chloride and cyclohexane (1:3), yield 0.45 g (83%) of 5b, mp

140�C; IR (ATR): 3320, 3156 (NH), 3057, 2935 (CAH), 2450
(w, tautomeric SH), 1670 (s, CO), 1598–1452 (C. . .C, C. . .N),
1362 cm�1 (C¼¼S); 1H-NMR (400 MHz, DMSO-d6): d 12.58
(s, 1H, NH�SH), 10.36 (b, 1H, NH), 7.76–6.92 (m, 14H,
ArH), 3.76 ppm (s, 3H, OCH3);

13C-NMR (100 MHz, DMSO-

d6): d 191.30 (t, J ¼ 4.6 Hz, PhCO), 161.93 (C¼¼S), 159.81
(MeOAPh), 156.63 (NAPh), 144.07, 143.47, 142.21 (C-3, C-5
or C-50 exchangeable), 140.68 (CAPh), 138.15, 137.87,
134.73, 133.82, 132.19, 131.87, 130.32, 129.74, 129.28,
128.86, 128.33, 127.85, 126.39 (CAPh), 122.10 (C-4), 116.80,

114.60, (CAPh), 55.93 ppm (q, OCH3). Anal. Calcd. for
C25H19N5O2S (453.52): C, 66.21; H: 4.22; N: 15.44; S: 7.07.
Found: C, 66.08; H, 4.25; N, 15.15; S. 7.33.

1-[(4-Benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)carbonyl]-1-

phenylthiosemicarbazide (6). 4a (0.50 g, 1.1 mmol) and LR

(0.54 g, 1.3 mmol) were refluxed in xylene on an oil bath for
16 h. Than the solvent was evaporated and remaining oily resi-
due was treated with dry diethyl ether to give a crude product
that was recrystallized from xylene. Yield 0.20 g (39%) of 6,

mp 263�C; IR (KBr): 3600–2950, (b, NH, peak max.: 3446,
3220, 3196), 3055 (arom. CH), 1690, 1637 (CO), 1594–1472
(C. . .C, C. . .N), 1364 cm�1 (C¼¼S); 1H-NMR (300 MHz,
CDCl3): d 7.80 (d, 1H, NH), 7.77 (d, 1H, NH), 7.66–6.86 (m,
20H, ArH and 1H, NH). Anal. Calcd. for C30H23N5O2S

(517.60): C, 69.61, H, 4.48, N, 13.53, S, 6.19. Found: C,
69.47, H: 4.63; N: 13.76, S: 6.04.

5-Anilino-2-(4-benzoyl-1,5-diphenyl-1H-pyrazol-3-yl)-1,3,4-

thiadiazol (7). 4e (0.50 g, 1 mmol) and LR (0.54 g, 1.3
mmol) were refluxed in xylene on an oil bath for 24 h. Than

the solvent was evaporated and remaining oily residue was
treated with dry diethyl ether to give a crude product that was
recrystallized from xylene. Yield 0.11 g (20%) of 7, mp
323�C; IR (KBr): 3196 (NH), 3058 (arom. CH), 1640 (CO),
1594–1491 cm�1 (C. . .C, C. . .N); 1H-NMR (300 MHz, DMSO-

d6): d 14.27 (s, 1H, NH), 7.46–6.97 ppm (m, 20H, ArH);13C-
NMR (75 MHz, DMSO-d6): d 175.44 (t, J ¼ 4.2 Hz, PhCO),
149.00 (N¼¼CAS), 148.60 (SACANH), 141.60, 139.21,
137.65, 133.98, 131.07, 130.10, 129.93, 129.51, 129.25,

129.17, 128.84, 128.74, 128.58, 128.26, 128.08, 127.92,
126.96, 126.42, 126.06, 111.49 ppm (arom. C’s). Anal. Calcd.
for C30H21N5OS (499.59): C, 72.12; H, 4.24; N, 14.02; S,
6.42. Found: C, 72.40; H, 4.50; N, 13.80; S, 6.71.
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Yunus Akçamur, who passed away at 2007. This study was

financially supported by Research Foundation of Erciyes
University.

REFERENCES AND NOTES

[1] Ziegler, E.; Eder, M.; Belegratis, C.; Prewedourakis, E. Mon-

atsh Chem 1967, 98, 2249.

[2] Review: Kollenz, G.; Heilmayer, W. Trends in Heterocycl

Chem 1993, 3, 379.
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3-Arylazo-2-(4-methyl-2-phenylthiazol-5-yl)imidazo[1,2-a]pyrimidine, 2-(4-methyl-2-phenyl-1,3-thia-

zol-5-yl)-3-phenylazoimidazo[1,2-a]pyridine, 3-arylazo-2-(4-methyl-2-phenylthiazol-5-yl)-6-phenyl-5H-
imidazo[1,2-b]pyrazole, 6-(4-methyl-2-phenyl-thiazol-5-yl)-5-phenylazo3-phenyl-imidazo[2,1-b]thiazole,
3-(4-methyl-2-phenylthiazol-5-yl)-2-phenylhydrazino-(1H)-quinoxaline, 3-(4-methyl-2-phenylthiazol-5-
yl)- 2-phenylazoquinoxaline, 3-(4-methyl-2-phenylthiazol-5-yl)-2-phenylhydrazinobenzo-[1,4] thiazine,

3-(4-methyl-2-phenyl-thiazol-5-yl)-2-phenylhydrazinobenzo[1,4]oxazine, and 3-(4-methyl-2-phenyl-
thiazol-5-yl)-2-phenylazo-1H-pyrido[2,3-b]pyrazine derivatives were synthesized via reaction of 2-(4-methyl-
2-phenyl-1,3-thiazol-5-yl)-2-oxo-N-arylethanehydrazonoyl bromide with each of 2-aminopyrimidine, 2-ami-
nopyridine, 3-aminopyrazoles, 2-amino-4-phenylthiazole, o-phenylenediamine, o-aminothiophenol, o-amino-
phenol, or 2, 3-diaminopyridine, respectively. All structures of the newly synthesized compounds were

elucidated by elemental analysis, spectral data, and alternative synthetic route whenever possible. The entire
newly synthesized compounds are tested toward different microorganisms.

J. Heterocyclic Chem., 47, 477 (2010).

INTRODUCTION

Our continuous interest in the chemistry of hydrazo-

noyl halides [1–9] originates from our persistent trials to

obtain pyridines, pyrimidines, pyridazines, and their ana-

logs. The importance of such compounds lies in their

diverse pharmaceutical activities, namely antibacterial

[10,11], antidiabetic [12], anti-HIV [13], antiviral

[14,15], and analgesic activities. We report herein the

reactivity of 2-(4-methyl-2-phenyl-1,3-thiazol-5-yl)-2-

oxo-N-arylethanehydrazonoyl bromides toward 2-amino-

pyrimidine, 2-aminopyridine, 3-aminopyrazoles, 2-

amino-4-phenylthiazole, o-phenylenediamine, o-amino-

thiophenol, o-aminophenol, and 2,3-diaminopyridine.

RESULTS AND DISCUSSION

Treatment of 2-aminopyrimidine (2) with the appro-

priate 2-(4-methyl-2-phenylthiazol-5-yl)-2-oxo-N-aryle-
thanehydrazonoyl bromide (1a, b) in ethanol gave 3-

arylazo-2-(4-methyl-2-phenylthiazol-5-yl)imidazo[1,2-a]
pyrimidine (3a, b) in a good yield (Scheme 1). Struc-

ture 3 was elucidated by elemental analysis, spectral

VC 2010 HeteroCorporation
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data, and alternative synthesis. 1H-NMR spectrum of 3a

showed signals at d ¼ 2.46 (s, 3H, 4-methylthiazole),

6.86–6.70 (t, 3H, pyrimidine H-5), 7.36–7.37 (d, 2H,

ArH), 7.62–7.67 (m, 3H, ArH), 7.70–7.81 (m, 3H,

ArH), 8.53–8.54 (d, 1H, pyrimidine H-4), 8.65–8.66 (d,

1H, pyrimidine H-6). Its IR (cm�1) spectrum revealed

bands at 3060, 2923 (CH), 1645 (C¼¼N), 1599 (C¼¼C),

1321 (CH3), and no band between 1800 and 1650 cm�1

attributed the absence of carbonyl group. Thus, treat-

ment of 2-(4-methyl-2-phenylthiazol-5-yl)imidazo[1,2-

a]pyrimidine (4), which was synthesized via reaction of

2-aminopyrimidine with 2-bromo-1-(4-methyl-2-phenyl-

1,3-thiazol-5-yl)ethanone, with the appropriate arene-

diazonium chloride in ethanolic sodium acetate gave a

product identical in all aspects (mp., mixed mp., and

spectra) with 3a and 3b, respectively.

Analogously, the appropriate 2-aminopyridine, 3-amino-

5-phenylpyrazole, 3-amino-4-methyl-5-phenylpyrazole, or 2-

Scheme 1

Scheme 2
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amino-4-phenylthiazole was reacted with 2-(4-methyl-2-phe-

nyl-1,3-thiazol-5-yl)-2-oxo-N-phenylethanehydrazonoyl bro-

mide (1a) in boiling ethanol gave 3-phenylazo-2-(4-methyl-

2-phenylthiazol-5-yl)imidazo[1,2-a]pyridine (5), 3-phenyl-

azo-2-(4-methyl-2-phenyl-thiazol-5-yl)-6-phenyl-5H-imidazo

[1,2-b]pyrazole (6a), 2-(4-methyl-2-phenyl-thiazol-5-yl)-

5-methyl-6-phenyl-3-phenylazo-5H-imidazo[1,2-b]pyrazole
(6b), and 6-(4-methyl-2-phenyl-thiazol-5-yl)-5-phenylazo3-

phenylimidazo[2,1-b]thiazole (7), respectively (Scheme 2).

Structures 5–7 were elucidated by elemental analyses,

spectral data, and alternative synthetic route. Thus, treat-

ment of 2-(4-methyl-2-phenylthiazol-5-yl)-6-phenyl-1H-
imidazo[1,2-b]pyrazole (8), which was synthesized from

2-bromo-1-(4-methyl-2-phenyl-1,3-thiazol-5-yl)ethanone

with 3(5)-amino-5(3)-phenylpyrazole in boiling ethanol,

with benzenediazonium chloride in ethanolic sodium ac-

etate solution gave product identical in all aspects (mp.,

mixed mp., and spectra) with 6a.

Attention was then turned to the tautomeric structure

of the product 6a as they can exist in the tautomeric hy-

drazone form A or phenylazoenamine form B (Scheme

2). Unfortunately, their spectra (IR and 1H-NMR) were

not of too much help to decide the actual tautomeric

form of the compound in question. This problem was

solved by examining UV spectrum and M.O. calcula-

tion. The electronic absorption of compound 6a in etha-

nol was also compatible with the azo form B. The prod-

uct exhibits in ethanol two bands at knm ¼ 315 (log e ¼
3.3416) and 466 (log e ¼ 4.1734). Such an absorption

pattern is similar to that of typical azo-form [16,17].

M.O. calculation using HyperChem semi-empirical

method AM1, for structure 6A, showed E ¼ �6034.948

kcal/mol and heat formation ¼ 365.522 kcal/mol, for

structure 6B showed E ¼ �6096.498 kcal/mol and heat

formation ¼ 303.972 kcal/mol, and for structure 6a,

E ¼ �6113.009 kcal/mol and heat formation ¼ 287.460

kcal/mol. These results indicted that the structure 6a

was more compatible tautomeric form.

Treatment of 1a with o-phenylenediamine in boiling

ethanol under reflux gave 3-(4-methyl-2-phenylthiazol-

5-yl)-2-phenylhydrazino-(1H)-quinoxaline (9). Structure

9 was confirmed by elemental analysis, spectral data,

and its oxidation with hydrogen peroxide in acetic acid

to afford 3-(4-methyl-2-phenyl-thiazol-5-yl)-2-phenyla-

zoquinoxaline (10) (Scheme 3).

Analogously, treatment of 1a with the appropriate of

each of 2-aminothiophenol, 2-aminophenol, or 2,3-dia-

minopyridine gave 3-(4-methyl-2-phenyl-thiazol-5-yl)-2-

phenylhydrazinobenzo[1,4]thiazine (11), 3-(4-methyl-2-

phenyl-thiazol-5-yl)-2-phenylhydrazinobenzo[1,4]oxazine

(12), and 1-(1,4-dihydro-3-(4-methyl-2-phenylthiazol-5-yl)-

2-phenylazopyrido[2,3-b]pyrazine (13), respectively. Struc-

tures 11A and 12A were ruled out according to

UV spectra. Thus, UV spectra of 11 and 12 exhibit

Scheme 3
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kmax ¼ 357 (log e ¼ 4.022) and 345 (log e ¼ 2.716),

whereas spectrum of 13 exhibits two bands at kmax ¼ 345

(log e ¼ 4.0177) and 466 (log e ¼ 4.6467).

Antimicrobial screening. Ten selected compounds

were screened for their antimicrobial activity using five

selected standard isolates, which have been chosen as

representative examples of different types of microor-

ganisms as follows: Gram-positive both nonsporulated

bacteria as Staphylococus aureus and sporulated as Ba-
cillus subtilis, Gram-negative as Escherichia coli and

Pseudomonas aeruginosa, and a fungus as Candida
albicans.

Method: Agar dilution technique. The appropriate vol-

ume of membrane filtered stock solution of 0.05 g/5 mL

of each compound was prepared by the twofold dilution

method to obtain the concentrations: 400, 200, 100, 50,

and 25 lg/mL [18]. The volumes were added to the

molten LB agar (about 50�C). After mixing, the media

were allowed to harden and dry by placing in an incuba-

tor at 37�C for 10 min. Plates containing serial dilutions

of each compound were inoculated with a sterile multi-

inoculator onto the surface of the agar medium so that

the final inoculum of each isolate on the agar surface

was in the order of 104–105 CFU/spot. Ciprofloxacin

and triflucan were used as positive controls and the sol-

vent, dimethylsulfoxide (DMSO), as negative control.

Minimum inhibitory concentrations (MICs) were read

after 18 h incubation at 37�C for bacteria and 25�C for

fungus. The MIC is reported as the lowest concentration

of the compound that prevents the growth of visible col-

onies. The obtained MICs of 10 representative examples

are presented in Table 1.

As shown in Table 1, there is variability in the sus-

ceptibilities of the different organisms to the different

compounds. S. aureus was the most resistant organism.

Some compounds showed antibacterial activity, whereas

others showed antifungal activity.

EXPERIMENTAL

All melting points were determined on an electrothermal ap-

paratus and are uncorrected. IR spectra were recorded (KBr
discs) on a Shimadzu FTIR 8201 PC Spectrophotometer. 1H-
NMR and 13C-NMR spectra were recorded in CDCl3 solution
on a Varian Mercury 300 MHz spectrometer, and chemical
shifts are expressed as d using TMS as an internal reference.

The ultraviolet spectrum was recorded using Shimadzu UV–
vis 1601 PC double beam spectrophotometer. Mass spectra
were recorded on a GC-MS QP1000. Elemental analyses were
carried out at the Micro analytical center of Cairo University.

The hydrazidoyl bromides 1(a, b) were prepared as previously
reported [19].

General procedure for the synthesis of (3a, b), (5), (6a,

b), (7), (9), (11), (12), and (13). A mixture of the appropriate
hydrazonoyl bromide 1a, b (5 mmol), the appropriate 2-amino-

pyrimidine, 2-aminopyridine, 3-amino-5-phenylpyrazole, 3-
amino-4-methyl-5-phenylpyrazole, 2-amino-4-phenylthiazole,
o-phenylenediamine, 2-aminothiophenol, 2-aminophenol or
2,3-diaminopyridine (6 mmol), and triethylamine (0.5 g, 0.75
mL, 5 mmol) in ethanol (25 mL) was heated under reflux for

3 h and then cooled. The solid precipitated was collected,
washed with water, and then crystallized from the appropriate
solvent to give 3(a, b), 5, 6(a, b), 7, 8, 11–13, respectively.

3-Phenylazo-2-(4-methyl-2-phenylthiazol-5-yl)imidazo[1,2-a]
pyrimidine (3a). This compound was obtained as violet crys-

tals (DMF-EtOH), mp > 300�C, yield (69%); IR (cm�1):
3060, 2923 (CH), 1623 (C¼¼N), 1599 (C¼¼C), 1321 (CH3).

1H-
NMR (CD3)2SO: d ¼ 2.46 (s, 3H, 4-methylthiazole), 7.07–
7.13 (t, 3H, J ¼ 5.6 Hz, pyrimidine H-5), 7.49–7.51 (d, 2H,

J ¼ 4.0 Hz, ArH), 7.94–7.97 (m, 3H, ArH), 8.27 (m, 3H,
ArH), 8.56–8.58 (d, 1H, J ¼ 4.0 Hz, pyrimidine H-4), 8.95–

Table 1

Response of various microorganisms to some synthesized compounds in vitro culture.

Comp no. S. aureus B. subitis E. coli Ps. aeruginosa C. albicans

3a �1600 �800 �800 �400 �400

3b �1600 �800 �800 �800 �400

4 �1600 �400 �800 �800 �800

5 �800 �800 �800 �400 �800

6a �800 �800 �400 �800 >800

6b �1600 �800 �800 �400 �400

7 �1600 �400 �800 �800 �800

8 �1600 �800 �800 �800 �400

9 �1600 �400 �800 �400 �800

10 �1600 �400 �400 �800 �800

11 �1600 �800 �800 �800 �400

12 �1600 �400 �400 �400 �800

13 �1600 �400 �800 �400 �800

DMSO >1600 >400 >800 >800 >400

Ciprofloxacin �100 �25 �25 400 �800

Triflucan �800 �800 �800 �800 �25
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8.98 (d, 1H, J ¼ 4.0 Hz, pyrimidine H-6). 13C-NMR: d ¼
14.71 (CH3), 110.64, 156.19, 160.11 (thiazole), 113.45,
120.45, 145.78 (imidazole), 122.04, 125.11, 127.31, 129.21,
130.12, 131.18, 135.20, 154.68 (aromatic carbons), 108.12,
134.45, 152.67 (pyrimidine). Anal. Calcd. for C22H16N6S

(396.46): C, 66.72; H, 4.07; N, 21.20; S, 8.09. Found: C,
66.60; H, 4.00; N, 21.40; S, 8.20.

3-[4-Methylphenylazo)-2-(4-methyl-2-phenylthiazol-5-yl)imidazo
[1,2-a]pyrimidine (3b). This compound was obtained as red
crystals (AcOH), mp 272–74�C, yield (66%); IR (cm�1): 3060,

2968 (CH), 1625 (C¼¼N), 1599 (C¼¼C), 1321 (CH3).
1H-NMR

(CD3)2SO: d ¼ 2.46 (s, 3H, 4-methylthiazole), 2.53 (s, 3H, 4-
CH3C6H4), 6.86–6.70 (t, 3H, pyrimidine H-5), 7.36–7.37 (d,
2H, ArH), 7.62–7.67 (m, 3H, ArH), 7.70–7.81 (m, 2H, ArH),
8.53–8.54 (d, 1H, pyrimidine H-4), 8.65–8.66 (d, 1H, pyrimi-

dine H-6). Anal. Calcd. for C23H18N6S (410.49): C, 67.30; H,
4.42; N, 20.47; S, 7.81. Found: C, 67.55; H, 4.53; N, 20.12; S,
7.68.

2-(4-Methyl-2-phenyl-1,3-thiazol-5-yl)-3-phenylazoimidazo
[1,2-a]pyridine (5). This compound was obtained as violet
crystals (DMF/EtOH), mp 223–26�C, yield (55%); 1H-NMR

(CD3)2SO: d ¼ 2.46 (s, 3H, 4-methylthiazole), 6.85 (t, 1H,

pyridine H-5), 7.15 (d, 1H, pyridine H-3), 7.37 (t, 1H, pyridine

H-4), 7.62–7.84 (m, 10 H, ArH), 8.78 (d, 1H, pyridine H-6).
13C-NMR: d ¼ 14.85 (CH3), 111.21, 155.71, 160.32 (thiazole),

111.62, 121.45, 144.10 (imidazole), 122.10, 125.00, 126.58,

128.84, 130.54, 131.10, 136.24, 154.44 (aromatic carbon),

112.12, 117.89, 123.77, 126.28 (pyridine). Anal. Calcd. for

C23H17N5S (395.48): C, 69.85; H, 4.33; N, 17.71; S, 8.11.

Found: C, 69.70; H, 4.09; N, 17.55; S, 8.00.

3-Phenylazo-2-(4-methyl-2-phenylthiazol-5-yl)-6-phenyl-5H-
imidazo[1,2-b]pyrazole (6a). This compound was obtained as
red crystals (DMF/EtOH), mp > 300�C, yield (89%); IR
(cm�1): 3424 (NH), 1633 (C¼¼N), 1607 (C¼¼C). 1H-NMR: d ¼
2.46 (s, 3H, 4-methylthiazole), 6.19 (s, 1H, pyrazole H-4),
7.36–7.91 (m, 16 H, ArH and NH proton). Anal. Calcd. for
C27H20N6S (460.55): C, 70.41; H, 4.38; N, 18.25; S, 6.96.
Found: C, 70.40; H, 4.02; N, 18.41; S, 7.02.

2-(4-Methyl-2-phenyl-thiazol-5-yl)-5-methyl-6-phenyl-3-phe-
nylazo-5H-imidazo[1,2-b]pyrazole (6b). This compound was
obtained as red crystals (DMF/EtOH), mp > 300�C, yield
(67%); 1H-NMR: d ¼ 2.46 (s, 3H, 4-methylthiazole), 2.50 (s,
3H, 4-CH3C6H4), 6.15 (s, 1H, pyrazole H-4), 7.36–8.10 (m,
14H, ArH), 8.42 (s, br., 1H, NH). 13C-NMR: d ¼ 14.45 (CH3),

21.21 (CH3), 83.89, 142.67, 159.14 (pyrazole), 108.00, 122.45
(imidazole, 114.23, 160.45, 163.57 (thiazole), 122.12, 122.57,
128.42, 129.23, 130.12, 134.45, 139.57, 153.38 (aromatic car-
bons). Anal. Calcd. for C28H22N6S (474.58): C, 70.86; H,

4.67; N, 17.71; S, 6.76. Found: C, 71.14; H, 4.73; N, 17.66; S,
6.66.

6-(4-Methyl-2-phenyl-thiazol-5-yl)-5-phenylazo3-phenylimi-
dazo[2,1-b]thiazole (7). This compound was obtained as red
crystals (AcOH), mp > 300�C, yield (80%); 1H-NMR: d ¼
2.46 (s, 3H, 4-methylthiazole), 7.24 (s, 1H, thiazole H-5),
7.36–7.97 (m, 15H, ArH), 13C-NMR: d ¼ 13.57 (CH3), 14.57
(CH3), 103.25, 111.23, 126.32, 158.74, 159.62, 145.43 (thia-
zole rings), 114.25, 120.85 (imidazole), 122.12, 125.42,
127.61, 128.08, 130.24, 131.75, 135.28, 155.35 (aromatic car-

bons). Anal. Calcd. for C27H19N5S2 (477.60): C, 67.90; H,
4.01; N, 14.66; S, 13.43. Found: C, 67.80; H, 4.96; N, 14.30;
S, 13.07.

3-(4-Methyl-2-phenylthiazol-5-yl)-2-phenylazo-(1H)-quino-
xaline (9). This compound was obtained as orange crystals
(EtOH), mp 240–42�C, yield (80%); IR (cm�1): 3399 (NH),

3047, 2964 (CH), 1632 (C¼¼N), 1605 (C¼¼C). 1H-NMR: d ¼
2.57 (s, 3H, 4-methylthiazole), 7.08–7.89 (m, 14H, ArH), 8.92
(s, br., 1H, NH), 9.22 (s, br., 1H, NH). Anal. Calcd. for
C24H19N5S (409.51): C, 70.93; H, 4.68; N, 17.10; S, 7.83.
Found: C, 70.50; H, 4.56; N, 17.39; S, 7.70.

3-(4-Methyl-2-phenyl-thiazol-5-yl)-2-phenylhydrazinobenzo
[1,4]thiazine (11). This compound was obtained as shiny green
crystals (DMF/EtOH), mp 280–82�C, yield (89%); IR: 3422
(NH), 3058, 2982 (CH), 1655 (C¼¼N), 1602 (C¼¼C). 1H-NMR:
d ¼ 2.62 (s, 3H, 4-methylthiazole), 7.18–8.29 (m, 14H, ArH),
13.09 (s, br., 1H, NH). MS: 426 (4.98%), 384 (11%), 360 (16%),
354 (59%), 319 (17.8%), 302 (38%), 372 (18%), 270 (100%), 226
(15%), 212 (22%), 196 (12%), 148 (54.9%), 122 (27%), 94
(23%), 63 (20%). Anal. Calcd. for C24H18N4S2 (426.56): C,
67.58; H, 4.25; N, 13.13; S, 15.03. Found: C, 67.90; H, 4.55; N,
13.33; S, 15.21.

3-(4-Methyl-2-phenyl-thiazol-5-yl)-2-phenylhydrazinobenzo
[1,4]oxazine (12). This compound was obtained as yellow crys-
tals (DMF/EtOH), mp 202–204�C, yield (72%); IR (cm�1):
3422 (NH), 2924 (CH), 1634 (C¼¼N), 1602 (C¼¼C). 1H-NMR:
d ¼ 2.59 (s, 3H, 4-methylthiazole), 7.18–8.29 (m, 14H, ArH),
9.32 (s, br., 1H, NH). 13C-NMR: d ¼ 15.57 (CH3), 112.32,
158.85, 162.10 (thiazole), 129.23, 139.53, 144.71, 150.82 (oxa-
zine), 115.24, 118.35, 119.85, 127.45, 128.68, 129.28, 130.30,
130.45, 13.90, 133.72, 143.68 (aromatic carbons). Anal. Calcd.
for C24H18N4OS (410.49): C, 70.22; H, 4.42; N, 13.56; S, 7.81.
Found: C, 70.44; H, 4.56; N, 13.72; S, 7.65.

3-(4-Methyl-2-phenyl-thiazol-5-yl)-2-phenylhydrazino-1H-pyrido
[2,3-b]pyrazine (13). This compound was obtained as red crys-
tals (DMF/EtOH), mp > 300�C, yield (70%); IR (cm�1): 3382
(NH), 3060, 2969 (CH), 1632 (C¼¼N), 1595 (C¼¼C). 1H-NMR:
d ¼ 2.56 (s, 3H, 4-methylthiazole), 7.18–8.35 (m, 13H, ArH),
10.51 (s, br., 2H, NH). MS: 409 (4.9%), 308 (22.8%), 228
(10.5%), 213 (22.4%), 205 (17.8%), 183 (16%), 182 (100%),
179 (14.6%), 153 (16.5%), 140 (77%), 125 (14%), 124 (20%).
Anal. Calcd. for C23H18N6S (410.49): C, 67.30; H, 4.42; N,
20.47; S, 7.81. Found: C, 67.11; H, 4.10; N, 120.12; S, 7.55.

General procedure for the synthesis of 4 and 8. A mix-
ture of 2-bromo-1-(4-methyl-2-phenyl-1,3-thiazol-5-yl)ethanone
[20] (1.48 g, 5 mmol) and 2-aminopyrimidine (0.48 g, 6 mmol)

or 2-amino-4-phenylthiazole (0.56 g, 6 mmol) in ethanol (25
mL) was heated under reflux for 3–4 h. The resulting solid was
neutralized with sodium bicarbonate solution, collected by filtra-
tion, and then was crystallized from ethanol to give 4 and 8,

respectively.
2-(4-Methyl-2-phenylthiazol-5-yl)imidazo[1,2-a]pyrimidine

(4). This compound was obtained as yellow crystals (EtOH),
mp 223–26�C, yield (62%); IR (cm�1): 3060.3, 2928 (CH),
1655 (C¼¼N), 1599 (C¼¼C), 1369 (CH3).

1H-NMR: d ¼ 2.46

(s, 3H, 4-methylthiazole), 6.91 (d, 1H, pyrimidine H-5), 7.62
(t, 2H, ArH), 7.68 (t, 1H, ArH), 7.76 (d, 2H, ArH), 7.91 (s,
1H, imidazole H-4), 8.50 (d, 1H, pyrimidine H-6), 8.57 (d, 1H,
pyrimidine H-4). 13C-NMR: d ¼ 13.85 (CH3), 114.21, 150.71,
160.82 (thiazole), 111.62, 124.45, 149.10 (imidazole), 125.00,

126.58, 131.10, 136.24 (phenyl), 110.12, 135.77, 151.28 (py-
rimidine). MS: 293 (8.8%), 292 (30%), 202 (19.9%), 203
(10%), 188 (22.9), 144 (15.9), 92 (7.1%), 66 (10.6%). Anal.
Calcd. for C16H12N4S (292.36): C, 65.73; H, 4.14; N, 19.16;
S, 10.97. Found: C, 65.90; H, 4.33; N, 19.02; S, 10.70.
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2-(4-Methyl-2-phenylthiazol-5-yl)-6-phenyl-1H-imidazo[1,2-
b]pyrazole (8). This compound was obtained as orange crystals
(DMF), mp 244–47�C, yield (60%); 1H-NMR (CD3)2SO: d ¼
2.46 (s, 3H, 4-methylthiazole), 6.15 (s, 1H, pyrazole H-4), 7.40 (s,
1H, imidazole H-4), 7.45–7.92 (m, 10H, ArH), 8.42 (s, br., 1H,
NH). Anal. Calcd. for C21H16N4S (356.44): C, 70.67; H, 4.52; N,
15.72; S, 9.00. Found: C, 70.55; H, 4.31; N, 15.50; S, 9.07.

Alternative synthesis of 3a, b and 6a. A solution of the

appropriate arenediazonium chloride (10 mmol) was added
dropwise to a stirred solution of the appropriate reactant (4, 8)
(10 mmol) in ethanol (50 mL) containing sodium acetate trihy-
drate (1.3g, 10 mmol) at 0–5�C. The reaction mixture was
stirred for 3 h at 0�C, the resulting solid was collected and

crystallized from ethanol to give 3(a, b) and 6a, respectively.
3-(4-Methyl-2-phenyl-thiazol-5-yl)-2-phenylazoquinoxaline

(10). A mixture of compound 9 (0.5 g) in ethanol (20 mL) and
hydrogen peroxide (3 mL, 30%) was stirred at room temperature
for 24 h. The solvent was evaporated under reduced pressure,

the resulting solid was collected and recrystallized to give 10.
This compound was obtained as red crystals (DMF/EtOH), mp
> 300�C, yield (78%); 1H-NMR (CD3)2SO: d ¼ 2.46 (s, 3H, 4-
methylthiazole), 7.26–8.13 (m, 14H, ArH). 13C-NMR: d ¼
15.57 (CH3), 109.58, 162.11, 167.00 (thiazole), 138.32, 139.54,
146.61, 145.45 (pyrazine), 124.12, 125.54, 126.28, 129.23,
129.65, 129.89, 132.52, 133.21, 154.94 (phenyl groups). Anal.
Calcd. for C24H117N5S (407.49): C, 70.74; H, 4.21; N, 17.19; S,
7.87. Found: C, 70.90; H, 4.31; N, 17.33; S, 7.60.
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We report here the hydrothermal synthesis of 2,4,8,10-tetraoxaspiro[5.5]-undecane by using formalde-
hyde, the only precursor, in the presence of kaolin clay and boric acid. The reported method is the sim-
plest one to synthesize the aforementioned product.

J. Heterocyclic Chem., 47, 483 (2010).

INTRODUCTION

The spectacular nature of the hydrothermal systems

provides a great deal of new synthetic routes in innova-

tive, unconventional, as well as safest ways. This is

exemplified by a number of novel synthetic discoveries

in the realm of hydrothermal synthesis [1,2]. Also, a

novel method for the translation of sodium hydrogen

carbonate into phenol depicts that hydrothermal reaction

routes have diverse applications [2]. Not only this but

the hydrothermal synthesis also provides intriguing clues

to the origin of life [1,3]. Furthermore, such kind of syn-

thetic routes occupy a special place because of their pol-

lution free nature. Also, the reactions take place safely

within closed systems and do not need expensive mate-

rials as used in normal organic synthesis. Here, we pres-

ent a simplest route to synthesize 2,4,8,10-tetraoxas-

piro[5.5]-undecane (1) under the simplest hydrothermal

conditions and demonstrate the versatility of the hydro-

thermal techniques.

Compound 1 is a very important synthetic precursor

of many organic compounds. It has multifarious applica-

tions, from simple organic synthesis to medicines. One

derivative, like 3,9-bis(2-hydrazidoethyl)-1, is used as a

curing agent to produce a sufficient amount of cured ep-

oxy resin [4]. Many derivatives of 1 are used as stabil-

izers for polyolefins and other polymers [5]. Similarly

the binary blends of the acrylate rubber and chlorinated

polypropylene give dynamic mechanical properties

with 3,9-bis[1,1-dimethyl-2{b-(3-tert-butyl-4-hydroxy-5-
methylphenyl)-propionyloxy}ethyl]-1 [6] and 3,9-di-2-

furyl-1 type compounds serve as important intermediates

in the synthesis of pesticides [7]. Moreover, its deriva-

tives serve as prominent parts of many patents, i.e., 3,9-
bis[2-{3-(3-tert-butyl-4-hydroxy-5-methylphenyl) propio-

nyloxy}-1,1-dimethylethyl]-1 is used in the synthesis of

high quality antioxidants for many polymers [8,9], 3,9-

bis [1,1-dimethyl-2-{b-(3-tert-butyl-4-hydroxy-5-methyl-

phenyl)propionyl-oxy}ethyl]-1 serves as an oxidant in

the synthesis of molding materials with excellent proper-

ties [10], while its many derivatives serve as essential

components to bestow excellent chemical makeup for

decorating ceramics [11]. Its derivatives enjoy a special

place in the field of medicine and surgery, e.g., -1-3,9-
dipropamine(110) is used in the synthesis of anti-inflam-

matory drug derivatives like pyrimidine and bispyrimi-

dine [12] derivatives, 3,9-diethylidene-1 has potential

applications in dental surgery [13], 3,9-dimethylene-1, is

used in the synthesis of biodegradable polymers for the

controlled release of paracetamol [14]. 1 has been syn-

thesized in many ways, but the most remarkable
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synthetic routes are achieved by the transacetalization of

triols [15]. Here, we report the hydrothermal synthesis

of 1 by using formaldehyde as the only starting reagent,

by using a mixture of boric acid and kaolin as catalyst,

hence it presents the simplest route to synthesize the

intended product.

RESULTS AND DISCUSSION

Compound 1 was successfully synthesized. The yield

of the reaction was 0.4%. The proposed mechanism for

the reaction is described in the Scheme 1.

In the first step (Step 1) of Scheme 1, boric acid

hydrolyzes and reacts with formaldehyde which results

in the protonation of formaldehyde and another mole-

cule of formaldehyde to form acetaldehyde through a

cyclic transition state. In the second step (Step2), this

acetaldehyde molecule further undergoes a series of

mechanistic steps, to form the product.

Many parameters influence this reaction pathway, i.e.,
temperature, pH, presence of catalysts. We have found

that with any change in anyone of the above described

parameters, the reaction fails to occur. Moreover, all of

these parameters facilitate the synthesis of 1. We were

interested to know the effect of temperature on our path-

way. Hence, we performed the reaction below 100�C.
Most interestingly, we found that temperature window

of 80–90�C gives a series of small open chained oxy-

genated products like carbon dioxide, formic acid etc.
Also, temperature exceeding 100�C, causes degradation

and decomposition of the product, implying that the

above described method to synthesize 1 is only feasible

at 100�C. The presence of catalyst mixture (boric acid

and kaolin) is also essential, which is mainly responsible

for the condensation, cyclization and stabilization of the

formaldehyde units. Similarly, the reaction time and pH

are also critical factors for the reaction.

EXPERIMENTAL

In our synthesis, 2 mL formaldehyde and 12 mL doubly dis-
tilled water [16] were added into each steel alloy (Fe-Cr-Ni,
alloy GB1220-92) autoclaves with a filling capacity of 90%
and recrystallized boric acid and kaolin clay (0.1 g each) were

also added into the reaction mixture of each of the autoclaves.
The final pH of the reaction mixture was nearly 3. The auto-
claves were then sealed tightly and placed in the ovens at a
temperature range from 100–200�C for 3 days. However, the
reaction was successful at 100�C. After 3 days the autoclaves

were taken out and analyzed.
The reaction can be written as follows:

CHARACTERIZATION BY GC-MS

The product was identified and characterized by the

GC-MS (Thermo Co.). Figure 1 shows the GC-MS of

product as well as that of standard.

CONCLUSIONS

As discussed above, in our synthesis, the presence of

boric acid and kaolin was essential. Our experiment

clearly proves that hydrothermal synthesis provides

unique reaction pathways, which in other ways are very

difficult to obtain [1,2]. Moreover, in similar ways,

many other polymerization reactions can be obtained by

utilizing simple precursors [2]. Also, we synthesized our

product without using any harmful or expensive reagent.

Scheme 1. Mechanism of reaction.
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As we know that the progress of today’s society

depends on the synthesis and development of the

advanced materials, which need consumption of energy

as well as utilization of very toxic solvents and other

chemicals. This all can play havoc with the environment

and life. In addition, it is well known that our earth is a

closed system with limited resources for use. This pro-

vokes an urge of recycling the materials in safest ways,

i.e., to ensure maximum recycling at the expense of

minimum energy.

Finally, our synthetic route to synthesize 1 clearly

proves that hydrothermal routes of synthesis enjoy an

important position in the field of synthetic chemistry

and a very likely candidate for recycling of waste and

conversion of industrial waste (like formaldehyde, car-

bon monoxide, carbon dioxide, etc.) into useful products

and the most likely candidate to promote ‘‘Green

Chemistry’’.
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Cationic exchange resin has been utilized for the first time as a novel and recyclable heterogeneous
catalyst for the synthesis of N-substituted pyrroles from variety of 1,4-diketones and aniline. This simple
synthesis has been accomplished with excellent yields. The recovered catalyst can be reused for subse-
quent runs with only a gradual decrease in activity.

J. Heterocyclic Chem., 47, 486 (2010).

INTRODUCTION

Pyrrole rings have great importance in organic chem-

istry as they can be found in several natural products

[1], organic materials [2], and bioactive molecules [3].

Especially, substituted pyrroles present antibacterial [4],

antiviral [5], anti-inflammatory, and antioxidant activ-

ities [6]. One of the most important approaches to pyr-

role synthesis is the Paal–Knorr reaction, which involves

the reaction of 1,4-dicarbonyl compounds and their

masked equivalents with primary amines. Generally, the

most used conditions include p-TsOH in toluene or ben-

zene [7], AcOH/methanol [8], TiCl4 in toluene [5a],

Ti(OPr)4 in benzene [9], Bi(OTf)3/[bmim]BF4 [10],

Bi(NO3)3 in CH2Cl2 [11]. However, some of these

methods often suffer from certain drawbacks, such as

hazardous organic solvents, metals, and high costs. As

the increase environmental consciousness in chemical

research and industry, the challenge for a sustainable

environment calls for clean procedures that can avoid

using harmful organic solvents and metals. Therefore,

the development of green and facile methods for the

synthesis of pyrroles is desirable. Besides, on the other

hand, reactions in water have recently attracted signifi-

cant attention because water is a cheap, safe, and non-

toxic solvent [12]. In addition, if aqueous reactions can

be efficiently mediated by heterogeneous catalysts that

can be recycled and reused, the result will be nearly

ideal processes in terms of both greeness and simplicity

[13]. Therefore, we wish to report a high-yielding and

straightforward synthesis of N-substituted pyrroles using

water as solvent and a cationic exchange resin as a recy-

clable heterogeneous catalyst.

RESULTS AND DISCUSSION

In our initial investigation, the condensation of aro-

matic 1,4-dione (5a) with two equivalents of aniline was

carried out in 1 M HCl aqueous at reflux for 24 h. To

our surprise, it gave furan 5d in 100% yield instead of

Scheme 1. Condensation of 5a with 2 equivalents of aniline under dif-

ferent reaction conditions.
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pyrrole 5b (Scheme 1). Then, the reaction was performed

in acidic Dowex 50 W � 8-200 (1.7 meq mL�1) cationic

exchange resin in water at reflux for 16 h, which pro-

vided pyrrole 5b in 36% yield accompanied by furan 5d

in 62% yield. It suggested that the presence of cationic

exchange resin can facilitate the pyrrole condensation,

while 1 M HCl aqueous only catalyzed the formation of

furan. To improve the reaction rate and to observe the

effect of temperature on the condensation, the reaction

was carried out in a sealed tube at increased temperature.

Higher temperatures than 140�C led to thermal decompo-

sition of the resin. We therefore set the reaction at

Table 1

Condensation of 1,4-diketones and aniline into pyrroles using cationic exchange resin in water.a

Entry 1,4-Diketone Pyrrole Time (h) Yield (%)b Ref.

1 5 85 [14]

2 8 95 [15]

3 6 96 [16]

4 6 95 [16]

5 6 96 [16]

6 6 94 [16]

7 5 87 [14]

8 6 97 [17]

9 6 9b: 56, 7b: 34 [14,18]

a For a typical experimental procedure see Ref. [19].
b Refers to yield of isolated product after flash chromatography.
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130�C; the starting material 5a was consumed in 6 h. We

pleasurably found that the reaction exclusively provided

the N-substituted pyrrole 5b in excellent yield of 96%. It

seems that the higher temperature favors the formation of

pyrrole in the presence of resin in water.

Encouraged by this new finding, we further investi-

gated the reaction by using wide range of diketone com-

pounds. The condensation of substituted 1,4-diketones

and aniline proceeded smoothly and gave the correspond-

ing pyrroles in good to excellent yields in water in the

presence of cationic exchange resin (Table 1). The reac-

tions were carried out in sealed tubes at 130�C. In this

manner, the reactions can be run as a batch in sealed

tubes within an oven without stirring. The reactions were

complete in 5–8 h, and the two equivalents of amine

were used to afford a valuable increase of the yields. To

assess the generality of the method, variety of 1,4-dicar-

bonyl compounds including aromatic and aliphatic, di-

and tri-substituted 1,4-dicarbonyl compounds were sub-

jected to the condensation with aniline to give the corre-

sponding pyrrole derivatives. When the 1,4-diphenyl-1,4-

diones (3–6a, entries 3–6) were used, The excellent yields

of 94–96% were obtained. Triphenyl 1,4-dione (8a, entry

8) gave the best yield of 97%. Nevertheless, methyl sub-

stituted 1,4-diones (1a and 7a, entries 1 and 7) provided

the products in slightly decreased yields (85 and 87%,

respectively). Although 1,4-di(thienyl)butane-1,4-dione

(2a, entry 2) required longer reaction time, the product

was received in excellent yield of 95%. Interestingly,

when ethyl 2-acetyl-4-oxo-4-phenylbutanoate (9a, entry

9) was submitted to the reaction conditions described ear-

lier, the corresponding ester substituted pyrrole 9b was

obtain in 56% yield, accompanied by decarboxylated

product pyrrole 7b in 34% yield.

Finally, to verify that the solid catalyst could be

recycled, the resin was recovered from the condensation

between 5a and aniline by filtration, reactivated it by

treatment with a small amount of 1 M HCl [13] and

used it in subsequent cyclizations. The reaction was per-

formed three times using the same resin, and only a

small decrease in the isolated yield of 5b was observed.

(Scheme 2).

CONCLUSION

In summary, a new catalytic protocol to synthesize

pyrroles by Paal–Knorr condensation in water has been

developed. Compared to previous reported methods, the

present procedure avoids the use of metals and organic

solvents, and instead employs cationic exchange resin as

a cheap and readily available heterogeneous catalyst that

is easily removed from the product mixture, which can

be recycled and reused. This method has great potential

for future application.
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INTRODUCTION

Heterocyclic compounds are those cyclic compounds

in which one or more of the ring carbons are replaced by

another atom. The non-carbon atoms in such rings are

referred to as ‘‘heteroatoms.’’ Such bicyclic heterocyclic

compounds containing pyrrole ring with benzene ring

fused to a,b-position are known as Indoles. Indole has a

benzene ring and pyrrole ring sharing one double bond. It

is a heterocyclic system with 10 electrons from four dou-

ble bonds and the lone pair from the nitrogen atom.

Indole is an important heterocyclic system because it is

built into proteins in the form of amino acid tryptophan,

because it is the basis of drugs like indomethacin and because

it provides the skeleton of indole alkaloids—biologically

active compounds from plants including strychnine and LSD.

The incorporation of indole nucleus, a biologically

accepted pharmacophore in medicinal compounds (Table

1), has made it versatile heterocyclic possessing wide spec-

trum of biological activities (Table 2). In the present study,

we have made an attempt to collect biological properties of

imidazole nucleus reported in the new millennium.

BIOLOGICAL ACTIVITIES OF INDOLE

NUCLEUS

Anti-inflammatory and analgesic activity. Abele

et al. synthesized isatin and indole oximes and carried out

the chemical reactions and biological activities of the syn-

thesized compounds where the compound (1) was found to

be most active analgesic and anti-inflammatory agent [1].

Radwan et al. carried out the synthesis and biological

evaluation of 3-substituted indole derivatives as poten-

tial anti-inflammatory and analgesic agents. They

reported 3-(3-indolyl) thiophene derivative (2) as a
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potent anti-inflammatory compound whereas thiazoli-

dine-4-one derivative (3) exhibit analgesic activity [2].

Kalaskar et al. synthesized indole-3-acetic acids and

evaluated them for their in vivo anti-inflammatory activ-

ity. The compound 1,2-disubstituted-5-methoxyindole/

benz(g)indole-3-acetic acid (4) showed significant activ-

ity [3].

The synthesis and anti-inflammatory activity of heter-

ocyclic indole derivatives was performed by Rani et al.
The compound (5) was found to be most potent (inhibi-

tion of oedema at 50 lg/Kg dose) [4].

Amir et al. carried out synthesis and anti-inflammatory

activity of various indole and indazole derivatives where

the compounds 2-Phenyl-3-(20-carboxyphenyliminomethyl)-

Table 1

Various biological activities of compounds possessing indole

nucleus are as follows.

S. No. Biological activities References

1. Anti-inflammatory and analgesic [1–5]

2. Antifungal [1,6]

3. Antimicrobial [7,8]

4. Insecticidal activity [1,9]

5. Anticancer [1,10–13]

6. 5-Lipoxygenase inhibitors [14]

7. AntiHIV [1,15]

8. Antioxidant [16,17]

9. Antitubercular [1,18]

10. Antiviral [1]

11. Plant growth regulator [1]

12. Antidepressant, tranquillizing,

anticonvulsant

[1,19]

13. Cardiovascular activity [1,20]

14. Antihypertensive [1]

15. Antihistaminic [21]

16. Opioid antagonist [22]

17. Photochemotherapeutic activity [23]

18. Antidiabetic activity [24]

19. LXR receptor agonist [25]

20. ACAT inhibitor [26]

21. IL-1 inhibitors [27]

22. LTB4 production inhibitor [28]

23. Steroid 5a-reductase inhibitor [29]

24. Glycoprotein IIb\IIIa inhibitor [30]

25. Thrombin catalytic activity [31]

26. Peroxisome proliferator-activated

receptor agonist

[32]

27. Cytosolic phospholipase A2a inhibitors [33]

28. Galanine GAL3 receptor antagonist [34]

29. Selective CB2 receptor agonist [35]

30. Selective dopamine agonist [36,37]

Table 2

Importance of indole derivatives in medicinal chemistry.

S.No. Indole derivative Biological activity

1. Indomethacin Anti-inflammatory and

analgesic

2. Fendosal Analgesic

3. Etodolac Antiarthritis

4. Sumatriptan Antimigraine

5. Besipirdine Nootropic

6. Noratriptan CNS stimulant

7. Pindolol Antihypertensive

8. Indolmycin Antibiotic

9. Indigo carmine As a dye in functional kidney

test and in milk testing

10. Adrenochrome Hemostatic
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indole (6) and 2-phenyl-3-(20-carboxyphenyliminomethyl)-

indol-1-acetic acid (7) were found to be most potent [5].

Antifungal activity. Some of the isatin and indole

oximes synthesized by Abele et al. were found to be

exhibiting high fungicidal activity where the oxime deri-

vates of 2-substituted indoles (8) and 3-substituted

indoles (9) demonstrated significant antifungal activity

[1].

A series of S-(indolyl-3)diethyl dithiocarbamates was

synthesized and evaluated for their activity by Skii et al.
The compounds (10a–e) were found to be exhibiting

highest antifungal activity [6].

Antimicrobial activity. The synthesis and antibacte-

rial activity of some substituted 3-(aryl) and 3-(hetero-

aryl) indoles were reported by Hiari et al. The most

active compound was reported to be 3-(4-trifluoromethyl-

2-nitrophenyl) indole (11) exhibiting MIC � 7 lg/cm3

against Escherichia coli and Staphylococcus aureus [7].

Panwar et al. synthesis substituted azetidonyl and thia-

zolidinonyl-1,3,4-thiadiazino[6,5-b]indoles as prospec-

tive antimicrobial agents. The compounds (12) and (13)

were found to exhibit most inhibitory effect against E.
coli and S. aureus [8].
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Insecticidal activity. Sharma et al. investigated the

insecticidal activity of synthesized novel indole deriva-

tives. The compounds (14) and (15) exhibited promising

results against Spodoptera liture (eighth instar larvae)

and Jeliothis armigera [9].

Anticancer activity. The series of various tricyclic

and tetracyclic indoles synthesized by Hong et al. were
evaluated for their anticancer activity where the com-

pounds 16, 17, 18, and 19 were found to exhibit highest

in vitro activity against human nasopharyngeal carci-

noma (HONE-1) and gastric adenocarcinoma (NUGC-3)

cell lines [10].

The compound (20) synthesized by Abele et al. was
reportedly showing highest anticancer activity [1].

Garcia et al. synthesized pyrrolo[2,3-e] indole derivatives

and evaluated them for possible in vitro cytotoxic activity.

The most active compound was found to be (21), which

shows best result in PC-3 (prostate) cell line [11].
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A series of halogenated indole-3-acetic acids as oxi-

datively activated prodrugs with potential for targeted

cancer therapy were reported by Rossiter et al. These

derivatives were oxidized by horse radish peroxidase

(HRP) and toxicity against V79 Chinese hamster lung

fibroblasts was determined and the compound (22) was

found to possess highest cytotoxicity and it was the best

drug for targeted cancer therapy [12].

Queiroz et al. studied the inhibitory activity of the

heteroarylindoles and of the phenylbenzothienoindole on

the growth of human tumor cell lines, MCF-7 (breast

adenocarcinoma), NCI-H460 (non-small cell lung can-

cer), and SF-268 (CNS cancer). The results showed that

the methyl 3-(dibenzothien-4-yl)indole-2-carboxylate

(23) had most potent growth inhibitory activity in all the

tumor cell lines tested (with GI50 values ranging from11

to 17 lM) [13].

Lipoxygenase inhibitor. Zheng et al. synthesized a

series of indole derivatives as possible 5-lipoxygenase

inhibitors. In all, four compounds 24, 25, 26, and 27

exhibited the most potent inhibitory activity with IC50

values ranging from 0.74 lM to 3.17 lM [14].

HIV inhibitors. The analogs of pyrimido[5,4-

b]indoles were synthesized and biologically evaluated

by Merino et al. for their possible HIV inhibitory activ-

ity. The derivative (28) formed by substitution at posi-

tion 2 in analog-I and derivative (29) at position 2, 4 in

analog II (formed in 65% and 64% maximum yield)

were reported to be the inhibitors of wild and mutant

HIV-1 RT types in an ‘‘in vitro’’ recombinant HIV-1

RT screening assay as well as anti-infectives in

HLT4lacZ-1IIIB cells [15].

Antioxidant activity. A series of indole derivatives

were synthesized and biologically evaluated by Enien

et al., and found that Indole-2 and 3-carboxamides were

having antioxidant properties by Chemoluminesence and

Electron spin resonance spin trapping. They further

reported that the derivatives 30 and 31 have strongest

scavenging effect on OH� radicals, i.e., quenching >30%
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and the derivatives 31 and 32 have strongest effect on

scavenging of superoxide radicals [16].

Talaz et al. described the synthesis of 5,10-dihydroin-

deno[1,2-b]indoles containing substituents such as

methoxy, hydroxyl, and halogen (F, Cl, and Br) on

indeno part and their antioxidant activity and radical

scavenging activities were assessed by various in vitro
assays and compared with the activities of synthetic and

standard antioxidant compounds. The compounds (33)

and (34) were found to have maximum Fe3þ–Fe2þ

reducing ability whereas compound (35) was found to

have maximum Cu2þ–Cuþ reducing ability [17].

Antituberculosis activity. A new series of 1H-

indole-2,3-dione derivatives were synthesized and eval-

uated for in vitro antituberculosis activity against Myco-
bacterium tuberculosis H37Rv by Karali et al. Among

the tested compounds, 5-nitro-1H-indole-2,3-dione-3-thi-

osemicarbazones and its 1-morpholinomethyl (36, 37,

38, and 39) derivatives exhibited significant inhibitory

activity with MIC values � 75% [18].

Among the series of isatin and indole oximes synthe-

sized and evaluated by Abele et al., the highest broad

spectrum antibacterial activity was exhibited by oxime

derivatives of 2-indolinone (40) against M. tuberculosis
[1].

Antiviral activity. The indole oxime, carbamoyl de-

rivative of indole-3-oxime (41), exhibited the most

potent antiviral activity among the isatin and indole

oximes synthesized by Abele et al. [1].
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Plant growth regulator. The 3-substituted indole

(42) was reported to be a plant growth regulator by

Abele et al. among the various isatin and indole oximes

synthesized and evaluated by them [1].

Antidepressant, tranquillizing, and anticonvulsant

activity. The oxime of indole aminoketone (43) exhib-

ited high antidepressant activity among the isatin and

indole oximes synthesized and evaluated for their bio-

logical activity by Abele et al. [1].

A series of N-substituted indoles were synthesized by

Falco et al., and afterwards, in vitro screening and

in vivo spontaneous motor activity in mice had revealed

molecules with good in vitro affinities for the a1-subunit
of GABAA receptor and potent in vivo induction of

sedation and (44) was found most potent compounds

[19].

Cardiovascular activity. The isatin oxime (45)

exhibited the highest antiarrhythmic activity among the

isatin and indole oximes synthesized by Abele et al. [1].

A number of benzopyranyl indoline and indole ana-

logs were synthesized and evaluated for Cardioselective

anti-ischemic ATP-sensitive potassium channel (KATP)

opener activity by Lee et al. The compounds (46) and

(47) showed the best cardioprotective activity [20].

Antihypertensive activity. Among the various isatin

and indole oximes reported by Abele et al., compound
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(48), a tetracyclic derivatives of indole oximes, was

found to have hypotensive activity lowering the blood

pressure in rats by 28% [1].

Antihistaminic activity. A number of indole amide

derivatives bearing a side chain, in which the indole

ring replaces the isoster benzimidazole nucleus typical

of some well known antihistamines, were prepared and

tested for the antihistaminic activity by Battaglia et al.
The most active compounds 49, 50, 51, 52, 53, and 54

were tested in vivo for their ability to antagonize hista-

mine induced cutaneous vascular permeability in rats

[21].

Opioid antagonist. The synthesis and biological ac-

tivity of 8b-substituted hydromorphone indole deriva-

tives were carried out by Yu et al. The compound 6,7-

dehydro-4,5a-epoxy-8b-methyl-6,7,20,30-indolomorphinan

(55) was found to be a d antagonist with submolar affin-

ity (0.7 nM) for the opioid receptor, and to have good

d-selectivity (l/d ¼ 322 nM) [22].

Compound No. R1 R2 R3-N-R3

49 H CH2C6H5 CH3/CH3

50 H CH2C6H5 Piperidine

51 H CH2C6H4-p-F CH3/CH3

52 H CH2C6H4-p-F Piperidine

53 H CH2C6H4-p-Cl CH3/CH3

54 H CH2C6H4-p-Cl Piperidine

Photochemotherapeutic activity. The synthesis and

photochemotherapeutic activity of thiopyrano[2,3-

e]indol-2-ones was performed by Barraja et al., wherein
the compound thiopyrano[2,3-e]-indol-2-ones (56)

showed the maximum phototoxicity on two cultured cell

lines: HL-60 and LoVo [23].

Antidiabetic activity. Some of the indole derivatives

were evaluated for their insulin sensitizing and glucose

lowering effects by Li et al. The indole derivative (57)

showed increase in activity of PPARc agents, which

shows decreased serum glucose and contributing to anti-

diabetic activity [24].
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LXR receptor agonist. A series of 2-Aryl-N-acyl
indole derivatives was synthesized and biologically eval-

uated as liver X receptor (LXR) agonists by Kher et al.
The compound (58) was found to be most active with

EC50 ¼ 0.012 lM [25].

ACAT inhibitors (hypocholestrolemic activity). The

indole derivatives synthesized by Bellemin et al., were
evaluated for their hypocholestrolemic activity. The

compounds (59) and (60) were found to be most effec-

tive ACAT inhibitor with ED25 values of 0.098 and

0.063 mg/Kg, respectively [26].

IL-1 inhibitors. Among the series of hydroxyindole

derivatives synthesized and evaluated for IL-1 genera-

tion inhibitors by Tanaka et al., the compound (61) was

found to be potent inhibitors of IL-1 generation with IL-

1a ¼ 6.4 lM and IL-2 ¼ 8.6 lM [27].

LTB4 production inhibitor. The compounds (62)

and (63) exhibited the highest inhibitory activity against

LTB4 production among the series of novel thiopyr-

ano[3,2-b] and cycloalkeno[1,2-b]indole derivatives syn-

thesized and evaluated by Caubere et al. [28].

Steroid 5a-reductase inhibitor. A class of indole

and benzimidazole derivatives were synthesized and

evaluated for their inhibitory activity against rat pros-

tatic 5a-reductase by Takami et al. The compounds (64)

and (65) were found to be showing most potent inhibi-

tory activity against rat prostatic 5a-reductase with IC50

¼ 9.6 6 1.0 nM and 19 6 6.2 nM, respectively [29].

Glycoprotein IIb\IIIa inhibitors. Grumel et al. syn-
thesis 1,3-disubstituted indole derivatives as glycopro-

tein IIb/IIIa antagonists wherein the compound (66) was

found to exhibit highest Glycoprotein IIb/IIIa inhibitory

activity with IC50 ¼ 4.5 lM [30].
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Thrombin catalytic activity. The substituted 5-am-

ide indoles were evaluated as inhibitors of thrombin cat-

alytic activity by Iwanowicz et al. The compound (67)

was found to be the most potent inhibitor of thrombin

catalytic activity with an inhibition constant, Ki ¼ 260

nM [31].

Peroxisome proliferator-activated receptor

agonist. A series of indole based PPAR agonist were

synthesized and biologically evaluated by Mahindroo

et al. [32]. The compound (68) was found to be most

potent PPAR agonist with IC50 ¼ 0.050 lM and EC50

¼ 0.070 lM.

Cytosolic phospholipase A2a inhibitors. The poten-

tial of indole nucleus as Cytosolic Phospholipase A2a
inhibitors was evaluated by Mckew et al. The compound

(69) was found to be most potent IC50 ¼ 0.5 lM in the

GLU assay and IC50 ¼ 0.8 lM in the rat whole blood

assay [33].

Galanine GAL3 receptor antagonist. A series of 3-

arylimino-2-indolones were reported to be as Galanine

GAL3 receptor antagonists by Konkel et al. The com-

pound (70) was found to be most potent antagonist with

Kb ¼ 29 nM [34].

Selective CB2 receptor agonist. The preparation and

evaluation of a class of CB2 receptor agonist based on a

1,2,3,4-tetrahydropyrrolo[3,4-b] indole moiety were

reported by Page et al. The compound (71) showed to

be most potent CB2 receptor agonist [35].
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Selective dopamine agonist. A series of 2-(amino-

methyl)-3,4,7,9-tetrahydro-2H-pyrano[2,3-e]indole and

indole-8-one derivatives were synthesized and evaluated

by Mewshaw et al. The compound (72) was found to be

most potent agonist [36].

The class of cis- and trans-2,3,3a,4,5,9b-hexahydro-

1H-binz[e]indoles synthesized by Song et al. were eval-

uated for dopamine D2 and D3 receptor binding affinity.

The cis-diastereoisomer (73) was found to be more

potent among the synthesized compounds [37].
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The reaction between N-aroyl-N0-arylthioureas with 2-(1,3-dioxoindan-2-ylidene)malononitrile fur-

nished indeno[1,2-d][1,3]thiazepines in 70–85% yields. The mechanism of the products’ formation is
discussed. Some of the products showed effective antitumor and antioxidant activities. The results
revealed that compound indenothiazepine derivative showed a high inhibition of the cell growth of
Hep-G2 cells is compared with the growth of untreated control cells, as concluded from their low IC50

value 21.73 lM. On the other hand, two indenothiazepine derivatives have an effective antioxidant

activity with SC50 values of 62.5 mM and 87.4 mM, respectively.

J. Heterocyclic Chem., 47, 503 (2010).

INTRODUCTION

The importance of N-aroyl-N0-arylthioureas is found

largely in heterocyclic syntheses. Many of these sub-

strates have interesting biological activities and are used

as a rich source for materials for development of agro-

chemical and pharmaceutical products [1]. Additionally,

it was known that the reaction of amidinothioureas, imi-

doylthioureas, thioacylamidines, amidino-thioureas, o-
methyl-1-aryl-2-thioisobiurets, and 1-aryl-isodithiobiur-

ets with diethyl azodicarboxylate gave the corresponding

thiadiazoles by the oxidative cyclic SAN bond forma-

tion [2]. A series of 3-alkyl-5-methylene-2-arylimino-

1,3-thiazolidin-4-ones were obtained from the reaction

of N-alkyl-N0-arylthioureas with dimethyl but-2-yne-

dioate [3]. Hyrazino-thioureas, such as 1-acylthiosemi-

carbazides reacted with phenyl propiolate in acetic acid

under reflux to afford triazolothiazines [3]. In light of

the aforementioned, it appears that the reaction path-

ways of substituted thioureas vary from one reagent to

another. Our synthetic program uses cycloadditions as

efficient methods of preparation of novel heterocycles,

rather than those suffering from low yields because of

the multiple steps described in their preparation [4]. Aly

et al. [5] reported the synthesis of a series of 1,3-thia-

zines by the reaction of N-aroyl-N0-substituted thioureas

with ethyl propiolate, dimethyl but-2-ynedioate, and (E)-
1,4-diphenyl-but-2-ene-1,4-dione. Herein we report on

our findings for the synthesis of various novel thiaze-

pines, during the reaction of various N-aroyl-N0-aryl-thi-
oureas 1a–e [6] with 2-(1,3-dioxo-1H-inden-2(3H)-
ylidene)-malononitrile (2).

RESULTS AND DISCUSSION

Chemistry. Scheme 1 outlines the reaction of 1a–e

with 2 in dry ethyl acetate under N2 atmosphere. The
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reaction proceeded to yield, after chromatographic puri-

fication and recrystallization, compounds 3a–e (70–

85%). We chose N-aroyl-N0-arylthioureas 1a–e having

aryl groups with electron donating and withdrawing sub-

stituents on the benzene ring to examine their effect on

the course of reaction. The structure of 3a–e was estab-

lished on the basis of mass, IR, 1H NMR, 13C NMR

spectra, and elemental analyses. Mechanistically, the

formation of compounds 3a–e can be explained as

because of addition of the sulfur atom nonbonded pair

of 1a–e to the nitrile group in 2 (Scheme 2). The

formed intermediate 4 undergoes a hydrogen shift to

give 5. Cyclization then occurs via addition of the NH

lone-pair to the carbonyl group, followed by elimination

of water, to give the stable heterocyclic compounds 3a–

e. The NMR spectra excluded the formation of spiro-
indolothiazines 7a–e, but all the data are consistent with

indeno[1,2-d][1,3]thiazepines 3a–e (Scheme 2).

Compounds 3a–e show IR absorptions at m ¼ 3120–

3350, 2222–2200, 1733–1665, and 1649–1595 cm�1

corresponding to the NH2, nitrile, carbonyl, and azome-

thine groups, respectively. The spectra are strikingly

similar: clearly the products are of the same general

type, and share some substructures. The spectra show

Scheme 1. Reactions of aroyl thioureas 1a–e with 2; synthesis of (Z)-N-((E)-4-amino-1-aryl-5-cyano-6-oxo-1H-indeno[1,2-d][1,3]thiazepin-2(6H)-

ylidene)-4-arylamides 3a–e. 3a: 75%; 3b: 80%; 3c: 85%; 3d: 82%; 3e: 70%.

Scheme 2. Suggested mechanism of the reaction of 1a–e with 2.
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local symmetry only in the aryl rings, which can appa-

rently rotate about their axes; the indanedione-derived

substructures show individual signals for each proton

and each carbon, requiring these substructures to lack

the plane of symmetry present in 2 and the alternative

products 7a–e. Each 1H NMR spectrum showed a broad,

2H signal near dH ¼ 8.20 ppm, which gives no hetero-

nuclear multiple quantum coherence (HMQC) or hetero-

nuclear single quantum coherence (HSQC) correlation,

suggesting that these protons are not attached to carbon.

In 3e, the p-tolyl CACH3 group is distinctive at dH ¼
2.31 and dC ¼ 21.2 ppm. The proton signal at dH ¼
2.31 ppm gives heteronuclear multiple bond correlation

correlation (HMBC) correlation with one of the signals

at dC ¼ 143.3 ppm, which is assigned as C-40. The

CACH3
1H signal gives COSY correlation with dH ¼

7.21 ppm, and C-40 gives HMBC correlation with dH ¼
7.69 ppm; these correlations suggest that dH ¼ 7.21 and

7.69 ppm are H-30 and H-20, respectively. These signals

showed HMQC correlation with dC ¼ 129.0 and 129.3

ppm, respectively. The p-toluamide carbonyl at dC ¼
175.2 ppm gives HMBC with dH ¼ 7.69 but not 7.21

ppm, which is consistent with the foregoing. The spectra

of 3b contain signals identical to those just described

within dH ¼ 0.02, dC ¼ 0.07 ppm, and J ¼ 0.1 Hz;

these signals are assigned to the toluamide substructure

of 3b. In the HMBC spectrum of 3b, correlation is

observed between H-30 and dC ¼ 132.6 not 133.3 ppm;

therefore, the former is assigned as C-10. By analogy

with the chemical shifts of 3e, dC ¼ 132.6 is assigned

as C-10, and dC ¼ 143.3 ppm is assigned as C-40. Simi-

larly, in 3c the methoxy group is distinctive at dH ¼
3.77 and dC ¼ 55.4 ppm. This proton signal gives

HMBC correlation with a signal at dC ¼ 163.0 ppm,

which is assigned as C-40. C-40 gives HMBC correlation

with proton signals at dH ¼ 7.75 and 6.91 ppm, which

thus must be H-20 and H-30. The amide carbonyl at dC
¼ 174.6 gives HMBC correlation with dH ¼ 7.75 ppm,

which leads to assignment of this proton signal as H-20.
By elimination, dH ¼ 6.91 ppm must be H-30. H-20 and
H-30 give HSQC correlation with dC ¼ 132.6 and 113.7

ppm, which therefore are assigned as C-20 and C-30,
respectively. H-30 gives HMBC correlation with the

nonprotonated carbon at dC ¼ 127.4 ppm, which is

assigned as C-10. The signals at dC ¼ 115.0–116.0 ppm

are assigned as nitrile carbons [7]. The carbons at dC
¼ 136.6, 132.2, 125.5, and 125.0 give HMQC correlation

with proton signals at dH ¼ 7.76, 7.76, 7.98, and 6.69

ppm, again with little variation in the chemical shifts.

The most distinctive of these proton signals is that at

dH ¼ 6.69 ppm, which is a doublet in 3b and 3c, sug-

gesting that it is one of the end protons of the four-spin

system (either H-7 or H-10). For the moment arbitrarily

assigning this proton as H-10, the attached carbon

(HMQC: dC ¼ 125.0 ppm) is assigned as C-10. H-10 also

gives COSY correlation with one of the two unresolved

protons at dH ¼ 7.76 ppm, which therefore is H-8, 9.

These protons give HMQC correlation with the carbons at

dC ¼ 136.6 and 132.2 ppm. The latter carbons give HMBC

correlation to H-10; the former does not. C-9 is two bonds

from H-10, C-8 is three bonds away; as three-bond CAH

couplings usually give stronger HMBC correlations than

two-bond couplings, dC ¼ 132.2 ppm is assigned as C-8

and dC ¼ 136.6 ppm is assigned as C-9. C-9 gives HMBC

correlation with the signal at dH ¼ 7.98 ppm, which thus is

assigned as H-7 and its attached carbon (dC ¼ 125.5 ppm)

as C-7. In 3b, H-7 appears as a double of doublet with

large and small coupling constants (J ¼ 6.6, 1.4 Hz), as

expected in this position. The remaining 13C signals are

those at dC ¼ 193.2, 170.2, 165.9, 143.4, 133.4, 105.0,

70.9, and 53.1 ppm. The remaining carbon atoms are C-6,

2, 4, 10a, 6a, 10b, 5a. and 5; they are assigned in the order

stated. In 3b and 3c, the signal at dC ¼ 105.2 ppm gives

HMBC correlation to H-10, so it was assigned as C-10b.

Also in 3b and 3c, the signal at dC ¼ 143.5 ppm gives

HMBC correlation to H-7 and either H-8 or H-9; this is

expected for C-10a, as which this signal is therefore

assigned. In 3e and 3b, the signal at dC ¼ 53.2 ppm gives

HMBC correlation to the remaining proton signal at dH ¼
8.22 ppm, which has an integral of 2H, and gives no

HMQC correlation in any of the compounds; its only other

HMBC correlation is in 3b to dC ¼ 165.9. This idea is con-

sistent with chemical-shift simulation using ChemNMR,

which predicts for 3b that C4, 5, and 5a will resonate at dC
¼ 152, 9, and 107.0 ppm, respectively.

The most surprising thing here is the predicted chemi-

cal shift of C-5, which is unusually far upfield for an

sp2-hybridized carbon. The rationale would be that the

electron density at C-5 is higher than normal, due to res-

onance donation by the nitrogen on C-4. However, the

assigned experimental shifts are very close to those of

1,1-dimethoxyethene, and enamines behave similarly to

enol ethers (Fig. 1). The dC values for C-4 and C-5 are

in accordance with the observed trends in the dC values

in push–pull system in alkenes [8]. It is consistent with

these assignments, however, that the amine protons give

HMBC correlation to C-4 and C-5. The remaining

upfield signal at dC ¼ 70.9 ppm is assigned as C-5a.

Biological section.
Anticancer activity. The cytotoxicity testing of com-

pounds 3b–d was carried out using solid tumor (Hep-

G2) cells, which were treated with different doses of the

tested compounds and submitted to MTT assay [9]. The

yellow tetrazolium salt is reduced by mitochondrial

enzyme succinate dehydrogenase, present in living cells,

to form insoluble purple formazan crystals, which are

solubilized by the addition of detergent. The relative

viable cells were determined by the amount of MTT
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converted to the insoluble formazan crystals. The data

were expressed as the mean percentage of the viable

cells as compared with the respective control cultures

treated with solvent. Half-maximal growth inhibitory

concentration (IC50) values were calculated from the

line equation of the dose-dependent curve of each com-

pound. Compound 3b resulted in a high inhibition of the

cell growth of Hep-G2 cells compared with the growth

of untreated control cells, as concluded from the IC50

value of 21.73 lM. on the other hand, compounds 3c,d

led to insignificant change in the growth of Hep-G2

cells as indicated from their IC50 values (>100 lM).

Results are represented as percentage of control

untreated cells as shown in Figures 2–4.

Antioxidant activity. 1,1-Diphenyl-2-picrylhydrazyl

(DPPH) is a stable nonphysiological radical, which could

provide a relative figure of the radical scavenging activity

of the tested compounds [10]. The DPPH assay showed

that 3c possessed no scavenging activity to DPPH with

high SC50 values (>100 lM) compared with the scaveng-

ing activity (SC50 8.41) of the well-known antioxidant

(ascorbic acid); on the other hand, compounds 3b and 3d

had effective antioxidant activity with SC50 values of 62.5

and 87.4 lM, respectively (Fig. 5).

EXPERIMENTAL

Chemistry: General methods. N-Aroyl-N0-arylthioureas 1a–e
were prepared according to literature [6], whereas 2-(1,3-diox-

oindan-2-ylidene)-malononitrile (2) was prepared according to
literature [8]. IR spectra were measured of KBr pellets;
absorption frequencies (m) are stated in cm�1. NMR spectra
were measured in DMSO-d6 solution, at 400.13 MHz for 1H
and 100.6 MHz for 13C; chemical shifts are stated in ppm (d),
and coupling constants are stated in Hz.

Chemistry

Reaction between N-aroyl-N0-arylthioureas 1a–e and 2-
(1,3-dioxo-1H-inden-2(3H)-ylidene)malononitrile (CNIND,
2). To a solution of 2 (0.208 g, 1 mmol) in dry ethyl acetate

(10 mL) a solution of 1a–e (1 mmol) in dry ethyl acetate (10
mL) was added over 10 min at room temperature with stirring.
The reaction mixture was continued with stirring at refluxing
temperature for 24–20 h. The reaction mixture was concen-
trated and the residue was separated by preparative TLC (silica

gel) using toluene:ethyl acetate (2:1) as eluant. The major
zones were extracted with acetone. The isolated products 3a–e
were recrystallized from the stated solvents.

(Z)-N-(E)-4-Amino-5-cyano-6-oxo-1-phenyl-1H-indeno[1,2-
d][1,3]thiazepin-2(6H)-ylidene)benzamide (3a). Yellowish
white crystals (DMF/H2O, 10:1), 336 mg (75%), m.p. 257–
259�C. IR: 3284, 3123 (m, NH2), 3048–3000 (m, Ar-CH),
2989–2913 (m, aliph.-CH), 2213 (s, CN), 1729, 1667 (s,

Figure 1. Assigned chemical shift values of the carbon signals in 1,1-

dimethoxyethene and enamines.

Figure 2. The effect of compound 3b on the growth of Hep-G2 cells.

As measured by MTT assay. Results are represented as percentage of

control untreated cells.

Figure 3. The effect of compound 3c on the growth of Hep-G2 cells.

As measured by MTT assay. As measured by MTT assay. Results are

represented as percentage of control untreated cells.

Figure 4. The effect of 3d on the growth of Hep-G2 cells. As mea-

sured by MTT assay. Results are represented as percentage of control

untreated cells.
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C¼¼O), 1649, 1602 (s, C¼¼N). 1H NMR: 8.21 (bs, 2H; NH2),

7.97 (dd, J ¼ 6.8, 1.6, 1H; H-7), 7.92–7.29 (m, 10H; Ar-H),
6.63 (d, J ¼ 6.5, 1H; H-10). 13C NMR: 193.2 (C-6), 175.3
(benzamide C¼¼O), 170.3 (C-2), 165.7 (C-4), 142.9 (C-10a),
136.7 (C-40), 136.2 (C-9), 134.7 (C-10), 134 (C-100), 133.5 (C-

6a), 131.8 (C-8), 129.9 (C-20), 128.7 (C-30), 127.6 (C-300),
125.5 (C-7), 125.4 (C-10), 125.1 (C-200), 124.6 (C-400), 116.3
(CN), 104.9 (C-11), 70.9 (C-5a), 54.1 (C-5). FAB MS: m/z
(%) ¼ 448 [Mþ] (22). Anal. Calcd. for C26H16N4O2S
(448.10): C, 69.63; H, 3.60; N, 12.49; S, 7.15. Found: C,

69.79; H, 3.49; N, 12.52; S, 7.28.
(Z)-N-(E)-4-Amino-5-cyano-1-(4-methylphenyl)-6-oxo-1H-

indeno[1,2-d][1,3]thiazepin-2(6H)-ylidene)-4-methylbenzamide
(3b). Yellowish white crystals (DMF/H2O, 10:1), yield ¼ 381
mg (80%), m.p. 271–272�C. IR (KBr): 3295, 3120 (w, m, NH2),

3070–3000 (m, Ar-CH), 2990–2910 (m, aliph.-CH), 2210 (s,
CN), 1733, 1669 (s, s, C¼¼O), 1645, 1608 (s, s, C¼¼N). 1H
NMR: 8.22 (bs, 2H; NH2), 7.98 (dd, J ¼ 6.6, 1.4, 1H; H-7),
7.75 (t, J ¼ 5.7, 2H; H-8,9), 7.7 (d, J ¼ 8.1, 2H; H-20), 7.43 (d,
J ¼ 8.2, 2H; H-300), 7.33 (bd, J ¼ 7.2, 2H; H-200), 7.19 (d, J ¼
8.0, 2H; H-30), 6.61 (d, J ¼ 6.8, 1H; H-10), 2.47 (s, 3H; H-4a00),
2.3 (s, 3H; H-4a0). 13C NMR: 193.4 (C-6), 175.2 (benzamide
C¼¼O), 170.1 (C-2), 165.9 (C-4), 143.6 (C-10a), 143.2 (C-40),
139.1(C-400), 136.5 (C-9), 133.7 (C-100), 133.3 (C-6a), 132.6 (C-

10), 132.3 (C-8), 129.9 (C-300), 129.2 (C-20), 129.1 (C-200), 129.0
(C-30), 125.4 (C-7), 125.0 (C-10), 116.0 (CN), 105.3 (C-11),
70.6 (C-5a), 53.2 (C-5), 21.1 (C-4a0), 20.9 (C-4a00). MS (70 eV):
m/z (%) ¼ 476 [Mþ] (24), 449 (23), 342 (14), 284 (12), 183
(10), 149 (20), 119 (100), 91 (40), 65 (18). Anal. Calcd. for

C28H20N4O2S (476.55): C, 70.57; H, 4.23; N, 11.76; S, 6.73.
Found: C, 70.69; H, 4.29; N, 11.52; S, 6.58.

(Z)-N-(E)-4-Amino-5-cyano-6-oxo-1-phenyl-1H-indeno[1,2-
d][1,3]thiazepin-2(6H)-ylidene)-4-methoxybenzamide (3c).
Yellowish white crystals (acetone), yield ¼ 407 mg, (85%),

m.p. 270–271�C. IR (KBr): 3350, 3150 (w, NH2), 3050–3013
(m, Ar-CH), 2996–2923 (m, aliph.-CH), 2200 (s, CN), 1727,
1665 (s, C¼¼O), 1608 (s, C¼¼N). 1H NMR: 8.22 (bs, 2H;
NH2), 7.97 (d, J ¼ 7.4, 1H; H-7), 7.75 (d, J ¼ 8.4, 2H; H-20),
7.71–7.68 (m, 2H; H-8,9), 7.63 (bs, 3H; H-300,400), 7.45 (bs,

2H; H-200), 6.91 (d, J ¼ 8.7, 2H; H-30), 6.57 (d, J ¼ 7.5, 1H;
H-10), 3.77 (s, 3H; OCH3).

13C NMR: 193.4 (C-6), 174.6
(benzamide C¼¼O), 169.6 (C-2), 165.9 (C-4), 163 (C-40), 143.5
(C-10a), 136.5 (C-9), 136.4 (C-100), 133.5 (C-6a), 132.6 (C-20),
131.4 (C-8), 129.6 (C-200), 129.5 (C-400), 129.4 (C-300), 127.4
(C-10), 125.4 (C-7), 125.0 (C-10), 116.0 (CN), 113.7 (C-30),

105.2 (C-11), 70.8 (C-5a), 55.4 (OCH3), 53.2 (C-5). MS (70
eV): m/z (%) ¼ 478 [Mþ] (24), 451 (20), 387 (13), 285 (20),
119 (100), 91 (32), 65 (14). Anal. Calcd. for C27H18N4O3S
(478.52): C, 67.77; H, 3.79; N, 11.71; S, 6.70. Found: C,
67.97; H, 3.70; N, 11.79; S, 6.85.

(Z)-N-(E)-4-Amino-5-cyano-1-(4-metoxylphenyl)-6-oxo-1H-
indeno[1,2-d][1,3]thiazepin-2(6H)-ylidene)-4-methylbenzamide
(3d). Yellowish white crystals (DMF/H2O, 10:1), yield ¼ 404

mg, (82%), m.p. 278–280�C. IR (KBr): 3296, 3132 (m, NH2),

3048–3011 (m, Ar-CH), 2992–2914 (m, aliph.-CH), 2212 (s,

CN), 1731, 1670 (s, C¼¼O), 1645, 1605 (s, C¼¼N). 1H NMR:

8.21 (bs, 2H; NH2), 7.98 (d, J ¼ 8.5, 1H; H-7), 7.78 (t, J ¼
6.7, 2H; H-8,9), 7.72 (d, J ¼ 8.0, 2H; H-20), 7.35 (bs, 2H; H-

200), 7.21 (d, J ¼ 8.0, 2H; H-30), 7.16 (d, J ¼ 8.2, 2H; H-300),
6.65 (d, J ¼ 5.1, 1H; H-10), 3.89 (s, 3H; OCH3), 2.31 (s, 3H;

CACH3).
13C NMR: dC 193.4 (C-6), 175.2 (benzamide C¼¼O),

170.3 (C-2), 165.9 (C-4), 159.6 (C-400), 143.6 (C-40), 143.2 (C-

10a), 136.5 (C-9), 133.4 (C-6a), 132.5 (C-8), 132.3 (C-100),
130.7 (C-200), 129.3 (C-20), 129.0 (C-30), 128.7 (C-10), 125.4 (C-

7), 125.1 (C-10), 116.0 (C-300), 114.5 (CN), 105.4 (C-11), 70.5

(C-5a), 55.5 (OCH3), 53.2 (C-5), 21.1 (CACH3). MS (70 eV):

m/z (%) ¼ 492 [Mþ] (25), 465 (10), 342 (12), 300 (18), 266

(14), 208 (12), 183 (20), 165 (36), 119 (100), 91 (34), 65 (12).

Anal. Calcd. for C28H20N4O3S (492.55): C, 68.28; H, 4.09; N,

11.37; S, 6.51. Found: C, 68.00; H, 4.12; N, 11.20; S, 6.45.
(Z)-N-(E)-4-amino-5-cyano-1-(4-iodophenyl)-6-oxo-1H-

indeno[1,2-d][1,3]thiazepin-2(6H)-ylidene)-4-methylbenzamide
(3e). Yellowish white crystals (ethyl acetate), yield ¼ 412 mg

(70%), m.p. 294–295�C. IR (KBr): 3275, 3150 (m, NH2),

3063–3013 (m, Ar-CH), 2988–2917 (m, aliph.-CH), 2202 (s,

CN), 1732, 1669 (s, C¼¼O), 1643, 1605 (s, C¼¼N). 1H NMR:

8.22 (bs, 2H; NH2), 7.99 (d, J ¼ 8.2, 2H; H-200), 7.98–7.94
(m, 1H; H-7), 7.76–7.72 (m, 2H; H-8,9), 7.69 (d, J ¼ 7.7, 2H;

H-20), 7.28 (d, J ¼ 7.6, 2H; H-300), 7.21 (d, J ¼ 7.7, 2H; H-

30), 6.69–6.65 (m, 1H; H-10), 2.31 (s, 3H; CACH3).
13C

NMR: 193.2 (C-6), 175.2 (benzamide C¼¼O), 170.2 (C-2),

165.9 (C-4), 143.4 (C-10a), 143.3 (C-40), 138.3 (C-200), 136.6
(C-9), 136.1 (C-100), 133.4 (C-6a), 132.6 (C-10), 132.2 (C-8),

131.5 (C-300), 129.3 (C-20), 129.0 (C-30), 125.5 (C-7), 125.0

(C-10), 115.9 (CN), 105.0 (C-11), 96.2 (C-400), 70.9 (C-5a),

53.1 (C-5), 21.2 (CACH3). MS (70 eV): m/z (%) ¼ 588 [Mþ]
(12), 119 (100), 91 (12), 65 (11). Anal. Calcd. for

C27H17IN4O2S (588.42): C, 55.11; H, 2.91; N, 9.52; S, 5.45.

Found: C, 55.24; H, 2.88; N, 9.28; S, 5.30.

Biological section

Cell culture. Human hepatocellular carcinoma (HepG2) cells

were routinely cultured in Dulbeco’s Modified Eagle’s Medium.
Media were supplemented with 10% fetal bovine serum, 2 mM
L-glutamine, containing 100 units/mL penicillin G sodium, 100
units/mL streptomycin sulphate, and 250 ng/mL amphotericin B.
Cells were maintained at subconfluency at 37�C in humidified

air containing 5% CO2. For subculturing, monolayer cells were
harvested after trypsin/EDTA treatment at 37�C. Cells were used
when confluence had reached 75%. Tested samples were dis-
solved in dimethyl sulphoxide (DMSO). All cell culture material

was obtained from Cambrex BioScience (Copenhagen, Den-
mark). All chemicals were obtained from Sigma/Aldrich, USA,
except mentioned. All experiments were repeated three times,
unless mentioned.

Cytotoxicity assay. Cytotoxicity of tested samples was
measured using the MTT cell viability assay. MTT (3-[4,5-

Figure 5. The antioxidant activity of 3b, 3c, and 3d was investigated

using DPPH assay. The results are represented as SC50 values (lM) as

(Mean6 S.E, n ¼ 4).
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dimethylthiazole-2-yl]-2,5-diphenyltetrazolium bromide) assay
is based on the ability of active mitochondrial dehydrogenase
enzyme of living cells to cleave the tetrazolium rings of the
yellow MTT and form a dark blue insoluble formazan crystals,
which is largely impermeable to cell membranes, resulting in

its accumulation within healthy cells. Solubilization of the
cells results in the liberation of crystals, which are then solubi-
lized. The number of viable cells is directly proportional to the
level of soluble formazan dark blue color. The extent of the
reduction of MTT was quantified by measuring the absorbance

at 570 nm [9].

Reagents preparation. MTT solution: 5 mg/mL of MTT dis-
solved in 0.9% NaCl. Acidified isopropanol: 0.04 N HCl in
absolute isopropanol.

Procedure. Cells (0.5 � 105 cells/well) in serum-free media
were plated in a flat bottom 96-well microplate, and treated

with 20 lL of different concentrations of each tested com-
pound for 20 h at 37�C in a humidified 5% CO2 atmosphere.
After incubation, media were removed and 40 lL MTT solu-
tion/well were added and incubated for an additional 4 h.

MTT crystals were solubilized by adding 180 lL of acidified
isopropanol/well, and the plate was shaken at room tempera-
ture, followed by photometric determination of the absorbance
at 570 nm using a microplate ELISA reader. Triplicate repeats
were performed for each concentration and the average was

calculated. Data were expressed as the percentage of relative
viability compared with the untreated cells compared with the
vehicle control, with cytotoxicity indicated by <100% relative
viability.

Calculations. Percentage of relative viability was calculated

using the following equation:

½Absorbance of treated cells=Absorbance of control cells

�100

Then the half maximal inhibitory concentration IC50 was
calculated from the equation of the dose-response curve.

Antioxidant activity (scavenging of DPPH). DPPH is a
stable deep violet radical because of its unpaired electron. In

the presence of an antioxidant radical scavenger, which can
donate an electron to DPPH, the deep violet color decolorizes
to the pale yellow nonradical form [10]. The change of color
and the subsequent fall in absorbance are monitored spectro-
photometrically at m ¼ 520 nm.

Reagents preparation. Ethanolic DPPH: 0.1 mM DPPH/
absolute ethanol. Standard ascorbic acid solution: Serial dilu-
tions of ascorbic acid in concentrations ranging from 0 to 2.5
lM in distilled water. A standard calibration curve was plotted

using serial dilutions of ascorbic acid in concentrations ranging
from 0 to 2.5 lM in distilled water.

Procedure. In a flat bottom 96 well-microplate, a total test
volume of 200 lL was used. In each well, 20 lL of different
concentrations (0–100 lg/mL final concentration) of tested
compounds were mixed with 80 lL of ethanolic DPPH were

mixed and incubated for 30 min at 37�C. Triplicate wells were
prepared for each concentration and the average was calcu-
lated. Then photometric determination of absorbance at 515
nm was done using a microplate ELISA reader.

Calculations. The half-maximal scavenging capacity (SC50)

values for each tested compounds and ascorbic acid was esti-
mated via two competitive dose curves.

Abs50 of ascorbic acid ¼ ðAbs100 � Abs0Þ=2

SC50 of ascorbic acid was calculated using the curve equa-
tion. SC50 of each compound was determined using the curve

equation using Abs50 of ascorbic acid.
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Some recyclable acyclic SO3H-functionalized ionic liquids have been used as novel catalysts for the

synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes via the one-pot condensation of b-naphthol and aromatic
aldehydes in aqueous medium. The condensation reaction was accomplished successfully with various
aromatic aldehydes with good to excellent yields ranged from 86 to 96% within 5–30 min. After the
reaction, the products could simply be separated from the catalysts by filtration. When separated from
the reaction mixture, the catalysts could be recycled and reused for several times without noticeably

reducing catalytic activity. The methodology gives the advantages of high yields, short reaction time,
and easy work-up procedure.

J. Heterocyclic Chem., 47, 509 (2010).

INTRODUCTION

The synthesis of xanthenes derivatives is of much im-

portance because of their wide range of biological and

pharmaceutical properties, such as antiviral, and anti-

inflammatory activities as well as efficacy in photody-

namic therapy [1,2]. Furthermore, these compounds can

be used as dyes [3], pH-sensitive fluorescent materials

for visualization of bimolecular [4] and used in laser

technologies [5]. Recently, many synthetic methods for

synthesis of these compounds have been reported by the

condensation of aldehydes with b-naphthol in the

presence of p-toluenesolfonic acid [6], sulfamic acid [7],

fluoroboric acid/silica-gel [8], cellulose sulfuric acid [9],

zirconium(iv) oxide chloride [10], CBr4 [11], molecular

ionine [12], heteropoly acid [13], silica sulfuric acid

[14], Amberlyst-15 [15], and cyanuric chloride [16] as

catalysts. However, the search for the new readily avail-

able and green catalysts is still being actively pursued.

With the increasing public concern over environmen-

tal degradation and future resources, it is of great im-

portance for chemists to come up with new approaches

that are less hazardous to human health and environ-

ment. Being used in large amounts and are usually vol-

atile liquids, the solvents used in organic synthesis are

high on the list of environmental pollutants. For over-

coming these problems; one approach is to use the

water as the green medium, another approach is to de-

velop new processes involving the solvent-free condi-

tions. In recent years, ionic liquids have been emerged

as a powerful alternative to conventional molecular or-

ganic solvents because of their particular properties,

such as undetectable vapor pressure, wide liquid range,

as well as ease of recovery and reuse, and making them

a greener alternative to volatile organic solvents. Com-

bining the useful characteristics of solid acids and min-

eral acids, Brønsted acidic task-specific ionic liquids

(TSILs) are designed to replace traditional mineral liq-

uid acids, such as sulfuric acid and hydrochloric acid in

chemical processes [17]. Such acidic TSILs have dual

role (solvent and catalyst) in organic reactions [18–21].

In fact, the use of Brønsted-acidic TSILs as catalysts is

an area of ongoing activity; however, development and

exploration of acidic TSILs are currently in the prelimi-

nary stage.

We are especially interested in developing the poten-

tial use of efficient, simple, and inexpensive TSILs
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catalysts. In our previous work, some novel and rela-

tively cheap SO3H-functional halogen-free acidic ionic

liquids that bear an alkane sulfonic acid group in an

acyclic trialkylammonium cation have been synthesized

and their catalytic activity for acid-catalyzed reactions

have also been investigated [22–24]. In continuation of

our work in studying acid-catalyzed reactions in ionic

liquids, we report here the synthesis of 14-aryl-14H-
dibenzo[a,j]xanthenes in acidic ionic liquids.

RESULTS AND DISCUSSION

For the beginning of this study, benzaldehyde and

b-naphthol were used as the model reactants to compare

the catalytic performance of the TSILs. As shown in

Table 1, nearly no xanthenes could be detected in the

absence of ionic liquids (entry 1), which indicated that

the catalyst was absolutely necessary for this condensa-

tion reaction. All the prepared eight TSILs proved to be

very active, leading to 86–95% yield of 14-aryl-14H-
dibenzo[a,j]xanthenes in the presence of 5% TSILs

(entries 4, 8–14). In addition, ionic liquids containing

the shorter length of alkyl chain are relatively cheaper.

Further, the better immiscibility of the resulted xan-

thenes with the shorter length of alkyl chain should

facilitate the separation in work-up procedure. Hence,

[TMPSA][HSO4] should be the best catalyst for this

condensation among the five acyclic TSILs, and the

optimized reaction conditions were presented in Table 1

(entry 4).

Compared with the traditional methods, use of vola-

tile solvents and catalysts, which is complex, and time

and energy consuming, and environmentally malign, the

easy recycling is an attractive property of the TSILs for

the environmental protection and economic reasons. So,

the recycling performance of [TMPSA][HSO4] in the

same model condensation reaction was subsequently

explored. After the reaction, the products were isolated

from the catalytic system by filtration, the catalyst was

reused in the next run directly without further

Table 1

Synthesis of 14-phenyl-14H-dibenzo[a,j]xanthenes catalyzed
by acidic ionic liquids.a

Entry Catalyst

TSILs

(mol %)b
Time

(min)

Yields

(%)c

1 – – 180 –

2 [TMPSA][HSO4] 1 60 80

3 [TMPSA][HSO4] 3 30 86

4 [TMPSA][HSO4] 5 5 93

5 [TMPSA][HSO4] 7 5 94

6 [TMPSA][HSO4] 9 5 95

7 [TMPSA][HSO4] 15 5 94

8 [TEPSA][HSO4] 5 5 90

9 [TBPSA][HSO4] 5 5 92

10 [TMBSA][HSO4] 5 5 94

11 [TEBSA][HSO4] 5 5 93

12 [PyPSA][HSO4] 5 5 91

13 [MIMPSA][HSO4] 5 5 93

14 [bmim][HSO4] 5 30 85

a 5 mmol benzaldehyde, 10 mmol b-naphthol, water is used as a

solvent.
bMolar ratio of TSILs to benzaldehyde.
c Isolated yields.

Table 2

Reusing of the ionic liquid [TMPSA][HSO4].
a

Entry Run Isolated yield (%)

1 Fresh 93

2 1 94

3 2 93

4 3 91

5 4 92

6 5 90

7 6 90

a 5 mmol benzaldehyde, 10 mmol b-naphthol, 0.25 mmol catalyst,

100�C, 5 min.

Table 3

Synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes catalyzed by [TMPSA][HSO4].
a

Entry Ar Product Time (min) m.p. (�C) [lit.] Yields (%)b

1 C6H5 3a 5 184–185 [8] 93

2 o-ClC6H4 3b 10 213–215 [6] 92

3 p-ClC6H4 3c 5 286–288 [6] 96

4 2,4-ClC6H3 3d 10 228–229 [10] 95

5 p-FC6H4 3e 5 238–239 [6] 95

6 o-NO2C6H4 3f 10 213–215 [8] 90

7 m-NO2C6H4 3g 10 211–212 [6] 91

8 p-NO2C6H4 3h 5 310–312 [8] 95

9 p-CH3C6H4 3i 10 227–229 [6] 92

10 p-CH3OC6H4 3j 30 202–204[6] 86

a 5 mmol benzaldehyde, 10 mmol b-naphthol, 0.25 mmol catalyst, 100�C.
b Isolated yields.

510 Vol 47D. Fang and Z.-L. Liu

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



purification. As shown in Table 2, the catalyst can be

reused at least six times without appreciable decrease in

yield and reaction rate, and the yield ranged from 94–

90%.

The condensation reactions of other substituted ben-

zaldehydes and b-naphthol in the presence of
[TMPSA][HSO4] were accomplished under the opti-
mized reaction conditions described above and the

results are presented in Table 3. It can easily be seen
that all aromatic aldehydes with either electro-withdraw-

ing or electro-donating substituents, such as nitro and
methoxy groups gave reasonable to good yields ranged
from 85–96% with 30 min. However, aromatic alde-

hydes with electron-withdrawing group are more
actively than that with electro-donation one. Their phys-
ical properties were determined and structures were con-

firmed by 1H NMR spectral data.

In conclusion,, it was demonstrated that some readily

available, economic TSILs have been used as recyclable

catalysts for the condensation of benzaldehydes and

b-naphthol to synthesis 14-aryl-14H-dibenzo[a,j]xan-
thenes. The merit of this methodology is that it is sim-

ple, high efficient, and eco-friendly.

EXPERIMENTAL

Melting points were determined on X-6 microscope melting
apparatus. 1H NMR spectra were recorded on Bruker DRX300
(300 or 500 MHz) and 13C NMR spectra on Bruker DRX300
(75.5 MHz) spectrometer. Mass spectra were obtained with

automated FININIGAN Trace Ultra-Trace DSQ GC/MS spec-
trometer. All chemicals (AR grade) were commercially avail-
able and used directly without further purification.

Synthesis of SO3H-functional halogen-free acidic ionic

liquid (TSILs). All acyclic SO3H-functionalized halogen-free
acids, such as [TMPSA][HSO4], [TEPSA][HSO4] were synthe-
sized according to our previous methods [18], the pyridine,
imidazole-based SO3H-functionalized ionic liquids for compar-
ison were obtained according to reported methods [16]. The

structures of TSILs were analyzed by 1H NMR, 13C NMR,
and MS spectral data (Scheme 1).

The selected spectral data for SO3H-functionalized halo-

gen-free TSILs. N,N,N-trimethyl-N-propanesulfonic acid
ammonium hydrogen sulfate [TMPSA][HSO4].

1H NMR (300

MHz, D2O): d 3.22 (t, J ¼ 7.2 Hz, 2H, NACH2ACACASO3),
2.90 (s, 9H, NACH3), 2.73 (t, J ¼ 7.8 Hz, 2H,
NACACACH2ASO3), 1.99 (m, 2H, NACACH2ACASO3).
13C NMR (75.5 MHz, D2O): d 65.00, 52.51, 47.89, 18.85. MS
(m/z): 279.05 (Mþ), 182.14(100).

N,N,N-triethyl-N-propanesulfonic acid ammonium hydro-
gen sulfate [TEPSA][HSO4].

1H NMR (300 MHz, D2O): d
3.22–3.05 (m, 8H, (6H þ 2H), NACH2ACH3, NACH2A
CACASO3), 2.85 (t, J ¼ 7.2 Hz 2H, NACA CACH2ASO3),

1.97 (m, 2H, NACACH2ACASO3), 1.12 (t, 9H, NACACH3).
13C NMR (75.5 MHz, D2O): d 56.00, 52.95, 48.34,
18.93, 8.04. MS (m/z): 321.05 (Mþ), 322.05, 320.15,
194.05(100).

N,N,N-tributyl-N-propanesulfonic acid ammonium hydro-
gen sulfate [TBPSA][HSO4].

1H NMR (500 MHz, D2O): d
3.28(t, 2H, J ¼ 4.0 Hz, NACH2ACACASO3), 3.13(t, 6H, J ¼
8.5 Hz, NACH2ACACACH3), 2.85(t, 2H, J ¼ 7.0 Hz,
NACACACH2ASO3), 2.03 (m, 2H, NACACH2ACASO3),
1.56 (m, 6H, NACACH2ACACH3), 1.27 (m, 6H, NACA
CACH2ACH3), 0.84 (t, 9H, J ¼ 7.5 Hz, NACACACACH3).

Scheme 1

Scheme 2
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13C NMR (75.5 MHz, D2O): d 58.49, 50.66, 48.42, 23.93,
20.36, 19.16, 14.46. MS (m/z): 405.29 (Mþ), 406.28,
404.28(100).

N,N,N-trimethyl-N-butanesulfonic acid ammonium hydro-
gen sulfate [TMBSA][HSO4].

1H NMR (300 MHz, D2O): d
3.24 (t, J ¼ 8.4 Hz, 2H, NACH2ACACACASO3), 2.99 (s,
9H, NACH3), 2.85 (t, J ¼ 7.5 Hz, 2H, NACA
CACACH2ASO3), 1.82 (m, 2H, NACACH2ACACASO3),
1.70 (m, 2H, NACACACH2ACASO3).

13C NMR (75.5 MHz,
D2O): d 66.15, 53.16, 50.31, 21.46, 19.93. MS (m/z): 293.36
(Mþ), 196.39(100).

N,N,N-triethyl-N-butanesulfonic acid ammonium hydrogen
sulfate [TEBSA][HSO4].

1H NMR (300 MHz, D2O): d 3.15
(q, J ¼ 7.2 Hz, 6H, NACH2ACH3), 3.07 (t, J ¼ 8.4 Hz, 2H,
NACH2ACACACASO3), 2.82 (t, J ¼ 7.2 Hz, 2H,

NACACACACH2ASO3), 1.68 (m, 4H, NACAC2H4A
CASO3), 1.11 (m, J ¼ 7.2 Hz, 9H, NACH2ACH3).

13C NMR
(75.5 MHz, D2O): d 56.21, 52.85, 50.32, 21.50, 20.20, 6.90.
MS (m/z): 335.35 (Mþ), 208.36(100).

General procedure for the synthesis of 14-aryl-14H-

dibenzo[a,j]xanthenes derivatives. In a typical experiment, to

a round-bottomed flask charged with b-naphthol (10 mmol) 1,

aldehyde (5 mmol) 2 in 5 mL of water was added to acidic ionic

liquid (0.25 mmol) under stirring. The mixture was then stirred

for a certain time at 100�C (Scheme 2). On completion (moni-

tored by TLC), the precipitated crude product was collected by

filtration and recrystallized from ethanol (95%) to afford pure

14-aryl-14H-dibenzo[a,j]xanthenes 3. The filtrate containing

ionic liquid could be reused directly in the next run without fur-

ther purification. The products were identified by IR, 1H NMR,

and physical data (m.p.) with those reported in the literatures.

The selected data for chalcone 3a. 14-Phenyl-14H-
dibenzol[a,j]xanthene (3a, C27H18O). Colorless crystals; m.p.
184–185�C; IR (KBr, cm�1): 3074, 3020, 2886, 1622, 1591,
1513, 1455, 1430, 1401, 1251, 1152, 1078, 1028, 962, 857,
827, 743, 700. 1H NMR (300 MHz, CDCl3): d 6.46 (s, 1H,

CH), 6.96 (t, J ¼ 7.2 Hz, 1H, Ar-H), 7.12 (t, J ¼ 7.2 Hz, 2H,
Ar-H), 7.36–7.58 (m, 8H, Ar-H), 7.74–7.81 (m, 4H, Ar-H),
8.37 (d, J ¼ 8.4 Hz, 2H, Ar-H).
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A new, short and efficient synthesis of 4-hydroxy-3-(4-aryl-3,4-dihydro-1,2-diazet-3-yl)-2H-chromen-
2-one is described in which the 3,4-dihydro-1,2-diazete ring is constructed from arylmethylene hydra-
zone by 4p electron cyclization as per electrocyclic reaction.

J. Heterocyclic Chem., 47, 513 (2010).

INTRODUCTION

Nitric oxide (NO) has been recognized as an impor-

tant cellular mediator with diverse biological functions

[1,2] including treatment for the respiratory, cardiovas-

cular, infective, and other several diseases [3]. Derivatives

of 3,4-dihydro-1,2-diazete-1,2-dioxide have recently

been investigated as NO donors in vitro and in vivo and

found to be highly effective vasodilators [4]. 1,2-Diaze-

tine N,N-dioxides (diazetine dioxides) are a class of

strained four-membered ring azo dioxide heterocycles.

Although the first report of a diazetine dioxide was as

early as 1971, only a handful of such compounds are

currently known [5–9]. Diazetine dioxides have been

used as highly effective low-energy triplet quenchers in

photochemical reactions [10] and have been recently

investigated for their biological activity as potent vaso-

relaxant and antiaggregant agents [7–9,11]. One of the

more intriguing aspects of the reactivity of diazetine

dioxides is their tendency to liberate 2 equiv of nitric

oxide (NO) upon decomposition to yield the correspond-

ing alkene [5,7]. It is the production of the biologically

active molecule NO that has suggested the possibility of

using diazetine dioxides as pharmaceutical agents

[7,11]. The mechanism by which NO is liberated still

remains a question [12,13]. Despite the marked pharma-

ceutical application of diazetidines [14], isosteric diaze-

tenes [15], 1,2-dihydro-1,2-diazetenes [16], and 3,4-

dihydro-1,2-dihydro-1,2-diazetenes [17] derivatives, their

conjugation with heterocyclic compounds is less studied.

Coumarin and its derivatives represent one of the

most active classes of compounds possessing a wide

spectrum of biological activity [18–26]. Many of these

compounds have proved to be active as antitumor

[18,19], antibacterial [20,21], antifungal [22–24], antico-

agulant [25], and anti-inflammatory [26]. In addition,

these compounds are used as additives to food and cos-

metics [27], dispersed fluorescent and laser [28].

The potential pharmaceutical utility of 1,2-diazete

derivatives and 4-hydroxy coumarin derivatives prompted

us to synthesize new 3,4-dihydro-1,2-diazete derivatives

incorporated with 4-hydroxy coumarin framework 4(a–l).

RESULTS AND DISCUSSION

The synthesis of 4-hydroxy-3-(4-aryl-3,4-dihydro-1,2-

diazet-3-yl)-2H-chromen-2-one derivatives 4(a–l) is

shown in Scheme 1. The precursor 4-hydroxy coumarin

1 was prepared by following the literature methods [29].

A mixture of 1 and triethyl orthoformate containing cat-

alytic amount of p-toluene sulfonic acid (PTSA) was

subjected to microwave irradiation at 240 W for 2 min

to obtain 3-ethoxymethylene-3H-2,4-dione (2) in moder-

ate yield (�60%). The hydrolysis of 2 with K2CO3

resulted into 4-hydroxy coumarin-3-carbaldehyde [30].

Subsequent treatment of the 2 with hydrazine hydrate at

ambient temperature afforded 4-hydroxy-2-oxo-2H-cro-
mene-3-carbaldehyde- hydrazone (3) in excellent yield

(�90%). It was found that the reaction did not require

any solvent or external heating. When hydrazone 3

reacted with various aldehydes at 100�C in DMSO con-

taining con. HCl as a catalyst, 4-hydroxy-3-(4-aryl-3,4-

dihydro-1,2-diazet-3-yl)-2H-chromen-2-one derivatives
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4a–l were obtained in good yield (Table 1). One can en-

visage that the intermediates 4-hydroxy-2-oxo-2H chro-

mene-3-carbaldehyde (arylmethylene) hydrazones under-

went 4p electron cyclization to form a four membered

1,2-diazete ring system incorporates with 4-hydroxy

coumarin nucleolus 4a–l (Scheme 1). The formation of

1,2-diazete ring system was confirmed by IR, Mass, 1H

NMR, and 13C NMR spectral study.

The IR spectrum of 4a exhibited OAH stretching

vibration peak in the range of 3200–3400 cm�1 and

C¼¼O Stretching vibration of coumarin at 1690 cm�1

indicating the presence of hydroxyl group. The 1H NMR

spectrum of compound 4a displayed the hydroxyl proton

at 14.04 d ppm as a singlet. Two methine protons of

diazete ring were observed at 8.8 and 8.6 d ppm. The

downfield chemical shift of these protons compared with

simple 1,2-diazete ring system (4–5 d ppm reported by

G. W. Breton et al. [31] and 8.69 d ppm reported by

Yutaka Ishida et al. [32]) may be attributed to their con-

jugation with coumarin and phenyl ring system attached

with the diazete structure. Moreover, the chemical shift

of methine proton was also compared with that of com-

pound 3 (7.19 d ppm) also supporting the formation of

diazete framework. The assignment of relative stereo-

chemistry of both methine protons can be carried out

based on coupling constant. The larger values of derived

coupling constants place both protons in trans position.

The mass spectrum of 4a showed three signals Mþþ1,

Mþ, and Mþ-N2 at 294, 293, and 264, respectively.

Extrusion of N2 from compound in the mass spectra

reveals the existence of the cyclic product, which is

in accordance with the assigned structure of 4a.

The mechanism involved in the formation of 1,2-dia-

zete ring follows the electrocyclic reaction. Arylmethy-

lene hydrazone is a conjugated chain containing 4p elec-

tron system which undergoes 4p electron cyclization as

per pericyclic reaction (Scheme 2).

CONCLUSIONS

In summary, novel 4-hydroxy-3-(4-aryl-3,4-dihydro-

1,2-diazet-3-yl)-2H-chromen-2-one derivatives (4a–l)

were prepared from 4-hydroxy-2-oxo-2H-cromene-3-car-

baldehyde hydrazone and various aldehydes in DMSO

via electrocyclic reaction through 4p electron cycliza-

tion. The pharmacological study of all compounds is

currently under investigation.

Scheme 1. Reagents and conditions: (a) Triethyl orthoformate. Micro-

wave irradiation at 240 W, 2 min; (b) NH2NH2�H2O, r.t., Stirr.; (c) R-

CHO, DMSO, con. HCl, 100�C, 30 min.

Table 1

Physical properties of the synthesized compounds 4(a–l).

Entry Product R

Yield

(%)a Mp (�C)

1 4a Ph 75 230–232

2 4b 4-CH3-C6H4 71 214–216

3 4c 4-OCH3-C6H4 76 206–208

4 4d 3,4-di-OCH3-C6H4 85 218–220

5 4e 2,5-di-OCH3-C6H4 79 210–212

6 4f 2-Cl-C6H4 65 212–214

7 4g 4-F-C6H4 65 206–208

8 4h 2-OH-C6H4 70 210–212

9 4i 4- NO2-C6H4 80 214–216

10 4j 4-N,N-di-CH3-C6H4 60 204–206

11 4k 3-Pyridyl 62 228–230

12 4l 2-Furyl 58 214–216

a Isolated yields after purification.

Scheme 2. Plausible mechanism of 4p electron cyclization.
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EXPERIMENTAL

Melting points were determined on electro thermal apparatus

using open capillaries and are uncorrected. Thin-layer chroma-
tography was accomplished on 0.2-mm precoated plates of
silica gel G60 F254 (Merck). Visualization was made with UV
light (254 and 365 nm) or with an iodine vapor. IR spectra

were recorded on a FTIR-8400 spectrophotometer using DRS
prob. 1H NMR spectra were recorded on a Bruker AVANCE
II (400 MHz) spectrometer in DMSO. Chemical shifts are
expressed in d ppm downfield from TMS as an internal stand-
ard. Mass spectra were determined using direct inlet probe on

a GCMS-QP 2010 mass spectrometer (Shimadzu). Solvents
were evaporated with a BUCHI rotary evaporator. All reagents
were purchased from Fluka, Sigma Aldrich, Merck, and Ran-
kem and used without further purification.

3-Ethoxymethylene-3H-chromene-2,4-dione (2). A mixture

of 6.2 mmol of 4-hydroxycoumarin (1.0 g, 6.2 mmol), triethyl
orthoformate (7 mL), and p-toluenesulfonic acid monohydrate
(0.02 g) was placed in a 50 mL beaker. The beaker was cov-
ered with a stem-less funnel and irradiated in the microwave
oven for 2 min at 240 W. The resultant residue was cooled to

room temperature, the solvent was decanted, and the residue
was crystallized in chloroform to give pure yellow crystals.
Yield: 0.81 g (60%); mp 140–141�C.

4-Hydroxy-2-oxo-2H-cromene-3-carbaldehyde hydrazone

(3). 3-(Ethoxymethylene)-3H-chromene-2,4-dione (2, 2.18 g,

10 mmol) was stirred at room temperature with excess 50%
hydrazine hydrate for about 10–15 min. The solid separated
out was filtered and crystallized from chloroform to give 3,
yield: 1.83 (90%); mp 138–140�C. IR (KBr): 3528, 3245,

1689, 1545; 1H NMR (400 MHz, DMSO) d 8.47 (s, 1H, OH),
7.98 (m, 1H, ArH), 7.55 (m, 1H, ArH), 7.23 (m, 2H, ArH),
7.19 (s, 1H, ¼¼CH), 5.88 (s, 2H, NH2); MS(EI): 204 (Mþ).

General procedure for the synthesis of 4-hydroxy-3-(4-

phenyl-3,4-dihydro-1,2-diazet-3-yl)-2H-chromen-2-one (4a). A
mixture of equimolar amount of 4-hydroxy-2-oxo-2H-chro-
mene-3-carbaldehyde hydrazone 3 and benzaldehyde was dis-
solved in DMSO containing catalytic amount of con. HCl and
heated at 100�C for 30 min with stirring. The reaction mixture
was allowed to attain room temperature. The separated solid
was filtered off and washed with methanol. The crude product
obtained was recrystallized from chloroform to give 4-
hydroxy-3-(4-aryl-3,4-dihydro-1,2-diazet-3-yl)-2H-chromen-2-
one (4a) as a yellow solid. Yield 75%; mp 230–232�C; IR
(KBr) 3200, 1690 cm�1; 1H NMR (400 MHz, CDCl3) d 14.04
(s, 1H, OH), 8.80 (d, J ¼ 12.36 Hz, 1H, CH), 8.67 (d, J ¼
15.52 Hz, 1H, CH), 7.96 (t, 1H, Ar), 7.73 (d, 2H, Ar), 7.57 (t,
1H, Ar), 7.45–7.39 (m, 3H, Ar), 7.26–7.17 (m, 2H, Ar);
MS(EI) 292 [M]þ. Anal. Calcd. for C17H12N2O3: C, 69.86; H,
4.14; N, 9.58. Found: C, 69.78; H, 4.25; N, 9.45.

Compounds 4b–l were prepared by following the same pro-
cedure as described for 4a.

4-Hydroxy-3-(4-phenyl-3,4-dihydro-1,2-diazet-3-yl)-2H-chro-

men-2-one (4a). This compound was obtained according to the
earlier general procedure; Yellow solid; IR (KBr): 3200, 1690

cm�1; 1H NMR (400 MHz, DMSO) d 14.04 (s, 1H, OH), 8.80
(d, J ¼ 12.36 Hz, 1H, CH), 8.67 (d, J ¼ 15.52 Hz, 1H, CH),
7.96 (t, 1H, Ar), 7.73 (d, 2H, Ar), 7.57 (t, 1H, Ar), 7.45–7.39
(m, 3H, Ar), 7.26–7.17 (m, 2H, Ar); MS(EI) 292 [M]þ. Anal.
Calcd. for C17H12N2O3: C, 69.86; H, 4.14; N, 9.58. Found: C,

69.78; H, 4.25; N, 9.45.

4-Hydroxy-3-[4-(4-methylphenyl)-3,4-dihydro-1,2-diazet-3-

yl]-2H-chromen-2-one (4b). This compound was obtained

according to the earlier general procedure; Yellow solid; IR

(KBr): 3190, 1690 cm�1; 1H NMR (400 MHz, DMSO) d
14.14 (s, 1H, OH), 8.95 (d, J ¼ 12.12 Hz, 1H, CH), 8.60 (d, J
¼ 31.64 Hz, 1H, CH), 8.05 (t, 1H, Ar), 7.69 (d, 2H, Ar), 7.67

(t, 1H, Ar), 7.64–7.60 (m, 4H, Ar), 2.42 (s, 3H, CH3); MS(EI)

306 [M]þ. Anal. Calcd. for C18H14N2O3: C, 70.58; H, 4.61; N,

9.15. Found: C, 70.51; H, 4.54; N, 9.05.

4-Hydroxy-3-[4-(4-methoxyphenyl)-3,4-dihydro-1,2-diazet-3-

yl]-2H-chromen-2-one (4c). This compound was obtained

according to the earlier general procedure; Yellow solid; IR

(KBr): 3140, 1716 cm�1; 1H NMR (400 MHz, DMSO) d
14.07 (s, 1H, OH), 8.86 (d, J ¼ 12.48 Hz, 1H, CH), 8.70 (d, J
¼ 10.08 Hz, 1H, CH), 8.02 (t, 1H, Ar), 7.73 (d, 2H, Ar), 7.62

(t, 1H, Ar), 7.31–7.23 (m, 2H, Ar), 7.00–6.98 (m, 2H, Ar),

3.86 (s, 3H, OCH3); MS(EI) 322 [M]þ. Anal. Calcd. for

C18H14N2O4: C, 67.07; H, 4.38; N, 8.69. Found: C, 67.11; H,

4.24; N, 8.58.
3-[4-(3,4-Dimethoxyphenyl)-3,4-dihydro-1,2-diazet-3-yl]-4-

hydroxy-2H-chromen-2-one (4d). This compound was

obtained according to the earlier general procedure; Yellow

solid; IR (KBr): 3210, 1699 cm�1; 1H NMR (400 MHz,

DMSO) d 14.07 (s, 1H, OH), 8.88 (d, J ¼ 12.30 Hz, 1H, CH),

8.64 (d, J ¼ 14.42 Hz, 1H, CH), 7.99 (t, 1H, Ar), 7.82 (d, 2H,

Ar), 7.59 (t, 1H, Ar), 7.48–7.20 (m, 3H, Ar), 3.88 (s, 6H,

OCH3); MS(EI) 352 [M]þ. Anal. Calcd. for C19H16N2O5: C,

64.77; H, 4.58; N, 7.95. Found: C, 64.61; H, 4.49; N, 7.81.

3-[4-(2,5-Dimethoxyphenyl)-3,4-dihydro-1,2-diazet-3-yl]-4-

hydroxy-2H-chromen-2-one (4e). This compound was

obtained according to the earlier general procedure; Yellow

solid; IR (KBr): 3235, 1687 cm�1; 1H NMR (400 MHz,

DMSO) d 14.07 (s, 1H, OH), 8.96 (d, J ¼ 2.64 Hz, 1H, CH),

8.90 (d, J ¼ 12.4 Hz, 1H, CH), 8.03 (t, 1H, Ar), 7.91 (d, 2H,

Ar), 7.62 (t, 1H, Ar), 7.44 (t, 1H, Ar), 7.30 (t, 1H, Ar); 7.26

(t, 1H, Ar), 3.88 (s, 6H, OCH3); MS(EI) 352 [M]þ. Anal.

Calcd. for C19H16N2O5: C, 64.77; H, 4.58; N, 7.95. Found: C,

64.59; H, 4.71; N, 7.84.
3-[4-(2-Chlorophenyl)-3,4-dihydro-1,2-diazet-3-yl]-4-hydroxy-

2H-chromen-2-one (4f). This compound was obtained accord-

ing to the earlier general procedure; Yellow solid; IR (KBr):

3221, 1702 cm�1; 1H NMR (400 MHz, DMSO) d 14.07 (s,

1H, OH), 8.80 (d, J ¼ 12.28 Hz, 1H, CH), 8.68 (d, J ¼ 18.06

Hz, 1H, CH), 7.99 (t, 1H, Ar), 7.73 (d, 2H, Ar), 7.61 (t, 1H,

Ar), 7.43–7.49 (m, 3H, Ar), 7.22–7.27 (m, 1H, Ar); MS(EI)

326 [M]þ. Anal. Calcd. for C17H11ClN2O3: C, 62.49; H, 3.39;

N, 8.57. Found: C, 62.37; H, 3.26; N, 8.47.

3-[4-(4-Fluorophenyl)-3,4-dihydro-1,2-diazet-3-yl]-4-hydroxy-

2H-chromen-2-one (4g). This compound was obtained accord-

ing to the earlier general procedure; Yellow solid; IR (KBr):

3088, 1716 cm�1; 1H NMR (400 MHz, DMSO) d 14.07 (s,

1H, OH), 8.81 (d, J ¼ 12.58 Hz, 1H, CH), 8.73 (d, J ¼ 10.02

Hz, 1H, CH), 7.99 (t, 1H, Ar), 7.74 (d, 2H, Ar), 7.58 (t, 1H,

Ar), 7.44–7.49 (m, 2H, Ar), 7.23–7.26 (m, 2H, Ar); MS(EI)

310 [M]þ. Anal. Calcd. for C17H11FN2O3: C, 65.81; H, 3.57;

N, 9.03. Found: C, 65.73; H, 3.51; N, 9.12.

4-Hydroxy-3-[4-(2-hydroxyphenyl)-3,4-dihydro-1,2-diazet-

3-yl]-2H-chromen-2-one (4h). This compound was obtained
according to the earlier general procedure; Yellow solid; IR
(KBr): 3400, 3259, 1696 cm�1; 1H NMR (400 MHz, DMSO)

d 14.09 (s, 1H, OH), 9.57 (s, 1H, OH), 8.79 (d, J ¼ 12.30 Hz,
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1H, CH), 8.66 (d, J ¼ 11.38 Hz, 1H, CH), 7.96 (t, 1H, Ar),
7.73 (d, 2H, Ar), 7.57 (t, 1H, Ar), 7.46–7.39 (m, 2H, Ar),
7.25–7.17 (m, 2H, Ar); MS(EI) 308 [M]þ. Anal. Calcd. for
C17H12N2O4: C, 66.23; H, 3.92; N, 9.09. Found: C, 66.12; H,
4.06; N, 8.94.

4-Hydroxy-3-[4-(4-nitrophenyl)-3,4-dihydro-1,2-diazet-3-yl]-

2H-chromen-2-one (4i). This compound was obtained accord-
ing to the earlier general procedure; Yellow solid; IR (KBr):
3490, 1697 cm�1; 1H NMR (400 MHz, DMSO) d 14.07 (s,
1H, OH), 8.81 (d, J ¼ 12.18 Hz, 1H, CH), 8.68 (d, J ¼ 15.55

Hz, 1H, CH), 7.99 (t, 1H, Ar), 7.73 (d, 2H, Ar), 7.56 (t, 1H,
Ar), 7.48–7.57 (m, 3H, Ar), 7.23–7.21 (m, 1H, Ar); MS(EI)
337 [M]þ. Anal. Calcd. for C17H11N3O5: C, 60.54; H, 3.29; N,
12.46. Found: C, 60.47; H, 3.18; N, 12.55.

3-{4-[4-(Dimethylamino)phenyl]-3,4-dihydro-1,2-diazet-3-

yl}-4-hydroxy-2H-chromen-2-one (4j). This compound was
obtained according to the earlier general procedure; Yellow
solid; IR (KBr): 3209, 1719 cm�1; 1H NMR (400 MHz,
DMSO) d 14.10 (s, 1H, OH), 8.87 (d, J ¼ 12.28 Hz, 1H, CH),

8.71 (d, J ¼ 14.68 Hz, 1H, CH), 8.02 (t, 1H, Ar), 7.75 (d, 2H,
Ar), 7.60 (t, 1H, Ar), 7.40–7.32 (m, 2H, Ar), 7.27–7.23 (m,
2H, Ar), 2.97 (s, 6H, N(CH)2); MS(EI) 335 [M]þ. Anal. Calcd.
for C19H17N3O3: C, 68.05; H, 5.11; N, 12.53. Found: C,
67.88; H, 5.03; N, 12.64.

4-Hydroxy-3-(4-pyridin-3-yl-3,4-dihydro-1,2-diazet-3-yl)-

2H-chromen-2-one (4k). This compound was obtained
according to the earlier general procedure; Yellow solid; IR
(KBr): 3235, 1699 cm�1; 1H NMR (400 MHz, DMSO) d
14.10 (s, 1H, OH), 8.80 (d, J ¼ 12.96 Hz, 1H, CH), 8.65 (d, J
¼ 14.93 Hz, 1H, CH), 7.95 (t, 1H, Ar), 7.74 (d, 2H, Ar), 7.58
(t, 1H, Ar), 7.14–6.81 (m, 4H, Pyr.); MS(EI) 293 [M]þ. Anal.
Calcd. for C16H11N3O3: C, 65.53; H, 3.78; N, 14.33. Found:
C, 65.37; H, 3.59; N, 14.15.

3-[4-(2-Furyl)-3,4-dihydro-1,2-diazet-3-yl]-4-hydroxy-2H-

chromen-2-one (4l). This compound was obtained according
to the earlier general procedure; Yellow solid; IR (KBr): 3266,
1689 cm�1; 1H NMR (400 MHz, DMSO) d 14.08 (s, 1H, OH),
8.78 (d, J ¼ 11.08 Hz, 1H, CH), 8.64 (d, J ¼ 15.34 Hz, 1H,

CH), 7.90 (t, 1H, Ar), 7.70 (d, 2H, Ar), 7.54 (t, 1H, Ar), 6.98–
6.69 (m, 3H, Fur.); MS(EI) 282 [M]þ. Anal. Calcd. for
C15H10N2O4: C, 63.83; H, 3.57; N, 9.92. Found: C, 63.78; H,
3.41; N, 9.84.
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Cyclocondensation of hydrazides, 3-aminopyrazoles, 3-amino-1,2,4-triazole, 2-aminobenzoimidazole,

pyrazole-3-diazonium salts, 1,2,4-triazol-3-diazonium salt, or benzoimidazole-2-diazonium salt with
sodium salt of 3-hydroxy-1-(2-naphthyl)prop-2-en-1-one gave 2-pyridones, pyrazolo[1,5-a]pyrimidines,
triazolo[1,5-a]pyrimidine, benzo[4,5]imidazo[1,2-a]pyrimidine, (pyrazolo[5,1-c][1,2,4]triazin-3-yl)-meth-
anone, [1,2,4]triazolo[5,1-c][1,2,4]triazin-3-yl-methanone, or benzo[4,5]imidazo[2,1-c] [1,2,4]triazin-3-yl-
methanone derivatives, respectively, which will be tested for anti-tumor and anti-cancer activates.

J. Heterocyclic Chem., 47, 517 (2010).

INTRODUCTION

Chemotherapeutic anticancer agents continue to be an

active area of research at many companies and research

centers [1–3]. So that, pyridine, pyrazolopyrimidine, and

trazine derivatives have received considerable attention

due to their wide range of applications in chemotherapy,

such as anti-inflammatory, anti-tumor, anti-mycobacte-

rial, anti-fungal, and anti-viral activities [4–6]. Recently,

it has been reported that many pyridine and pyrazolopyri-

midine derivatives showed strong cytotoxicity against

several human cancer cell lines [6–9]. Pyrazolo[4,3-d]py-
rimidine and pyrazolo[1,5-a]pyrimidine derivatives were

reported to be inhibitors of tyrosine kinase and cyclin-de-

pendent kinases (CDK) which are involved in mediating

the transmission of mitogenic signals and numerous other

cellular events [3,10–15], including cell proliferation,

migration, differentiation, metabolism, and immune

response. It was also found that many of these derivatives

may block proliferation of various cancer cell lines [16].

In view of these reports and in continuation with the pre-

vious work, here a successful trial for synthesizing new

derivatives of pyridones, pyrazolo[1,5-a]pyrimidines, tri-

azolo[1,5-a]pyrimidine, imidazo[1,2-a]pyrimidine, pyra-

zolo[5,1-c]triazine, triazolo[5,1-c]triazine, and imidazo

[2,1-c]triazine derivatives which will be tested for anti-

tumor and anti-cancer activates are reported.

RESULTS AND DISCUSSION

As a part of our program directed for the development

of efficient and simple procedures for the synthesis of

antimetabolites [17–19], we have recently reported dif-

ferent and successful approaches for the synthesis of 2-

pyridones [17,19]. The synthesized compounds act as

intermediates for synthesis of deazafolic acid ring sys-

tem and deazapyrimidine nucleosides, which reported to

be significantly active, both in vitro and in vivo [20,21].

They also act as inhibitor of dihydrofolate reductase

[22], cytotoxicity against various experimental tumors as

potential as methotrexate [23,24], and one of the most

effective antimetabolites currently used in treatment of

various solid tumors [25,26]. This prompted our interest

to the synthesis and study of the chemistry of this class

of compounds [17,18]. Although N-amino-2-pyridones

have proved to be useful synthetic intermediates, there

are few procedures for their preparation and they are

usually obtained in low yield by the reaction of hydra-

zine with 2-pyridones [27,28]. I have reported in this

part, one step synthesis of 2-pyridones from the reaction

VC 2010 HeteroCorporation
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of 3-hydroxy-1-(2-naphthyl)prop-2-en-1-one 1 with dif-

ferent hydrazides. Thus, it has been found that salt 1

reacted with cyanoacetic acidhydrazide 2 to give a tri-

substituted 2-pyridone. Two modes of cyclization are

feasible, giving a 1,2,3,6- or 1,2,3,4-tetrasubstituted

products, as outlined in Scheme 1. First, initial attack by

a methylene carbanion takes place at the formyl group

of the salt 1 and subsequent Michael cyclization fol-

lowed by elimination of two moles of water to give the

1,2,3,6-trisubstituted product 4. Second, initial nucleo-

philic attack by the methylene carbon takes place at the

ketonic group, followed by cyclization and elimination

of water giving 1,2,3,4-trisubstituted isomer 6. In fact,

only one isomer was obtained, which was suggested to be

4 due to the fact that initial attack of the active methylene

carbon at the unhindered formyl group leading to 4 being

much more probable than attack at the hindered and elec-

tronically disfavored ketonic group [29]. Spectral studies

did not allow us to distinguish between structures 4 and

6. 1H-NMR for the product revealed the absence of CH2

and the presence of 2-naphthyl protons from d ¼ 7.54–

8.66 ppm whereas the amino group has two protons at d
¼ 2.70 ppm in solution. No significant amounts of the

alternative regioisomers could be detected. To establish

structure of the product, the crystal structure of a similar

previous work has been reported [19,29,30]. The X-ray

analysis of this work confirms the exclusive presence of

the regioisomer 4 [29].

The reaction of sodium salts of 3-hydroxy-1-(2-naph-

thyl)prop-2-en-1-one 1 with arylidenecyanoacetohydra-

zide 7 and arylsulfonylcyanoacetohydrazide 10 deriva-

tives represents a novel, one step, synthesis of N-aryli-
deneamino- and N-arylsulphonylamino-2-pyridones,

respectively. Thus, it has been found that, salt 1 reacted

with arylidenecyanoacetohydrazide 7 to give N-arylide-
neamino-2-pyridones 9, whereas 1 reacted with arylsufo-

nylcyanoacetohydrazide 10 to give N-arylsulfonylamino-

2-pyridones 12. The structure of compound 12b was

established on the basis of its elemental analysis and

spectral data (IR, 1H-NMR, and MS). Thus, the mass

spectra of 12b was compatible with the molecular for-

mula C23H17N3O3S (Mþ 415) and the 1H-NMR showed

a signal at d ¼ 2.35 ppm assigned for methyl group.

Moreover, both 7 and 12 can be obtained from the reac-

tion of 4 with aldehydes or arylsufonylchlorides, respec-

tively, as shown in Scheme 2.

Analogously, treatment of sodium 3-hydroxy-1-(2-

naphthyl)prop-2-en-1-one 1 with appropriate amounts of

3-aminopyrazoles 13 [31], in the presence of piperidine

acetate afforded pyrazolo[1,5-a]pyrimidines 15. Struc-

ture of the product 15b was confirmed by elemental

analysis and spectral data (IR, 1H–NMR, and MS). The

mass spectra of 15b was compatible with the molecular

formula C23H17N3 (Mþ 335) and 1H NMR for the prod-

uct revealed the presence of a CH3 protons at d ¼ 2.41

ppm and methine H of pyrazole at d ¼ 6.22 ppm and

methine 2H of pyrimidine at d ¼ 8.52 and 8.78 ppm in

solutions as shown in Figure 1.

The reaction seemed to proceed via initial nucleo-

philic attack by the exocyclic amino group of

Scheme 1
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aminopyrazoles 13 at the ketonic group, which formed

in situ from salt 1 with water, followed by cyclization

and elimination of two moles of water to give the prod-

ucts 15 Scheme 3. It has been suggested that the forma-

tion of the alternative isomeric products 17 is based on

the initial attack of endocyclic amino group at the

ketonic group. The latter suggestion is excluded due to

the higher nucleophilicity of the exocyclic primary

amino group than the endocyclic amino group which

previously reported [17,29,30].

Similarly, treatment of sodium 3-hydroxy-1-(2-naph-

thyl)prop-2-en-1-one 1 with 3-amino-1,2,4-triazole or 2-

aminobenzoimidazole in the presence of piperidine ace-

tate afforded 5-(naphthalen-2-yl)[1,2,4]triazolo[1,5-a]py-
rimidine 19 or 2-(naphthalen-2-yl)benzo[4,5]imidazo[1,2-

a]pyrimidine 21, respectively, Scheme 4. The structure of

19 was confirmed by elemental analysis and spectral data

(IR, 1H–NMR, and MS). The mass spectra of 19 was com-

patible with the molecular formula C15H10N4 (Mþ 246)

and 1H NMR for the product revealed the presence

methine H of triazole at d ¼ 8.27 ppm and methine 2H of

pyrimidine at d ¼ 7.54 and 8.52 ppm.

Finally, the reaction of sodium 3-hydroxy-1-(2-naph-

thyl)prop-2-en-1-one 1 with pyrazole-3-diazonium salts

22, 1,2,4-triazol-3-diazonium salt 25, or benzoimida-

zole-2-diazonium salt 28 in the presence of piperidine

acetate afforded naphthalen-2-yl-(pyrazolo[5,1-c][1,2,4]
triazin-3-yl)-methanone derivatives 24, naphthalene-2-yl-

[1,2,4]triazolo[5,1-c][1,2,4]triazin-3-yl-methanone 27, or

benzo[4,5] imidazo[2,1-c][1,2,4]triazin-3-yl-naphthalen-
2-yl-methanone 30, respectively, Scheme 5. The struc-

ture of 24 was confirmed by elemental analysis and

spectral data (IR, 1H-NMR, and MS). The mass spectra

of 24a was compatible with the molecular formula

C22H14N4O (Mþ 350) and IR for the product revealed

the presence carbonyl group at 1,665 cm�1.

EXPERIMENTAL

All melting points are uncorrected IR spectra were

obtained (KBr disk) on a Perkin Elmer 11650 FT-IR

instrument. The 1H-NMR spectra were measured on a

Varian 400 MHz spectrometer for solutions in (CD3)2
SO using Si(CH3)4 as an internal standard. Mass spectra

were recorded on a Varian MAT 112 spectrometer. Ana-

lytical data were obtained from the Microanalytical Data

Center at Cairo University.

Scheme 2

Figure 1.
1H NMR d values for 15b.
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Scheme 3

Scheme 4
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2-Pyridones (4), (9a–d), (12a,b), Pyrazolo[1,5-

a]pyrimidines (15a–f), Triazolo[1,5-a]pyrimidine (19),

Benzo[4,5]imidazo[1,2-a]pyrimidine (21), (pyra-

zolo [5,1-c][1,2,4] triazin-3-yl)-methanones (24a–f),

[1,2,4] Triazolo[5,1-c] [1,2,4]triazin-3-yl-methanone

(27), or Benzo[4,5] imidazo [2,1-c][1,2,4]triazin-3-yl-
methanone (30). General method (A). A mixture of 3-

hydroxy-1-(2-naphthyl)prop-2-en-1-one 1 (0.01 mole),

cyanoacitic acidhydrazide 2, arylidenecyanoacetohydra-

zides 7, arylsulfonylcyanoacetohydrazides 10, 3-amino-

pyrazoles 13, 3-amino-1,2,4-triazole, 2-aminobenzoimi-

dazole, pyrazole-3-diazonium salts 19, 1,2,4-triazol-3-di-

azonium salts 22, or benzoimidazole-2-diazonium salts

25 (0.01 mole) in piperidine acetate (1 mL), {pipridine

þ acetic acid þ H2O}, and H2O (3 mL) was refluxed

for 5 min. Acetic acid (1.5 mL) was added to the hot

solution and the performed solid product was filtered off

and recrystallized from ethanol.
Method (B) for preparation of 2-pyridones (9a–d) or

(12a,b). An equimolar amount of aldehydes or arylsulfo-

nylchlorides was added to a cold solution of compounds 4

in pyridine. The mixture was stirred for 12h and then

poured over ice-water mixture and neutralized with dil.

HCl. The formed solid product was filtered off to produce

2-pyridones 9 or 12, respectively.
2-Pyridone (4). Yellow crystals from EtOH, (yield

72%), m.p. 278–280oC, mmax/cm
�1 (KBr) 3388 and

3168 (NH2), 3043 (CH, aromatic), 2210.9 (CN), 1643

(CO); 1H-NMR (300 MHz, DMSO-d6): d ¼ 2.49 (s,

2H, NH2), 7.54–8.73 (m, 9H, aromatic); m/z 261 (Calcd

for C16H11N3O (261.29):C, 73.55; H, 4.24; N, 16.08%.

Found: C, 73.37; H, 4.36; N, 15.92%).

Scheme 5
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2-Pyridones (9a–d). 9a. Pale yellow crystals from

EtOH, (yield 74%), m.p. 235oC, mmax/cm
�1 (KBr) 3048

(CH, aromatic), 2206.3 (CN), 1662 (CO); 1H-NMR (300

MHz, DMSO-d6): d ¼ 6.13–7.71 (m, 14H, aromatic),

8.10 (s, 1H, ¼¼CH); m/z 349 (Calcd for C23H15N3O

(349.40): C, 79.07; H, 4.33; N, 12.03%. Found: C,

79.16; H, 4.14; N, 12.12%).
9b. Pale yellow crystals from EtOH, (yield 79%), m.p.

230oC, mmax/cm
�1 (KBr) 3033 (CH, aromatic), 2198.3

(CN), 1675 (CO); 1H-NMR (300 MHz, DMSO-d6): d ¼
2.35 (s, 3H, CH3), 6.27–7.70 (m, 13H, aromatic), 8.07

(s, 1H, ¼¼CH); m/z 363 (Calcd for C24H17N3O (363.42):

C, 79.32; H, 4.72; N, 11.56%. Found: C, 79.38; H, 4.64;

N, 11.62%).
9c. Pale yellow crystals from EtOH, (yield 77%), m.p.

220oC, mmax/cm
�1 (KBr) 3064 (CH, aromatic), 2208.3

(CN), 1671 (CO); 1H-NMR (300 MHz, DMSO-d6): d ¼
3.76 (s, 3H, CH3), 6.29–7.73 (m, 13H, aromatic), 8.09

(s, 1H, ¼¼CH); m/z 379 (Calcd for C24H17N3O2

(379.42): C, 75.98; H; 4.52; N, 11.07%. Found: C,

75.92; H; 4.61; N, 11.12%).
9d. Pale yellow crystals from EtOH, (yield 71%),

m.p. 200oC, mmax/cm
�1 (KBr) 3051 (CH, aromatic),

2199.1 (CN), 1661 (CO); 1H-NMR (300 MHz,

DMSO-d6): d ¼ 6.31-7.72 (m, 13H, aromatic), 8.12

(s, 1H, ¼¼CH); m/z 383 (Calcd for C23H14ClN3O

(383.84): C, 71.97; H, 3.68; Cl, 9.24; N, 10.95%.

Found: C, 72.03; H, 3.64; Cl, 9.31; N, 11.02%).
2-Pyridones (12a,b). 12a. Pale yellow crystals from

EtOH, (yield 73%), m.p. 220oC, mmax/cm
�1 (KBr) 3350

(NH), 3061 (CH, aromatic), 2208.1 (CN), 1666 (CO);
1H-NMR (300 MHz, DMSO-d6): d ¼ 2.0 (s, 1H, NH),

6.13–7.93 (m, 14H, aromatic); m/z 401 (Calcd for

C22H15N3O3S (401.45): C, 65.82; H, 3.77; N, 10.47; S,

7.99%. Found: C, 65.93; H, 3.65; N, 10.54; S, 8.05%).

12b. Pale yellow crystals from EtOH, (yield 75%), m.p.

290oC, mmax/cm
�1 (KBr) 3361 (NH), 3064 (CH, aromatic),

2210.1 (CN), 1664 (CO); 1H NMR (300 MHz, DMSO-

d6): d ¼ 2.1 (s, 1H, NH), 2.35 (s, 3H, CH3), 6.15–7.94 (m,

13H, aromatic); MS: m/z ¼ 415 (2.56, M), 345 (36.34%),

280 (53.54%), 238 (85.33%), 234 (39.34%), 121

(80.65%), 92 (90.54%), 69 (100%); (Calcd for

C23H17N3O3S (415.47): C, 66.49; H, 4.12; N, 10.11; S,

7.72%. Found: C, 66.52; H, 4.07; N, 10.21; S, 7.80%).
Pyrazolo[1,5-a]pyrimidines (15a–f). 15a. Colorless

crystals from EtOH, (yield 78%), m.p. 210oC, mmax/

cm�1 (KBr) 3073 (CH, aromatic); 1H NMR (300 MHz,

CDCl3): d ¼ 6.53 (s, 1H), 7.22–7.89 (m, 13H, aro-

matic), 8.50 (d, 1H); m/z 321 (Calcd for C22H15N3

(321.38): C, 82.22; H, 4.70; N, 13.07%. Found: C,

82.20; H, 4.77; N, 13.13%).
15b. Colorless crystals from EtOH, (yield 75%), m.p.

194oC, mmax/cm
�1 (KBr) 3082 (CH, aromatic); 1H NMR

(300 MHz, CDCl3): d ¼ 2.41 (s, 3H, CH3), 6.21 (s,

1H), 7.01–8.05 (m, 11H, aromatic), 8.52 (d, 1H), 8.78

(d, 1H); m/z 335 (Calcd for C23H17N3 (335.41): C,

82.36; H, 5.11; N, 12.53%. Found: C, 82.27; H, 5.04;

N, 12.56%).
15c. Colorless crystals from EtOH, (yield 71%), m.p.

225oC, mmax/cm
�1 (KBr) 3051 (CH, aromatic); 1H-NMR

(300 MHz, CDCl3): d ¼ 6.23 (s, 1H), 7.02–8.02 (m,

11H, aromatic), 8.57 (d, 1H), 8.75 (d, 1H); m/z 355

(Calcd for C22H14ClN3 (355.83): C, 74.26; H, 3.97; Cl,

9.96; N, 11.81%. Found: C, 74.15; H, 4.05; Cl, 9.87; N,

11.90%).
15d. Colorless crystals from EtOH, (yield 82%), m.p.

220oC, mmax/cm
�1 (KBr) 3062 (CH, aromatic); 1H NMR

(300 MHz, CDCl3): d ¼ 6.53 (s, 1H), 7.22–7.89 (m,

14H, aromatic), 8.51 (d, 1H), 8.78 (d, 1H); m/z 371

(Calcd for C26H17N3 (371.45): C, 84.07; H, 4.61; N,

11.31%. Found: C, 84.16; H, 4.52; N, 11.36%).
15e. Colorless crystals from EtOH, (yield 73%), m.p.

190oC, mmax/cm
�1 (KBr) 3073 (CH, aromatic); 1H NMR

(300 MHz, CDCl3): d ¼ 7.22–7.89 (m, 12H, aromatic),

8.12 (d, 1H), 8.51 (s, 1H), 8.62 (d, 1H); m/z 321 (Calcd

for C22H15N3 (321.38): C, 82.22; H, 4.70; N, 13.07%.

Found: C, 82.26; H, 4.65; N, 13.02%).
15f. Colorless crystals from EtOH, (yield 75%), m.p.

225oC, mmax/cm
�1 (KBr) 3053(CH, aromatic), 1223

(CN); 1H NMR (300 MHz, CDCl3): d ¼ 7.22–7.89 (m,

7H, aromatic), 7.60 (d, 1H), 8.15 (s, 1H), 8.51 (d, 1H);

m/z 270 (Calcd for C17H10N4 (270.30): C, 75.54; H,

3.73; N, 20.73%. Found: C, 75.51; H, 3.82; N, 20.80%).
Triazolo[1,5-a]pyrimidine (19). Colorless crystals from

EtOH, (yield 72%), m.p. 210oC, mmax/cm
�1 (KBr)

3053(CH, aromatic); 1H NMR (300 MHz, CDCl3): d ¼
7.32–7.89 (m, 7H, aromatic), 7.52 (d, 1H), 8.27 (s, 1H),

8.50 (d, 1H); m/z ¼ 246 (Calcd for C15H10N4 (246.27):

C, 73.16; H, 4.09; N, 22.75%. Found: C, 73.19; H, 4.13;

N, 22.64%).
Benzo[4,5]imidazo[1,2-a]pyrimidine (21). Colorless crys-

tals from EtOH, (yield 78%), m.p. 230oC, mmax/cm
�1

(KBr) 3053(CH, aromatic); 1H NMR (300 MHz,

CDCl3): d ¼ 7.31–7.89 (m, 11H, aromatic), 7.52 (d,

1H), 8.50 (d, 1H); m/z 295 (Calcd for C20H13N3

(295.35): C, 81.34; H, 4.44; N, 14.23%. Found: C,

81.39; H, 4.38; N, 14.27%).
(Pyrazolo[5,1-c][1,2,4]triazin-3-yl)-methanones (24a–f).

24a. Colorless crystals from AcOH, (yield 75%), m.p.

210oC, mmax/cm
�1 (KBr) 3073 (CH, aromatic), 1665

(CO); 1H NMR (300 MHz, DMSO-d6): d ¼ 6.53 (s,

1H), 7.22–8.22 (m, 12H, aromatic), 9.56 (s, 1H); m/z

350 (Calcd for C22H14N4O (350.38): C, 75.42; H, 4.03;

N, 15.99%. Found: C, 75.45; H, 4.12; N, 16.04%).
24b. Colorless crystals from AcOH, (yield 73%), m.p.

194oC, mmax/cm
�1 (KBr) 3082 (CH, aromatic), 1665

(CO); 1H NMR (300 MHz, DMSO-d6): d ¼ 2.35 (s,

3H, CH3), 6.21 (s, 1H), 7.12–8.22 (m, 11H, aromatic),
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9.46 (s, 1H); m/z 364 (Calcd for C23H16N4O (364.41):

C, 75.81; H, 4.43; N, 15.37%. Found: C, 75.87; H, 4.52;

N, 15.41%).
24c. Colorless crystals from AcOH, (yield 71%), m.p.

225oC, mmax/cm
�1 (KBr) 3051 (CH, aromatic), 1663

(CO); 1H NMR (300 MHz, DMSO-d6): d ¼ 6.53 (s,

1H), 7.22–7.86 (m, 11H, aromatic), 9.42 (s, 1H); m/z

384 (Calcd for C22H13ClN4O (384.83): C, 68.67; H,

3.41; Cl, 9.21; N, 14.56%. Found: C, 68.53; H, 3.36; Cl,

9.30; N, 14.62%).
24d. Colorless crystals from AcOH, (yield 79%), m.p.

220oC, mmax/cm
�1 (KBr) 3062 (CH, aromatic),

1654(CO); 1H NMR (300 MHz, DMSO-d6): d ¼ 6.53

(s, 1H), 7.32–8.22 (m, 14H, aromatic), 9.46 (s, 1H); m/z

400 (Calcd for C26H16N4O (400.44): C, 77.99; H, 4.03;

N, 13.99%. Found: C, 78.05; H, 4.11; N, 14.04%).
24e. Colorless crystals from AcOH, (yield 77%), m.p.

226–230oC, mmax/cm
�1 (KBr) 3073 (CH, aromatic), 1646

(CO); 1H NMR (300 MHz, DMSO-d6): d ¼ 7.22–7.89 (m,

12H, aromatic), 8.40 (s, 1H), 9.46 (s, 1H); MS: m/z ¼ 350

(34.57%, Mþ 1), 350 (100%, M), 321 (9.27%), 154

(85.33%), 126 (58.26%), 100 (3.93%), 69 (4.95%), 55

(8.15%) (Calcd for C22H14N4O (350.38): C, 75.42; H, 4.03;

N, 15.99%. Found: C, 75.37; H, 4.06; N, 15.92%).
24f. Colorless crystals from AcOH, (yield 77%), m.p.

225oC, mmax/cm
�1 (KBr) 3064(CH, aromatic), 1653

(CO), 1221 (CN); 1H NMR (300 MHz, DMSO-d6): d ¼
7.32–8.22 (m, 7H, aromatic), 7.63 (s, 1H), 9.36 (s, 1H);

m/z 299 (Calcd for C17H9N5O (299.29): C, 68.22; H,

3.03; N, 23.40%. Found: C, 68.15; H, 3.23; N, 23.64%).
[1,2,4]Triazolo[5,1-c][1,2,4]triazin-3-yl-methanone

(27) Color-less crystals from AcOH, (yield 74%), m.p.

260oC, mmax/cm
�1 (KBr) 3053(CH, aromatic), 1665

(CO); 1H NMR (300 MHz, DMSO-d6): d ¼ 7.32–8.21

(m, 7H, aromatic), 8.27 (s, 1H), 9.46 (s, 1H); m/z ¼
275 (Calcd for C15H9N5O (275.27): C, 65.45; H, 3.30;

N, 25.44%. Found: C, 65.36; H, 3.22; N, 25.51%).
Benzo[4,5] imidazo[2,1-c][1,2,4]triazin-3-yl-methanone

(30) Colorless crystals from AcOH, (yield 76%), m.p.

230oC, mmax/cm
�1 (KBr) 3053(CH, aromatic), 1665

(CO); 1H NMR (300 MHz, CDCl3): d ¼ 7.32–8.22 (m,

11H, aromatic), 9.45 (s, 1H); m/z 324 (Calcd for

C20H12N4O (324.34): C, 74.06; H, 3.73; N, 17.27%.

Found: C, 74.13; H, 3.67; N, 17.32%).
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A short and facile synthesis of imidazo[1,2-c]quinazolin-5(6H)-ones and benzimidazo[1,2-c]quinazo-
lin-6(5H)-ones was accomplished in good yields via the novel reductive cyclization of 2-(2-nitrophenyl)-
imidazoles or 2-(2-nitrophenyl)benzoimidazoles with isocyanates promoted by low-valent titanium

reagent.

J. Heterocyclic Chem., 47, 524 (2010).

INTRODUCTION

Low-valent titanium reagents have an exceedingly

high ability to promote reductive coupling of carbonyl

compounds, and are attracting increasing interest in or-

ganic synthesis [1]. Many other functional groups can

also be coupled [2]. Recently, we have reported the

low-valent titanium induced intermolecular reductive

coupling reaction of carboxylic derivatives with aro-

matic ketones [3], the intramolecular reductive coupling

reaction of 4,4-dicyano-1,3-diaryl-1-butanone [4], the

cyclodimerization of a,b-unsaturated ketones [5], and

the intramolecular reductive coupling reaction of keto-

malononitriles [6].

A literature survey reavealed that quinazolinones

show antihypertonic, antirheumatic, antiana-phylactic,

antiasthmatic, tranquilizing, neuro-stimulating, and ben-

zodiazepine binding activity [7,8]. For example, 3-sub-

stituted quinazolinones, such as SGB-1534 (1) [9] and

ketanserin (2) have been found to have antihypertensive

activities mediated via a-adrenoceptor and serotonic re-

ceptor anatgonism, respectively. Addition of a (2-

methoxyphenyl)piperazine side chain at the 2- or 3-posi-

tion of the angular tricyclic 2,3-dihydroimidazo[1,2-

c]quinazoline ring system of SGB-1534 resulted in the

formation of potent antihypertensive agents such as

2-[[4-(2-methoxyphenyl)-piperazin-1-yl]methyl]-2,3-dihy-

droimidazo[1,2-c]-quinazolin-5(6H)-one (3) and 3-[[4-(2-

methoxyphenyl)piperazin-1-yl]methyl]-2,3-dihydroimi-

dazo[1,2-c]-quinazolin-5(6H)-one (4) that selectively

antagonized the a1-adrenoceptor [10]. (Fig. 1).
The synthesis of quinazolinones is well studied, and

recent development in combinatorial chemistry made the

preparation of large number of quinazolinones in a short

time possible. Sequential cyclizations of 2-isothio- cyan-

atobenzonitrile and 2-isocyanatobenzonitrile with a-ami-

noketones resulted 6H-imidazo[1,2-c]quinazolinones
with high yields [11]. A series of 2-[(substituted- phe-

nylpiperazin-1-yl)methyl]- and 2-[(substitutedphenyl-

piperidin-1-yl)methyl]-2,3-dihydroimidzao[1,2-c]quina-
zolin-5(6H)-ones were synthesized by bromo-cycliza-

tion with NBS in THF at room temperature [10,12].

But many of these still suffer from drawbacks such as

drastic conditions, unsatisfactory yields, long-reaction

time, high temperature, complex manipulation, and

inaccessible starting materials.

Therefore, the development of more efficient methods

for the preparation of this kind of compounds is still an

active ongoing research area, and there is scope for fur-

ther improvement toward milder reaction conditions and

improved yields. In recent years, our interest has been

focused on the synthesis of quinazolines uing low-valent

titanium reagent. We have previously reported the syn-

thesis of quinazolines [13], quinazoline-2,4-diones [14],

imidazo[1,2-c]quinazolines [15], 2-thioxoquinazolinones,

imidazo[1,2-c]quinazolin-5-amines, and benzimidazo[1,2-c]
quinazolin-5-amines [16] by the reaction of nitro-
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compounds with orthoformates, triphosgene, aldehydes,

ketones, and isothiocyanates, respectively, induced by

low-valent titanium reagent.

As our earlier works goes, herein, we wish to describe

a method induced by low-valent titanium reagent for the

preparation of imidazo[1,2-c]quinazolin-5(6H)-ones and

benzimidazo[1,2-c]quinazolin-6(5H)-one using 2-(2-

nitrophenyl)imidazole, 2-(2-nitrophenyl)benzoimidazole

and isocyanates as starting materials.

RESULTS AND DISCUSSION

On the basis of our previous experience, we selected

2-(2-nitrophenyl)-4,5-diphenyl-1H-imidazoles 1a and the

1-isocyanato-4-methylbenzene 2a as model substrates to

optimize the experimental conditions for the proposed

reductive cyclization reaction (Scheme 1). The results

are summarized in Table 1.

As shown in Table 1, we briefly examined the effect

of different temperatures and low-valent titanium sys-

tems. The results obtained from these experiments indi-

cated that the reaction temperatures had a significant

influence on the success of this reaction. To our delight

at refluxed the reaction proceeded smoothly in high

yield (entry 3). To further evaluate the influence of low-

valent titanium system, this reaction was carried out

with different low-valent titanium reagents. From the

results it is obvious that the best system is TiCl4/Zn.

Having established an optimal condition for the proto-

col, we performed a more detailed examination of the

substrates. Thus, the behavior of a variety of substrates,

which include different isocyanates as well as different

2-(2-nitrophenyl)imidazoles or 2-(2-nitrophenyl) benzoi-

midazoles was examined.

First of all, we performed the reaction of a variety

of 2-(2-nitrophenyl)imidazoles 1 and isocyanates 2

via TiCl4/Zn system in anhydrous THF (Scheme 2,

Table 2).

Furthermore, treatment of 2-(2-nitrophenyl)benzoimi-

dazoles 4 and isocyanates 2 with TiCl4/Zn in anhydrous

THF under the same reaction conditions, the reductive

cyclization products benzimidazo[1,2-c]quinazolin-
6(5H)-ones 5 were obtained in good yields (Scheme 3).

The results are summarized in Table 3.

As shown in Table 1 and Table 2, for series of 1 and

2, either the aromatic ring containing weak electron-

withdrawing groups (such as halides) or electron-donat-

ing groups (such as alkyl group), reacted well to give

the corresponding products 3 in high yields under the

same reaction conditions. So we concluded that no

obvious effects from the electronic or nature of the aro-

matic ring substrates were observed in the above

reactions.

Because the nitro compounds are easy to be reduced

to amines by low-valent titanium reagent [17], we think

this reaction may proceed through the intermediate

amine 6. As shown in Scheme 4, the nitro compound

was reduced by low-valent titanium to generate amine

6, which was then reacted with isocyanates to give inter-

mediate 7. Finally, the expected products 3 were pro-

duced by addition and elimination.

All the products were characterized by 1H-NMR and

IR.

In conclusion, a series of imidazo[1,2-c]quinazolin-
5(6H)-ones and benzimidazo[1,2-c]quinazolin-6(5H)-
ones were synthesized induced by low-valent titanium

reagent (TiCl4/Zn). The process was carried out only

Figure 1. SGB-1534 (1), Ketanserin (2).

Scheme 1

Table 1

Optimization for the reductive cyclization reaction.

Entry Temperature (
�
C) TiCl4/M Isolated yield (%)

1 r.t. TiCl4/Zn 42

2 40 TiCl4/Zn 55

3 reflux TiCl4/Zn 89

4 reflux TiCl4/Fe 34

5 reflux TiCl4/Mg 48

Scheme 2
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one step to generate diversity on the imidazo[1,2-c]qui-

nazolines. The yields are higher and the reaction times

are shorter than the protocol we reported earlier [14].

The short reaction times (0.5 h) and simple reaction

conditions make this protocol attractive.

EXPERIMENTAL

THF was distilled from sodium-benzophenone immediately

prior to use. All reactions were conducted under N2 atmos-
phere. Melting points are uncorrected. IR spectra were
recorded on Tensor 27 spectrometer in KBr with absorptions
in cm�1. 1H-NMR spectra were determined on NMRststem-

300 MHz or UNITY INOVA 400 MHz spectrometer in
DMSO-d6 solution. J values are in Hz. Chemical shifts are
expressed in ppm downfield from internal standard TMS.

General procedure for the synthesis of 3 and 5 is repre-

sented as follows. TiCl4 (0.3 mL, 3 mmol) was added drop-

wise using a syringe to a stirred suspension of zinc powder
(0.384 g, 6 mmol) in freshly distilled anhydrous THF (10 mL)
at r.t. under a dry N2 atmosphere. After completion of the
addition, the mixture was refluxed for 2 h. The suspension of
the low-valent titanium reagent formed was cooled to r.t. and

a solution of 2-(2-niteophenyl)imidazole or 2-(2-nitrophenyl)
benzoimidazole (1 mmol) and isocycanates (1 mmol) in THF
(5 mL) was added dropwise. The reaction mixture was then
refluxed for 30 min under N2. After this period, the TLC anal-
ysis of the mixture showed the reaction to be completed. The

reaction mixture was quenched with 5% HCl (15 mL) and
extracted with ClCH2CH2Cl (3 � 20 mL). The combined
extracts were washed with water (3 � 20 mL) and dried over
anhydrous Na2SO4. After evaporation of the solvent under

reduced pressure, the crude product was purified by recrystalli-
zation from 95% ethanol.

2,3-Diphenylimidazo[1,2-c]quinazolin-5(6H)-one (3a): white
solid, m.p. >300�C (Lit [14] >300�C). IR (KBr) m: 3160, 1706,
1596, 1553, 1480, 1443, 1378, 1335, 803, 779, 749, 702 cm�1.

1H-NMR (400 MHz, DMSO-d6) d: 7.23–7.29 (m, 3H, ArH),
7.33–7.37 (m, 2H, ArH), 7.43–7.47 (m, 7H, ArH), 7.55–7.59 (m,
1H, ArH), 8.26 (d, J ¼ 8.0 Hz, 1H, ArH), 11.75 (s, 1H, NH).

9-Chloro-2,3-diphenylimidazo[1,2-c]quinazolin-5(6H)-one
(3b): white solid, m.p. >300�C (Lit [14] >300�C). IR (KBr)

m: 3160, 1706, 1596, 1553, 1480, 1443, 1378, 1335, 803, 779,
749, 702 cm�1.

1H-NMR (400 MHz, DMSO-d6) d: 7.23–7.25 (m, 3H, ArH),
7.34–7.36 (m, 1H, ArH), 7.43–7.45 (m, 7H, ArH), 7.92–7.94

(m, 1H, ArH), 8.16–8.17 (m, 1H, ArH), 11.84 (s, 1H, NH).
9-Chloro-2,3-di(4-methylphenyl)imidazo[1,2-c]quinazolin-

5(6H)-one (3c): white solid, m.p. >300�C (Lit [14] >300�C). IR
(KBr) m: 3220, 1706, 1598, 1551, 1480, 1443, 1370, 1334,
1280, 1234, 1073, 813, 797, 749, 760 cm�1.

1H-NMR (300 MHz, DMSO-d6) d: 2.24 (s, 3H, CH3), 2.38
(s, 3H, CH3), 7.05 (d, J ¼ 7.8 Hz, 2H, ArH), 7.19–7.35 (m,
7H, ArH), 7.55–7.59 (m, 1H, ArH), 8.15 (d, J ¼ 2.1 Hz, 1H,
ArH), 11.79 (s, 1H, NH).

9-Chloro-2,3-bis(4-methoxyphenyl)imidazo[1,2-c]quinazo-
lin-5(6H)-one (3d): white solid, m.p. >300�C (Lit [14] >300�C). IR
(KBr) m: 3210, 1703, 1614, 1594, 1554, 1520, 1491, 1366,
1330, 1287, 1246, 1171, 1037, 828, 750, 740 cm�1.

1H-NMR (400 MHz, DMSO-d6) d: 3.73 (s, 3H, CH3O), 3.33
(s, 3H, CH3O), 6.85 (d, J ¼ 8.8 Hz, 2H, ArH), 6.99 (d, J ¼
8.4 Hz, 2H, ArH), 7.34–7.36 (m, 3H, ArH), 7.42 (d, J ¼ 8.8
Hz, 2H, ArH), 7.58 (d, J ¼ 8.8 Hz, 1H, ArH), 8.16 (s, 1H,
ArH), 11.79 (s, 1H, NH).

2,3-Bis(4-bromophenyl)imidazo[1,2-c]quinazolin-5(6H)-one
(3e): white solid, m.p. >300�C (Lit [14] >300�C). IR (KBr) m:
3227, 3172, 3073, 1709, 1594, 1572, 1550, 1492, 1478, 1392,
1072, 959, 744, 727, 694 cm�1.

1H-NMR (400 MHz, DMSO-d6) d: 7.33–7.41 (m, 6H, ArH),
7.49–7.51 (m, 2H, ArH), 7.53–7.57 (m, 1H, ArH), 7.61–7.63 (m,

2H, ArH), 8.22 (d, J ¼ 8.0 Hz, 1H, ArH), 11.79 (s, 1H, NH).
Bezimidazo[1,2-c]quinazolin-6(5H)-one (5a): white solid, m.p.

>300�C (Lit [14] >300�C). IR (KBr) m: 3150, 3077, 2916,

Table 2

The synthesis of imidazo[1,2-c]quinazolin-5(6H)-ones 3.

Compd. Ar X R Yield/%a

3a Ph H 4-CH3C6H4 89

3b Ph Cl 4-CH3C6H4 85

3c 4-CH3C6H4 Cl 4-CH3C6H4 88

3d 4-CH3OC6H4 Cl 4-ClC6H4 92

3e 4-BrC6H4 H 4-ClC6H4 83

a Isolated yield.

Scheme 3

Table 3

The synthesis of benzimidazo[1,2-c]quinazolin-6(5H)-ones 5.

Compd. X Y R Yield/%a

5a H H 4-ClC6H4 90

5b H Cl 4-ClC6H4 81

5c H CH3 4-CH3C6H4 87

5d Cl H 4-CH3C6H4 89

a Isolated yield.

Scheme 4
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2849, 1722, 1614, 1592, 1541, 1479, 1450, 1427, 1382, 1330,
1292, 1226, 1148, 928, 756, 699 cm�1.

1H-NMR (400 MHz, DMSO-d6) d: 7.34–7.50 (m, 4H, ArH),
7.62–7.66 (m, 1H, ArH), 7.84 (d, J ¼ 7.6 Hz, 1H, ArH), 8.29
(d, J ¼ 7.6 Hz, 1H, ArH), 8.35 (d, J ¼ 8.0 Hz, 1H, ArH),

11.95 (s, 1H, NH).
9,10-Dichlorobenzimidazo[1,2-c]quinazolin-6(5H)-one (5b):

white solid, m.p. >300�C (Lit [14] >300�C). IR (KBr) m: 3156,
3089, 2928, 1713, 1626, 1614, 1547, 1510, 1480, 1415, 1392,
1324, 1300, 1267, 1232, 1209, 1160, 1099, 877, 867, 779,

748, 713, 688 cm�1.
1H-NMR (400 MHz, DMSO-d6) d: 7.35–7.39 (m, 2H, ArH),

7.66–7.69 (m, 1H, ArH), 8.12 (s, 1H, ArH), 8.25 (d, J ¼ 8.0
Hz, 1H, ArH), 8.42 (s, 1H, ArH), 12.12 (s, 1H, NH).

9,10-Dimethylbenzimidazo[1,2-c]quinazolin-6(5H)-one (5c):
white solid, m.p. >300�C (Lit [14] >300�C). IR (KBr) m: 3156,
3066, 2975, 2913, 2842, 1720, 1624, 1596, 1551, 1511, 1479, 1455,
1380, 1344, 1291, 1230, 1159, 994, 914, 878, 744, 665 cm�1.

1H-NMR (400 MHz, DMSO-d6) d: 2.38 (s, 3H, CH3), 2.39

(s, 3H, CH3), 7.33–7.38 (m, 2H, ArH), 7.61–7.64 (m, 2H,
ArH), 8.12 (s, 1H, ArH), 8.27 (d, J ¼ 8.0 Hz, 1H, ArH), 11.91
(s, 1H, NH).

2-Chlorobenzimidazo[1,2-c]quinazolin-6(5H)-one (5d): white
solid, m.p. >300�C (Lit [14] >300�C). IR (KBr) m: 3204, 3037,
2922, 1712, 1611, 1551, 1476, 1436, 1385, 1328, 1238, 1167,
1146, 1110, 1081, 1059, 1008, 939, 911, 881, 825, 758, 714,
687 cm�1.

1H-NMR (400 MHz, DMSO-d6) d: 7.35–7.37 (m, 1H, ArH),
7.41–7.49 (m, 2H, ArH), 7.63–7.66 (m, 1H, ArH), 7.82–7.84

(m, 1H, ArH), 8.17–8.18 (m, 1H, ArH), 8.30–8.32 (m, 1H,
ArH), 12.04 (s, 1H, NH).
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2-Dimethylaminomethylene-3-oxo-N-phenylbutyramide 1 reacts with malononitrile 2a to afford the
pent-2-enedioic acid 1-amide 5-phenylamide derivative 6, which could be cyclized to give the 6-methyl-
pyridone derivative 7. Compound 1 reacts with cyanoacetamide 2b to afford the same pyridone 7 and

with cyanothioacetamide 2c to afford the analogous pyridinethione 12. Compound 12 reacts with
DMAD to afford the pyridine derivative 15 and with N,N-dimethylchloroacetamide 16 to afford the
thieno[2,3-d]pyridine derivative 18. Compound 18 reacts with morpholine-4-carboxaldehyde 19, N,N-
diemthylformamide 20, and 2,5-dimethoxy-tetrahydrofuran 21 to afford the fully aromatic thieno[2,3-
d]pyridine derivatives 22, 23, and 24, respectively.

J. Heterocyclic Chem., 47, 528 (2010).

INTRODUCTION

In the past 2 decades, we have been involved in a

program aiming to develop new simple routes for the

synthesis of heterocyclic compounds of biological inter-

est to be evaluated as biodegradable agrochemicals [1–

5]. Some functionally substituted pyridine and pyridone

derivatives posses marked pharmaceutical activities such

as anti HIV-1 reverse transcriptase agents, calcium

channel blockers, anticongestive heart failure agents,

and antagonists of P2 receptors for neurotransmitters [6–

12]. The reaction of enaminones with active methylene

nitriles represents one of the strategies for the prepara-

tion of 2-1H-pyridone [13–15]. Thus, some functionally

substituted 2-1H-pyridone derivatives were required for

biological activity studies. 2-Dimethylaminomethylene-

3-oxo-N-phenylbutyramide (obtained from the reaction

of acetoacetanilide with DMFDMA according to the lit-

erature method [16]) seemed a suitable synthone for the

synthesis of the required 2-1H–pyridone derivatives

through its reaction with active methylene reagents.

RESULTS AND DISCUSSION

Thus, the enaminone compound 1 was prepared and

allowed to react with the active methylene compounds

2a-c (Scheme 1) according to the method reported ear-

lier by us [17]. The reaction of 1 with malononitrile 2a

afforded a yellow crystalline solid of mp.197�C. The IR

spectrum of this product showed absorption bands at

tmax ¼ 2217, 1665, and 1656 cm�1 corresponding to a

cyano and two amide carbonyl functions. The mass

spectrum of this product showed a molecular ion peak

VC 2010 HeteroCorporation
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at m/z ¼ 298, which corresponds to the molecular for-

mula C16H18N4O2 (M. Wt. 298.34). The 1H NMR spec-

trum of this product revealed a singlet (3H) at 1.69 cor-

responding to a methyl group, a singlet (6H) at 2.75

corresponding to the N(CH3)2 groups, a singlet (1H) at

7.15 due to the ¼¼CH proton, a D2O exchangeable sin-

glet at 8.35 (1H) attributable to an NH, beside an aro-

matic multiplet at 7.24–7.55 (7H, PhþNH2). Based on

these data and on the analogy with our previous reported

work [17], the 2-Cyano-4-(1-dimethylamino-ethylidene)-

pent-2-enedioic acid 1-amide 5-phenylamide 6 was

assigned to this product.

The formation of 6 from the reaction of 1 with 2a is

assumed to take place via the sequence shown in

Scheme 1. The active methylene of malononitrile under-

goes addition to the double bond of 1 to afford the inter-

mediate 3, followed by elimination of dimethyl amine to

afford 2-acetyl-4,4-dicyanobut-2-enoic acid phenylamide

4 that directly undergoes ring closure via its enolized

form to afford the iminopyran intermediate 5. This

newly formed iminopyran is attacked by the dimethyl

amine (still present in the reaction medium) and under-

goes ring opening to afford 6. The ring opening of imi-

nopyran under the effect ammonia and amines is well

Scheme 1. Preparation of compounds 6, 7, and 12.
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established in the literature [14,17]. The 13C NMR data

of this product are in complete agreement with structure

6 (cf. Scheme 1 and Experimental).

Compound 6 could be readily cyclized via elimination

of dimethyl amine upon reflux in acetic acid to afford

yellow crystals of mp. 217–219�C.
The 1H NMR spectrum of 7 revealed the disappear-

ance of the NMe2 signal and the presence of a singlet

integrated for 1H at d ¼ 8.65, which is attributed to the

C4-H, beside the other signals as expected (cf. Experi-
mental). The 2-1H-pyridinone derivative structure 7 was

assigned to this product based on the analytical and

spectral data, and compound 7 has been previously

described in the literature from other route, mp. 216–

218�C [18].

The reaction of 1 with cyanoacetamide 2b afforded

the same 2-1H-pyridinone 7. It is assumed that 2b fol-

lowed the same addition elimination sequence to afford

the intermediate 8 (analogous to 4 in the above

sequence) that undergoes directly the cyclization via
elimination of water without passing through the imino-

pyran step, as the amide group is already present. The

identity of the products obtained from the reactions of 1

with either 2a or 2b was deduced from the typical melt-

ing points and spectral data. A similar result has been

previously observed [17].

The reaction of compound 1 with cyanothioacetamide

2c was reported earlier to afford the pyridinthione 10

(No. 3 in the original article [19]) via the intermediate 9

(Number 2 in the original article). The author of ref. 19

incorrectly assumed that the reaction proceeds via a

Knoevenagel condensation between the carbonyl group

of 1 and the active methylene of 2c to afford 9 (his 2).

On the basis of our aforementioned results, we have

reinvestigated this reaction. This reaction of 1 and 2c

was found to follow the same pathway as that of 1 with

2b to afford the intermediate 11 (analogous to 8;

Scheme 1) via the addition–elimination sequence, which

Scheme 2. Preparation of compounds 15, 18, 22, 23, and 24.
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then undergoes cyclization via loss of water to afford

the pyridinethione 12. The melting point, analytical, and

spectral data of our product are the same as those

reported in [19]; however, the 13C NMR data reported

in [19] are wrong; the phenyl carbons should appear as

four signals and not six as reported, and the whole spec-

trum showed only 12 signals.(cf. experimental).

The incorrect assignment in [19] leads to the pyridi-

nethione 10 (his 3) with the methyl group in the 4-posi-

tion, whereas the correct structure is 12 carrying the

methyl group in the 6-position. This has serious conse-

quences for some other reactions described in this arti-

cle. For example, all the reactions depicted in his

Scheme 2 are all based on the imaginary presence of the

methyl group in position-4 and are all vagaries.

The reaction of this pyridinethione 12 with dimethyl

acetylenedicarboxylate was claimed to afford the thiazolo-

pyridine derivative 13 (Scheme 2) (number 9 in the origi-

nal article [19]). The formation of this thiazolopyridine

seemed doubtful as the pyridinethione has only one proton

on its nitrogen, so how the thiazole ring is formed while

still retaining one hydrogen on C-2. Furthermore, the 13C

NMR data given to 13 (his 9) cited only 10 carbons

(excluding the repeated values for the aromatic carbons),

while it should reveal 17 carbons. Based on all these dis-

crepancies, we decided to reinvestigate this reaction.

Compound 12 was allowed to react with dimethyl ace-

tylenedicarboxylate (DMAD) in chloroform (the same

reaction conditions reported in [19]) to afford after

recrystallization and purification on column with silica

gel using pentane/ethyl acetate (3:1) as eluent a white

crystalline product of mp. 126�C (Lit. mp. of compound

13 in Scheme 2 (his 9); >300�C [19]). The mass spec-

trum of this product showed m/z ¼ 292 [Mþ]. From this

molecular mass and the elemental analysis data (cf. ex-
perimental), we could calculate a molecular formula

C13H12N2O4S for this product, which is not applicable to

13 (old 9) or 14 (assuming that the NH adds to the CBC

in DMAD). The IR spectrum of this product showed two

carbonyl absorption at tmax ¼ 1712 and 1710 assignable

to two ester CO, a cyano absorption band at 2220 cm�1

and no bands that could be assigned to the amide CO.

The 1H and 13C NMR showed a pattern that could not be

justified to either of the structures 13 (reported 9 [19]) or

14 (cf. experimental). From the presence of two ester car-

bonyl absorption bands and the presence of two methyl

signals in the 1H and C13 NMR spectra, we got the

impression that a Michael addition took place from either

the NH in the pyridinethione or the SH in the tautomer

mercapto pyridine to the activated CBC of DMAD, and

from the absence of the amide carbonyl absorption band

in the IR spectrum and the presence of two doublets at d
¼ 7.36 and 8.22 ppm with j ¼ 8.56 Hz in the 1H NMR

spectrum, we got the impression that the amide group

was eliminated either in the form of phenyl isocyanate or

via hydrolysis of the amide linkage followed by decar-

boxylation. Thus, structure 15 was suggested to this prod-

uct. This structure actually fulfills all the requirements of

all the available data. However, it was mandatory to have

an X-ray crystallographic picture for this compound. For-

tunately, the X-ray picture [20,21] came exactly in com-

plete agreement with our imagination; (see Fig. 1 and the

experimental). It shows clearly the attachment of S to the

DMAD, the absence of the anilide group, and also shows

the methyl group at the 6-position of the pyridine ring

(the p-position to the cyano group) which is a further

proof to our suggested mechanism (cf. Scheme 1).

Compound 12 reacts also with N,N-dimethyl chloroace-

tamide 16 under the same reaction conditions described

in ref. 19 to afford the fully aromatic thieno[2,3-b]pyri-
dine derivative 18 rather than the claimed dihydro-deriva-

tive 17 (his 11 [19]). It should be stated that the 1H NMR

data reported for compound 17 (old 11) are completely

applicable to our compound 18 (cf. experimental part).

Compound 18 was allowed to react with morpholine-4-
carboxaldehyde 19, N,N-diemthylformamide 20, and 2,5-

dimethoxy-tetrahydrofuran 21 under the same reaction
conditions described in ref. 19 to afford products very

similar to those described (his numbers 15, 16, and 17 in
his Scheme 4); however, the obtained products were
found to be the fully aromatic thieno[2,3-b]pyridine
derivatives 22, 23, and 24, respectively (cf. Scheme 2). It
should be stated also that the 1H NMR data reported in
reference [19] for compounds 22, 23, and 24 (Scheme 2;

numbers 15, 16, and 17 in his Scheme 4) are completely
not applicable to their assigned structures.

EXPERIMENTAL

Melting points were measured on an Electrothermal (9100)
apparatus and are uncorrected. IR spectra were recorded as

Figure 1. X-ray crystallographic structure of 15. [Color figure can be

viewed in the online issue, which is available at www.interscience.

wiley.com.]
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KBr pellets on a Perkin Elmer 1430 spectrophotometer. The
1H NMR and 13C NMR spectra were taken on a Varian Gem-
ini 300 MHz spectrometer in DMSO-d6 using TMS as internal
standard and chemical shifts are expressed in d ppm values.
Mass spectra were taken on a Shimadzu GCMS-GB 1000 PX

(70 ev). Elemental analyses were carried out at the Micro-ana-
lytical Center at Cairo University. X-ray data [20] were col-
lected using a Bruker Nonius 5622 diffractometer and were
corrected by SADABS factors and emperical absorption. The
structure was solved by direct methods and expanded using

Fourier technique. SCHAKAL 99 program system was used in
the graphic representation of the structure [21]. The nonhydro-
gen atoms are refined anisotropically and the hydrogen atoms
were refined according to theoretical models. X-ray crystallog-
raphy, elemental and spectral data of compound 15 were made

in the Institute of Organic Chemistry, TU-Dresden, Germany.
2-Cyano-4-(1-dimethylamino-ethylidene)-pent-2-enedioic

acid 1-amide 5-phenylamide 6. To a mixture of 2-dimethyla-
minomethylene-3-oxo-N-phenylbutyramide 1 (2.32 g; 10 mmol)

and malononitrile 2a (0.66 g; 10 mmol) in ethanol (15 mL) was
added few drops of piperidine as catalyst. The reaction mixture
was refluxed for 2 h and then left to cool to room temperature.
The solid product thus precipitated was collected by filtration and
recrystallized from dioxan to give yellow crystals, yield (2.23 g,

75%); mp 197–198�C (Dioxan); tmax ¼ 3435–3284 (NH2 and
NH), 2217 (CN), 1665, and 1656 cm�1 (2 CO); MS: m/z ¼ 298
[Mþ]; d H ¼ 1.69 (s, 3H, CH3), 2.75 (s, 6H, 2CH3), 7.15 (s, 1H,
CH), 7.10–7.65 (m, 7H, PhþNH2), 8.35 (s, 1H, NH). d C ¼ 15.4
(q), 38.8 (q), 104,7 (s), 104,9 (s), 116,8 (s), 120.6 (d), 124.3 (d),

128.9 (d), 138.4 (s), 154.3 (s), 156.9 (d), 163.1 (s), 167.5 (s).
Anal. Calcd. for C14H18N4O2: (298.34): C, 64.41; H, 6.08;

N, 18.78. Found: C, 64.45; H, 6.10; N, 18.90.
Synthesis of 5-cyano-2-methyl-6-oxo-1,6-dihydro-pyri-

dine-3-carboxylic acid phenyl amide 7. Method A: Cycli-
zation of compound 6. Compounds 6 (2.98 g, 10 mmol) was
refluxed in ethanolic sodium ethoxide (15 mL) for 30 min.
The solvent was reduced to one third of its volume under
reduced pressure and left to cool overnight. The solid precipi-

tate that appeared was collected by filtration and crystallized
from ethanol to afford 7 as yellow crystals, yield (2.15 g,
85%), mp. 219–220�C.

Method B: The reaction of 2-dimethylaminomethylene-3-
oxo-N-phenylbutyramide 1 with cyanoacetamide 2b. To a

mixture of 1 (2.32 g, 10 mmol) and cyanoacetamide 2b (0.84
g, 10 mmol) in ethanol (20 mL) was added a catalytic amount
of piperidine (5 drops). The reaction mixture was refluxed for
6 h and then left to cool to room temperature. The contents of
the flask were poured onto ice-cold water and acidified with

few drops of conc. HCl till just neutral (pH paper). The pre-
cipitated solid product was filtered off, washed thoroughly
with cold water, dried, and recrystallized from ethanol/DMF
(4:1) to give 7 as yellow crystals, yield (1.97 g, 78%); mp.
217–219�C (Lit. mp. 216–218�C [18]); tmax ¼ 3382, 3275

(NH), 2235 (CN), and 1657 and 1638 cm�1 (2CO); MS: m/z
¼ 253 [Mþ]; dH ¼ 2.63 (s, 3H, CH3), 7.12–7.68 (m, 5H, Ph),
7.82 (br.s., 1H, NH), 8.65 (s, 1H, H-4), 10.60 (br.s., 1H, NH).
dC ¼ 16.48 (q), 104.66 (s), 112.65 (s), 116.15 (s), 121.05 (d),

124.57 (d), 128.65 (d), 138.45 (s), 145.6 (s), 153.95 (d),
159.86 (s), 164.55 (s).

Anal. Calcd. for C14H11N3O2: (253.26): C, 66.40; H, 4.38;
N, 16.59. Found: C, 66.45; H, 4.47; N, 16.70.

5-Cyano-2-methyl-6-thioxo-1,6-dihydro-pyridine-3-car-

boxylic acid phenylamide 12. A mixture of compound 1

(2.32 g, 10 mmol) and cyanothioacetamide 2c (1.0 g, 10

mmol) in ethanol (25 mL) with sodium ethoxide catalyst was
refluxed for 30 min. After cooling down, the reaction mixture
was poured onto cold water and acidified with dil. HCl. The
precipitated solid product thus formed was collected by filtra-
tion and recrystallized from ethanol to afford 12 as yellow

crystals, Yield (1.94 g, 72%), mp. 225–227�C (lit. 235�C
[19]), tmax ¼ 3345, 3228 (NH), 2215 (CN), and 1658 cm�1

(CO); MS: m/z ¼ 269 [Mþ]; dH ¼ 1.74 (s, 3H, CH3), 7.05–
7.68 (m, 5H, Ph), 8.15 (s, 1H, H-4), 9.25 (br.s., 1H, NH),
13.92 (br.s., 1H, NH). dC ¼ 185.65 (s), 167.46 (d), 163.85 (s),

143.15 (s), 135.26 (s), 128.66 (d), 124.25 (d), 120.38 (d),
116.24 (s), 116.58 (s), 107.47 (s), 15.42 (q).

Anal. Calcd for C14H11N3OS: (269.32): C, 62.43; H, 4.12;
N, 15.60. Found: C, 62.45; H, 4.18; N, 15.70.

2-(3-Cyano-6-methylpyridin-2-ylsulfanyl)-but-2-enedioic

acid dimethyl ester 15. To a suspension of 12 (2.69 g, 10
mmol) in 15 mL of chloroform was added (2.13 g, 15 mmol)
dimethyl acetylenedicarboxylate (DMAD) and a catalytic
amount of triethylamine. The reaction mixture was stirred at

room temperature for 3h. The precipitated solid formed after
evaporation of the solvent was collected and recrystallized
from methanol and then purified by flash chromatography
using a column with silica gel (10 cm height with 2 cm2 diam-
eter) using pentane/ethyl acetate (3:1) as eluent to afford com-

pound 15 as yellow crystals, yield (2.29 g, 65%), mp. 125–
126�C (lit. >300�C [19]), tmax ¼ 2220 (CN), 1712 and 1710
(2 ester CO); MS: m/z ¼ 292 [Mþ]; dH ¼ 2.47 (s, 3H, CH3),
3.62 (s, 3H, CH3), 3.78 (s, 3H, CH3), 6.98 (s, 1H, olefin H),
7.36 (d, 1H, j ¼ 8.65 Hz, H-5); 8.22 (d, 1H, j ¼ 8.56 Hz, H-

4). dC ¼ 24.04 (q), 52.00 (q), 52.50 (q), 104.46 (s), 115.57 (s),
121.24 (d), 127.82 (d), 139.63 (s), 142.16 (d), 157.74 (s),
162.85 (s), 163.85 (s), 163.93 (s).

X-ray crystallographic data: Colourless crystals,
C13H12N2O4S (Mr ¼ 292.31 g mol�1), monoclinic, space

group P21/c (No. 14), a ¼ 8.950(2) Å, b ¼ 21.930(4) Å, c ¼
7.337(2) Å, a[O] ¼ 90.00, b[O] ¼ 104.48 (3), c[O] ¼ 90.00;
V[Å3] ¼ 1394.3 (6), Z ¼ 4, Dcalc. ¼ 1.392 g cm�3, F(000) ¼
608e, l(Mo Ka) ¼ 0.246 nm�1; the final difference Fourier q
¼ 0.29 (�0.21) e Å�3.crystal dimensions ¼ 0.33 � 0.17 �
0.08 mm. Max. resolution [sin y/k]max ¼ 0.64 Å�1/ 99.8%.
Data were collected using a Bruker Nonius area detector at
T[�C] ¼ �75 (2), with graphite monochromator with Mo Ka
radiation (k ¼ 0.71073 Å) using the CCD data collection and

SADABS absorption correction method; min 90.5%; max
98.1%. No. of independent reflections are 3043 were counted
with observed reflections 2415. Rav ¼ 0.071. The final R and
RW

2 ¼ 0.040 and 0.098, respectively.
Anal. Calcd for C13H12N2O4S: (292.31): C, 53.42; H, 4.14;

N, 9.58; S, 10.97. Found: C, 53.01; H, 3.86; N, 9.73; S, 10.88.
3-Amino-6-methyl-thieno[2,3-b]pyridine-2,5-dicarboxylic

acid 2-dimethylamide 5-phenylamide 18. To a solution of 12
(2.69 g, 10 mmol) in methanol (25 mL) was added N,N-di-
methyl chloroacetamide 16 (1.22 g, 10 mmol) followed by few

drops of sodium methoxide. The reaction mixture was refluxed
for 1 h and then left to cool to room temperature. The mixture
was then poured onto ice-cold water and acidified by few
drops of dil. HCl till just neutral. The precipitated solid prod-
uct was filtered off and recrystallized from methanol to afford

532 Vol 47F. M. Abdelrazek, M. F. Sharaf, P. Metz, and A. Jaeger

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



compound 18 as yellow crystals, yield (2.4 g, 68%), mp. 221–
222�C (lit. 220�C [19]), tmax ¼ 3445, 3328 (NH2 and NH),
1680 and 1668 (2CO) cm�1; MS: m/z ¼ 354 [Mþ]; d H ¼
2.32 (s, 3H, CH3), 3.54 (s, 6H, 2CH3), 7.05–7.80 (m, 7H,
PhþNH2), 8.22 (s, 1H, H-4), 9.35 (br.s., 1H, NH).

Anal. Calcd for C18H18N4O2S: (354.43): C, 61.00; H, 5.12;
N, 15.81; S, 9.05. Found: C, 60.92; H, 5.15; N, 15.87; S, 9.25.

The reaction of compound 18 with morpholine-4-carbox-

aldehyde 19, N,N-diemthylformamide 20, and 2,5-dime-

thoxy-tetrahydrofuran 21 (general procedure). To a solution

of 18 (3.54 g; 10 mmol) in 20 mL of phosphorus oxychloride
was added each of 19, 20, or 21. The reaction mixture was
refluxed for 2 h in each case, left to cool to room temperature,
and then poured onto ice-cold water and neutralized with am-
monia. The precipitated solids thus formed were filtered off

and recrystallized from the proper solvent to afford 22, 23,
and 24, respectively.

6-Methyl-3-[(morpholin-4-ylmethylene)-amino]-thieno

[2,3-b]pyridine-2,5-dicarboxylic acid 2-dimethylamide

5-phenylamide 22. Yellow crystals, Yield (3.16 g; 70%),
mp. 279–281�C (EtOH/DMF) (lit. 280�C [19]), tmax ¼ 3385,
3258 (NH), 1675 and 1668 cm�1 (2CO); MS: m/z ¼ 451
[Mþ]; dH ¼ 2.25 (s, 3H, CH3), 3.05 (t, 4H, 2CH2), 3.29 (s,
6H, 2CH3), 3.72 (t, 4H, 2CH2), 7.05–7.60 (m, 6H, Ph þ olefin

H), 8.22 (s, 1H, H-4), 9.34 (br.s., 1H, NH).
Anal. Calcd. for C23H25N5O3S: (451.54): C, 61.18; H, 5.58;

N, 15.51; S, 7.10. Found: C, 61.25; H, 5.68; N, 15.57; S, 7.23.
3-(Dimethylamino-methyleneamino)-6-methyl-thieno[2,3-b]

pyridine-2,5-dicarboxylic acid 2-dimethylamide 5-phenyla-

mide 23. Coffee brown crystals, yield (2.66 g; 65%), mp.
272–273�C (dioxan) (lit. 275�C [19]), tmax ¼ 3442, 3328
(NH), 1678, and 1669 cm�1 (2CO); MS: m/z ¼ 409 [Mþ]; dH
¼ 2.23 (s, 3H, CH3), 2.55 (s, 6H, 2CH3), 3.15 (s, 6H, 2CH3),
7.05–7.55 (m, 6H, Ph þ olefin H), 8.28 (s, 1H, H-4), 9.31

(br.s., 1H, NH).
Anal. Calcd for C21H23N5O2S: (409.50): C, 61.59; H, 5.66;

N, 17.10; S, 7.83. Found: C, 61.72; H, 5.73; N, 17.25; S, 7.98.
6-Methyl-3-pyrrol-1-yl-thieno[2,3-b]pyridine-2,5-dicarboxy-

lic acid 2-dimethylamide 5-phenylamide 24. Yellow crystals,
Yield (2.9 g; 72%), mp. 312–313�C (EtOH/DMF) (lit. >300�C
[19]), tmax ¼ 3435, 3329 (NH), 1676, and 1667 cm�1 (2CO);
MS: m/z ¼ 404 [Mþ]; dH ¼ 2.24 (s, 3H, CH3), 3.05 (s, 6H,
2CH3), 6.12–7.68 (m, 9H, Ph þ pyrrole H), 8.25 (s, 1H, H-4),

9.33 (br.s., 1H, NH).
Anal. Calcd for C22H20N4O2S: (404.48): C, 65.33; H, 4.98;

N, 13.85; S, 7.93. Found: C, 65.37; H, 4.85; N, 13.72; S, 8.13.
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Synthesis of new heterocyclic compounds containing the pyridazinone moiety, which have a valuable
biological activities, has been achieved through the nucleophilic addition of benzylamine to 4-(p-substi-
tuted phenyl)-4-oxo-2-butenoic acid 1a,b, followed by cyclocondensation of the adducts 2a,b to the cor-

responding pyridazin-3-one derivatives 3a,b. The behavior of the latter compounds toward different
nucleophilic and electrophilic reagents was investigated. The structures of the newly synthesized com-
pounds were elucidated by elemental analysis and spectroscopic data.

J. Heterocyclic Chem., 47, 534 (2010).

INTRODUCTION

A large number of pyridazinone derivatives were

reported to exhibit insecticidal [1–5], herbicidal [2,6],

antiallergenic [7], antihypertensive [8], analgesic [9],

anti-inflammatory [10], and bacteriocidal activities [11].

This prompted us to synthesize a new series of heterocy-

clic pyridazinone derivatives through the reaction of 4-

(p-bromophenyl) or 4-(p-methylphenyl)-4-oxo-2-butenoic

acid 1a,b [12] with benzylamine in dry benzene and

yielded the addition products 2a,b. The latters were

reacted with hydrazine hydrate in ethanol to give the

unexpected pyridazin-3-one derivatives 3a,b, respec-

tively, rather than the expected 4,5-dihydropyridazin-

3(2H)-one derivatives 4a,b. The products 3 were used for

synthesis of some important heterocyclic compounds

through their conversion to the corresponding 3-chloro-

pyridazine derivatives 7a,b, which act as a key factor in

synthesis of different heterocyclic pyridazine derivatives.

RESULTS AND DISCUSSION

The reaction of 4-(p-bromo- and p-methylphenyl)-4-

oxo-2-butenoic acid 1a,b and benzylamine in dry ben-

zene gave 4-(p-bromo- and tolyl)-4-oxo-2-(benzylami-

no)butanoic acid 2a,b. Condensation of the acid deriva-

tives 2a,b with hydrazine hydrate in boiling ethanol

afforded the unexpected 6-(p-substituted phenyl)pyrida-

zin-3(2H)-one 3a,b with the fission of the benzylamino

group in position 4 and aromatization of the pyridazine

ring [13,14] (Scheme 1).

Thus, structure of compound 2b is supported by its

correct elemental analysis, and its mass spectrum which

revealed the molecular ion peak at m/z ¼ 297 (Mþ

2.5%) for the molecular formula C18H19NO3. Also, the

structure of compounds 3 were elucidated by their ele-

mental analysis and spectroscopic data. Thus, the 1H

NMR (DMSO) of compound 3a showed signals at d ¼
7.25–8.14 ppm (6H, m, ArAH and ACH¼¼CHA of py-

ridazine ring) and 8.98 (broad s, 1H, NH). Its mass

spectrum showed molecular ion peak at m/z ¼ 252 (Mþ

þ1, 24.2%) corresponding to the molecular formula

C10H7N2OBr.

In contrast, condensation of 2a,b with hydroxylamine

hydrochloride in boiling pyridine yielded the corre-

sponding 3-(p-substituted phenyl)-4,5-dihydro-5-(benzy-

lamino)-1,2-oxazin-6-ones 5a,b with no fission of

the benzylamino group. In support for the products 5a,b,

the acid 2b was easily dehydrated in boiling acetic

VC 2010 HeteroCorporation
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anhydride or heated at its melting point to yield

3-(benzylamino)-5-(4-methylphenyl)furan-2(3H)-one 6

(Scheme 2).

The structure of the oxazin-6-one derivative 5a was

confirmed by its correct elemental analysis and spectro-

scopic data. The IR of 5a showed bands at 1683 cm�1

(C¼¼O), 1588 cm�1 (C¼¼N), and at 3287 cm�1 (NH). Its

mass spectrum showed a molecular ion peaks at m/z ¼
359 (Mþ, 7.7%) coincident with the molecular formula

C17H15N2O2Br. The structure of the furanone derivative

6 was established by its correct elemental analysis, and

its IR spectrum which showed a strong absorption at

1771 cm�1 characteristic for the C¼¼O of the five mem-

bered lactone ring and a band at 3195 cm�1due to NH.

The mass spectrum revealed the molecular ion peak at

m/z ¼ 279 (Mþ, 34.30%) for the molecular formula

C18H17NO2 and the base peak at m/z ¼ 106 (100%).

Also, the structure of 6 was further established by its

hydrolysis with hot alkali to the corresponding acid 2b.

In addition, the reaction of compound 6 with hydrazine

hydrate in boiling ethanol gave the pyridazinone 3b,

which was identified by m.p. and mixed m.p.

determination.

The keto-enol tautomerism in the pyridazinone ring is

elucidated by the formation of its chloroderivative by

the reaction of pyridazinones 3a,b with nucleophilic

reagents like phosphorus oxychloride to give 3-chloro-

pyridazines 7a,b [15] which act as a key intermediate

for the formation of different fused heterocyclic com-

pounds which may have biological activities [16]. Thus,

derivatives 7a,b were submitted to react with hydrazine

hydrate in boiling butanol to afford the corresponding

hydrazine derivatives 8a,b in good yield. On treatment

of compound 8a with ethylacetoacetate in boiling etha-

nol, 2-[6-(4-bromophenyl)pyridazin-3-yl]-5-methyl-2,4-

dihydro-3H-pyrazol-3-one 9 was afforded. On the other

hand, when compound 8a was refluxed with acetic acid,

the corresponding 6-(4-bromophenyl)-3-methyl[1,2,4]-

triazolo[4,3-b]pyridazine 10 [17] was produced. The lat-

ter compound could be also obtained via the condensa-

tion of the chloropyridazine derivative 7a with acetylhy-

drazine in boiling butanol (Scheme 3).

The structure of the compound 9 was confirmed by

its elemental analysis and spectroscopic data. Thus, the

IR of the compound showed absorption bands at 1643

cm�1 (C¼¼O) and at 1582 cm�1 (C¼¼N). The 1H NMR

(DMSO) exhibited signals at d ¼ 2.04 ppm (s, 3H,

CH3); 2.23 (s, 2H, CH2), 7.41–8.42 (m, 6H, Ar’H). The

mass spectrum revealed the molecular ion peak at m/z ¼
332 (Mþ þ1, 100%) corresponding to the molecular for-

mula C14H11N4OBr. The structure of compound 10 was

also elucidated by elemental analysis and spectroscopic

data (IR, 1H NMR, and Ms). Thus, the 1H NMR of 10

showed signals at d ¼ 1.98 ppm (s, 3H, CH3) and at

7.00–8.23 (m, 6H, C6H4, HC¼¼CH). On the other hand,

butenoic acid derivative 1b was found to react with thi-

ourea in boiling ethanol to give 6-(4-methylphenyl)-2-

thioxo-2,3,4,5-tetrahydro-pyrimidine-4-carboxylic acid

11. As a point of interest, the addition of the carboxylic

acid 11 to another molecule of 1b in dry benzene

Scheme 1

Scheme 2

Scheme 3
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containing a catalytic amount of pipredine has been

achieved to afford the corresponding oxobutanoic acid

derivative 12 but with cleavage of the carboxylic group

of the pyridazine ring. An attempt to cyclize compound

12 through the dehydration with boiling acetic anhydride

to afford the corresponding furanone derivative 13 has

been failed (Scheme 4).

The structures of the compounds 11 and 12 were con-

firmed by their elemental analysis and spectroscopic

data. Thus, the IR of the compound 11 showed bands at

3242 cm�1 (NH), 1678 (C¼¼O), and at 1491 (C¼¼S). Its

mass spectrum revealed the molecular ion peak at m/z ¼
248 (Mþ, 29.5%) related to the molecular formula

C12H12N2O2S. The structure of 12 was also proved by its

correct elemental analysis and spectroscopic data. The IR

of the compound showed the absence of the band related

to the NH group and exhibited bands at 1682 cm�1

(C¼¼O), and 1642 (C¼¼O), and at 1355 (CASAC). The

mass spectrum of the compound revealed the molecular

ion peak at m/z ¼ 394 (Mþ, 4.0%) corresponding to the

molecular formula C22H22N2O3S.

EXPERIMENTAL

The Infrared spectra were recorded on a BRUKER IFS-25
FT-IR spectrophotometer using KBr at the region 400–4000
cm�1, 1H and 13C on a BRUKER AVANCE/200 ULTRA-

SHLIELDTM transform instrument using TMS as internal
standard, Mass spectra were obtained with an Shimad 24
GCMS-QP 1000EX., Elemental analyses were determined on
FISONS instruments DP200 series 2 and Euro EA3000 series
Euro Vector. Elemental analyses for (CHNS) of all compounds

are in accordance with the theoretical values within (0.4%)
error. All melting points were uncorrected. Compounds 1a,b

were synthesized according to the literature procedure [18,19].
Compounds 3a,b, 7a,b, and 8a,b could be obtained through
other procedures [20,21].

Synthesis of 2-(benzylamino)-4-(4-bromo- (methyl)-

phenyl)-4-oxobutanoic acid 2a,b. A mixture of compounds
1a,b (0.01 mol) was refluxed with an equimolar amount of

benzylamine for 3 h in 50 mL dry benzene. The reaction mix-

ture was cooled and left at room temperature over night to pre-

cipitate the products as pale yellow needles. The solid products

were collected and recrystallized from ethanol.

2a. Pale yellow (76%), m.p. 177�C, mmax/cm
�1 (KBr) 3292

(NH), 1677 and 1651 (C¼¼O); m/z 362 (Calcd. for

C17H16NO3Br: C, 56.35; H, 4.42; N, 3.87% Found: C, 56.02;

H, 4.41; N, 3.62%).

2b. Pale yellow (67%), m.p. 187�C, mmax/cm
�1 (KBr) 3289

(NH), 1671 and 1655 (C¼¼O); 1H NMR (DMSO) d ¼ 1.98

ppm (s, 3H, CH3), 2.26 (s, 2H, CACH2), 2.45 (s, 2H, NACH2)

3.42 (s, 1H, CH), 7.22–8.14 (m, 9H, ArH), 9.10 (s, 1H, NH),

and 12.21 (s, 1H, COOH); m/z 297 (Calcd. for C18H19NO3: C,

72.72; H, 6.39; N, 4.71% Found: C, 72.50; H, 6.41; N,

4.62%).

Synthesis of 6-(4-bromo-(methyl)phenyl)pyridazin-3(2H)-

one 3a,b. Equivalent amounts of 2a,b (0.01 mol) and hydra-
zine hydrate were refluxed in 50 mL ethanol for 10 h. The
reaction mixture was concentrated and left to precipitate the

products, which were filtered off to give yellow crystals of
3a,b.

3a. Yellow (87%), m.p. 195�C, mmax/cm
�1 (KBr) 3311 (NH)

and 1648 (C¼¼O); 1H NMR (DMSO) d ¼ 7.25–8.14 ppm (6H,

m, ArAH and ACH¼¼CHA of pyridazine ring) and 8.98

(broad s, 1H, NH); m/z 252 (Calcd. for C10H7N2OBr: C,

47.80; H, 2.78; N, 11.15% Found: C, 47.55; H, 2.41; N,

11.00%).

3b. Yellow (88%), m.p. 227�C, mmax/cm
�1 (KBr) 3294

(NH), 1648 (C¼¼O); m/z 186 (Calcd. for C11H10N2O: C, 70.96;

H, 5.37; N, 15.05% Found: C, 70.48; H, 5.66; N, 15.22%).

Synthesis of 5-(benzylamino)-3-(4-bromo-(methyl)-

phenyl)-4,5-dihydro-6H-1,2-oxazin-6-one 5a,b. A mixture of
2a,b (0.01 mol) and hydroxylamine hydrochloride (0.01 mol)

in 20 mL pyridine was refluxed for 6 h. The reaction mixture

was cooled and poured onto ice/HCl mixture. The obtained

solid was collected by filtration and recrystallized from suita-

ble solvent.
5a. Pale brown (68%), m.p. 140�C, from benzene, mmax/

cm�1 (KBr) 3287 (NH), 1683 (C¼¼O), 1588 (C¼¼N); m/z 359
(Calcd. for C17H15N2O2Br: C, 56.82; H, 4.18; N, 7.79%
Found: C, 56.99; H, 4.42; N, 8.02.00%).

5b. White (64%), m.p. 250�C, from EtOH, mmax/cm
�1 (KBr)

3289 (NH), 1684 (C¼¼O), 1588 (C¼¼N); 1H NMR (DMSO)

d ¼ 1.99 ppm (s, 3H, CH3), 2.32 (s, 2H, CACH2), 2.58 (s,

2H, NACH2), 3.11 (s, 1H, CH), 7.00–8.24 (m, 9H, ArH), 9.14

(s, 1H, NH); m/z 294 (Calcd. for C18H18N2O2: C, 73.46; H,

6.12; N, 9.52% Found: C, 73.26; H, 6.41; N, 9.50%).
Synthesis of 3-(benzylamino)-5-(4-methylphenyl)furan-

2(3H)-one 6. Compound 2b (0.01 mol) was refluxed in 50 mL

acetic anhydride for 8 h. The solution was concentrated over

water bath and kept to separate the solid product which was

collected and recrystallized from acetic acid.

6. White (64%), m.p. 155�C, mmax/cm
�1 (KBr) 3195 (NH),

1771 (C¼¼O), 1H NMR (DMSO) d ¼ 1.84 ppm (s, 3H, CH3),

2.11 (s, 2H, CH2), 2.89–3.15 (s, 2H, 2CH), 6.98–8.01 (m, 9H,

ArH), 8.99 (s, 1H, NH); m/z 279 (Calcd. for C18H17NO2: C,

77.42; H, 6.09; N, 5.01% Found: C, 77.11; H, 6.21; N,

4.89%).

Synthesis of 3-(4-bromo- (methyl)phenyl)-6-chloropyrida-

zine 7a,b. A mixture of the pyridazinones 3a,b (0.01 mol) and

POCl3 (10 mL) was heated in water bath for 4 h. After cool-
ing, the reaction mixture was poured onto a mixture of ice/

Scheme 4
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water. The precipitate was collected by filtration, and the solid
product was recrystallized from methanol.

7a. Brown (77%), m.p. 199�C, mmax/cm
�1 (KBr) 1612

(C¼¼N), (Calcd. for C10H6N2ClBr: C, 44.56; H, 2.24; N,
10.39% Found: C, 44.24; H, 2.22; N, 10.41.00%).

7b. Gray (65%), m.p. 165C, mmax/cm
�1 (KBr) 1612 (C¼¼N),

m/z 204 (Calcd. for C11H9N2Cl: C, 64.56; H, 4.43; N, 13.69%
Found: C, 64.68; H, 4.18; N, 13.22%).

Synthesis of 3-(4-bromo- (methyl)phenyl)-6-hydrazino-

pyridazine 8a,b. A mixture of compounds 7a,b (0.01 mol)

and hydrazine hydrate (0.015 mol) was refluxed for 6 h in n-
butanol (50 mL), and the solid obtained was collected and
recrystallized from suitable solvent.

8a. Pale brown (75%), m.p. 184�C, from MeOH, mmax/cm
�1

(KBr) 3319–3199 (NH, NH2), m/z 265 (Calcd. for C10H9N4Br:

C, 45.30; H, 3.42; N, 21.13% Found: C, 45.00; H, 3.69; N,
20.98%).

8b. Yellow (71%), m.p. 155�C, from EtOH, mmax/cm
�1

(KBr) 3314–3195 (NH, NH2), m/z 200 (Calcd. for C11H12N4:

C, 65.98; H, 6.04; N, 27.98% Found: C, 66.02; H, 6.11; N,
27.68%).

Synthesis of 2-[6-(4-bromophenyl)pyridazin-3-yl]-5-

methyl-2,4-dihydro-3H-pyrazol-3-one 9. A mixture of equiv-
alent amounts of compound 8a (0.01 mol) and ethylacetoace-

tate in 50 mL ethanol was refluxed for 6 h. The reaction mix-
ture was concentrated to separate the solid product, filtered
off, and recrystallized from ethanol.

9. White (62%), m.p. 235�C, mmax/cm
�1 (KBr), 1643

(C¼¼O), 1582 (C¼¼N); 1H NMR (DMSO) d ¼ 2.04 (s, 3H,

CH3), 2.23 (s, 2H, CH2), 7.41–8.22 (m, 6H, ArH); m/z 331
(Calcd. for C14H11N4OBr: C, 50.77; H, 3.35; N, 16.92%
Found: C, 50.25; H, 3.45; N, 16.65%).

Synthesis of 6-(4-bromophenyl)-3-methyl[1,2,4]tria-

zolo[4,3-b]pyridazine 10. Method A. A mixture of 8a (0.01

mol) and acetic acid (30 mL) was refluxed for 8 h. The reac-
tion mixture was left to cool, and the precipitated solid product
was collected by filtration and recrystallized from ethanol.

Method B. A mixture of 8a (0.01 mol) and acetohydrazide

(0.01 mol) was refluxed for 5 h in absolute ethanol (20 mL).
The reaction mixture was diluted by water, collected by filtra-
tion, and recrystallized from ethanol.

10. Brown (56%), m.p. 212�C, 1H NMR (DMSO) d ¼ 1.98
ppm (s, 3H, CH3), 7.00–8.23 (m, 6H, C6H4, HC¼¼CH); m/z
289 (Calcd. for C12H9N4Br: C, 49.85; H, 3.14; N, 19.38%.
Found: C, 49.95; H, 3.33; N, 19.01%).

Synthesis of 6-(4-methylphenyl)-2-thioxo-2,3,4,5-tetrahy-

dropyrimidine-4-carboxylic acid 11. Compound 1b (0.01
mol) was refluxed with thiourea (0.01 mol) in 30 mL acetic

acid for 3 h. The reaction mixture was cooled, left at room
temperature over night, and filtered off to give pale yellow
needles of the product that was recrystallized from ethanol.

11. Yellow (64%), m.p. 250�C, mmax/cm
�1 (KBr) 3242

(NH), 1678 (C¼¼O), 1491 (C¼¼S); 1H NMR (DMSO) d ¼ 2.12

ppm (s, 3H, CH3), 2.23 (s, 2H, CH2), 3.34 (s, 1H, CH), 6.88–
7.81 (m, 4H, ArH), 8.78 (s, 1H, NH), 12.41 (s, 1H, COOH);
m/z 248 (Calcd. for C12H12N2O2S: C, 58.05; H, 4.87; N,
11.28; S, 12.91%. Found: C, 58.24; H, 5.01; N, 11.28; S,

12.84%).

Synthesis of 4-(4-methylphenyl)-2-{[6-(4-methylphenyl)-

4,5-dihydropyrimidin-2-yl]thio}-4-oxobutanoic acid 12. A
mixture of 1b (0.01 mol) and compound 11 (0.01 mol) was

refluxed in dry benzene (30 mL) containing few drops of
pipredine for 6 h. The solution was evaporated and the product
was collected and recrystallized from ethanol.

12. Pale yellow (58%), m.p. 183�C, mmax/cm
�1 (KBr) 1682,

1642 (2C¼¼O), 1355 (CASAC); 1H NMR (DMSO) d ¼ 2.11

ppm (s, 6H, 2CH3), 2.12–2.35 (broad s, 6H, 3CH2), 3.11 (d,
1H, CH), 6.94–8.23 (m, 8H, ArH), 12.44 (s, 1H, COOH); m/z
394 (Calcd. for C22H22N2O3S: C, 66.98; H, 5.62; N, 7.10; S,
8.13%. Found: C, 67.11; H, 5.33; N, 6.99; S, 8.00%).
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A new class of novel benzene-1,4-diamine-bis-dioxaphosphepine-6k5 iminophosphoranes (5a–j) were
synthesized by the reaction of 6-chlorodibenzo[d,f][1,3,2]dioxaphosphepine (2) with 1,4-diaminobenzene
to form bis-dibenzo[d,f][1,3,2]dioxaphosphepin-6-yl-benzene-diamine (3). Its subsequent reaction with
different alkyl/aryl azides (4a–j) in tetrahydrofuran at 50–60�C under inert atmosphere yielded title

compounds. Their structures were established by elemental analysis, IR, 1H, 13C, 31P NMR, and mass
spectral studies. All the title compounds were screened for antioxidant properties and found to exhibit
potent in vitro antioxidant and antimicrobial activity

J. Heterocyclic Chem., 47, 538 (2010).

INTRODUCTION

In recent years, the detailed mechanism of antioxidant

action of organophosphorus compounds and their rela-

tionships between chemical structure and antioxidant ac-

tivity have been comprehensively studied, in spite of

their great practical importance. Depending on their

structure and scavenging activity, phosphites and phos-

phonates may act as both primary and secondary antiox-

idants [1,2]. Reactive oxygen species (ROS) are pro-

duced by univalent reduction of dioxygen to superoxide

anion which in turn disproportionate to H2O2 and O2

spontaneously. The ROS are believed to play a major

role in the inflammatory process in rheumatoid arthritis

(RA) and contribute to the destruction of cartilage and

bone [3,4]. The most important ROS implicated in

inflammatory tissue injury are superoxide radical (O��
2 ),

hydrogen peroxide (H2O2), hydroxyl radical (HO
�), and

hypochlorous acid (HOCl�). In the inflammed joint,

these ROS can be produced by macrophages, neutro-

phils, and chondrocytes [5]. The inflammed rheumatoid

joint also undergoes a hypoxia–reperfusion cycle, which

results in ROS generation [6]. Antioxidants may have a

therapeutic role in RA by suppressing the inflammation.

As our synthesized compounds are contrast in the struc-

ture to bisphosphonates, the aim of this study was to

investigate the in vitro antioxidant profile of different

bis-iminophosphoranes. To the best of our knowledge

the antioxidant profile of different bis-iminophosphranes

has not yet been systematically studied.

RESULTS AND DISCUSSION

Cyclization of 2,20-dihyroxybiphenyl (1) with phos-

phorus trichloride at 0�C under dry and inert conditions

in the presence of triethylamine (TEA) in tetrahydrofu-

ran (THF) afforded the corresponding 6-chlorodiben-

zo[d,f][1,3,2]dioxaphosphepine (2). Reaction of 2 with

1,4-diaminobenzene led to bis dibenzo[d,f][1,3,2]dioxa-
phosphepin-6-yl]-1,4-benzenediamine (3). Further reac-

VC 2010 HeteroCorporation
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tion of 3 with different organic azides 4a–j in dry THF

at 50–60�C led to 5a–j in high yields (Scheme 1). The

reactions were monitored by thin layer chromatography

(TLC). The chemical structures of 5a–j were confirmed

by elemental analysis and spectral data (IR, 1H, 13C, 31P

NMR, and mass spectra).

Characteristic IR absorptions were observed for CAN,
P¼¼N, and NH in the regions 1010–1081, 1206–1265,

and 3280–3410 cm�1, respectively [7]. The aromatic
hydrogens resonated as multiplets at d 6.45–7.99, the
PANH proton chemical shift appeared as a singlet at d
3.75–5.20. The chemical shifts of other aliphatic hydro-
gens and carbon-13 5a–j appeared in the expected
region [8]. 31P NMR chemical shifts were observed in

the region d 4.25–9.20 [7]. LCMS of 5a, 5b, 5e, 5g, 5i,
and 5j gave molecular ion peaks and diagnostic daugh-

ter ions at their expected m/z values.
The radical scavenging capacity of 5a–j was evaluated

by using methods such as 1,1-diphenyl-2-picryl hydrazyl
(DPPH) and nitric oxide scavenging activity. 5j showed
appreciable antioxidant activity. Because of ANO2 sub-
stituents which affect the electron and hydrogen donating
capacities, appears to be useful in inducing antioxidant ac-
tivity. As ANO2 is highly withdrawing moiety, thereby
electron density around phosphonate moiety decrease and
increases affinity toward oxygen derived free radicals and
mobilizes ROS to be scavenged out of living system.

EXPERIMENTAL

All melting points were determined in open capillary tubes
on Mel-Temp apparatus and are uncorrected. Microanalyses

were performed at the Central Drug Research Institute, Luck-
now, India. Infrared spectra (mmax in cm�1) were recorded as
KBr pellets on a Perkin-Elmer 283 double beam spectropho-
tometer. 1H, 13C, and 31P NMR spectra were recorded on
AMX 400 MHz spectrophotometer operating at 400 MHz for
1H NMR, 100 MHz for 13C NMR, and 161.9 MHz for 31P
NMR, using DMSO-d6 as solvent. The 1H and 13C NMR
chemical shifts were referenced to Tetra Methyl Silane (TMS)
and 31P NMR chemical shifts to 85% H3PO4.

Typical experimental procedure.

Preparation of alkyl azides. In a dry 100-mL round-bot-
tomed flask fitted with dropping funnel, calcium chloride guard
tube, sodium azide (0.64 g, 0.01 mole), and 10 mL of dry
THF were placed and stirred. Alkyl/aryl bromide (0.01 mole)

in 10 mL of dry THF was added to it at room temperature.
Temperature of the reaction mixture was raised to 40–45�C
and stirred for 4 h. After cooling to room temperature, it was
filtered to remove sodium bromide. The filtrate containing
alkyl/aryl azide was used for the next step reaction.

N1,N4 Bis[6-(alkyl/arylimino)-6�5-dibenzo[d,f][1,3,2]dioxa-
phosphepine-6yl]benzene-1,4-diamine 5a–j. A solution of
slight excess of phosphorus trichloride (0.43 g, 0.005 mole) in
dry THF (25 mL) under nitrogen atmosphere, was added drop-
wise to a well-stirred solution of 2,20-dihydroxybiphenyl(1)
(0.930 g, 0.005 mole) and TEA (1.4 g, 0.01 mole) in dry
THF(20 mL) at 0�C. After the addition, the temperature of the
reaction mixture was slowly raised and kept at 25–30�C for
1 h. The reaction progress was monitored by TLC. The mix-
ture was filtered to remove triethylamine hydrochloride and
the filtrate was rota-evaporated. The residue-6-chlorodiben-
zo[d,f][1,3,2]dioxaphosphepine (2) was used for the next
step.

To the intermediate 2 in dry THF (20 mL), 1,4-diaminoben-

zene (0.548 g, 0.05 mole) was added at 10�C in the presence
of TEA at nitrogen atmosphere in dry THF. After the addition,

Scheme 1
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the reaction mixture was brought to 30–40�C and stirred for
2 h to complete the reaction. It was treated with alkyl/aryl
azides (0.01 mole) in THF at 50–60�C and stirred for 4 h to
complete the reaction. The progress of the reaction was moni-
tored by TLC (ethyl acetate:hexane, 2:8) analysis. After com-

pletion of the reaction, solvent was removed in a rota-evapora-
tor to get crude products. The residue was purified by column
chromatography on silicagel (80–120 mesh) using petroleum
ether-ethylacetate (8:2) as eluant. It was recrystallized from 2-
propanol to afford pure (5a–j).

N1,N4-Bis[6-(methylimino)-6�5-dibenzo[d,f][1,3,2]dioxaphos-
phepin-6-yl]-1,4-benzene-diamine (5a). Yield 65%, viscous liq-
uid; 1H NMR (DMSO-d6): d 6.81–7.96 (20H, m, Ar-H), 3.78
(2H, s, NH), 0.88 (6H, s, CH3);

13C NMR data: 131.01 (C-1,
C-11), 117.61 (C-2, C-10), 127.5 (C-3, C-9), 112.5 (C-4, C-8),
120.0 (C-12, C-13), 151.6 (C-14, C-15), 132.0 (C0-1, C0-4),
114.5 (C0-2, C0-3, C0-5, C0-6), 21.4 (CH3-N);

31P NMR data: d
6.75; IR (KBr) cm�1: 3385 (PANH), 1208 (PAN), 1045
(NAC); LCMS m/z: 595 (Mþ þ 1); Anal. Calcd. for
C32H28N4O4P2: C, 64.65; H, 4.75; N, 9.42. Found C, 64.60; H,
4.68; N, 9.36.

N1,N4-Bis[6-(ethylimino)-6�5-dibenzo[d,f][1,3,2]dioxaphos-
phepin-6-yl]-1,4-benzene-diamine (5b). Yield 68%, viscous

liquid; 1H NMR (DMSO-d6): d 6.88–7.90 (20H, m, Ar-H),

3.95 (2H, s, NH), 1.88–2.01 (4H, m, CH2), 1.22 (6 H, t, J ¼
11.5 Hz, -CH3);

31P NMR data: d 7.78; IR (KBr) cm�1: 3280

(PANH), 1225 (P¼¼N), 1055 (NAC); LCMS m/z: 626 (Mþ þ
1); Anal. Calcd. for C34H32N4O4P2: C, 65.59; H, 5.18; N,

9.00. Found C, 65.51; H, 5.09; N, 8.95.

N1,N4-Bis[6-(propylimino)-6�5-dibenzo[d,f][1,3,2]dioxaphos-
phepin-6-yl]-1,4-benzene-diamine (5c). 65%, viscous liquid; 1H
NMR (DMSO-d6): d 6.76–7.70 (20H, m, Ar-H), 4.51(2H, s,
NH), 1.60 (4H, t, J ¼ 9.5 Hz, ACH2ACH2ACH3), 1.33–1.34
(4H, m, CH2ACH2ACH3), 0.98 (6H, t, J ¼ 10.3 Hz,
ACH2ACH2ACH3);

31P NMR data: d 5.25; IR (KBr) cm1:

3350 (PANH), 1220 (P¼¼N), 1010 (NAC); Anal. Calcd. for
C36H36N4O4P2: C, 66.46; H, 5.58; N, 8.61. Found C, 66.40; H,
5.51; N, 8.55.

N1,N4-Bis[6-(butylimino)-6�5-dibenzo[d,f][1,3,2]dioxaphos-
phepin-6-yl]-1,4-benzene-diamine (5d). Yield 69%, viscous

liquid; 1H NMR (DMSO-d6): d 6.80–7.82 (20H, m, Ar-H),

5.25 (2H, s, NH), 1.51 (4H, t, J ¼ 6.8 Hz, ACH2ACH2ACH3),

1.23–1.40 (8H, m, CH2ACH2ACH2ACH3), 0.95 (6H, t, J ¼
10.9 Hz, ACH2ACH2ACH2ACH3);

31P NMR data: d 8.10; IR

(KBr) cm�1: 3410 (PANH), 1265 (P¼¼N), 1025 (NAC); Anal.

Calcd. for C38H40N4O4P2: C, 67.25; H, 5.94; N, 8.26. Found

C, 67.20; H, 5.86; N, 8.18.

N1, N4-Bis[6-(vinylimino)-6�5-dibenzo[d,f][1,3,2]dioxaphos-
phepin-6-yl]-1,4-benzene- diamine (5e). Yield 73%, viscous liq-
uid; 1H NMR (DMSO-d6): d 6.45–7.52 (20H, m, Ar-H), 5.05
(2H, t, J ¼ 11 Hz, CH¼¼CH2), 4.22 (4H, d, J ¼ 5.3 Hz,

CH2¼¼CH), 3.82 (2H, s, NH); 13C NMR data: 128.0 (C-1, C-11),

118.7 (C-2, C-10), 127.4 (C-3, C-9), 113.1 (C-4, C-8), 125.7 (C-

12, C-13), 151.0 (C-14, C-15), 145.0 (N-CH), 117.4 (CH¼¼CH2),

132.2 (C0-1, C0-4), 114.8 (C0-2, 3,5); 31P NMR data: d 6.59; IR

(KBr) cm1: 3392 (PANH), 1209 (P¼¼N), 1081 (NAC); LCMS

m/z: 618 (Mþ); Anal. Calcd for C34H28N4O4P2: C, 66.02; H,

4.56; N, 9.06. Found C, 65.96; H, 4.51; N, 9.01.

N1,N4-Bis[6-(isopropylimino)-6�5-dibenzo[d,f][1,3,2]dioxa-
phosphepin-6-yl]-1,4-benzene-diamine (5f). Yield 70%, vis-

cous liquid; 1H NMR (DMSO-d6): d 6.91–7.79 (20H, m,Ar-H),

4.35 (2H, s, NH), 2.81–2.98 (2H, m, CH), 1.16 (12H, d, J
¼10.2Hz, CHACH3);

13C NMR data: 131.2 (C-1, C-11), 116.3

(C-2, C-10), 130.3 (C-3, C-9), 113.0 (C-4, C-8), 126.3 (C-12,

C-13), 154.0 (C-14, C-15), 132.0 (C0-1, C0-4), 115.6 (C0-2, C0-
3, C0-5, C0-6), 30.6 (CH-N),16.6 (CH3);

31P NMR data: d 4.25;

IR (KBr) cm�1: 3370 (PANH), 1216 (P¼¼N), 1043 (NAC);

Anal. Calcd for C36H36N4O4P2: C,66.46; H, 5.58; N, 8.61.

Found C, 66.40; H, 5.51; N, 8.56.

N1,N4-Bis[6-(isobutylimino)-6�5-dibenzo[d,f][1,3,2]dioxaphos-
phepin-6-yl]-1,4-benzene-diamine (5g). Yield 72%, viscous liq-

uid; 1H NMR (DMSO-d6): d 6.79–7.81 (20H, m, Ar-H), 4.18

(2H, s, NH), 1.52–1.91 (2H, m, CHACH2), 1.28 (4H, d, J ¼
5.4 Hz, CH2ACH), 1.15 (12H, t, J ¼ 10.2 Hz, CHACH3);
13C NMR data: 131.6 (C-1, C-11), 118.7 (C-2, C-10), 128.4

(C-3, C-9), 114.8 (C-4, C-8), 125.7 (C-12, C-13), 155.0 (C-

14, C-15), 127.4 (C0-1, C0-4), 117.3 (C0-2, C0-3, C0-5, C0-6),
35.0 (CH), 29.0 (NACH2), 19.2 (CHACH3);

31P NMR data:

d 9.20; IR (KBr) cm�1: 3357 (PANH), 1206 (P¼¼N), 1058

(NAC); LCMS m/z: 678 (Mþ); Anal. Calcd. for

C38H40N4O4P2: C,67.25; H, 5.94; N, 8.26. Found C, 67.19;

H, 5.90; N, 8.21.

N1,N4-Bis[6-(allylimino)-6�5-dibenzo[d,f][1,3,2]dioxaphosphe-
pin-6-yl]-1,4-benzene-diamine(5h). Yield 71%, viscous liquid;
1H NMR (DMSO-d6): d 6.80–7.99 (20H, m, Ar-H), 5.71 (2H,
m, CH), 5.02–5.10 (4H,m, CH2),4.10 (2H, s, NH) 2.10 (4H, d,
J ¼ 5.2Hz, NACH2);

31P NMR data: d 9.10; IR (KBr) cm�1:

3290 (PANH), 1210 (P¼¼N), 1029 (NAC); Anal. Calcd. for
C36H32N4O4P2: C, 66.87; H, 4.99; N, 8.66. Found C, 66.80; H,
4.92; N, 8.60.

N1,N4-Bis[6-(benzylimino)-6�5-dibenzo[d,f][1,3,2]dioxaphos-
phepin-6-yl]-1,4-benzene-diamine (5i). Yield 75%, viscous liq-

uid; 1H NMR (DMSO-d6): d 6.80–7.96 (30H, Ar-H), 3.75 (2H,

s, NH), 2.01 (4H, s, CH2-Ar);
13C NMR data: 128.4 (C-1, C-

11), 118.7 (C-2, C-10), 127.4 (C-3, C-9), 114.8 (C-4, C-8),

125.7 (C-12, C-13), 155.0 (C-14, C-15), 136.2 (C0-1, C0-4),
117.3 (C0-2, C0-3, C0-5, C0-6), 140.1 (C00-1), 130.1 (C00-2, C00-
6), 128.2 (C0 0-3, C00-5), 125.8 (C0 0-4), 28.09 (CH2-Ar);

31P

NMR data: d 4.94; IR (KBr) cm�1: 3390 (PANH), 1244.9

(P¼¼N), 1045 (NAC); LCMS m/z: 746 (Mþ); Anal. Calcd for

C44H36N4O4P2: C, 70.77; H, 4.86; N, 7.50. Found C, 70.71; H,

4.81; N, 7.45.

N1,N4-Bis[6-(nitrobenzylimino)-6�5-dibenzo[d,f][1,3,2]diox-
aphosphepin-6-yl]-1,4-benzene-diamine (5j). Yield 71%, vis-

cous liquid; 1H NMR (DMSO-d6): d 6.80–7.92 (28H, m,

Table 1

DPPH radical scavenging activity of 5a–j.

Compound IC50 (lg/mL)

5a 19

5b 19

5c 14

5d 13

5e 25

5f .13

5g 16

5h 15

5i 13

5j 11

BHT 72.50

540 Vol 47M. V. Narayana Reddy, G. C. Sekhar Reddy, K. S. Kumar, C. S. Reddy, and C. N. Raju

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



Ar-H), 4.20 (2H, s, NH), 2.15 (4H, s, Ar-CH2);
31P NMR data:

d 5.25; IR (KBr) cm�1: 3390 (PANH), 1225 (P¼¼N), 1020

(NAC); LCMS m/z: 808 (Mþ þ1); Anal. Calcd. for

C44H34N6O8P2: C, 63.16; H, 4.10; N, 10.04. Found C, 63.11;

H, 4.05; N, 9.99.

ANTIOXIDANT ACTIVITY

DPPH radical scavenging activity. The hydrogen or

electron donation abilities of title compounds were

measured from the bleaching of the purple color metha-

nol solution of DPPH [9]. This spectrophotometric assay

uses the stable radical DPPH as a reagent. One milliter

of various concentrations of the title compounds (20, 40,

60, 80, and 100 lg/mL) in methanol were added to 4

mL of 0.004% methanol solution of DPPH. After a 30

min incubation period at room temperature, the absorb-

ance was red against blank at 517 nm.

The antioxidant activity of these compounds was

expressed as IC50 (Inhibition concentration, 50%) of 5j

which showed highest DPPH scavenging activity with

11 lg/mL when compared with other compounds (Table

1). The percent of inhibition of free radical production

from DPPH was calculated by using the following equa-

tion. Butylated hydroxyl toluene (BHT) was used as a

standard reference compound.

I ¼ ½ðAcontrolÞ � ðAsampleÞ�
Blank

100 (1)

where, Acontrol is absorbance of the control.

Control reaction containing the entire reagent except

the test compound.

Asample is absorbance of the test compound.

Nitric oxide scavenging activity. Nitric oxide scav-

enging activity was measured by slightly modified meth-

ods of Green et al. and Marcocci et al. [10]. Nitric ox-

ide radicals were generated from sodiumnitropruside.

One milliliter of sodiumnitroprusside (mM) and 1.5 mL

of phosphate buffer saline (0.2M, pH 7.4) were added to

the different concentrations (20, 40, 60, 80, and 100 lg)
of the extract and incubated for 150 min at 25�C. After
incubation, 1 mL of the reaction mixture was treated

with 1 mL of Griess reagent (1% Sulfanilamide, 2% of

H3PO4 and 0.1% naphthylethylene diamine dihydro

chloride).

Absorbance was measured at 546 nm. 5j showed

highest DPPH scavenging activity with 14 mg/mL when

compared with other compounds (Table 2). Butylated

Table 2

Nitric oxide scavenging activity of 5a–j.

Name of the compound IC50 (lg/mL)

5a 20

5b 22

5c 35

5d 29

5e 55

5f 24

5g 25

5h 22

5i 26

5j 14

BHT 357.14

Table 3

Antibacterial activity of 5a–j.

Compd.

Zone of inhibition/mm

Staphylococcus aureus Escherichia coli

100

(ppma)

50

(ppma)

25

(ppma)

100

(ppma)

50

(ppma)

25

(ppma)

5a 11 8 6 12 8 4

5b 8 6 – 10 7 5

5c 10 8 6 12 8 4

5d 6 5 4 12 6 6

5e 14 9 5 14 12 8

5f 13 11 8 13 11 7

5g 7 4 – 9 8 4

5h 10 8 5 10 6 5

5i 12 10 8 10 6 4

5j 11 8 5 12 8 6
bPenicillin 9 6 – 12 8 –

a In DMF
bReference compound.

Table 4

Antifungal activitya of 5a–j.

Compd.

Zone of inhibition/mm

Aspergillus niger
Helminthosporium

oryzae

100

(ppma)

50

(ppma)

25

(ppma)

100

(ppma)

50

(ppma)

25

(ppma)

5a 9 7 5 11 6 5

5b 10 8 4 11 9 5

5c 12 9 6 12 10 7

5d 11 10 8 14 10 4

5e 10 7 5 12 8 7

5f 11 5 3 12 10 9

5g 8 6 4 9 8 4

5h 9 8 6 11 9 5

5i 12 11 9 13 12 8

5j 8 9 6 9 7 4
bGriseofulvn 12 10 5 12 10 5

a In DMF.
b Reference compound.
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hydroxy toluene was added as a standard. The percent

of inhibition (I %) was calculated by using the following

equation:

I ¼ ½ðAcontrolÞ � ðAsampleÞ�
Blank

100 (2)

Antibacterial activity. Antibacterial activity of all

the title compounds (5a–j) was assayed [11] against

Staphylococcus aureus ATCC-25923 (Gram positive)

and Escherichia coli ATCC-25922 (Gram-negative) at

three different concentrations (100, 50, and 25 ppm) in

DMF (Table 3). The compounds were diluted in DMF

for bioassay. Solvent control was included although no

antibacterial activity has been noted in the solvent

employed. Penicillin G (Hi-media) controls (20 lg/mL1)

were included to compare with compounds (5a–j). All

samples were tested in triplicate and average results

were recorded.

Antifungal activity. The compounds (5a–j) were

screened for their antifungal activity (Table 4) against

Aspergillus niger and Helminthosporium oryzae species

along with standard fungicide Griseofulvin at three dif-

ferent concentrations (100, 50, and 25 ppm) in DMF

[12] All the compounds (5a–j) exhibited moderate to

high antifungal activity when compared with that of the

reference compound. The majority of the compounds

exhibited high activity against fungi.
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The title compound 2-butyl-5-chloro-3H-imidazole-4-carbaldehyde was transformed into tricyclic het-
erocycles by substituting the chlorine atom by an unsaturated thiolate or alkoxide and then converting

aldehyde function into 1,3-dipole. Chloramine-T was used as an efficient reagent for the generation of
1,3-dipoles, which resulted the formation of fused ring heterocycles via intramolecular 1,3-dipolar
cycloaddition reaction. The method is very useful for the construction of many biologically active fused
heterocycles.

J. Heterocyclic Chem., 47, 543 (2010).

INTRODUCTION

The intramolecular 1,3-dipolar cycloaddition is a

powerful method for the construction of fused ring het-

erocycles [1,2]. In particular intramolecular nitrile oxide

cycloaddition results dihydroisoxazole derivatives, which

are precursors for c-amino alcohols, b-hydroxy ketones

and derivatives, useful in the synthesis of natural prod-

ucts [3]. Similarly intramolecular nitrile imine cycload-

dition results 2-pyrazoline derivatives.

In our previous report, we have used chloramine-T

for the generation of nitrile oxide [4], nitrile imine [5],

nitroso alkene [6], and azoalkene [7] which are useful

intermediates for the synthesis of biologically active 2-

isoxazolines, 2-pyrazolines, 1,2-oxazines, and pyrida-

zines, respectively. 2-Butyl-5-chloro-3H-imidazole-4-

carbaldehyde 1, a key intermediate for the synthesis of

Losartan a nonpeptide angiotensin antagonist, which is

an orally active antihypertensive drug [8], and also

shows broad spectrum of activity [9–10]. Compounds of

these types are interesting starting materials for intramo-

lecular cycloaddition reaction due to the presence of

chloro and formyl groups ortho to each other. The chlo-

rine atom can be easily substituted by nucleophiles 2

and the formyl function is suitable for conversion into

series of 1,3-dipoles. The final step is the intramolecular

cycloaddition of dipole and dipolarophile 3 to give the

fused ring system 4 (Scheme 1).

CHEMISTRY

The starting compound 2-butyl-5-chloro-3H-imidaz-

ole-4-carbaldehyde was synthesized by literature proce-

dure [9]. Substitution of chloro group with allyl thiols

furnished 2-butyl-5-(allylsulfanyl)imidazole-4-carbalde-

hyde. This compound could be transformed into the

tricyclic heterocycles by converting the aldehyde func-

tion into 1,3-dipoles (Scheme 2). Similarly, substitution

with allyl alcohol furnished the 2-butyl-5-(allyloxyl)imi-

dazole-4-carbaldehyde which could be transformed into

corresponding tricyclic heterocycles by converting the

aldehyde function into 1,3-dipoles (Scheme 3).

The aldehyde 5 was converted into the oxime and

then oxidized with chloramine-T to give nitrile oxide,

VC 2010 HeteroCorporation
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which undergoes intramolecular cycloaddition to form

dihydroisoxazole 6. The aldehyde 5 was converted to

phenyl hydrazone and then oxidized with chloramine-T

to give nitrile imine, which on intramolecular cycloaddi-

tion results pyrazole derivative 7. The aldehyde 5 was

prepared by substituting chloro group of aldehyde 1

with allyl thiol, generated by basic decomposition of the

allyl isothiourea salt. Similarly, compounds 9 and 10 are

synthesized to form aldehyde 1 by substituting chloro

group with allyl alcohol.

RESULTS AND DISCUSSION

1H NMR, 13C NMR, IR, and elemental analyses char-

acterized all the synthesized compounds. 1H NMR of

aldehyde 5 showed a doublet at d 3.89 for two protons

due to CH2S group and two multiplets at d 4.9–5.02 and

5.62–5.71 are due to vinylic CH2 and vinylic CH

groups, respectively. Aldehydic proton was observed at

d 9.63 and a broad singlet at d 11.7 is due to NH group

of imidazole ring. 13C NMR showed peak at d 116.2

and 131.9 due to vinylic CH2 and vinylic CH groups,

respectively. The aldehydic carbon was observed at d
184.2.

1H NMR of isoxazoline 6 showed multiplet at d
2.92–2.98 for one proton due to CH group. A multiplet

at d 3.15–3.23 is due to CH2S group and a multiplet at

d 3.92–4.01 is due to CH2 group of isoxazoline ring.
13C NMR showed doublet at d 33.3 due to CH group. A

triplet at d 44.4 may be due to carbon of CH2S group

and triplet at d 63.3 is due to CH2 group of isoxazoline

ring. All other substituents are observed in the expected

region. The moderate yield of 67% is obtained starting

from aldehyde 5 because the intermediate impure oxime

was taken directly for next step without purification.

The yield of isoxazoline 6 can be improved by purifying

the oxime.
1H NMR of pyrazoline 7 showed multiplet at d 2.85–

2.92 for one proton due to CH group. A doublet was

observed at d 3.10 is due to CH2S group and a multiplet

at d 3.86–3.92 is due to CH2 group of pyrazolines ring.

The aromatic protons are observed in the region d 6.85–

7.12. In 13C NMR a triplet at d 32.5 may be due to car-

bon of CH2S group and a triplet at d 56.1 may be due

to CH2 group of isoxazoline ring. A doublet at d 46.9

indicates the presence of CH group. All other substitu-

ents are observed in the expected region. The moderate

yield of 65% is obtained starting from aldehyde 5. The

yield of pyrazoline 7 can be improved by purifying the

intermediate phenyl hydrazone.
1H NMR of aldehyde 8 showed a doublet at d 4.79

for two protons due to CH2O group and two multiplets

at d 5.22–5.31 and 5.60–5.69 are due to vinylic CH2

and vinylic CH groups, respectively. Aldehydic proton

was observed at d 9.89 and a broad singlet at d 11.59 is

due to NH group of imidazole ring. 13C NMR showed

peak at d 117.0 and 134.9 due to vinylic CH2 and

vinylic CH groups, respectively. The aldehydic carbon

was observed at d 182.1.

Scheme 1

Scheme 2

Scheme 3
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1H NMR of isoxazoline 9 showed multiplet at d
2.96–3.0 for one proton due to CH group. A doublet d
4.16 is due to CH2O group and a multiplet at d 3.96–

4.04 is due to CH2 group of isoxazoline ring. 13C NMR

showed doublet at d 44.3 due to CH group. A triplet at

d 73.3 may be due to carbon of CH2O group and triplet

at d 62.1 is due to CH2 group of isoxazoline ring. All

other substituents are observed in the expected region.
1H NMR of pyrazoline 10 showed multiplet at d

2.80–2.86 for one proton due to CH group. A multiplet

at d 3.76–3.83 is due to CH2 group of pyrazolines ring.

A doublet was observed at d 4.22, which is due to

OCH2 group. The aromatic protons are observed in the

region d 6.85–7.12. 13C NMR showed doublet at d 44.2

due to CH group. A triplet at d 52.1 may be due to CH2

group of isoxazoline ring and a triplet at d 71.3 is due

to OCH2 group. All other substituents are observed in

the expected region.

CONCLUSIONS

In conclusion, we have demonstrated that 2-butyl-5-

chloro-3H-imidazole-4-carbaldehyde can be used for

intramolecular 1,3-dipolar cycloaddition by substituting

chloro group with unsaturated nucleophiles and convert-

ing the aldehyde function into 1,3-dipole. Chloramine-T

is found to be an efficient reagent for the generation of

1,3-dipole. Other compounds possessing a halogen and

aldehyde group at ortho position are also potential can-

didates for carrying out similar reactions.

EXPERIMENTAL

1H NMR spectra were recorded on a Bruker AM 300 MHz

spectrometer using CDCl3 as solvent and tetramethylsilane as

internal standard. 13C NMR spectra were measured on Jeol

400 (100 MHz) instrument. The chemical shifts are expressed

in d and following abbreviations were used, s ¼ singlet, d ¼
doublet, t ¼ triplet, and m ¼ multiplet. Infrared (IR) spectra

were recorded on Shimadzu 8300 IR spectrometer. Elemental

analyses were obtained on a Vario-EL instrument. Thin layer

chromatography (TLC) was done with precoated silica gel G

plates.

2-Butyl-5-chloro-3H-imidazole-4-carbaldehyde 1 [7]. The

aldehyde 1 was synthesized by literature procedure [9]. 1H

NMR CDCl3: d 0.92 (t, J ¼ 7.5 Hz, 3H, CH3), 1.32 (m, 2H,

CH2), 1.64 (m, 2H, CH2), 2.61 (t, J ¼ 7.5 Hz, 2H, CH2), 9.32

(s, 1H, CHO), 11.89 (bs, 1H, NH). 13C NMR CDCl3: d 13.2

(q), 23.2 (t), 28.1 (t), 30.1 (t), 128.2 (s), 144.1 (s), 158.8 (s),

179.2 (d). IR (KBr pellets cm�1) m 3409, 3070, 2969, 2827,

1672, 1459. Anal. Calcd for C8H11ClN2O: C, 51.48; H, 5.94;

N, 15.01%. Found: C, 51.38; H, 5.98; N, 15.10%.

5-Allylsulfanyl-2-butyl-3H-imidazole-4-carbaldehyde

5. A solution of allyl bromide (4.87 g, 40.24 mmol) and thiou-

rea (3.08 g, 40.52 mmol) in ethanol (50 mL) were refluxed for

1 h. Ethanolic NaOH solution (3.2 g, 50 mL) was then added

and the reaction mass was refluxed for 1 h. The aldehyde 1

(5.0 g, 26.9 mmol) was added to the mixture, which was then

refluxed for 2 h. Ethanol was removed under vacuum and the

residue was extracted with diethyl ether (2 � 50 mL), washed

with water, dried (Na2SO4), and the solvent was removed to

give crude oil which was purified by column chromatography

(chloroform:ethyl acetate, 7:3) to give 5 as a pale yellow oil

(4.10 g, 68%). 1H NMR CDCl3: d 0.94 (t, 3H, CH3), 1.33 (m,

2H, CH2), 1.64 (m, 2H, CH2), 2.60 (t, 2H, CH2), 3.89 (d, 2H,

CH2S), 4.9–5.02 (m, 2H, vinylic CH2), 5.62 (m, 1H,vinylic

CH), 9.63 (s, 1H, CHO), 11.70 (bs, 1H, NH). 13C NMR

CDCl3: d 13.4 (q), 23.0 (t), 28.4 (t), 32.1 (t), 39.2 (t), 118.2

(t), 131.9 (d), 139.8 (s), 147.2 (s), 157.8 (s), 181.2 (d). IR

(KBr pellets cm�1) m 3410, 2949, 2816, 1669, 1461. Anal.

Calcd. for C11H16N2OS: C, 58.90; H, 7.19; N, 12.49%. Found:

C, 58.96; H, 7.10; N, 12.44%.

7-Butyl-3a,4-dihydro-3H,8H-2-oxa-5-thia-1,6,8-triaza-as-

indacene 6. A solution of aldehyde 5 (2.0 g, 8.92 mmol) in

ethanol (20 mL) was warmed with aqueous NH2OH.HCl (0.92

g 13.33 mmol) and CH3COONa (1.10 g, 13.40 mmol) for 1 h.

Ethanol was removed under vacuum and the residue was

extracted with ethyl acetate (2 � 25 mL), washed with water,

dried (Na2SO4), and the solvent was removed. The resultant

residue was dissolved in ethanol (20 mL), chloramine-T (3.0

g, 10.67 mmol) was added, and the mixture was warmed under

vigorous stirring for 2–3 h. Ethanol was removed under vac-

uum and the residue was extracted with diethyl ether (2 � 25

mL), washed with 1N NaOH (2 � 25 mL), washed with water,

dried (Na2SO4), and the solvent was removed. The residue left

behind was purified by column chromatography (chlorofor-

m:ethyl acetate, 7:3) to give 6 as a pale yellow oil (1.41 g,

67%). 1H NMR CDCl3: d 0.92 (t, 3H, CH3), 1.32 (m, 2H,

CH2), 1.64 (m, 2H, CH2), 2.61 (t, 2H, CH2), 2.92–2.98 (m,

1H, CH), 3.15–3.23 (m, 2H, CH2), 3.92–4.01 (m, 2H, CH2),

11.79 (bs, 1H, NH). 13C NMR CDCl3: d 13.0 (q), 23.4 (t),

28.4 (t), 32.5 (t), 33.3 (d), 44.4 (t), 69.3 (t), 111.3 (s), 136.2

(s), 148.8 (s), 156.1 (s). IR (KBr pellets cm�1) m 3416, 2981,

1590, 1421, 1220, 1151. Anal. Calcd. for C11H15N3OS: C,

55.67; H, 6.37; N, 17.71%. Found: C, 55.59; H, 6.41; N,

17.78%.

7-Butyl-2-phenyl-2,3a,4,8-tetrahydro-3H-5-thia-1,2, 6,8-

tetraaza-as-indacene 7. A solution of aldehyde 5 (2.0 g, 8.92

mmol) in ethanol (20 mL) was warmed with aqueous phenyl

hydrazine hydrochloride (1.93 g, 13.40 mmol) and

CH3COONa (1.10 g, 13.41 mmol) for 1 h. The reaction mass

was cooled and the solid formed was filtered. The solid was

dissolved in ethanol (20 mL), chloramine-T (3.0 g, 10.67

mmol) was added, and the mixture was warmed under vigor-

ous stirring for 2–3 h. Ethanol was removed under vacuum

and the residue was extracted with diethyl ether (2 � 25 mL),

washed with 1N NaOH (2 � 25 mL), washed with water, dried

(Na2SO4), and the solvent was removed. The residue left

behind was purified by column chromatography (chlorofor-

m:ethyl acetate, 8:2) to give 7 as a yellow oil (1.81 g, 65%).
1H NMR CDCl3: d 0.95 (t, J ¼ 7.5 Hz, 3H, CH3), 1.35 (m,

2H, CH2), 1.69 (m, 2H, CH2), 2.65 (t, J ¼ 7.5 Hz, 2H, CH2),

2.85–2.92 (m, 1H, CH), 3.10–3.15 (d, 2H, CH2), 3.86–3.92,

(m, 2H, CH2), 6.85–6.95 (m, 3H, ArH), 7.12 (t, 2H, ArH),
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11.77 (bs, 1H, NH). 13C NMR CDCl3: d 13.1 (q), 23.6 (t),

28.9 (t), 30.7 (t), 32.5 (t), 46.9 (d), 56.1 (t), 110.3 (s), 112.9

(d), 118.1 (d), 119.9(s), 129.8 (d), 134.1 (s), 144.8 (s), 151.1

(s), 153.6 (s). IR (KBr pellets cm�1) m 3411, 3012, 2956,

1643, 1319, 1014. Anal. Calcd. for C17H20N4S: C, 65.35; H,

6.45; N, 17.93%. Found: C, 65.45; H, 6.40; N, 17.90%.

5-Allyoxy-2-butyl-3H-imidazole-4-carbaldehyde 8. A mix-

ture of aldehyde 1 (5 g, 26.9 mmol), allyl alcohol (2.34 g, 40.3

mmol), and potassium tert-butoxide (3.61 g, 32.23 mmol) in tet-

rahydrofuran (50 mL) were stirred at room temperature for 4 h.

The reaction mass was diluted with diethyl ether (25 mL) and

the solid was filtered. The filtrate was evaporated and the resi-

due was purified by column chromatography (chloroform:ethyl

acetate, 7:3) to give 8 as a pale yellow oil (4.02 g, 72%). 1H

NMR CDCl3: d 0.92 (t, J ¼ 7.5 Hz, 3H, CH3), 1.30 (m, 2H,

CH2), 1.65 (m, 2H, CH2), 2.65 (t, J ¼ 7.5 Hz, 2H, CH2), 4.79

(d, J ¼ 7.0 Hz, 2H, CH2S), 5.22–5.41 (m, 2H, vinylic CH2),

5.60–5.69 (m, 1H, vinylic CH), 9.89 (s, 1H, CHO), 11.59 (bs,

1H, NH). 13C NMR CDCl3: d 13.8 (q), 23.0 (t), 28.4 (t), 32.1

(t), 76.2 (t), 118.2 (t), 122.2 (s), 134.9 (d), 149.8 (s), 155.8 (s),

182.1 (d). IR (KBr pellets cm�1) m 3422, 2959, 2856, 1669,

1641, 1215. Anal. Calcd. for C11H16N2O: C, 63.44; H, 7.74; N,

13.45%. Found: C, 63.49; H, 7.70; N, 13.40%.

7-Butyl-3a,4-dihydro-3H,8H-2,5-dioxa-1,6,8-triaza-as-

indacene 9. A solution of aldehyde 8 (1.0 g, 4.80 mmol) in

ethanol (10 mL) was warmed with aqueous NH2OH.HCl (0.50

g 7.24 mmol) and CH3COONa (0.60 g, 7.30 mmol) for 1 h.

Ethanol was removed under vacuum and the residue was

extracted with ethyl acetate (2 � 10 mL), washed with water,

dried (Na2SO4), and the solvent was removed. The resultant

residue was dissolved in ethanol (10 mL), chloramine-T (1.62

g, 5.76 mmol) was added, and the mixture was warmed under

vigorous stirring for 2–3 h. Ethanol was removed under vac-

uum and the residue was extracted with diethyl ether (2 � 20

mL), washed with 1N NaOH (2 � 25 mL), washed with water,

dried (Na2SO4), and the solvent was removed. The residue left

behind was purified by column chromatography (chlorofor-

m:ethyl acetate, 7:3) to give 9 as a pale yellow oil (0.65 g,

61%). 1H NMR CDCl3: d 0.92 (t, 3H, CH3), 1.32 (m, 2H,

CH2), 1.64 (m, 2H, CH2), 2.61 (t, 2H, CH2), 2.96–3.0 (m, 1H,

CH), 3.92–4.04 (m, 2H, CH2), 4.16 (d, 2H, CH2), 11.80 (bs,

1H, NH). 13C NMR CDCl3: d 13.0 (q), 23.4 (t), 29.4 (t), 31.5

(t), 44.3 (d), 58.4 (t), 73.3 (t), 109.3 (s), 136.2 (s), 149.8 (s),

157.1 (s). IR (KBr pellets cm�1) m 3410, 2952, 1638, 1598,

1220, 1100. Anal. Calcd. for C11H15N3O2: C, 59.71; H, 6.83;

N, 18.99%. Found: C, 59.61; H, 6.89; N, 19.04%.

7-Butyl-2-phenyl-2,3a,4,8-tetrahydro-3H-5-oxa-1,2,6, 8-tet-

raaza-as-indacene 10. A solution of aldehyde 8 (1.0 g, 4.8

mmol) in ethanol (10 mL) was warmed with aqueous phenyl

hydrazine hydrochloride (1.03 g, 7.15 mmol) and CH3COONa

(0.60 g, 7.31 mmol) for 1 h. The reaction mass was cooled

and the solid formed was filtered. The solid was dissolved in

ethanol (10 mL), chloramine-T (1.62 g, 5.76 mmol) was

added, and the mixture was warmed under vigorous stirring

for 2–3 h. Ethanol was removed under vacuum and the residue

was extracted with diethyl ether (2 � 20 mL), washed with 1N
NaOH (2 � 25 mL), washed with water, dried (Na2SO4), and

the solvent was removed. The residue left behind was purified

by column chromatography (chloroform:ethyl acetate, 8:2) to

give 10 as a yellow oil (0.90 g, 63%). 1H NMR CDCl3: d 0.93

(t, J ¼ 7.5 Hz, 3H, CH3), 1.33 (m, 2H, CH2), 1.66 (m, 2H,

CH2), 2.64 (t, J ¼ 7.5 Hz, 2H, CH2), 2.88–2.93 (m, 1H, CH),

3.86–3.92 (m, 2H, CH2), 4.08–4.15, (m, 2H, CH2), 6.90–7.05

(m, 3H, ArH), 7.24 (t, 2H, ArH), 11.75 (bs, 1H, NH). 13C

NMR CDCl3: d 13.2 (q), 23.8 (t), 29.2 (t), 30.9 (t), 44.2 (d),

52.4 (d), 71.3 (t), 114.3 (s), 112.0 (d), 117.4 (d), 129.2 (d),

132.1 (s), 144.8 (s), 149 (s), 153.1 (s). IR (KBr pellets cm�1)

m 3396, 3026, 2990, 1635, 1235. Anal. Calcd. for C17H20N4O:

C, 68.90; H, 6.80; N, 18.90%. Found: C, 68.99; H, 6.71; N,

18.84%.
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Reaction of diacyl thiocarbohydrazides with dimethyl but-2-ynedioate in refluxing ethanol led to 4-

oxa-thiazolidine-5-ylidene-acetates in good yields. Reaction of the newly prepared N-(2-(propan-2-ylidene)
hydrazine-carbonothioyl)arylhydrazides with dimethyl but-2-ynedioate gave the corresponding (Z)-methyl-
2-arylhydrazide-4-oxo-3-(propan-2-ylideneamino)thiazolidine-5-ylidene)-acetates. The mechanism is dis-
cussed. Antitumor and antioxidant activities have been also investigated.

J. Heterocyclic Chem., 47, 547 (2010).

INTRODUCTION

The development of simple synthesis routes for

widely used organic compounds from readily available

reagents is one of the major tasks in organic synthesis.

Recent report has shown that various N-ethyl hydrazine-
carbothioamides can undergo different cyclization reac-

tions to give five member heterocycles, which showed a

general stimulation effect on B cell’s response [1]. Thia-

zolidine-4-one ring systems are known to possess anti-

bacterial [2,3], antituberculosis [4–6], antiviral [7–14],

anticancer [15–18], and antioxidant [19]. In view of the

various physiological activities of thiazolidinones, many

thiazolidinone derivatives have been prepared. 4-Phenyl-

thiosemicarbazide reacts smoothly with dimethyl but-2-

ynedioate in the presence of aldehydes or ketones under

solvent free conditions to produce highly functionalized

thiazolidine-4-ones [20]. The reaction of thioureas with

acetylenic esters has been reported to give a thiazolin-4-

one, an imidazolinthion, or a 1,3-thiazin-4-one [21].

Recent reports by Aly et al. [22] demonstrated that the

reaction of N-aroyl thioureas with of dimethyl but-2-

ynedioate under reflux in acetic acid yielded the corre-

sponding 1,3-thizinones. Additionally, diethyl maleate

reacts with N-substituted-hydrazino-carbothioamides to

form ethyl [1,2,4]triazolo[3,4-b][1,3]thiazine-5-carboxy-
lates [23]. Reaction proceeds via bicyclization and oxi-

dation processes [23]. Whilst 2,3-diphenylcycloprope-

none reacts with ylidene-N-phenylhydrazine-carbothioa-
mides to form the pyrrolo[2,1-b]-1,3,4-oxadiazoles via
formal [2 þ 3]cycloaddition [24]. On the other side, we

reported on one pot synthesis of 1,3-thiazin-2-ylidene-

substituted hydrazides via one-pot reaction of N-substi-
tuted-hydrazino-carbothioamides with 1,4-diphenylbut-2-
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yne-1,4-dione [25]. On the basis of aforementioned

encouraged results, we investigate the reaction of acyl

thiocarbohydrazides with dimethyl but-2-ynedioate.

Moreover antitumor and antioxidant activities of the iso-

lated products have been investigated.

RESULTS AND DISCUSSION

Chemistry. We have now reacted diacyl thiocarbohy-

drazides 1a–c [26] with dimethyl but-2-ynedioate (2);

the reactions gave mainly the corresponding (Z)-methyl-

2-[(Z)-3-aroylamido-2-(2-arylhydrazono)]-4-oxa-thiazoli-

dine-5-ylidene)-acetates (3a–c, Scheme 1). For structure

prevalent, we choose one derivative identified as 3b and

investigate its NMR in comparative with its expected

regioisomers 3bI–III (Fig. 1). As IR and 13C NMR did

not reveal any absorbance of the C¼¼S group. Moreover,

the five C¼¼S in 13C chemical shifts are all too far

upfield for a C¼¼S. Therefore the upfield five carbon

signals in the 13C NMR spectra of compound 3b must

represent three carbon signals of four C¼¼O and one for

the C¼¼N carbon (see the EXPERIMENTAL SEC-

TION). Accordingly the structure of the regioisomer

3bI is excluded. The magnitude of the coupling constant

(J ¼ 5.2 Hz) further argues that ring carbonyl (C-4) and

vinylic-proton are mutually cis. Under gated decoupling,

the ring carbonyl (C-4) couples to vinylic-proton with J
¼ 5.2 Hz, a value which requires a three- not two-bond

coupling as depicted in structures 3b and 3bIII and

excluded the formation of other regioisomers (3bI and

3bII). It was reported, if the coupling constant for the

vinylic-proton and endocyclic carbon atom in a conden-

sation product is about �5 Hz (vicinal-coupling), this

product has a five-membered ring; if the coupling con-

stant approaches a value of 1 Hz (geminal-coupling),
the product should be assigned six-membered thiazine

structure [27,28]. Most of the CAH coupling constants

are within conventional ranges [29], except that the JC–H
values for C-20 and C-30 are unusually small for ben-

zenes. Presumably this arises from restricted rotation. In

compound 3b there are two p-toluoyl units, one slightly

broadened, which is presumably due to restricted rota-

tion. Toluamide rotation and NH exchange are inde-

pendent processes, which in general occur at different

rates. The methoxyl protons are distinctive at dH ¼
3.81; this signal gives HMQC correlation with the

attached carbon at dC ¼ 52.7 and HMBC correlation

with the ester carbonyl at dC ¼ 165.6. The signal (dC ¼
160.9) giving HMBC correlation to vinylic-H (dH ¼
6.96) is assigned as C-4. The carbon (dC ¼ 116.8) giv-

ing HMQC correlation to vinylic-H is assigned as

Scheme 1. Synthesis of new 1,3-thiazolidine-4-ones 3a–c.

Figure 1. Structure of some commercial triazolopyrimidine-2-sulfonamide herbicides.
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vinylic-CH. One other carbon (dC ¼ 137.5) gives

HMBC correlation to vinylic-H, and is assigned as C-5.

The benzamido- and hydrazono-C¼¼O appear distinc-

tively at dC ¼ 164.3 and 163.4, respectively. They give

HMBC correlation to the ortho protons on the attached

tolyl rings at dH ¼ 7.88 and 7.77, respectively.

The signals at dC ¼ 143 and 141.8 give HMBC corre-

lation with the ortho protons and CH3 (dH ¼ 7.88, 2.41

and 7.77, 2.37) are assigned as C-40 and C-400, respec-
tively. The assignment of distinctive hydrogen and car-

bon signals and their d values as well as the correspond-

ing coupling constants of compound 3b are as shown in

Table 1.

On the basis of well established chemistry of electro-

philic acetylenes [21], it is reasonable to assume that

compounds 4 resulted from the initial conjugate addition

of the sulfur atom of 2 to the acetylenic ester. Then, the

ester group of intermediate 4 was attacked by the amino

moiety to yield 5 by elimination of methanol molecule

(Scheme 2). Hydrogen shift is then proposed to be

Table 1

NMR spectroscopic data of compound 3b.

COSY HMQC HMBC Assignment

1H NMR (ppm)

11.67 (bs; 1H) 11.34 benzamido-NH

11.34 (bs; 1H) 11.67 hydrazono-NH

7.88 (d, J ¼ 7.7; 2H) 7.39 H-20

7.77 (bd, J ¼ 6.4; 2H) 7.31 H-200

7.39 (d, J ¼ 8.0; 2H) 7.88 H-30

7.31 (bd, J ¼ 6.1; 2H) 7.77 H-300

6.96 (s; 1H) vinylic-H

3.81 (s; 3H) OCH3

2.41 (s; 3H) benzamido-CH3

2.37 (s; 3H) hydrazono-CH3
13C NMR (ppm)

165.6 (q, J ¼ 4.3) 3.81 ester C¼¼O

164.3 (dt, Jd ¼ 8.6, Jt ¼ 4.2) 7.88 benzamido-C¼¼O

163.4 (b) 11.34 hydrazono-C¼¼O

160.9 (d, J ¼ 5.2) 6.96 C-4

152.0 (b) 11.34 C-2

143.0 (q, J ¼ 7.5) 7.88, 2.41 C-40

141.8 (bq) 7.77, 2.37 C-400

137.5 (s) 6.96 C-5

129.8 (t, J ¼ 7.7) C-10

129.2 (ddq, Jd ¼ 165.8, 5.5; Jq ¼ 5.5) 7.39 7.39, 2.41 C-30

128.9 (bd, J ¼ 136.9) 7.31 2.37 C-300

127.8 (t, J ¼ 7.6) C-100

127.7 (dd, J ¼ 160.9, 6.4) 7.88 7.88 C-20

127.5 (bd, J ¼ 136.3) 7.77 C-200

116.8 (d, J ¼ 173.7) 6.96 vinylic-CH

52.7 (q, J ¼ 148.2) 3.81 OCH3

21.0 (tq, Jt ¼ 4.9, Jq ¼ 126.7) 2.41 7.39 benzamido-CH3

20.9 (tq, Jt ¼ 4.9, Jq ¼ 126.7) 2.37 hydrazono-CH3

Scheme 2. Plausible mechanism of 1,3-thiazolidine-4-ones 3a–c.
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occurred in 5 to produce the stable heterocycle 3

(Scheme 2). Previously it was reported that thiocarbohy-

drazide (6) condensed with acetone to form the corre-

sponding mono-condensed products [30] likewise in

case of 7a–c (Scheme 3). Herein we reacted compound

2 with aroyl chlorides in presence of acetone. The reac-

tion proceeds successfully to give compounds 7a–c in

good yields (Scheme 3). Interestingly, on reacting the

newly prepared compounds 7a–c with dimethyl but-2-

ynedioate ethyl ester (2), the reaction gave the corre-

sponding thiazolidines 8a–c in good yields (Scheme 3).

In compound 8a, the 1H NMR spectrum showed the

two methyl protons are distinctive at dH ¼ 2.06 and

1.94; this signals gives HMQC correlation with the

attached carbon at dC ¼ 25.0 and 18.7 and HMBC cor-

relation with the carbon at dC ¼ 168.9 which is assigned

as C(CH3)2. The methoxyl protons are distinctive at dH
¼ 3.87; this signal gives HMQC correlation with the

attached carbon at dC ¼ 52.6 and HMBC correlation

with the ester carbonyl at dC ¼ 166.1. The signal (dC ¼
162.1) giving HMBC correlation to vinylic-H (dH ¼
6.96) is assigned as C-4. The carbon (dC ¼ 117.3) giv-

ing HMQC correlation to vinylic-H is assigned as

vinylic-CH. One other carbon (dC ¼ 139.4) gives

HMBC correlation to vinylic-H, and is assigned as C-5.

The benzoyl C¼¼O appear at dC ¼166.0 gives HMBC

correlation with ortho protons at (dH ¼ 7.91).

Biological section.
Cytotoxicity against Hep-G2 cells. Using MTT assay, we

studied the effect of the compounds on the proliferation

of human hepatocellular carcinoma after 48 h incuba-

tion. Incubation of Hep-G2 cell line with gradual doses

of the compounds led to insignificant change in the

growth of Hep-G2 cells as indicated from their IC50 val-

ues (>100 lM), except, compound 3c, which resulted in

a high inhibition of the cell growth of Hep-G2 cells

compared with the growth of untreated control cells, as

concluded from their low IC50 value 36.14 lM. How-

ever, compounds 8a and 3b represents a moderate anti-

tumor agent against Hep-G2 cells. Figure 2 shows the

effect of compounds 3a–c and 8a,b on the growth of

Hep-G2 cells. As measured by MTT assay, results are

represented as percentage of control untreated cells.
Antioxidant activity. DPPH is a stable nonphysiological,

radical, which could provide a relative figure of the radi-

cal scavenging activity of the tested compounds. The

DPPH assay showed that some of the tested compounds

possessed no scavenging activity to DPPH with high

SC50 values (>100 lM) compared to the scavenging ac-

tivity (SC50 8.41) of the well-known antioxidant (ascor-

bic acid, A.A), except compounds 3b, 3c, and 8a which

Scheme 3. Synthesis of 1,3-thiazolidine-4-ones 8a–c.

Figure 2. The effect of compounds 3a,c and 8a,b on the growth Hep-

G2 cells. As measured by MTT assay. Results are represented as per-

centage of control untreated cells.
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had effective antioxidant activity with SC50 values of

86.4, 79.2, and 92.8 lM, respectively (Fig. 3).

EXPERIMENTAL

Chemistry. TLC analysis was performed on analytical
Merck 9385 silica aluminium sheets (Kiselgel 60) with PF254
indicator. Melting points were determined on Stuart electro-

thermal melting point apparatus and were uncorrected. The IR
spectra were recorded as KBr disks on Shimadzu-408 infrared
spectrophotometer, Faculty of Science, El-Minia University.
The NMR spectra were measured using Bruker AV-400, Flor-
ida Institute of Technology, USA. Chemical shifts were

expressed as d (ppm) with tetramethylsilane as internal refer-
ence. The samples were dissolved in chloroform-d6 and/or di-
methyl sulphoxide (DMSO)-d6, s ¼ singlet, d ¼ doublet, dd ¼
doublet of doublet, and t ¼ triplet. Mass spectra were recorded
on Varian MAT 312 instrument in E1 mode (70 eV), Techni-

sche Universität Braunschweig, Germany. Elemental analyses
were performed using Varian Elementary device in National
Research Center (Dokki, Giza, Egypt).

Materials. Dimethyl but-2-ynedioate (2) and thiocarbohy-

drazide (6) were bought from Fluka. Diaroyl thiocarbohydra-
zides 1a–c were prepared according to the literature [26].

Reactions between diaroyl thiocarbohyhydrazides 1a–c
with 2. An equal mixture of 1a–c (1 mmol) and 2 (0.142 g, 1
mmol) was heated at reflux in absolute ethanol for 1–5 h (the

reaction was followed by TLC analysis). The solvent was
evaporated under vacuum and the obtained yellow precipitates
were dissolved in dichloromethane and applied on column
chromatography (dichloromethane, silica gel). The obtained
products 3a–c were recrystallized from the stated solvents.

(Z)-Methyl-2-[(Z)-3-benzamido-2-(2-benzoylhydrazono)-4-oxo-
1,3-thiazolidin-5-ylidene]-acetate (3a). Yellow crystals (tolu-
ene), yield ¼ 323 mg (76%), m.p. 261–263�C. IR (potassium
bromide): m ¼ 3240, (NH), 3070–3010 (Ar-CH), 2985–2875
(aliph.-CH), 1742, 1696, 1663 (C¼¼O), 1618 (C¼¼N) cm�1. 1H

NMR (400.13 MHz, DMSO-d6): dH ¼ 11.78 (b, s, 1H, benza-
mido-NH), 11.44 (b, s, 1H, hydrazino-NH), 7.99 (d, 2H, H-20,
J ¼ 7.5 Hz), 7.87 (d, 2H, H-200, J ¼ 7.0 Hz), 7.71 (t, 1H, H-
40, J ¼ 7.4 Hz), 7.61 (t, 3H, H-300,400, J ¼ 7.4, 7.7 Hz), 7.53 (t,

2H, H-30, J ¼ 7.2 Hz), 6.98 (s, 1H, vinylic-H), 3.81 (s, OCH3)
ppm. 13C NMR (100.6 MHz, DMSO-d6): dC ¼ 165.6 (2 ben-

zoyl C¼¼O), 164.5 (C-4), 160.8 (ester C¼¼O), 151.9 (C-2),
137.4 (C-5), 132.8 (C-40), 132.6 (C-10), 131.7 (C-400), 130.6
(C-100), 128.7 (C-30), 128.4 (C-300), 127.7 (C-20), 127.5 (C-200),
116.9 (vinylic-CH), 52.7 (OCH3) ppm. MS (70 eV, EI); m/z
(%) ¼ 424 [Mþ] (24), 312 (20), 283 (32), 281 (100), 138

(20), 104 (63), 91 (25), 77 (96), 69 (24), 57 (14), 51 (24).
Anal. Calcd. for C20H16N4O5S (424.43): C, 56.60; H, 3.80; N,
13.20; S, 7.55. Found: C, 56.50; H, 3.82; N, 13.28; S, 7.86.

(Z)-Methyl-2-[(Z)-3-(4-methylbenzamido)-2-(2-(4-methylbenzoyl)-
hydrazono)-4-oxo-1,3-thiazolidin-5-ylidene]-acetate (3b). Yellow
crystals (methanol), yield ¼ 353 mg (78%), m.p. 270–271�C.
IR (potassium bromide): m ¼ 3070–3005 (Ar-CH), 2990–2850
(aliph.-CH), 1740, 1680, 1640 (C¼¼O), 1612 (C¼¼N) cm�1.
The NMR: Table 1. MS (70 eV, EI); m/z (%) ¼ 452 [Mþ]
(24), 375 (18), 343.23 (30), 119 (100), 91 (27), 65 (30). Anal.
Calcd. for C22H20N4O5S (452.48): C, 58.40; H, 4.46; N, 12.38;
S, 7.09. Found: C, 58.38; H, 4.63; N, 12.43; S, 7.23.

(Z)-Methyl-2-[(Z)-3-(1-napthamido)-2-(2-(1-naphthoyl)hydra-
zono)-4-oxo-1,3-thiazolidin-5-ylidene]-acetate (3c). Yellow crys-

tals (methanol), yield ¼ 430 mg (82%), m.p. 259–260�C. IR
(potassium bromide): m ¼ 3240, (NH), 3035–3005 (Ar-CH),

2985–2910 (aliph.-CH), 1740, 1691, 1670, 1953 (C¼¼O), 1610

(C¼¼N) cm�1. 1H NMR (400.13 MHz, DMSO-d6): dH ¼ 11.81

(b, s, 1H, napthamido-NH), 11.70 (b, s, 1H, hydrazino-NH),

8.55 (d, 1H, H-80, J ¼ 8.1 Hz), 8.22 (d, 1H, H-800, J ¼ 6.4

Hz), 8.17 (d, 1H, H-40, J ¼ 7.8 Hz), 8.12 (d, 1H, H-400, J ¼
8.0 Hz), 8.06–7.95 (m, 2H, H-30,300), 7.89 (d, 1H, H-20, J ¼
6.2 Hz), 7.78 (d, 1H, H-200, J ¼ 6.6 Hz), 7.69 (d, 2H, H-50,500,
J ¼ 7.4 Hz), 7.64–7.56 (m, 4H, H-60,700, 600,700), 7.02 (s, 1H,

vinylic-H), 3.84 (s, OCH3) ppm. 13C NMR (100.6 MHz,

DMSO-d6): dC ¼ 166.9 (napthamido-C¼¼O), 165.7 (ester-

C¼¼O), 165.1 (C¼¼O), 160.6 (C-4), 147.8 (C-2), 137.6 (C-5),

133.2 (C-8a0), 133.1 (C-4a0), 132.3 (C-8a00), 131.2 (C-40),
130.8 (C-10), 130.5 (C-400), 130 (C-30), 129.8 (C-300), 128.3 (C-

4a00), 128.2 (C-100), 127.4 (C-70), 127.0 (C-700), 126.6 (C-60, C-
600), 126.4 (C-20), 126.2 (C-200), 126.1 (C-80), 125.4 (C-800),
124.9 (C-50, C-500), 116.8 (vinylic-CH), 52.7 (OCH3) ppm. MS

(FAB, 70 eV); m/z (%) ¼ 524 [Mþ] (100). Anal. Calcd. for
C28H20N4O5S (524.55): C, 64.11; H, 3.84; N, 10.68; S, 6.11.

Found: C, 63.87; H, 3.95; N, 10.73; S, 6.21.

Synthesis of N-(2-propan-2-ylidene)-hydrazine-carbonothio-
nyl)arylhydrazides 7a–c. To a suspension solution of 6 (0.106
g, 1 mmol) and NaHCO3 (0.126 g, 1.5 mmol) in dry acetone
(20 mL) was stirred at room temperature, the corresponding
acid chloride (1 mmol) in dry acetone (5 mL) was added drop-

wise over a period of 20 min. The reaction mixture was stirred
for further continued 3 h at room temperature then at refluxing
temperature for 15 min. The reaction mixture was filtered and
the salt precipitate was washed three times with chloroform

(20 mL). The solvent of the filtrate was removed under vac-
uum. The obtained precipitate was then washed three times
with 0.1N HCl (5 mL) followed by three times with water (30
mL). The obtained products 7a–c were recrystallized from gla-
cial acetic acid.

4-Methyl-N-(2-propan-2-ylidene)hydrazinecarbono-thionyl)-
benzamide (7a). White crystals, yield ¼ 225 mg (90%), m.p.
172–174�C. IR (potassium bromide): m ¼ 3230–3315 (NH),
3041–3009 (Ar-CH), 2981–2915 (aliph.-CH), 1674 (C¼¼O),
1617 (C¼¼N), 1365 (C¼¼S) cm�1. 1H NMR (400.13 MHz,

chloroform-d3): dH ¼ 9.98 (b, s, 1H, NH-2), 9.76 (b, s, 1H,
NH-1), 9.24 (b, s, 1H, NH-3), 7.92 (d, 2H, H-2, J ¼ 7.8 Hz),

Figure 3. The antioxidant activity of 3b, 3c, and 8a was investigated

using DPPH assay. The results are represented as SC50 values (lM) as

(mean 6 SE, n ¼ 4)
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7.57 (t, 1H, H-4, J ¼ 7.5 Hz), 7.41 (t, 2H, H-3, J ¼ 7.5 Hz),
1.97 (s, 3H, CHa

3), 1.89 (s, 3H, CHb
3) ppm. 13C NMR (100.6

MHz, chloroform-d3): dC ¼ 132.8 (C-4), 131.5 (C-1), 128.6
(C-3), 128.4 (C-2), 24.8 (CHa

3), 19.4 (CHb
3) ppm. MS (70 eV,

EI); m/z (%) ¼ 250 [Mþ] (40), 105 (100), 77 (42), 56 (31).

Anal. Calcd. for C11H14N4OS (250.32): C, 52.78; H, 5.64; N,
22.38; S, 12.81. Found: C, 53.03; H, 5.50; N, 22.54; S,
12.97.

4-Methyl-N-(2-(propan-2-ylidene)hydrazine-carbonothioyl)-
benzohydrazide (7b). White crystals, yield ¼ 243 mg (92%),

m.p. 179–181�C. IR (potassium bromide): m ¼ 3234–3321
(NH), 3033–3005 (Ar-CH), 2978–2914 (aliph.-CH), 1679
(C¼¼O), 1619 (C¼¼N), 1359 (C¼¼S) cm�1. 1H NMR (400.13
MHz, chloroform-d3): dC ¼ 9.96 (b, s, 1H, NH-2), 9.72 (b, s,
1H, NH-1), 9.44 (b, s, 1H, NH-3), 7.83 (d, 2H, H-2, J ¼ 7.6

Hz), 7.23 (d, 2H, H-3, J ¼ 7.6 Hz), 2.33 (3H, Ar-CH3), 1.96
(s, 3H, CHa

3), 1.90 (s, 3H, CHb
3) ppm. 13C NMR (100.6 MHz,

chloroform-d3): dC ¼ 176.4 (C¼¼S), 164.7 (benzoyl C¼¼O),
156.5 (C(CH3)2), 143.4 (C-4), 132.8 (C-1), 129.4 (C-3), 127.6

(C-2), 24.9 (CHa
3), 21.5 (Ar-CH3), 19.6 (CHb

3) ppm. MS (70
eV, EI); m/z (%) ¼ 264 [Mþ] (30), 119 (100), 91 (32), 56
(27). Anal. Calcd. for C12H16N4OS (264.35): C, 54.52; H,
6.10; N, 21.19; S, 12.13. Found: C, 54.63; H, 6.23; N, 21.41;
S, 12.27.

4-Methyl-N-(2-(propan-2-ylidene)hydrazine-carbono-thioyl)-
naphthamide (7c). White crystals, yield ¼ 288 mg (96%),
m.p. 181–183�C. IR (potassium bromide): m ¼ 3242–3316
(NH), 3030–3012 (Ar-CH), 2981–2919 (aliph.-CH), 1669
(C¼¼O), 1624 (C¼¼N), 1341 (C¼¼S) cm�1 1H NMR (400.13

MHz, chloroorm-d3): dH ¼ 10.7 (b, s, 1H, NH-3), 10 17 (b, s,
1H, NH-1), 10.11 (b, s, 1H, NH-2), 9.0 (d, 1H, H-8, J ¼ 8.1
Hz), 8.05 (d, 1H, H-2, J ¼ 7.4 Hz), 7.98 (d, 1H, H-4, J ¼ 8.0
Hz), 7.91 (d, 1H, H-5, J ¼ 8.0 Hz), 7.79 (dd, 1H, H-7, J ¼
7.7, 7.5 Hz), 7.55 (dd, 1H, H-H-6, J ¼ 7.6, 7.4 Hz), 7.48 (t,

1H, H-3, J ¼ 8.0 Hz), 1.98 (s, 3H, CHa
3), 1.91 (s, 3H, CHb

3)
ppm. 13C NMR (100.6 MHz, chloroform-d3): dC ¼ 76.4
(C¼¼S), 165.3 (napthoyl C¼¼O), 159.7 (N¼¼C(CH3)2), 137.2
(C-4), 136.8 (C-4a), 133.5 (C-1), 132.4 (C-2), 131.6 (C-8a),

131.1 (C-3), 129.3 (C-5), 129.2 (C-7), 128.6 (C-8), 127.8 (C-
6), 25.1 (CHa

3), 19.9 (CHb
3) ppm. MS (70 eV, EI); m/z (%) ¼

300 [Mþ] (36), 155 (100), 127 (23), 56 (19). Anal. Calcd. for
C15H16N4OS (300.38): C, 59.98; H, 5.37; N, 18.65; S, 10.67.
Found: C, 59.73; H, 5.23; N, 18.41; S, 10.47.

Reactions between aroyl thiocarbohyhydrazides 7a–c with
2. As previously mentioned before: an equal mixture of 7a–c

(1 mmol) and 2 (0.142 g, 1 mmol) was heated at reflux in
absolute ethanol for 10–14 h (the reaction was followed by
TLC analysis). The solvent was evaporated under vacuum.

The obtained products were then dissolved in dichloromethane
and applied on column chromatography (dichloromethane,
silica gel). The obtained pure products were recrystallized
from the stated solvents.

(Z)-Methyl-2-[(Z)-2-(2-benzoylhydrazono)-4-oxo-3-(propan-
2-ylideneamino)-1,3-thiazolidin-5-ylidene]-acetate (8a). Yellow
crystals (methanol), yield ¼ 296 mg (82%), m.p. 216–218�C.
IR (potassium bromide): m ¼ 3235 (NH), 3063–3015 (Ar-CH),
2995–2905 (aliph.-CH), 1736, 1698, 1672 (C¼¼O), 1642, 1608

(C¼¼N) cm�1. 1H NMR (400.13 MHz, chloroform-d3): dH ¼
8.30 (b, s, 1H, hydrazino-NH), 7.91 (d, 2H, H-20, J ¼ 7.6 Hz),
7.60 (t, 1H, H-40, J ¼ 7.4 Hz), 7.49 (t, 2H, H-30, J ¼ 7.6 Hz),
6.96 (s, 1H, vinylic-H), 3.87 (s, OCH3), 2.06 (s, CHa

3), 1.94 (s,

CHb
3) ppm. 13C NMR (100.6 MHz, chloroform-d3): dC ¼

168.9 (C(CH3)2), 166.1 (ester C¼¼O), 166 (benzoyl C¼¼O),
162.1 (C-4), 152.5 (C-2), 139.4 (C-5), 133 (C-40), 130.9 (C-
10), 128.9 (C-30), 127.7 (C-20), 117.3 (vinylic-CH), 52.6
(OCH3), 25.0 (CHa

3), 18.7 (CHb
3) ppm. MS (70 eV, EI); m/z

(%) ¼ 360 [Mþ] (30), 217 (28), 105 (100), 77 (32), 56 (20).
Anal. Calcd. for C16H16N4O4S (360.39): C, 53.32; H, 4.47;
N, 15.55; S, 8.90. Found: C, 53.50; H, 4.50; N, 15.34; S,
8.97.

(Z)-Methyl-2-[(Z)-2-(2-(4-methylbenzoyl)-hydrazono)-4-oxo-
3-(propan-2-ylidene-amino)-1,3-thiazolidin-5-ylidene]-acetate
(8b). Yellow crystals (methanol), yield ¼ 315 mg (84%),
m.p. 245–247�C. IR (potassium bromide): m ¼ 3200 (NH),
3070–3019 (Ar-CH), 2976–2873 (aliph.-CH), 1735, 1695,
1665 (C¼¼O), 1645, 1607 (C¼¼N) cm�1. 1H NMR (400.13

MHz, chloroform-d3): dH ¼ 8.45 (b, s, 1H, hydrazino-NH),
7.80 (d, 2H, H-20, J ¼ 8.0 Hz), 7.27 (d, 2H, H-30, J ¼ 7.9
Hz), 6.93 (s, 1H, vinylic-H), 3.86 (s, OCH3), 2.41 (benzoyl
CH3), 2.04 (s, CHa

3), 1.92 (s, CHb
3) ppm. 13C NMR (100.6

MHz, chloroform-d3): dC ¼ 168.9 (N¼¼C(CH3)2), 166.1
(ester C¼¼O), 165.3 (benzoyl C¼¼O), 162.2 (C-4), 152.6 (C-
2), 143.7 (C-40), 139.5 (C-5), 129.5 (C-30), 128.0 (C-10),
127.7 (C-20), 117.2 (vinylic-CH), 52.5 (OCH3), 25.0 (CHa

3),
21.6 (benzoyl CH3) 18.7 (CHb

3) ppm. MS (70 eV, EI); m/z
(%) ¼ 374 [Mþ] (24), 275 (18), 119 (100), 91 (17), 56 (12).
Anal. Calcd. for C17H18N4O4S (374.41): C, 54.53; H, 4.85;
N, 14.96; S, 8.56. Found: C, 54.24; H, 5.07; N, 14.82; S,
8.67.

(Z)-Methyl-2-[(Z)-2-(2-(1-napthoyl)hydrazono)-4-oxo-3-(propan-
2-ylideneamino)-1,3-thiazolidin-5-ylidene]-acetate (8c). Yellow
crystals (methanol), yield ¼ 361 mg (88%), m.p. 224–225�C.
IR (potassium bromide): m ¼ 3064–3006 (Ar-CH), 2968–2879

(aliph.-CH), 1729, 1698, 1671 (C¼¼O), 1648, 1612 (C¼¼N)
cm�1. 1H NMR (400.13 MHz, chloroform-d3): dH ¼ 9.60 (b,
s, 1H, hydrazino-NH), 9.14 (d, 1H, H-80, J ¼ 8.4 Hz), 8.23 (d,
1H, H-20, J ¼ 7.2 Hz), 7.95 (d, 1H, H-40, J ¼ 8.0 Hz), 7.82
(d, 1H, H-50, J ¼ 8.1 Hz), 7.65 (dd, 1H, H-70, J ¼ 7.7, 7.5

Hz), 7.51 (dd, 1H, H-60, J ¼ 7.5, 7.3 Hz), 7.49 (t, 1H, H-30,
J ¼ 7.9 Hz), 6.95 (s, 1H, vinylic-H), 3.94 (s, OCH3), 2.07 (s,
CHa

3), 1.96 (s, CHb
3) ppm. 13C NMR (100.6 MHz, chloro-

form-d3): dC ¼ 169.3 (N¼¼C(CH3)2), 167.4 (ester C¼¼O),
167.2 (napthoyl C¼¼O), 164.7 (C-4), 153.9 (C-2), 141.2

(C-40), 140.3 (C-5), 134.6 (C-40a), 133.2 (C-20), 132.5 (C-80a),
131.3 (C-10), 130.2 (C-50), 129.6 (C-70), 128.8 (C-80), 128.1
(C-60), 127.8 (C-30), 118.3 (vinylic-CH), 52.8 (OCH3), 25.5
(CHa

3), 19.3 (CHb
3) ppm. MS (70 eV, FAB); m/z (%) ¼ 410

[Mþ] (100). Anal. Calcd. for C20H18N4O4S (410.45): C,

58.53; H, 4.42; N, 13.65; S, 7.81. Found: C, 58.28; H, 4.67;
N, 13.82; S, 7.67.

Biological section.

Cell culture. Human hepatocellular carcinoma (HepG2)

cells were routinely cultured in Dulbeco’s Modified Eagle’s
Medium. Media were supplemented with 10% fetal bovine se-
rum, 2 mM L-glutamine, containing 100 units/mL penicillin G
sodium, 100 units/mL streptomycin sulphate, and 250 ng/mL
amphotericin B. Cells were maintained at subconfluency at

37�C in humidified air containing 5% CO2. For subculturing,
monolayer cells were harvested after trypsin/EDTA treatment
at 37�C. Cells were used when confluence had reached 75%.
Tested samples were dissolved in DMSO. All cell culture ma-
terial was obtained from Cambrex BioScience (Copenhagen,
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Denmark). All chemicals were from Sigma/Aldrich, except
mentioned. All experiments were repeated three times, unless
mentioned.

Cytotoxicty assay. Cytotoxicity of tested samples was meas-
ured using the MTT cell viability assay. MTT (3-[4,5-dimethylth-

iazole-2-yl]-2,5-diphenyltetrazolium bromide) assay is based on

the ability of active mitochondrial dehydrogenase enzyme of liv-

ing cells to cleave the tetrazolium rings of the yellow MTT and

form a dark blue insoluble formazan crystals which is largely

impermeable to cell membranes, resulting in its accumulation

within healthy cells. Solubilization of the cells results in the liber-

ation of crystals, which are then solubilized. The number of viable

cells is directly proportional to the level of soluble formazan dark

blue color. The extent of the reduction of MTT was quantified by

measuring the absorbance at 570 nm [31].

Reagents preparation. MTT solution: 5 mg/mL of MTT in
0.9% NaCl. Acidified isopropanol: 0.04N HCl in absolute
isopropanol.

Procedure. Cells (0.5 � 105 cells/well) in serum-free media

were placed in a flat bottom 96-well microplate and treated
with 20 lL of different concentrations of each tested com-
pound for 20 h at 37�C, in a humidified 5% CO2 atmosphere.

After incubation, media were removed and 40 lL MTT solu-

tion/well were added and incubated for an additional 4 h.

MTT crystals were solubilized by adding 180 lL of acidified

isopropanol/well and plate was shacked at room temperature,

followed by the photometric determination of the absorbance

at 570 nm using microplate ELISA reader. Triplicate repeats

were performed for each concentration and the average was

calculated.
Data were expressed as the percentage of relative viability

compared with the untreated cells compared with the vehicle
control, with cytotoxicity indicated by <100% relative
viability.

Calculations. Percentage of relative viability was calculated

using the following equation: [Absorbance of treated cells/Ab-

sorbance of control cells)] � 100.

Then the half maximal inhibitory concentration IC50 was
calculated from the equation of the dose response curve.

Antioxidant activity (scavenging of DPPH). 1,1-Diphenyl-
2-picrylhydrazyl is a stable deep violet radical due to its

unpaired electron. In the presence of an antioxidant radical

scavenger, which can donate an electron to DPPH, the deep

violet color decolorize to the pale yellow nonradical form

[32]. The change in colorization and the subsequent fall in

absorbance are monitored spectrophotometrically at m ¼ 520

nm.

Reagents preparation. Ethanolic DPPH: 0.1 mM DPPH/
absolute ethanol, standard ascorbic acid solution. Serial dilu-
tions of ascorbic acid in concentrations ranging from 0–2.5

lM in distilled water. A standard calibration curve was plotted
using serial dilutions of ascorbic acid in concentrations ranging
from 0–2.5 lM in distilled water.

Procedure. In a flat bottom 96-well microplates, a total test

volume of 200 lL was used. In each well, 20 lL of different

concentrations (0–100 lg/mL final concentration) of tested

compounds were mixed with 180 lL of ethanolic DPPH and

incubated for 30 min at 37�C. Triplicate wells were prepared

for each concentration and the average was calculated. Then,

the photometric determination of absorbance at m ¼ 515 nm

was done using microplate ELISA reader.

Calculations. The half-maximal scavenging capacity (SC50)
values for each tested compounds and ascorbic acid was esti-
mated via two competitive dose curves.

Abs50 of ascorbic acid ¼ (Abs100 � Abs0)/2.
SC50 of ascorbic acid was calculated using the curve

equation.
SC50 of each compound was determined using the curve

equation using Abs50 of ascorbic acid.
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Özbek, A. Eur J Med Chem 2007, 37, 197.
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aUnité de Catalyse et de Chimie du Solide, CNRS UMR 8181, ENSCL, B.P. 90108, F-59652

Villeneuve d’Ascq Cedex, France
bLaboratoire de Chimie de Coordination et d’Analytique, Faculté des Sciences,
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New macrocyclic polyether compounds containing a 2,5-bis(2-hydroxyphenyl)-1,3,4-oxadiazole moi-
ety are quickly prepared by a nucleophilic substitution reaction involving ethylene glycol ditosylate or

polyethylene glycol ditosylate and a biphenol, the 2,5-bis(2-hydroxyphenyl)-1,3,4-oxadiazole, with solid
anhydrous potassium carbonate as a base under microwave irradiation (monomode and multimode). The
structures of new macrocyclic polyether compounds were confirmed by 1H, 13C NMR, mass spectrome-
try, and elemental analysis.

J. Heterocyclic Chem., 47, 555 (2010).

INTRODUCTION

The design and synthesis of artificial hart mimics pos-

sessing specific weak interactions and complexation

properties to ion and neutral molecules has inspired

many scientists during the past decades [1,2]. The Ped-

ersen’s [3] synthesis of crown ethers and the demon-

strated ability of these molecules to chelate cations

launched a whole search for further novel polyether

macrocyclic structures that promote similar recognition

phenomena [4]. The 1,3,4-oxadiazole ring is very rigid

and as for the crown compounds containing a 1,3,4-thia-

diazole moiety [5], the macrocyclic polyether containing

it has potentially planar conformation [6]. A synthesis

of such compounds containing 1,3,4-oxadiazole moiety

has been previously effectuated by condensation of eth-

ylene glycol or polyethylene glycol derivatives with the

2,5-bis(2-hydroxyphenyl)-1,3,4-oxadiazole by direct dis-

placement reaction of halide with the bisphenolate and

using the classical heating process. This synthesis

requires long reaction time, and poor yields were

obtained [7]. No macrocyclic compounds were found

when we tried the heterocyclisation of the 2,5-bis(2-

hydroxyphenyl)-1,3,4-oxadiazole with ethylene glycol

ditosylate or polyethylene glycol ditosylate under classi-

cal heating using a previously described procedure [5].

In this article we report the microwave-assisted synthe-

sis of crown compounds containing a 1,3,4-oxadiazole

moiety.

RESULTS AND DISCUSSION

Macrocyclic compounds 2a–d were prepared by a

nucleophilic substitution reaction involving a glycol

ditosylate with the bisphenoloxadiazole (1) (Scheme 1).

This reaction was easily achieved by microwave

irradiation and the macrocycles 2a–d were obtained in

moderate yields and excellent state of purity as in ref. 6

(Table 1).

A good achievement of this synthesis requires longer

times (9 h) under irradiation using multimode micro-

wave reaction compared with monomode one (2 h).

However, no reaction product has been isolated using

classical conventional heating.

To understand the pathway mechanisms that occur in

the nucleophilic substitution reaction for cyclization of

ditosyl polyether, quantum calculations at density func-

tional theory (DFT) level were performed with thiadi-

phenol, both in vacuum and acetonitrile solvent, using

polarized continuum method (PCM) method. The

obtained results in the case of 1,3,4-thiadiazole moiety
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are analyzed in term of electronic energy of the calcu-

lated molecule conformations [6].

Specific microwave effect was observed in this reac-

tion, the polarity is increased during the reaction from

the ground state toward the transition state, and the sta-

bilization of the transition state is more effective than

that of the ground state (Scheme 2), this result in an

enhancement of reactivity by a decrease in the activa-

tion energy [8].

Using the monomode irradiation process, the notable

enhancement in the yields of the crown compounds syn-

thesis, and the shorter time of the reaction, can be

explained by the fact that the microwaves are focused

through a wave guide on the reaction vessel. The power

density is, therefore, higher than using a multimode

microwave apparatus.

EXPERIMENTAL

Melting points were determined with on an IA 9000 series
electrothermal apparatus and are uncorrected. 1H and 13C

NMR spectra were recorded on a Bruker F.T. AC 300 spec-
trometer (300 MHz for 1H NMR and 75 MHz for 13C NMR)
using chloroform-d1 (CDCl3) as solvent. Matrix-assisted laser
desorption ionization (MALDI) and time-of-flight mass spec-
trometry (TOF-MS) are used to record the mass spectra of the

macrocyclic polyether compounds 2a–d. Elemental analyses
were performed by the elemental analysis service of CNRS,

Vernaison, France. All starting materials were of reagent grade
and used as purchased.

General procedure for the synthesis of macrocycles

2a–d. A mixture of 2,5-bis(2-hydroxyphenyl)-1,3,4-oxadiazole
1 (0.75 g, 2.95 mmoles), anhydrous potassium carbonate (1.65 g,

12 mmoles), and ethylene glycol ditosylate or polyethylene
glycol ditosylate (2.78 mmoles) in 30 mL of a nonprotic polar
solvent, such as DMF or acetonitrile, was introduced into a
fluoropolymeric cylindrical flask placed in a MARS5 XP-1500
PLUS CEM multimode microwave and irradiated for 9 h

(300 W) at 150�C or irradiated for 2 h (150 W) in a CEM
monomode microwave in DMF at 150�C with vigorous
stirring. The precipitate was heated under reflux with 20 mL of
aqueous potassium hydroxide solution for 1 h to destroy the
unreacted tosylate, oxadiazole derivative 1, or the open-chain

intermediate of 2. After cooling, the crude product was
filtered, washed with water, recrystallized from ethanol, and
dried under high vacuum. Yields, melting points, and results of
the elemental analysis (C, H, and N) for compounds 2a–d were

given in Table 1.
The general formula of the parent macrocyclic compound

with corresponding numbering scheme is given later.
Localization of the methylene groups in the polyether macro-
cycle has been made using the International Union of Pure and

Applied Chemistry rules concerning the different bicyclic
systems.

2,3,11,12-Dibenzo-4,7,10,16-tetraoxa-14,15-diazabicyclo[11.2.1]-
hexadeca-13,15-diene (2a). 1H NMR (CDCl3): d (ppm) 3.95–
3.99 (m, 4H, CH2 (6) and CH2 (8)), 4.26–4.29 (m, 4H, CH2

(5) and CH2 (9)), 7.01 (d, J ¼ 8.6 Hz, 2H, 6-H), 7.08 (dd, J ¼
7.7 Hz, 2H, 4-H), 7.48 (dd, J ¼ 7.9 Hz, 2H, 5-H), 8.11 (d,

J ¼ 7.7 Hz, 2H, 3-H). 13C NMR (CDCl3): d (ppm) 61.5 (CH2

(5) and CH2 (9)), 63.4 (CH2 (6) and CH2 (8)), 110.8 (C6),

Scheme 1. Synthesis of marcocyclic compounds containing a 1,3,4-

oxadiazole moiety.

Table 1

Physical and analytical data of compounds 2a–d.

Compound

Yield (%)

Mp (�C) Molecular formula

Analysis (%) found/calcd.

Monomode (2 h) Multimode (9 h) C H N

2a (n ¼ 2) 47 36 175 C18H16N2O4 66.52 5.10 8.71

66.66 4.97 8.64

2b (n ¼ 3) 51 33 200 C20H20N2O5 65.01 5.63 7.84

65.21 5.47 7.60

2c (n ¼ 4) 42 30 185 C22H24N2O6 63.95 6.06 6.82

64.07 5.87 6.79

2d (n ¼ 5) 39 27 187 C24H28N2O7 62.98 6.33 6.27

63.15 6.18 6.14
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113.5 (C4), 122.5 (C2), 127.2 (C3), 138.6 (C5), 150.1 (C7),
163.4 (C1-oxadiazole). MALDI-TOF-MS: m/z 325 (M þ1).

2,3,14,15-Dibenzo-4,7,10,13,19-pentaoxa-17,18-diazabicy-
clo[14.2.1]nonadeca-16,18-diene (2b). 1H NMR (CDCl3): d
(ppm) 3.54 (s, 4H, CH2 (8) and CH2 (9)), 3.87–3.91 (m, 4H,
CH2 (6) and CH2 (11)), 4.24–4.28 (m, 4H, CH2 (5) and CH2

(12)), 7.04 (d, J ¼ 8.3 Hz, 2H, 6-H), 7.08 (dd, J ¼ 8.0 Hz,

2H, 4-H), 7.49 (dd, J ¼ 8.0 Hz, 2H, 5-H), 7.90 (d, J ¼ 7.6
Hz, 2H, 3-H). 13C NMR (CDCl3): d (ppm) 60.3 (CH2 (5) and
CH2 (12)), 62.7 (CH2 (8) and CH2 (9)), 73.2 (CH2 (6) and
CH2 (11)), 108.1 (C6), 114.5 (C4), 121.3 (C2), 126.3 (C3),

138.3 (C5), 152.8 (C7), 164.0 (C1-oxadiazole). MALDI-TOF-
MS: m/z 369 (M þ 1).

2,3,17,18-Dibenzo-4,7,10,13,16,22-hexaoxa-20,21-diazabicy-
clo[17.2.1]docosa-19,21-diene (2c). 1H NMR (CDCl3): d
(ppm) 3.61–3.68 (m, 8H, CH2 (8, 9, 11, and 12)), 4.11 (t, J ¼
5.6 Hz, 4H, CH2 (6) and CH2 (14)), 4.33 (t, J ¼ 5.6 Hz, 4H,
CH2 (5) and CH2 (15)), 7.04 (d, J ¼ 8.6 Hz, 2H, 6-H), 7.13
(dd, J ¼ 7.5 Hz, 2H, 4-H), 7.45 (dd, J ¼ 7.8 Hz, 2H, 5-H),
8.53 (d, J ¼ 8.5 Hz, 2H, 3-H). 13C NMR (CDCl3): d (ppm)
60.3 (CH2 (5) and CH2 (15)), 61.4 (CH2 (6) and CH2 (14)),

63.1 (CH2 (8) and CH2 (12)), 64.0 (CH2 (9) and CH2 (11)),
108.8 (C6), 115.4 (C4), 123.1 (C2), 128.72 (C3), 135.0 (C5),
153.4 (C7), 165.5 (C1-oxadiazole). MALDI-TOF-MS: m/z 413
(M þ 1).

2,3,20,21-Dibenzo-4,7,10,13,16,19,25-heptaoxa-23,24-diaza-
bicyclo[20.2.1]pentacosa-22,24-diene (2d). 1H NMR (CDCl3):

d (ppm) 3.56 (s, 4H, CH2 (11) and CH2 (12)), 3.56–3.78 (m,
8H, CH2 (9), CH2 (14), CH2 (17) and CH2 (18)), 4.09 (t, J ¼
5.1 Hz, 4H, CH2 (6) and CH2 (17)), 4.38 (t, J ¼ 5.1 Hz, 4H,
CH2 (5) and CH2 (18)), 7.08 (d, J ¼ 7.5 Hz, 2H, 6-H), 7.13
(dd, J ¼ 6.7 Hz, 2H, 4-H), 7.44 (dd, J ¼ 7.0 Hz, 2H, 5-H),

8.54 (d, J ¼ 8.4 Hz, 2H, 3-H). 13C NMR (CDCl3): d (ppm)
60.8 (CH2 (5) and CH2 (18)), 62.6 (CH2 (6) and CH2 (17)),
64.1 (CH2 (8) and CH2 (15)), 64.1 (CH2 (9, 11, 12 and 14),
108.9 (C6), 114.9 (C4), 122.0 (C2), 126.5 (C3), 138.8 (C5),
152.7 (C7), 164.7 (C1-oxadiazole). MALDI-TOF-MS: m/z 457

(M þ 1).
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Novel substituted 2-hydrazino-pyrimidin-4(3H)-one derivatives were synthesized and examined for
their antifolate activity against DHFR from Pneumocystis carinii (pc), Toxoplasma gondii (tg), Myco-
bacterium avium (ma), and rat liver (rl). A novel, simple, and feasible methodology was developed for
the synthesis of the titled compounds. Amongst these, compound 8 6-phenyl-2-(2-(1-(thiophen-2-yl)
ethylidene)hydrazinyl) pyrimidin-4(3H)-one exhibited 17.74 lM activity against pcDHFR.

J. Heterocyclic Chem., 47, 558 (2010).

INTRODUCTION

Dihydrofolate reductase (DHFR), a crucial enzyme

required for the conversion of folic acid to dihydro and

tetrahydro folic acid (a cofactor involved in one carbon

transfer in purine and pyrimidine de-novo synthesis) has

been successfully explored as a target for the treatment

of various infective diseases. Opportunistic organisms

such as Pneumocystis carinii (pc), Toxoplasma gondii
(tg), and Mycobacterium avium (ma) cause life threaten-

ing infections in immunocompromised hosts. Majority

of the DHFR inhibitors explored have a 2,4-diamino

moiety on the aromatic/heteroaromatic ring as an impor-

tant pharmacophoric feature which forms a crucial H-

bonding interaction at the bottom of the active site in

both microbial and human DHFR [1]. The structural

requirements of potential DHFR inhibitors have been

summarized in a recent review article [2]. Only few

reports are found in literature for DHFR inhibitors lack-

ing 2,4-diamino moiety on the pyrimidine/triazine

nucleus.

Gschwend et al. screened a library of 50,000 com-

pounds using the program DOCK to develop selective

inhibitors towards P. carinii [3]. Several novel classes of
compounds were identified as potential DHFR inhibitors,

providing new avenues for lead optimization. The most

potent compound (Threne Red Violet RH, Fig. 1) identi-

fied had IC50 of 6.9 lM towards the fungal enzyme.

This indicated that novel scaffolds could be designed

inhibiting the folate pathway efficiently. In this light,

virtual screening of ASINEX database using docking
algorithm Glide was undertaken [4]. Crystal structure
pcDHFR PDB ID: 1KLK, 2.30 Å resolution [5] was
used for the docking studies. Initially, all compounds
were docked using HTVS mode in Glide, top 10% hits
from this study were again docked using SP (Standard
precision mode). Finally, top 1% hits emerged from this
study were redocked using XP (Extra precision mode).
The scaffolds obtained from XP docking were used for
novel inhibitor design.

Interestingly, in these virtual screening studies some

of the new scaffolds lacking conventional 2,4-diamino

pharmacophore, were also identified as hits but have not

yet been reported as DHFR inhibitors. On the basis of

the structural features of the new scaffolds obtained

from virtual screening, 2-hydrazino-pyrimidin-4(3H)-one
as the basic nucleus was chosen as a potential part of

designed DHFR inhibitors.

The designed analogs were studied computationally to

get an insight into the binding pattern of these com-

pounds. When a 2-hydrazino-pyrimidin-4(3H)-one ana-

log was superimposed on trimethoprim, in the active

site of pcDHFR, conserved interactions were observed.

It was also observed that the –NH of the pyrimidinone

part forms hydrogen bonding with Ile123 in the active

site of pcDHFR. The docking studies revealed that pyri-

midinone part of the molecule is stabilized using van

der Waals interactions with residues like Ile123, Ile10,

Val11, Phe36, Glu32, Ile33, and Leu25. The bridge por-

tion of the designed analogs are shown to form

VC 2010 HeteroCorporation
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favorable interactions with Ile123, Thr61, whereas the

distal part forms van der Waals interactions with Asn23,

Ser64, Pro66, Ile65, Phe69, Leu72, and Phe36 in the

active site of the enzyme. Pyrimidinone ring forms p-p
stacking interactions with Phe36 (4.470 Å) at the bottom

of the active site.

Substituted pyrimidin-4(3H)-one compounds have

widespread biological activities [6]. However, to the

best of our knowledge these types of molecules are not

yet explored as DHFR inhibitors. Therefore, based on

virtual screening and new scaffold design, synthesis and

evaluation of 2-hydrazino-pyrimidin-4(3H)-one deriva-

tives against DHFR from various opportunistic microor-

ganisms were undertaken.

RESULTS AND DISCUSSION

The reported methods for the synthesis of 2-hydra-

zino-pyrimidin-4(3H)-one derivatives involve acetic acid

catalyzed condensation reaction of aromatic aldehydes

with a cyclic intermediate of ethyl acetoacetate and

semicarbazide [6,7]. Formic acid catalyzed condensation

reaction of ketone with semicarbazide has also been

reported [8].

However, reported methods for the synthesis of 2-

hydrazino-pyrimidin-4(3H)-one derivatives suffer from

several disadvantages such as use of commercially

unavailable cyclic intermediates as starting material,

multi-step reactions which in turn make the process

costly, lengthy, time consuming and also affect the yield

and quality of the final products. Moreover, the use of

acetic acid or formic acid [8], makes the workup cum-

bersome. Therefore, designing an efficient protocol

using commercially available starting materials, involv-

ing easy workup procedure for the synthesis of these

compounds was taken into consideration.

In the present work, initially a two step process was

developed using conventional heating (Method 1). The

first step involves condensation of ethanolic solution of

substituted ketones with semicarbazide hydrochloride to

yield a substituted semicarbazone using absolute ethanol

as solvent.

In step II, the ethanolic solution of semicarbazone

was treated with various b- ketoesters in presence of a

base to yield the desired analogs as shown in Scheme 1.

Various bases such as triethylamine, pyridine and am-

monium acetate were explored for this step. Triethyl-

amine was found to give good yields, in less time than

other bases.

Microwave (MW) assisted synthesis is known to be

advantageous over conventional reaction reported in lit-

erature; with respect to time, yield and workup proce-

dures [9].

In this light, the above synthetic scheme was carried

out using microwave irradiation (Method 2). Although

steps I and II took many hours to complete under con-

ventional heating (Method 1) no more starting materials

could be detected after 10–20 min under microwave

irradiation.

Encouraged by the results obtained using microwave

method, a one pot microwave assisted method was also

investigated.

In case of one pot microwave assisted reaction, an

ethanolic solution of b-ketoester, semicarbazide hydro-

chloride and substituted ketone was subjected to micro-

wave irradiation with intermittent addition of triethyl-

amine. Appropriate workup procedures followed by col-

umn purification led to the isolation of the desired

compound as shown in Scheme 2. Thus, a one step pro-

cess using microwave irradiation without isolating the

intermediate was developed (Method 3). Thereafter, all

Figure 1. Hit identified from the study of Gschwend et al.

Scheme 1. Method for the synthesis of 2-hydrazino-pyrimidin-

4(3H)-one derivatives. A, EtOH, reflux; b, TEA, EtOH, reflux.

Scheme 2. Microwave assisted one pot method for the synthesis of 2-

hydrazino-pyrimidin-4(3H)-ones.
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the compounds were synthesized using one pot micro-

wave assisted method (Method 3).

The processes developed in this present work are fea-

sible, simple, cost-effective and time saving.

The course of the reaction was monitored by thin

layer chromatography (TLC) and the structures were

confirmed by spectral data. The MS of all the com-

pounds exhibited the molecular ion peak. 1H NMR spec-

tra of 2-hydrazino-pyrimidin-4(3H)-one showed the

presence of characteristic, D2O exchangeable –NH peaks

at d ranging from 7.0 to 8.0. All the other spectral data

was found to be satisfactory. The list of synthesized

compounds is given Table 1.

The synthesized compounds were evaluated for their

ability to inhibit DHFR from pc, tg, ma, and rl using a

continuous spectrophotometric assay measuring oxida-

tion at 340 nM of NADPH at 37�C under conditions of

saturating substrate and cofactor as previously described

[10,11]. The results of this assay are given in Table 2,

along with previously reported data for reference com-

pounds [12].

The compound 5 showed 51.38 lM activity against

pcDHFR and 60.54 lM activity against maDHFR. The

Compound 8 also exhibited comparable potency as that

of trimethoprim against pcDHFR. The Compound 6

exhibited micromolar potency against pc DHFR. How-

ever, the synthesized molecules were not selective.

In summary based on virtual screening experiments,

2-hydrazino-pyrimidin-4(3H)-one was designed as novel

antifolate scaffold. An efficient, simple protocol was

Table 1

List of synthesized 2-hydrazino-pyrimidin-4(3H)-one derivatives.

No. Structure Mol. formula No. Structure Mol. formula

1 C18H14F2N4O 5 C11H11BrN4OS

2 C23H16F2N4O 6 C16H13BrN4OS

3 C20H20N4O 7 C11H12N4OS

4 C23H26N4O 8 C16H14N4OS
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developed for synthesis of these molecules. The synthe-

sized compounds were evaluated against DHFR of

opportunistic organisms. Some of the evaluated com-

pounds showed appreciable antifolate activity, thus vali-

dating our methodology. Therefore, these compounds

could act as good leads for novel antifolates. The results

would be used for design and synthesis of analogs with

improved potency and selectivity.

EXPERIMENTAL

Melting points (mp) were recorded on Thermomik Compbell
electronics, having oil-heating system and were uncorrected.
The microwave reactions were carried out using CEM Focused
Microwave System in monomode, Model Discover. Analytical

thin-layer chromatography (TLC) was carried out on precoated
plates SiO2 (silica gel 60, F 254, Merck). SiO2 (Silica gel 420,
Merck) was used for column chromatography using
CombiFlash

VR
RETRIEVE

VR
system. FTIR spectra were recorded

on ‘‘Buck scientific infrared spectroscopy M500 spectrophotom-

eter’’ using KBr pellets. All the NMR spectra were recorded on
FT-NMR JEOL, 60 MHz or JEOL AL 300 MHz spectrometer
with DMSO-d6 or CDCl3 as solvent using tetramethyl silane
(TMS) as internal reference: s ¼ singlet, d ¼ doublet, t ¼ triplet,
q ¼ quartet, m ¼ mutiplet, bs ¼ broad singlet. The mass spec-

trum was recorded on a Waters Q/TOF Micromass spectrometer.
General procedure method 1 (method using conventional

reflux) Step I: synthesis of semicarbazone. Substituted ke-
tone (13.7 mmol) and semicarbazide hydrochloride (13.7
mmol) were stirred in 30 mL absolute ethanol in a round bot-

tom flask and the mixture was refluxed on a sand bath with
vigorous stirring for 14–18 hrs. After the reaction commenced,
ketones reacted with semicarbazide hydrochloride giving a
base spot on TLC (in solvent system EtOAc:Hexanes ¼ 9:1).

The reaction mixture was then concentrated under reduced
pressure and the obtained solid residue was partitioned

between 50 mL water and 50 mL EtOAc:hexanes (1:9) to

extract unreacted starting materials in organic layer. Aqueous
layer was stirred for 5 min with solid sodium bicarbonate (3 g)
leading to precipitation of solid semicarbazone which was then
filtered and washed with water (3 � 50 mL). The obtained
solid was recrystallized from 40 mL of MeOH. This gave pure

semicarbazone in free base form which was used for the cycli-
zation with b-ketoester.

Representative example. 2-(bis(4-fluorophenyl)methylene)
hydrazinecarboximidamide: To the ethanolic solution of bis(4-
fluorophenyl)methanone (3g, 13.7 mmol); semicarbazide

hydrochloride (1.51 g, 13.7 mmol) was added according to
step 1, to yield 2.87g (yield: 76.12%) of pure yellow colored
semicarbazone product ((2-(bis(4-fluorophenyl)methylene)
hydrazinecarboximidamide).

Step II: Synthesis of 2-hydrazino-pyrimidin-4(3H)-one

derivatives. The semicarbazone (6.16 mmol), the b-ketoester
derivative (6.16 mmol) and triethylamine (3.08 mmol) as a
catalyst were suspended in 30 mL absolute ethanol and the
mixture was refluxed on a sand bath with stirring for 18–22
hrs. TLC showed a product spot (Rf of 0.4–0.6 in the solvent
system EtOAc:Hexanes (7:3)). The reaction mixture was con-
centrated under vacuum and was partitioned between EtOAc
(25 mL) and water (25 mL). The organic layer was separated,
and the aqueous layer was extracted further with EtOAc (2 �
25 mL). The combined organic layers were washed with brine
(75 mL), dried (NaSO4), and concentrated in vacuo. Column
purification using flash chromatography (SiO2, 5 g, 15%
EtOAc/hexanes) of the crude product yielded pure 2-hydra-
zino-pyrimidin-4(3H)-one derivatives.

Representative example. 2-(2-(bis(4-fluorophenyl) methyl-
ene) hydrazinyl)-6-methylpyrimidin-4(3H)-one (1): The etha-

nolic solution of 2-(bis(4-fluorophenyl) methylene) hydrazine-
carboximidamide (1 g, 3.6 mmol) was treated with ethylace-
toacetate (0.47 g, 3.6 mmol) and triethyl amine (0.18 g, 1.8
mmol) according to step 2, to yield 0.521 g (yield: 42%) of 2-

(2-(bis(4-fluorophenyl)methylene)hydrazinyl)-6-methyl pyrimi-
din-4(3H)-one as buff colored solid.

Table 2

Dihydrofolate reductase inhibition by synthesized compounds.

S. N.

Activity IC50 (lM)

pc tg ma rl

1 138.102 (32) 138.102 (28) 138.102 (22) 138.102 (35)

2 10.313 (3) 10.313 (0) 10.313 (0) 10.313 (9)

3 12.515 (7) 12.515 (4) 12.515 (8) 12.515 (0)

4 126.036 12.401 (26) 12.401 (22) 20.208

5 13.294 (5) 51.375 60.544 13.294 (58)

6 88.833 95.949 126.981 58.674

7 19.130 (8) 173.499 93.153 19.130 (58)

8 17.740 14.209 (20) 14.209 (19) 14.766

Trimethprima 12 2.80 0.30 180

Piritrexima 0.013 0.0043 0.00061 0.0033

Trimetrexatea 0.042 0.01 0.0015 0.003

Inhibitory concentration (IC50, lM) against rlDHFR, pcDHFR, tgDHFR and maDHFR by target compounds. Triplicate assays were performed as

previously described [10,11].

Because of lack of solubility the exact IC50 could not be determined for some compounds; hence maximum soluble concentration was used to

determine % inhibition. Number in parentheses indicates percent inhibition obtained at that concentration. For e.g., 138.102 (32) indicates 32% in-

hibition at 138.102 lM concentration.
a Data taken from reference [12].
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Method 2: (method using microwave assisted reaction)

Step I: Synthesis of semicarbazone. A mixture of the ketone
(13.7 mmol) and semicarbazide hydrochloride (13.7 mmol)

suspended in 30 mL absolute ethanol. This reaction mixture
was subjected to microwave irradiation at a power of 60 W,
for 15 min (target temperature 100�C). After the completion of
reaction the compounds were isolated and purified as described
in step I of method 1.

Representative example. 2-(2-(bis(4-fluorophenyl) methyl-
ene) hydrazinyl)-6-methylpyrimidin-4(3H)-one: To the ethanolic
solution of bis(4-fluorophenyl)methanone (3 g, 13.7 mmol); semi-
carbazide hydrochloride (1.51 g, 13.7 mmol) was added according
to step 1, to yield 3.2 g (yield: 85.13%) of pure yellow colored

semicarbazone product ((2-(bis(4-fluorophenyl)methylene)
hydrazinecarboximidamide).

Step II: Synthesis of 2-hydrazino-pyrimidin-4(3H)-one

derivatives. The semicarbazone (3.6 mmol), the b-ketoester
derivative (3.6 mmol) and triethylamine (1.8 mmol) as a cata-

lyst were suspended in 30 mL absolute ethanol. This reaction
mixture was subjected to microwave irradiation at a power of
60 W, for 20 min (target temperature of 100�C). After the
completion of reaction the compounds were isolated and puri-

fied as described in step II of method 1.
Representative example. 2-(2-(bis(4-fluorophenyl) methyl-

ene) hydrazinyl)-6-methylpyrimidin-4(3H)-one (1): The etha-
nolic solution of 2-(bis(4-fluorophenyl) methylene) hydrazine-
carboximidamide (1 g, 3.6 mmol) was treated with ethylace-

toacetate (0.47 g, 3.6 mmol) and triethyl amine (0.18 g, 1.8
mmol) according to step 2, to yield 0.583 g (yield: 47%) of 2-
(2-(bis(4-fluorophenyl)methylene)hydrazinyl)-6-methyl pyrimi-
din-4(3H)-one as buff colored solid.

Method 3: (One pot microwave assisted method). A mix-

ture of ketone (27.5 mmol), semicarbazide hydrochloride (27.5

mmol) and b-ketoester (27.5 mmol) were suspended in 30 mL

absolute ethanol. This reaction mixture was subjected to

microwave irradiation with power of 60 W, for 10 min (target

temperature 100�C). After 10 min triethylamine (13.75 mmol)

was added in and reaction mixture was subjected to microwave

irradiation at the power range of 100 W, for 15–20 min (target

temperature 100�C). Most of the starting material consumed

after this time, the reaction mixture was then concentrated

under reduced pressure and partitioned between water (50 mL)

and EtOAc (50 mL). The organic layer was separated, and the

aqueous layer was extracted further with EtOAc (2 � 25 mL).

The combined organic layers were washed with brine (75 mL),

dried (NaSO4), and concentrated in vacuo. Column purification

using flash chromatography (SiO2, 5 g, 15% EtOAc/hexanes)

of the crude product yielded pure 2-hydrazino-pyrimidin-

4(3H)-one derivatives.

Representative example. 2-(2-(bis(4-fluorophenyl) methyl-
ene) hydrazinyl)-6-methyl pyrimidin -4(3H)-one (1): To the

ethanolic solution of bis(4-fluorophenyl)methanone (3 g, 13.7
mmol), aminoguanide hydrochloride (1.51 g, 13.7 mmol) and
ethylacetoacetate (1.41 g, 13.7 mmol) triethyl amine (0.69 g,
6.85 mmol) was added according to reaction described above
to yield 1.93 g (yield: 40.6%) of buff colored product.

2-(2-(Bis(4-fluorophenyl)methylene)hydrazinyl)-6-methylpyri-
midin-4(3H)-one (1) IR (KBr) major bands at: 3466, 1654,
1560, 1506, 1384, 1299, 1226, 1157 cm�1; 1 H NMR: d 1.99
(s, 3H, ACH3), 5.78 (s, 1H, Ar ACH), 7.01–7.67 (m, 8H, Ar
–H), 9.64 (bs, 2H, ex ANH); 13C NMR: d 23.01, 103.71,

115.33, 115.62, 116.91, 117.19, 127.80, 129.93, 130.03,
130.78, 130.90, 132.64, 151.93, 161.99, 163.99, 165.13,
165.32, 171.77; m/z [Mþ1]þ 341, [Mþ2]þ 342, [Mþ3]þ 343.

2-(2-(Bis(4-fluorophenyl)methylene)hydrazinyl)-6-phenylpyri-
midin-4(3H)-one (2) This compound was obtained as a yellow

colored solid in 20 % yield, mp: 235–237�C; IR (KBr) major

bands at: 3473, 1654, 1607, 1498, 1383, 1223, 974, 844 cm�1;
1 H NMR: d 6.37 (s, 1H, Ar –H), 7.04–7.82 (m, 14H, Ar –H

and ex ANH), 9.70 (bs, 1H, ex ANH); 13C NMR: d 109.09,

114026, 115.51, 115.80, 117.25, 117.54, 126.87, 127.15,

128.69, 129.64, 129.75, 129.99, 130.52, 130.70, 130.82,

132.52, 136.79, 149.97, 151.72, 162.37, 163.40, 163.76,

165.31; m/z [Mþ1]þ403, [Mþ2]þ 404, [Mþ3]þ 405.

2-(2-(1,3-Diphenylpropylidene)hydrazinyl)-6-methylpyrimidin-
4(3H)-one (3) This compound was obtained as a buff colored
solid in 40.24 % yield, mp: 152–154�C; IR (KBr) major
bands at: 3468, 1648, 1492, 1378, 1119 cm�1;1 H NMR: d
2.09 (s, 3H, ACH3), 2.87 (t, 2H, ACH2), 3.12 (t, 2H,
ACH2), 5.73 (s, 1H, Ar-H), 7.26-7.72 (m, 11 H, Ar –H and
ex ANH), 9.69 (bs, 1H, ANH); 13C NMR: d 21.26, 29.41,
32.02, 103.42, 121.86, 126.27, 126.45, 126.64, 128.46,
128.65, 128.82, 128.88, 129.73, 129.88, 129.99, 136.37,

140.30, 162.11, 176.91; m/z [M]þ 333, [Mþ1]þ 334,
[Mþ2]þ 335.

2-(2-(1,3-Diphenylpropylidene)hydrazinyl)-6-methyl-5-propyl-
pyrimidin-4(3H)-one (4) This compound was obtained as a
buff colored solid in 10 % yield, mp: 213–214�C; 1 H NMR:

d 1.90 (s, 3H, ACH3), 2.18 (t, 3H, ACH3), 2.45 (m, 4H,
2ACH2), 2.78 (t, 2H, ACH2), 3.21 (t, 2H, ACH2), 7.20–8.00
(m, 9H, ArAH), 10.40 (bs, 1H, ex ANH), 11.40 (bs, 1H, ex
ANH).

2-(2-(1-(5-Bromothiophen-2-yl)ethylidene)hydrazinyl)-6-meth-
ylpyrimidin-4(3H)-one (5) This compound was obtained as a
light brown solid in 30 % yield, mp: 226–228�C; IR (KBr)
major bands at: 3497, 1643, 1560, 1384, 1129, 828 cm�1; 1 H
NMR: d 2.17 (s, 3H, ACH3), 2.31 (s, 3H, ACH3), 5.70 (s, 1H,

ArAH), 6.99–7.26 (m, 4H, ArAH and ex ANH); 13C NMR: d
21.21, 21.92, 103.18, 113.64, 114.42, 127.24, 130.32, 144.08,
147.18, 152.32, 176.68; m/z [M]þ 327.

2-(2-(1-(5-Bromothiophen-2-yl)ethylidene)hydrazinyl)-6-phe-
nylpyrimidin-4(3H)-one (6) This compound was obtained as a

buff colored solid in 43% yield, mp: 225–226�C; 1 H NMR: d
2.12 (s, 3H, ACH3), 6.10 (s, 1H, ArAH), 6.96–6.97 (d, 1H,
ArAH), 7.091–7.099 (d, 1H, ArAH), 7.219–7.228 (d, 1H,
ArAH), 7.358–7.365 (d, 1H, ArAH), 7.477–7.489 (m, 1H,
ArAH), 8.016 (bs, 2H, ex ANH); m/z [M]þ 389, [Mþ2]þ 391.

6-methyl-2-(2-(1-(thiophen-2-yl)ethylidene) hydrazinyl) pyr-
imidin-4(3H)-one (7) This compound was obtained as a light
brown solid in 27 % yield, mp: 229–230�C; IR (KBr) major
bands at: 3497, 1664, 1633, 1575, 1425, 1384 cm�1; 1 H NMR:
d 2.17 (s, 3H, ACH3), 2.37 (s, 3H, ACH3), 5.69 (s, 1H, ArAH),

7.03–7.34 (m, 3H, ArAH), 9.24 (bs, 2H, ex ANH); 13C NMR: d
21.40, 22.20, 103.13, 127.27, 127.43, 128.46, 142.60, 147.78,
152.27, 152.36, 177.02; m/z [Mþ1]þ 249.

6-Phenyl-2-(2-(1-(thiophen-2-yl)ethylidene)hydrazinyl)pyri-
midin-4(3H)-one (8) This compound was obtained as yellow

colored solid in 20% yield, mp: 228–230�C; 1 H NMR: d 2.27
(s, 3H, ACH3), 6.30 (s, 1H, ArAH), 7.04–7.79 (m, 10H, ArAH
and exANH); 13C NMR: d 17.59, 101.31, 126.77, 126.87,
127.14, 127.23, 127.37, 127.44, 128.52, 128.64, 128.80, 130.44,

151.25, 152.10, 152.24, 167.55; m/z [Mþ1]þ 311.
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Regio- and stereo-controlled opening of 2,3-epoxy amines and 2,3-aziridine amines by the commer-
cially available MgBr2 is described. As reported, this new method could represent a general and useful
approach for the preparation of promising intermediates. Moreover, in particular cases, the reaction
evolves toward an interesting oxazolidin-2-one structure.

J. Heterocyclic Chem., 47, 564 (2010).

INTRODUCTION

The human immunodeficiency virus (HIV) is the

causative agent of the acquired immunodeficiency syn-

drome (AIDS); the HIV-protease (PR) is one of the

essential viral enzymes to its maturation and infectivity.

Actually, synergy of the two RT and PR inhibitors rep-

resents the most efficacious therapy for the treatment of

this disease called Highly Active Antiretroviral Therapy

(HAART). All the same, the widespread diffusion of the

disease and the development of numerous mutant resist-

ant viruses to this therapy have prompted the research

toward new and selective inhibitors of HIV-PR, see

review [1].

In this field, we synthesized two analogues of Saqui-

navir 1, where the anti stereochemistry of the hydroxy-

ethylene isoster core (anti HEA) was substituted with a

syn one, as shown in Figure 1 [2].

Among the methods already reported for obtaining

syn amino alcohols, see review [3], certainly the multi-

steps strategy largely used by us consisting in (1) Sharp-

less AE of allylic alcohols, (2) regio- and stereoselective

opening of oxirane ring with halides, (3) substitution of

the halogen with azide, and (4) catalytic hydrogenation

to amine, represents, despite the number of steps, a very

general and flexible route to build up the chiral b-amino

alcohols. Following up this approach, we considered the

epoxy amine 3, having the Saquinavir characteristic

Figure 1. Saquinaver and syn HEA analog.
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residue (S,S,S)-decahydroisoquinoline-3-carboxylamide

residue (DIQ) already introduced in the molecule, a

straightforward precursor for our purpose. In fact, its

stereo- and regioselective opening by halide, followed

by steps (3) and (4), would have furnished the suit-

able syn amino alcohol 5, as shown in retrosynthetic

Scheme 1.

Apart from selected examples [4], to our best knowl-

edge, the regio- and stereo-controlled opening of 2,3-

epoxy amines by halides has never been exploited;

therefore, we decided to better study this particular reac-

tivity of these compounds.

RESULTS AND DISCUSSION

During our studies, we have extensively investigated

the metal halides-mediated opening of epoxy alcohols,

esters (see review [5]), and aldehydes [6]. In every case,

we established that the freshly prepared MgI2, or the

commercially available MgBr2, as well as LiX/Amb15

system were able to direct the halide in C-3 position

through a previously postulated chelated complex

between the metal (Mg2þ, Liþ) and the two oxygen of

the epoxide derivative. At this point, we hypothesized

that also in the case of 2,3-epoxy amines, a possible

chelate between metal, epoxide oxygen, and the nitrogen

atom occurred, leading to a C-3 regioselective nucleo-

philic ring opening, Figure 2.

Our preliminary studies were restricted, for conven-

ience, to racemic compounds; the 2,3-epoxy amines

were synthesized in satisfactory yield from the corre-

sponding 2,3-epoxy alcohols through the sequence

described in Scheme 2: (1) transformation of the

hydroxyl function in a good leaving group such as the

mesilate (2) nucleophilic substitution with the suitable

amine.

The prepared 2,3-epoxy amines were then submitted

to the MgBr2-mediated opening reaction employing dry

Et2O as solvent at low temperature [7]. As shown in Ta-

ble 1, the results confirmed our hypothesis: the nucleo-

philic attack of the bromine occurred preferentially in

the C-3 position, as expected for chelation-controlled

ring opening reactions. The regiochemistry of the prod-

ucts was assigned by spin–spin decoupling experiments

carried out on the corresponding acetyl derivatives,

whereas the anti stereochemistry was assigned in ac-

cordance with the SN2 mechanism of the opening

reaction.

As expected, the same reaction conditions applied to

the 2,3-epoxy amine 3 afforded the desired bromoderi-

vative 4, in good yield and excellent regioselectivity

(entry 5); the further elaboration of bromine carried out

to our desired target, the syn amino alcohol 5.

For the sake of completeness and for our interest on

these compounds, the study was extended on 2,3-aziri-

dine amines. Also in this case very few examples [8],

regarding essentially aziridine-fused heterocycles,

are already reported in literature. Likewise 2,3-aziri-

dino alcohols [9], also for 2,3-aziridine amines, a

cyclic chelate may be invoked to control the regiose-

lectivity in the ring opening reaction by metal halides,

Figure 3.

An expeditious sequence was employed to prepare the

starting substrates, consisting on the direct introduction

of the amines on C-1 position, followed by the usual

transformation to the aziridine ring (Scheme 3) [10]. In

this case, the chosen amines have been once again pi-

peridine and, for our specific interest regarding the syn-

thesis of D-treo-PDMP, morpholine [11].

When we submitted compounds 16–19 to MgBr2
reaction, only one product was detected (Table 2); also

Figure 2. Possible cyclic chelate.

Scheme 1
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Scheme 3

Table 1

Controlled opening of 2,3-epoxy amines.

2,3-Epoxy amine Main haloderivative Yield (%) Ratioa C-3/C-2

6 92 98:2

7 65 90:10

8 86 95:5

9 69 90:10

3 4 68 95:5

a Regioisomeric ratio was determined by 1H NMR spectra.

Scheme 2



in this case, the ring opening occurred with an excellent

C-3 regioselectivity (as demonstrated through spin–spin

decoupling experiments), according to the proposed

cyclic chelate model.

An unexpected behavior was observed when the C-3

position of the substrate was very reactive, as for 24 and

25; in this case, the initial 3-bromo derivative underwent

a rearrangement during the time (4–5 h), giving a new

product, the physical data of which were in agreement

with a 2-oxazolidinone structure (Scheme 4). This trans-

formation could be explained through an intramolecular

nucleophilic substitution of the bromine in benzylic and

allylic position (Fig. 4).

In conclusion, the described new method represents a

general and useful approach to the preparation of prom-

ising intermediates, due to the possible elaboration of

the bromine [12]. Moreover, also when the reaction

Table 2

Controlled opening of 2,3-aziridine amines.

2,3-Aziridine amine Main haloderivative Yield (%) Ratioa C-3/C-2

16 81 >95:5

17 78 >95:5

18 78 >95:5

19 69 >90:10

a Regioisomeric ratio was determined by 1H NMR spectra.

Scheme 4

Figure 3. Possible cyclic chelate.
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evolves toward oxazolidin-2-ones, it could be of interest,

considering the importance of oxazolidinones in the ste-

reoselective synthesis of natural products and pharma-

ceuticals [13].
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Anatabine is a major alkaloid in Nicotiana tabacum and its isomer, isoanatabine, was recently found
in a marine worm. Reduction of 1-methylpyridinium iodide with sodium borohydride gave 1-methyl-3-
piperideine, which was transformed with hydrogen peroxide into the N-oxide. Reaction of the N-oxide
successively with trifluoroacetic anhydride and potassium cyanide gave 2-cyano-1-methyl-3-piperideine.
Its reaction with 3-pyridylmagnesium chloride gave (6)-N-methyl-isoanatabine. This was transformed

with m-chloroperbenzoic acid into the N-oxide which was N-demethylated with iron(II) sulfate, giving
(6)-isoanatabine. The successive applications of literature procedures for the N-demethylation by
decomposition of N-oxide contributed to the knowledge of the mechanism of this oxidative rearrange-
ment. On the other hand, the reduction of 1-methylpyridinium iodide with sodium borohydride and with
potassium cyanide present since the start of the reaction in a two layer ether-water system, gave 2-

cyano-1-methyl-4-piperideine. This was transformed into (6)-anatabine by the same sequence of reac-
tions used for the synthesis of (6)-isoanatabine.

J. Heterocyclic Chem., 47, 569 (2010).

INTRODUCTION

In fresh tobacco leaves of the Nicotina tabacum spe-

cies, the alkaloid mixture consists of 93% (S)-nicotine,
3.9% (S)-anatabine, 2.4% (S)-nornicotine, 0.5% (S)-
anabasine, and several other pyridine alkaloids which

are detected in lower amounts [1]. (S)-Nicotine and sev-

eral of its minor metabolites have potent modulatory

effects on nicotinic acetylcholine receptors in the central

and peripheral nervous systems. Thus, a variety of nico-

tinic agonists are being developed for the treatment of

neurodegenerative and mental diseases [2]. As part of a

search for biologically active compounds acting upon

these receptors, we synthesized anatabine and isomeric

isoanatabine (Scheme 1), found in a marine worm [3,4].

To our knowledge, only the procedure of Flann et al.
has been published for the synthesis of (6)-isoanatabine,

i.e., 2-(3-pyridyl)-3-piperideine [5] (Scheme 2). This

multistep procedure starts with 3-butyn-1-ol and synthe-

sized 1-amino-4-trimethylsilyl-but-3-ene. The condensa-

tion of the latter with 3-pyridinecarboxaldehyde gave

the aldimine, which with trifluoroacetic acid cyclized by

1,2-addition to the imine group of the trimethylsilylated

vinylcarbon, giving (6)-isoanatabine.

On the other hand, several procedures have been

developed for the synthesis of anatabine, i.e., 2-(3-pyri-

dyl)-4-piperideine (Scheme 3). In general, they start

from a 3-substituted pyridine and the piperideine ring is

constructed at the substituent moiety. Quan et al. started
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from 3-formylpyridine [6]. The formyl group was trans-

formed with ethyl carbamate into diethyl N,N0-(3-pyri-
dylmethyl)-biscarbamate. With boron trifluoride etherate,

the biscarbamate was decomposed by heating in benzene

into an intermediate imine which cyclized with 1,3-buta-

diene (Diels Alder reaction), giving the N-ethoxycar-
bonyl-anatabine and, after hydrolysis, (6)-anatabine.

Deo and Crooks started from 3-(aminomethyl)-pyridine

[7]. This was transformed with benzophenone into a keti-

mine. Its reaction with LDA gave the carbanion of the

activated methylene, which was then monoalkylated with

cis-1,4-dichloro-2-butene. Hydrolysis made free the 1-

amino group which cyclized by reaction with the 5-chloro

substituent of the pent-3-ene, giving (6)-anatabine.

Felpin et al. synthesized (S)-anatabine starting with the

asymmetric addition of (þ)-B-allyl-diisopinocampheyl-

borane to 3-formylpyridine, giving the enantiomerically

pure alcohol [8]. This was successively transformed into

the mesylate, azide, and amine. The amino group

previously transformed into carbamate was alkylated

with allylbromide. Metathesis with the Grubb’s ruthe-

nium catalyst cyclized the two allyl groups into the

N-carbamate protected (S)-anatabine, which was then

deprotected.

Balasubramanian and Hassner synthesized (S)-anata-
bine starting from 3-pyridinecarboxaldehyde [9]. Its con-

densation with (S)-p-toluenesulfinamide gave an enantio-

merically pure imine. After the enantioselective 1,2-

addition to its imino group of the 4-carbanion of cis-1-
hydroxy-4-phenylsulfonyl-but-2-ene (the dianion of

which being obtained with LiHMDS), the amino group

was deprotected. The Mitsunobu cyclization of the 1,5-

unsaturated aminoalcohol generated the phenylsulfonyl

substituted (S)-anatabine. Reductive elimination of the

phenylsulfonyl substituent gave (S)-anatabine.
Ayers et al. synthesized (S)-anatabine starting with 3-

(aminomethyl)-pyridine [10]. Its condensation with (þ)-

2-hydroxy-3-pinanone in the presence of boron trifluor-

ide diethyl etherate gave an enantiomerically pure keti-

mine. The carbanion (generated with LDA) of the meth-

ylene a to the nitrogen of the imine group was enantio-

selectively monoalkylated with cis-1-bromo-4-(tetrahy-

dropyran-2-yloxy)-but-2-en. The 4-tetrahydropyran and

2-hydroxy-3-pinanone groups were removed. The Mitsu-

nobu cyclization of the unsaturated 1,5-aminoalcohol

gave (S)-anatabine. The use of (�)-2-hydroxy-3-pina-

none ketimine gave (R)-anatabine by the same

procedure.

On the other hand, (R)-anatabine was synthesized

starting with 1-(2,4-dinitrobenzene-1-yl)-pyridinium

chloride and (R)-phenylglycinol [11].
The addition of lithium aluminum hydride to pyridine

gives lithium tetrakis(N-dihydropyridyl)aluminate

(LDPA) [12a]. The addition at 0�C of water to the solu-

tion of LDPA in pyridine, gives a mixture of 1,4-, 1,2-,

and 2,5-dihydropyridines in a ratio of 26:37:38 [12b].

By conducting this hydrolysis under an atmosphere of

oxygen, Yang and Tanner obtained (6)-anatabine with a

yield of 59% [12c].

In this work, a short procedure has been developed

for the synthesis of (6)-isoanatabine starting with 1-

methylpyridinium iodide. By modifying the first reduc-

tion step, this procedure has been extended to the syn-

thesis of (6)-anatabine.

RESULTS AND DISCUSSION

Synthesis of (6)-isonanatabine.
Synthesis of (�)-N-methyl-isoanatabine 3a and (�)-N-ben-

zyl-isoanatabine 3b. Reaction of pyridine with methyl

iodide in acetone gave 1-methylpyridinium iodide

(Scheme 4). According to a described procedure, the

reaction of 1-methylpyridinium iodide with sodium bor-

ohydride in methanol yielded 1-methyl-3-piperideine,

which was not isolated [13]. Oxidation with hydrogen

Scheme 1

Scheme 2
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Scheme 3

Scheme 4. Reagents and conditions: (i, ii) see refs. [13] and [14]. (iii) 3-PyrMgCl, THF/Et2O, �10�C to rt, 16 h for 3a (yield: 77%); 0�C to rt, 16

h for 3b (yield: 67%).
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peroxide gave 1-methyl-3-piperideine N-oxide. The N-
oxide in methylene chloride was treated with trifluoro-

acetic anhydride. After 1 h, an aqueous solution of po-

tassium cyanide was added while the pH of the aqueous

layer was maintained at 4, giving (6)-2-cyano-1-

methyl-3-piperideine 1a.

Alkylation of the a-amino nitrile 1a with 3-pyridyl-

magnesium chloride (or 3-pyridylmagnesium bromide)

was made according to the Bruylants reaction, i.e., the

reaction of an a-tertiary-amino nitrile with a Grignard

reagent [15]. The metal of the Grignard reagent prob-

ably mediates the formation of the conjugated iminium

2a, on which subsequently adds the Grignard reagent.

The stability and the reactivity of the iminium 2a is the

most likely reason why the Grignard reagent substitutes

the CN in the a-aminonitrile 1a, generating 1-methyl-2-

(3-pyridyl)-3-piperideine 3a, i.e., (6)-N-methyl-isoanata-

bine, rather than adding to it. The THF solution contain-

ing 5 equiv of the Grignard reagent was added at

�10�C to a solution of the a-amino nitrile 1a, also in

THF. After stirring the mixture at room temperature

overnight, 3a was obtained with a yield of 77%. For the

preparation of 3-pyridylmagnesium chloride, 1 equiv of

3-bromopyridine was added to 1 equiv of i-propylmag-

nesium chloride in THF at room temperature, and the

mixture was stirred for 1 h [16].

The 3-pyridylmagnesium bromide was also used for

the alkylation of a-amino nitrile 1a. In this case, 3a was

obtained with a lower yield of 65%. The procedure pre-

viously described in the literature for the synthesis of 3-

pyridylmagnesium bromide was modified [17]. The ratio

of the reagents was changed and the reaction generating

MgBr2 was made in ether instead of THF, MgBr2 being

more soluble in ether than in THF as MgBr2 forms a

complex with ether. In this way, the transfer of the solu-

tion of MgBr2 through a cannula under argon to the so-

lution of 3-pyridyllithium was easier.

(6)-1-Benzyl-2-cyano-3-piperideine 1b was synthe-

sized according to the procedure of Bonin et al. [14].
This procedure is similar to the one used for the synthe-

sis of 1a, except for some modifications. Sodium boro-

hydride was reacted with 1-benzyl-pyridinium bromide

(obtained by reaction of benzyl bromide with pyridine

in toluene [18]) in ethanol, giving the 1-benzyl-1,2,5,6-

tetrahydropyridine, which was isolated with a yield of

75%. Its solution in dichloromethane was reacted with

m-chloroperbenzoic acid, giving 1-benzyl-1,2,5,6-tetra-

hydropyridine-N-oxide isolated with a yield of 80%. To

the solution of the N-oxide in dichloromethane was

added trifluoroacetic anhydride; after 1 h at room tem-

perature, an aqueous solution of potassium cyanide was

added, during which the pH was maintained at 4. 1-Ben-

zyl-2-cyano-3-piperideine 1b was obtained with a yield

of 57%. The subsequent alkylation of the a-amino nitrile

1b with 3-pyridylmagnesium chloride was made accord-

ing to the Bruylants reaction, generating (6)-1-benzyl-

2-(3-pyridyl)-3-piperideine 3b, i.e., (6)-N-benzyl-isoa-
natabine. The solution of the Grignard reagent in THF

was added at 0�C to the solution of the a-amino nitrile

1b in THF. The (6)-N-benzyl-isoanatabine 3b was

obtained with a yield of 67%.
Attempts at N-demethylation and N-debenzylation by a

chloroformate of the (�)-N-methyl- and (�)-N-benzyl-
isoanatabines. To obtain (6)-isoanatabine 4, the N-deme-

thylation of 3a was attempted by reacting 3a with a

chloroformate [19a]. The mixture of 3a and 1 equiv of

a-chloroethyl chloroformate (ACE-Cl) in 1,2-dichloro-

ethane was refluxed for 16 h (monitored by TLC). After

evaporation of the solvent, the residue was refluxed in

methanol for 1 h, giving a mixture of unidentified

Scheme 5. Reagents and conditions: (i) ACE-Cl, 1,2-dichloroethane, reflux, 16 h. (ii) 2.5% NaOH, EtOH/H2O (9:1), 0�C (1 h) to rt (24 h), 75%.
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products. To solve the problem, the mixture of 3a and

ACE-Cl in 1,2-dichloroethane was refluxed for 16 h, but

instead of the intermediate carbamate 6, the N-[5-
chloro-5-(pyridin-3-yl)-pent-3-enyl]-N-methyl-carbamic

acid 1-chloro-ethyl ester 7 was isolated and analyzed

(Scheme 5). Thereafter, 7 was treated with 2.5% sodium

hydroxide in aqueous ethanol, and (6)-N-methyl-isoana-

tabine 3a was recovered with a yield of 75% relative to

the starting amount of 3a.

The opening of the piperideine ring when 3a is

reacted with a-chloroethyl chloroformate can be

explained by the intermediate formation of the quater-

nary ammonium salt 5 followed by the attack of the

chloride ion at the benzylic carbon, following the path-

way b instead of the attack at the methyl group (path-

way a). This corresponds to the benzyl effect, i.e., the

benzyl cleavage is preferred over the methyl loss on

account of the great stability of the benzyl carbocation.

The general rule indicates that the group that cleaves is

the one that gives the most stable carbocation and the

most reactive halide (e.g., benzyl or allyl); for simple

alkyl groups, the smallest are the most readily cleaved

[19]. A similar reactivity to that of 3a is observed with

nicotine. When nicotine is reacted with chloroformates,

the pyrrolidine ring is opened and the d-chlorocarba-
mates are obtained [20].

An assay was made for the N-debenzylation of 3b by

its reaction with a-chloroethyl chloroformate in

dichloromethane at room temperature, as it is known

that the benzyl group needs lower temperatures to be

cleaved.

In the intermediate quaternary ammonium salt 8, it

was hoped that the breaking of the N-Bn (bond A)

would be favored over the breaking of the N-(C-2 of the

3-piperideine) bond (bond B), generating (6)-isoanata-

bine 4 (Scheme 6). The reverse however occurred and

1-chloro-1-(3-pyridyl)-5-benzylamino-pent-2-ene 9 was

formed. This could be due to the fact that the B bond

breaking in 8 generates at the 2-C of the 3-piperideine a

more stable carbocation because it is simultaneously a

benzyl and allyl cation. The A bond breaking would

generate a carbocation benzyl lacking the further allyl

stabilization.

The treatment of 9 with 2.5% sodium hydroxide in

aqueous ethanol permitted recovery of the starting (6)-

N-benzyl-isoanatabine 3b with a yield of 78%.
Attempted N-debenzylation of (�)-N-benzyl-isoanatabine

3b with CAN. Yamaura et al. observed that the N-(4-
methoxybenzyl) group on 2,5-piperazinediones can be

oxidatively removed with (NH4)2Ce(NO3)6 (CAN), but

not the unsubstituted benzyl group [21]. However, Bull

et al. observed that the treatment of a range of N-unsub-
stituted benzyl tertiary amines with CAN at room tem-

perature results in N-debenzylation to afford the corre-

sponding secondary amine [22]. Therefore, the oxidative

N-debenzylation of 3b with CAN was assayed. A solu-

tion of 3b and 2 equiv of CAN in 5:1 acetonitrile:water

was stirred for 2 h at rt. Only the starting material 3b

was obtained. In another assay, 4 equiv of CAN were

added to a solution of 3b in 5:1 acetonitrile:water, and

the solution was stirred 24 h at rt. Again only the start-

ing 3b was recovered. The concentration of CAN in the

reaction mixture of each of these assays was greater

than 0.25M as it is known that no oxidation is obtained

at lower concentration [21]. A further assay was made

with 3b and 4 equiv of CAN, and stirring at 50�C over-

night; isoanatabine 4 was not obtained but 3b was com-

pletely transformed into a lot of unidentified products.

The use of tetrahydrofuran instead of acetonitrile and

higher concentrations of CAN at room temperature also

led to the recovering of the starting (6)-N-benzyl-isoa-
natabine 3b.

N-Demethylation of the (�)-N-methyl-isoanatabine 3a by
decomposition of its N-oxide 10 (nonclassical Polonovski
reaction). Several possible methods for N-demethylation

of 3a were tested, starting from the N-oxide of 3a, 10.

The N-oxide 10 was obtained by reaction of (6)-N-
methyl-isoanatabine 3a with m-chloroperoxybenzoic
acid (1.1 equiv) in CH2Cl2 at 0�C to avoid the possible

epoxidation of the double bond [23]. The usual work

up, i.e., treatment of the reaction mixture by aq. NaOH

to pH 10–11 and then extraction by CHCl3 led to the

isolation of the N-oxide only in low yield. The low yield

was probably due to the high solubility of the N-oxide
at basic pH. This problem was overcame by concentrat-

ing the reaction mixture and pouring the concentrate

Scheme 6. Reagents and conditions: (i) ACE-Cl, CH2Cl2, 0
�C to rt, 16 h. (ii) 2.5% NaOH, EtOH/H2O (9:1), 0�C (1 h) to rt, 5 h, 78%.

May 2010 573A Convenient Racemic Synthesis of Two Isomeric Tetrahydropyridyl Alkaloids:

Isoanatabine and Anatabine

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



over alumina and chromatographing. In this way, the

(6)-N-methyl-isoanatabine-N-oxide 10 was obtained

with a yield of 91% as a mixture of diastereomers in a

6:4 ratio (undefined stereochemistry). The diastereomers

were not separated and were used in next step as a

mixture.

The nonclassical Polonovski reaction for the N-deme-

thylation of the N-oxide of (6)-N-methyl-isoanatabine

3a was investigated [24a]. The desired reaction is the

catalyzed decomposition of the tertiary amine N-oxide
through an internal oxidation into the secondary amine,

the N-methyl being oxidized to formaldehyde. When the

reaction is catalyzed by an iron salt, the mechanism is

believed to involve two successive one-electron transfers

involving Fe(II)/Fe(III) redox reactions [24b,c]. Cations,

free radicals and radical-cations ions stabilized as imi-

nium ions and radicals, are considered as intermediates.

Often the catalyst (the iron salt or complex, selenium

dioxide, etc.) is engaged in stoichiometric amounts. The

N-demethylation of the hydrochloride salts of the N-
oxides of opiate alkaloids (codeine, codeine methyl

ether, thebaine, thevinone, etc.) was realized with

FeSO4�7H2O in methanol; the N-oxide of codeine gave

norcodeine with a yield of 49%, in mixture with co-

deine, i.e., the product of N-deoxygenation [25]. When

the same reaction was made using a porphyrin chelate

of iron(II), the yield of norcodeine was increased to

91% [26]. The same reaction has been applied to the N-
demethylation of the N-oxides of piperidines, benzomor-

phans, and morphinans using iron(II) chloride [27].

For the nonclassical Polonovski reaction of the N-
oxides of tertiary amine catalyzed with iron salts in

water or in nonpolar solvents, the ease of alkyl conver-

sion to the corresponding carbonyl compound decreases

in the order C6H5CH2 > CH3 > RCH2 > R2CH; this is

the decreasing order for the ease of the breaking of the

bond between the N-oxide nitrogen atom and one of the

three alkyl groups linked to this nitrogen [24b,c]. This

reactivity order for the rearrangement was assigned

among others to the acidity of the protons on the carbon

adjacent to the nitrogen atom; the greater stability of the

intermediate benzyl carbocation, benzyl radical and ben-

zyl radical-carbocation also explains the reactivity order

and that benzyl cleavage is preferred over methyl loss

(benzyl effect). For the N-demethylation of the N-oxides
of opiates (codeine, codeine methyl ether, thebaine, the-

vinone, etc.) cited earlier, there was no benzyl group

linked to the nitrogen atom; there was no competition

from the benzyl effect and the N-demethylation was

obtained with a good yield [25]. The N-oxide of N-
methyl-isoanatabine and the N-oxide of the N-benzyl-
isoanatabine are subjected to the benzyl effect. The fail-

ure of the trials for their N-demethylation and N-deben-
zylation with a chloroformate showed their high sensi-

tivity to the benzyl effect and prompted to select assays

able to avoid this benzyl effect.

Another secondary reaction that competes with the N-
demethylation is the deoxygenation of the N-oxide,
which is catalyzed by the iron salt or chelate. It gener-

ates back the tertiary amine from which was made the

N-oxide. Moreover, the deoxygenation of the N-oxide
may be accompanied by the oxidation (oxidative dehy-

drogenation) of the N-demethylated product or of the N-
methylated one. Other secondary degradative reactions

occur when the reaction temperature is too high.

Selective N-demethylation of the N-oxides of tertiary

aminofumagillols to the corresponding secondary amino-

fumagillols has been made by heating the N-oxide with

selenium dioxide in ethanol [28]. The N-oxides of terti-

ary aminofumagillols do not sustain the concurrence of

the benzyl effect. However, they contain two epoxy and

the a,b-unsaturated ester sensitive functionalities. These

remained intact during the reaction.

Therefore, our first attempt at the N-demethylation of

10 by means of the nonclassical Polonovski reaction uti-

lized SeO2. A mixture of 10 and 1.5 equiv of SeO2 in

95% ethanol was heated to reflux for 4 h under an

atmosphere of argon. (6)-N-methyl-isoanatabine 3a was

formed with a yield of 65%, indicating that only N-
deoxygenation occurred.

Several studies have been reported for the N-deme-

thylation of the N-oxides of tertiary amines subjected to

the benzyl effect, by means of their decomposition cata-

lyzed by iron salts (generally engaged in stoichiometric

amounts) in aqueous solutions containing large amounts

of tartaric or citric acids (present as such or as their

salts). The FeSO4-catalyzed dealkylation of the N-oxide
of N,N-dimethyl-benzylamine showed the importance of

the benzyl effect relatively to the N-demethylation.

When the N-oxide of N,N-dimethyl-benzylamine in an

aqueous solution at pH 1–2 containing iron(II) sulfate

was heated, benzaldehyde was produced with a yield of

85%, no N-demethylation being obtained [24b,c]. Under

the same conditions at pH 1, the N-oxide of N,N-di-
methyl-butylamine gave mainly formaldehyde and N-
methyl-butylamine. On the other hand at pH 6–7, when

the mixture in water of the N-oxide of N,N-dimethyl-

benzylamine, L-(þ)-tartaric acid and FeSO4�7H2O (or of

Fe(NO3)3�9H2O) was heated, a mixture of formaldehyde

(the product of N-demethylation) and benzaldehyde

(2.3:1) was formed [24b,29]. At pH 6–7, the Feþ2/Feþ3

system is as a complex with the anion of tartaric acid.

The N-oxide would occupy some coordination positions

of this complex [30]. The rearrangement of the N-oxide
would then occur at the coordination positions of the

complex so the regioselectivity of the rearrangement

would be directed by the geometry of the complex and

thus by steric factors. This would explain the
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production of formaldehyde and thus the N-demethyla-

tion, what did not occur when the iron ions were not

chelated.

In previous experiments on the dealkylation of amine

oxides, it was observed that reaction mixtures of iron

(III) and tartaric or oxalic acid (reducing acids) gener-

ated iron(II) in situ, and that iron(II) was the initiator of

the rearrangement [24b,c]. That iron(II) and not iron(III)

was the initiator of the reaction was shown by experi-

ments with iron(III) salts coordinated to nonreducing

acids (sulfuric, succinic) [24b,c]. Under these conditions,

the Polonovski reaction did not occur. When as little as

3% iron(II) sulfate was added to the reaction medium,

secondary amine production began. On the other hand,

iron(II) was converted to iron(III) during the course of

the rearrangement; this was mainly due to the oxidation

of iron(II) by the amine-oxide with formation of the ter-

tiary amine (the secondary reaction of the amine-oxide:

deoxygenation).

Noscapine (also called narcotine) has been converted

by N-demethylation to nornarcotine in 35% overall yield

via the noscapine N-oxide and in spite of the concur-

rence of a benzyl effect [31]. Therefore, the mixture of

noscapine-N-oxide�HCl and iron(III) citrate, in water

acidified to pH 1–2, was heated. Nicotine-N-oxide also

suffers the competition of the benzyl effect during its N-
demethylation by the nonclassical Polonovski reaction.

A mixture in water at pH 6 of nicotine-N-oxide,
Fe(NO3)3, L-(þ)-tartaric acid and sodium carbonate was

heated [32]. Nornicotine was obtained with a yield of

56%, besides several other alkaloids arising from the

transformation of nicotine: myosmine (6.9%), N-methyl-

myosmine (2.1%), and nicotine (3.0%).

N-demethylation of (6)-N-methyl-isoanatabine 3a by

decomposition of its N-oxide 10 was attempted under

the conditions used by Craig et al. for the N-demethyla-

tion of nicotine [32]. The pH of a mixture in water of

10, 3 equiv of Fe(NO3)3, and 30 equiv of L-(þ)-tartaric

acid was adjusted to 6.3 by adding a solution of sodium

carbonate. After heating at 80�C for 40 min, (6)-isoana-

tabine 4 was obtained but only with a low yield of 9%.

The major compound isolated was the (6)N-methyl-ana-

tabine 3a, obtained with a yield of 49%, indicating that

deoxygenation of the N-oxide was the main reaction.

The results obtained in the two preceding assays sug-

gested that heating could induce the deoxygenation of

10 generating (6)-N-methyl-isoanatabine 3a. Therefore,

a method was searched for the decomposition of the

N-oxide at room or lower temperature.

The secondary amine 5-dimethylamino-1-[4-[(2-meth-

ylbenzoyl)amino]benzoyl]-2,3,4,5-tetrahydro-1H-benzaze-
pine is a metabolite of a new vasopressin V2 receptor

antagonist [33]. The N-demethylation of its N-oxide was

sensitive to the competition from the benzyl effect.

However, the N-demethylation of the N-oxide was

obtained by stirring a mixture of N-oxide, meso-(tetra-

phenylporphinato)iron(III) chloride, Fe(TPP)Cl, and im-

idazole in dichloromethane at room temperature. The

product of N-demethylation was obtained with a yield of

68%, accompanied by 25% of the deoxygenation prod-

uct of the N-oxide. When imidazole was replaced by tet-

razole, the secondary amine was produced with a yield

of 86%, and the product of deoxygenation was no more

detected. This showed the influence of the additives im-

idazole or tetrazole. They could make some association

with the N-oxide and the iron porphyrin, orienting in

this way the decomposition of the N-oxide toward the

N-demethylation, and overcoming the benzyl effect. In

the N-demethylation of the N-oxides of the N,N-di-
methyl-benzylamine [24b,c] noscapine [31] and nicotine

[32] cited earlier, the chelation of the iron ions by the

tartaric and citric acids and their salts present in large

excess, would explain the orientation by steric effects of

the rearrangement of the N-oxide toward the N-demethy-

lation. The increase of the yield of the N-demethylation

of the N-dimethyl benzazepine N-oxide by the use of

the additives imidazole or tetrazole corroborated that

hypothesis.

Therefore, N-demethylation of (6)-N-methyl-isoanata-

bine 3a was assayed in the conditions used by Kawano

et al. [33]. The mixture of 10, 1 equiv of Fe(TPP)Cl

and 1 equiv of tetrazole in dichloromethane was stirred

at room temperature during 16 h in the dark. The

N-oxide 10 was recovered untransformed with a yield of

80%. The assay was repeated but without the addition

of tetrazole; again the N-oxide 10 was recovered

untransformed.

The N-demethylation of the galanthamine-N-oxide is

sensitive to the competition from the benzyl effect [34].

However, the N-demethylation has been obtained with a

yield of 76% by stirring at 10�C the N-oxide in metha-

nol containing iron(II) sulfate. No cleavage at the ben-

zylic carbon was observed. The selective demethylation

of the galanthamine-N-oxide in the presence of iron salts

indicated the preference for oxidation at the methyl cen-

ter of the N-methyl substituted amine oxide. This is at

the opposite of the general rule which gives the prefer-

ence to the oxidation of the benzylic carbon. The bulky

structure of galanthamine would induce the N-demethy-

lation by a steric effect, the N-methyl being deprotected

to oxidation outside of the bulky structure.

The N-demethylation of the N-oxide of the alkaloid

glaucine suffers also from the competition of the benzyl

effect [35]. However, the N-demethylation has been per-

formed under the same conditions as for galanthamine

without addition of a complexing agent. The N-oxide of

glaucine was treated in methanol with iron(II) sulfate at

10�C. Norglaucine was formed with a yield of 52%. It
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was accompanied by the formation for 13% of the prod-

uct of the benzyl effect, which was further reduced.

When the reaction temperature was 50�C or when the

reagent was changed to ferrous chloride, only the prod-

uct due to the benzyl effect was formed.

N-demethylation of the (6)-N-methyl-isoanatabine 3a

by decomposition of its N-oxide 10 was tested under the

same conditions as the N-oxides of galanthamine [34]

and glaucine [35] (Scheme 7). A mixture of 10 and 2

equiv of FeSO4�7H2O in methanol was stirred for 1.5 h

at 10�C. The (6)-isoanatabine 4 was obtained with a

yield of 55%. It was accompanied by the formation of

23% of (6)-N-methyl-isoanatabine 3a, the product of

deoxygenation. As with galanthamine and glaucine, the

structure of the N-oxide 10 of isoanatabine would

induce by a steric effect the N-demethylation without

requiring an additive. The N-methyl would be more ac-

cessible to oxidation because of its greater exposure.

For the N-demethylation by decomposition of the N-ox-
ide, the search by the successive applications of

described procedures thus contributes, by the analysis of

the generated products, to the knowledge of the mecha-

nism and of the experimental parameters orienting the

selectivity of the oxidative rearrangement of the non-

classical Polonovski reaction.

Synthesis of (6)-anatabine. The procedure for the

synthesis of (6)-isoanatabine 4 was extended to the syn-

thesis of (6)-anatabine 15 (Scheme 8). (6)-2-Cyano-1-

methyl-4-piperideine 12 is the isomer of (6)-2-cyano-1-

methyl-3-piperideine 1a. The sequence of transforma-

tions applied to compound 1a for the synthesis of (6)-

isoanatabine 4 could in principle be applied to 12 for

the preparation of (6)-anatabine 15. Therefore, a proce-

dure for the synthesis of compound 12 was developed.

Like for compound 1a it started with the reduction of 1-

methylpyridinium iodide with NaBH4, but the experi-

mental conditions were changed to obtain the double

bond in the right position. A two phases solvent system

was used [36]. To an aqueous solution of 4 equiv of po-

tassium cyanide was added 1.5 equiv of hydrochloric

acid at 0�C. This aqueous phase was layered with the

same volume of ether. 1-Methylpyridinium iodide was

added followed by 1.2 equiv of NaBH4. After 5 h at

room temperature, compound 12 was obtained with a

yield of 95%.

The presence of the solution of potassium cyanide in

water underlayering the ether phase since the beginning

of the reduction of 1-methylpyridinium iodide by

NaBH4 permitted to limit the reduction to the formation

of 1-methyl-1,2-dihydro-pyridine which in acidic condi-

tion was trapped by potassium cyanide, generating com-

pound 12.

The isomerization of (6)-2-cyano-1-methyl-4-piperi-

deine 12 into (6)-2-cyano-1-methyl-3-piperideine 1a

Scheme 8. Reagents and conditions: (i) NaBH4, KCN, HCl, H2O/Et2O, 0
�C to rt, 5 h, 95%. (ii) 3-PyrMgCl, THF, �10�C to rt, 16 h, 83%. (iii)

m-CPBA, CH2Cl2, 0
�C, 1.5 h, 88%. (iv) FeSO4�7H2O, CH3OH, 10

�C, 3 h, 44%.

Scheme 7. Reagents and conditions: (i) m-CPBA, CH2Cl2, 0
�C, 1.5 h, 91%. (ii) FeSO4�7H2O, CH3OH, 10

�C, 1.5 h, 55%.
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was attempted [37a,b]. If it succeeded, the aminonitrile

12 could be another starting point for the synthesis of

(6)-isoanatabine 4. The isomerization was attempted by

heating 12 in 6N HCl. Thereafter, the solution was

made basic by addition of potassium cyanide. However,

the aminonitrile 12 was recovered untransformed.

The same sequence of transformations applied to

compound 1a for the synthesis of isoanatabine 4, was

applied to compound 12 for the preparation of anatabine

15. The 3-pyridylmagnesium chloride was reacted with

the a-amino nitrile 12 in THF, giving the N-methyl-ana-

tabine 13 with a yield of 83%. Compound 13 was oxi-

dized by m-CPBA in dichloromethane, giving the N-
methyl-anatabine-N-oxide 14 with a yield of 88% as a

mixture of two diastereomers in a 7:3 ratio. The diaster-

eomers can be separated by chromatography on

alumina.

The N-demethylation of 14 was made on the mixture

of diastereomers by their decomposition at 10�C in

methanol containing 2 equiv of FeSO4�7H2O leading to

the anatabine 15 with a yield of 44%. It was accompa-

nied by the formation of 44% of N-methyl-anatabine 13,

product of deoxygenation of the N-oxide 14 which could

be recovered from the reaction mixture.

EXPERIMENTAL

General. ESI-HRMS were performed on an Agilent

6210 TOF mass spectrometer. GC/CI analyses were per-

formed on a Thermo Trace GC DSQ–Single Quadru-

pole. The 1H NMR spectra were recorded in CDCl3 at

300 MHz with a Varian Mercury 300 and are reported

in ppm from internal TMS on the d scale. The 13C

NMR spectra were recorded in CDCl3 at 75.4 MHz with

a Varian Mercury 300 instrument. The IR spectra were

recorded with a Bruker Vector 22 instrument as films on

a NaCl disk. Thin layer chromatography analyses (TLC)

were performed with 0.20 mm Silica Gel 60, F-254 pre-

coated plates (Selecto Scientific). Chromatographies

were performed on silica gel columns (Fisher, Silica Gel

Sorbent, 230–400 Mesh) using the flash technique or on

alumina (Aluminoxid 90, Activity II–III, EMD).
(�)-1-Methyl-2-(3-pyridyl)-3-piperideine: (�)-N-methyl-

isoanatabine, 3a. 3-Bromopyridine (598 lL, 981 mg,

6.22 mmol) was added to i-PrMgCl (2M/THF, 3.11 mL,

6.22 mmol) in THF (1 mL) at room temperature under

argon. After 2 h, the mixture was cooled at �10�C, then
a solution of 1a (152 mg, 1.24 mmol) in THF (2 mL)

was added. The resulting reaction mixture was allowed

to stir for 1 h at �10�C then left overnight at room tem-

perature. After 16 h, water (5 mL) was added. Extrac-

tion with CH2Cl2 (3 � 10 mL), drying over magnesium

sulfate and column chromatography using CH2Cl2/

CH3OH/NH3 (95:5:1) as eluent afforded (6)-N-methyl-

isoanatabine, 3a (167 mg, 0.96 mmol, 77%). IR (NaCl):

3031, 2945, 2785, 1650, 1577, 1425, 1362, 1281, 1057,

850 cm�1. 1H NMR (300 MHz, CDCl3): d 8.51 (d, 1H,

J ¼ 2.4 Hz, ArH), 8.50 (dd, 1H, J ¼ 1.8, 4.8 Hz, ArH),

7.68 (dt, 1H, J ¼ 1.8, 7.8 Hz, ArH), 7.25 (ddd, 1H, J ¼
0.6, 4.8, 7.8 Hz, ArH), 5.86 (m, 1H, CH¼¼CH), 5.45

(dq, 1H, J ¼ 1.5, 9.9 Hz, CH¼¼CH), 3.66 (app quintet,

1H, J ¼ 1.2 Hz, NCHAr), 2.93 (m, 1H, NCH2), 2.50

(m, 2 H, NCH2 þ CH2ACH¼¼CH), 2.12 (m, 1H,

CH2ACH¼¼CH). 13C NMR (75.3 MHz, CDCl3): d 150.3

(CH), 149.0 (CH), 138.7 (C), 136.3 (CH), 129.3 (CH),

125.5 (CH), 123.8 (CH), 65.9 (CH), 51.9 (CH2), 44.0

(CH3), 26.2 (CH2). ESI-HRMS: m/z ¼ 175.1244 (calcu-

lated for [M þ H]þ: 175.1230); 197.1064 (calculated for

[M þ Na]þ: 197.1049); 371.2228 (calculated for [2M þ
Na]þ: 371.2206).

(�)-1-Benzyl-2-(3-pyridyl)-3-piperideine: (�)-N-Benzyl-iso-
anatabine, 3b. 3-Bromopyridine (130 lL, 213 mg, 1.35

mmol) was added to i-PrMgCl (2M/THF, 675 lL, 1.35
mmol) in THF (1 mL) at room temperature under argon.

After 2 h, the mixture was cooled at 0�C, then a solu-

tion of 1b (51 mg, 0.26 mmol) in THF (1 mL) was

added. The resulting reaction mixture was stirred over-

night at room temperature. After 16 h, water (5 mL)

was added. Extraction with CH2Cl2 (3 � 10 mL), drying

over magnesium sulfate and column chromatography

using CH2Cl2/CH3OH/NH3 (97:3:1) as eluent afforded

3b (43 mg, 0.17 mmol, 67%). IR (NaCl): 3029, 2918,

2707, 1655, 1576, 1424, 1027, 849 cm�1. 1H NMR (300

MHz, CDCl3): d 8.62 (d, 1H, J ¼ 2.1 Hz, ArH), 8.49

(dd, 1H, J ¼ 1.8, 4.8 Hz, ArH), 7.80 (dt, 1H, J ¼ 2.1,

7.8 Hz, ArH), 7.26 (ddd, 1H, J ¼ 0.6, 4.8, 7.8 Hz,

ArH), 5.85 (m, 1H, CH¼¼CH), 5.49 (dq, 1H, J ¼ 1.5,

9.9 Hz, CH¼¼CH), 4.00 (app quintet, 1H, J ¼ 2.4 Hz,

NCHAr), 3.52 (d, J ¼ 13.5 Hz, 1H, CH2 (Bn)), 3.43 (d,

J ¼ 13.5 Hz, 1H, CH2 (Bn)), 2.93 (m, 1H, NCH2),

2.41–2.25 (m, 2H, NCH2 þ CH2ACH¼¼CH), 2.06 (bd,

1H, J ¼ 14.1 Hz, CH2ACH¼¼CH). 13C NMR (75.3

MHz, CDCl3): d ¼ 150.4, 148.9, 139.4, 139.2, 136.3,

129.6, 128.8, 128.4, 127.1, 125.7, 123.8, 63.8, 59.0,

47.3, 25.9. ESI-HRMS: m/z ¼ 251.1567 (calculated for

[M þ H]þ: 251.1543); 273.1372 (calculated for [M þ
Na]þ: 273.1362).

Assays of N-demethylation of (6)-N-methyl-isoana-

tabine 3a and N-debenzylation of (6)-N-benzyl-isoa-
natabine 3b with 1-chloroethyl chloroformate.
Attempted N-demethylation of (�)-N-methyl-isoanatabine
3a. 1-Chloroethyl chloroformate (80 lL, 106 mg, 0.74

mmol) was added at 0�C to a stirred solution of 3a (107

mg, 0.61 mmol) in dry 1,2-dichloroethane (6 mL) under

argon. The resulting mixture was heated to reflux for 16

h. The solvent was removed under reduced pressure to

give the N-[5-chloro-5-(pyridin-3-yl)-pent-3-enyl]-N-
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methyl-carbamic acid 1-chloro-ethyl ester (7). 7 was dis-

solved in 40 mL of 2.5% sodium hydroxide in aqueous

ethanol (1:9) at 0�C; after 1 h at 0�C, the mixture was

stirred at room temperature during 24 h. The mixture

was extracted with dichloromethane (3 x 50 mL). The

combined organic extracts were dried with MgSO4 and

the solvent removed under reduced pressure to yield 3a

as yellow oil (80.3 mg, 0.46 mmol, 75%). N-[5-chloro-
5-(pyridin-3-yl)-pent-3-enyl]-N-methyl-carbamic acid 1-

chloro-ethyl ester (7): 1H NMR (300 MHz, CDCl3): d
9.06 (m, 1H, ArH), 8.83 (d, 1H, J ¼ 4.5 Hz, ArH), 8.54

(d, 1H, J ¼ 8.4 Hz, ArH), 8.05 (m, 1H, ArH), 6.89 (m,

1H, CH¼¼CH), 6.74 (m, 1H, CH¼¼CH), 6.57 (m, 1H,

CHClCH3), 4.66 (app quint., 1H, NCHAr), 3.49 (m, 2H,

NCH2), 2.99 (s, 3H, NCH3), 2.21 (m, 2H,

CH2ACH¼¼CH), 1.83 (d, 3H, J ¼ 5.7 Hz, CHClCH3). -
13C NMR (75.3 MHz, CDCl3): d 153.5 (CO), 153.3

(CO), 142.5 (CH), 139.4 (CH), 139.0 (CH), 137.0 (CH),

136.9 (CH), 136.2 (C), 127.3 (CH), 125.0 (CH), 124.8

(CH), 124.7 (CH), 124.1 (CH), 83.3 (CH), 58.4 (CH),

46.7 (CH2), 45.9 (CH2), 36.2 (CH2), 35.6 (CH2), 35.4

(CH2), 34.7 (CH2), 25.4 (CH3), 25.1 (CH3).
Attempted N-debenzylation of (�)-N-benzyl-isoanatabine

3b. 1-Chloroethyl chloroformate (9 lL, 12 mg, 0.08

mmol) was added at 0�C to a stirred solution of 3b (21

mg, 0.08 mmol) in dry dichloromethane (3 mL) under

argon. The resulting mixture was stirred at room temper-

ature for 16 h. The solvent was removed under reduced

pressure to give the 1-chloro-1-(3-pyridyl)-5-benzyla-

mino-pent-2-en (9). Compound 9 was then stirred with 5

mL of 2.5% sodium hydroxide in aqueous ethanol (1:9)

at 0�C; after 1 h at 0�C, the mixture was stirred at room

temperature during 5 h. The mixture was extracted with

dichloromethane (3 � 7 mL). The combined organic

extracts were dried with MgSO4, filtered and the sol-

vent removed under reduced pressure to yield 3b as a

yellow oil (15.6 mg, 0.06 mmol, 78%). 1-Chloro-1-(3-

pyridyl)-5-benzylamino-pent-2-en (9): 1H NMR (300

MHz, CDCl3): d 9.73 (bs, 1H, ArH), 9.32 (bs, 1H,

ArH), 8.73 (bs, 1H, ArH), 8.03 (bs, 1 H, ArH), 7.74

(bs, 2 H, ArH), 7.35 (s, 3 H, Bn-H), 6.32 (bs, 1 H),

6.03 (bs, 1 H), 5.72 (bs, 1 H), 4.64 (bs, 2 H), 3.40 (bs,

1 H), 3.23 (bs, 1 H), 3.05 (m, 1 H), 2.42 (m, 1 H).

The ESI-MS of 9 indicated polymeric material; this

probably arised in the MS apparatus by the intermolec-

ular substitution in 9 of the chlorine by the amino

group. On the other hand, the GC-MS of 9 gave the

MS spectrum of 3b; at the temperature of the GC col-

umn oven (Rxi-5ms column, program: injector 200�C,
detector 280�C, program: 40�C (1 min), 30�C/min to

280�C, 280�C (15 min); RT:12.08 min), 9 spontane-

ously cyclized into 3b by the intramolecular substitu-

tion of the chlorine by the amino group.

Assay for the N-debenzylation of (6)-N-benzyl-iso-
anatabine 3b with CAN (ammonium cerium (IV)

nitrate). To compound 3b (37 mg, 0.15 mmol), dis-

solved in a 5:1 mixture of CH3CN-H2O (2.4 mL), CAN

(329 mg, 0.60 mmol) was added portionwise. After stir-

ring 24 h at room temperature, the mixture was basified

with an aqueous saturated solution of NaHCO3 and then

extracted with CH2Cl2. The organic phase was dried

(MgSO4), filtered, and concentrated under vacuo to

obtain the starting compound 3b (33 mg, 0.13 mmol,

88%).
(�)-N-methyl-isoanatabine-N-oxide, 10. To a solution of

3a (206 mg, 1.18 mmol) in CH2Cl2 (6 mL) at 0�C was

added a solution of 70–75% aq. m-CPBA (320 mg, 1.3

mmol) in CH2Cl2 (11 mL). After stirring 1.5 h at 0�C
under argon, the reaction mixture was concentrated in
vacuo to a volume of 7 mL and then poured over alu-

mina and chromatographed using CH2Cl2/CH3OH (95:5)

as eluent to afford the N-oxide 10 as a mixture of two

diastereomers in a 6:4 ratio (204 mg, 1.07 mmol, 91%).

The diastereomers were not separated and were used in

the next step as a mixture. 1H NMR (300 MHz, CDCl3):

d 8.76 (d, 0.6 H, J ¼ 1.8 Hz, ArH), 8.68 (dd, 0.6 H, J
¼ 1.8, 4.8 Hz, ArH), 8.64 (d, 0.4 H, J ¼ 1.5 Hz, ArH),

8.63 (dd, 0.4 H, J ¼ 1.5, 4.8 Hz, ArH), 8.10 (dt, 0.4 H,

J ¼ 2.1, 7.8 Hz, ArH), 7.97 (dt, 0.6 H, J ¼ 1.8, 7.8 Hz,

ArH), 7.40 (ddd, 0.6 H, J ¼ 0.6, 4.8, 7.8 Hz, ArH), 7.36

(ddd, 0.4 H, J ¼ 0.6, 4.8, 7.8 Hz, ArH), 6.18 (m, 1H,

CH¼¼CH), 5.84 (dq, 0.6 H, J ¼ 1.8, 10.2 Hz, CH¼¼CH),
5.66 (dq, 0.4 H, J ¼ 2.1, 10.5 Hz, CH¼¼CH), 5.07 (app

quintet, 0.6 H, J ¼ 2.7 Hz, NCHAr), 4.90 (app quintet,

0.4 H, J ¼ 2.4 Hz, NCHAr), 3.60 (m, 1.2 H, NCH2),

3.43 (m, 0.8 H, NCH2), 3.19 (s, 1.2 H, NCH3), 2.92 (m,

0.6 H, CH2CH¼¼CH), 2.75 (s, 1.8 H, NCH3), 2.58 (m,

1H, CH2CH¼¼CH), 2.41 (m, 0.4 H, CH2CH¼¼CH). 13C

NMR (CDCl3): Major diastereomer, d 151.5 (CH),

150.5 (CH), 139.0 (CH), 129.1 (C), 126.4 (CH), 123.8

(CH), 123.1 (CH), 76.4 (CH), 64.2 (CH2), 51.1 (CH3),

24.1 (CH2).
13C NMR (CDCl3): Minor diastereomer, d

152.0 (CH), 150.1 (CH), 139.8 (CH), 129.3 (C), 126.3

(CH), 123.6 (CH), 122.9 (CH), 73.2 (CH), 61.9 (CH2),

56.9 (CH3), 23.2 (CH2). ESI-HRMS: m/z ¼ 191.1192

(calculated for [M þ H]þ: 191.1179); 213.1006 (calcu-

lated for [M þ Na]þ: 213.0998); 381.2312 (calculated

for [2M þ H]þ: 381.2285); 403.2114 (calculated for

[2M þ Na]þ: 403.2104).
Attempted N-demethylation of (6)-N-methyl-isoa-

natabine-N-oxide 10. With selenium dioxide. To a

stirred mixture of 10 (193 mg, 1.02 mmol) in 95% etha-

nol (10 mL) was added portionwise selenium dioxide

(169 mg, 1.52 mmol) for 10 min. The mixture was

heated to reflux for 4 h under an atmosphere of argon.

The reaction was monitored by TLC. After 4 h, the

starting material was still present. The mixture was
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refluxed for 4 h more. The residue obtained by evapora-

tion of the reaction mixture was purified by column

chromatography through silica gel column, using

CH2Cl2/CH3OH/NH3 (90:10:1) as eluent to give 115 mg

(0.66 mmol, 65%) of 3a and 19 mg (0.1 mmol, 10%) of

10.
With FeSO4�7H2O. N-oxide 10 (95 mg, 0.50 mmol)

was dissolved in MeOH (10 mL) and cooled at 10�C.
FeSO4�7H2O (278 mg, 1 mmol) was added then the

reaction mixture was stirred at 10�C for 1.5 h. Evapora-

tion of the solvent afforded an orange solid, which was

dissolved in 0.1M EDTA. Then, the pH was raised to 10

by addition of concentrated NH4OH. The solution was

extracted with CHCl3 (3 � 20 mL), and the dried or-

ganic extracts over MgSO4 were filtered and evaporated

to yield a mixture of 4 and 3a (2.3:1). These were sepa-

rated by column chromatography on silica gel using

CH2Cl2/CH3OH/NH3 (90:10:1) as an eluent. Pure (6)-

isoanatabine (4) was obtained with a yield of 55% (44

mg, 0.28 mmol); pure (6)-N-methyl-isoanatabine (3a)

was obtained with a yield of 23% (20 mg, 0.12 mmol).

(6)-Isoanatabine (4): IR (NaCl): 3285, 3029, 2914,

2832, 1650, 1578, 1477, 1102, 1028, 716 cm�1. 1H

NMR (300 MHz, CDCl3): d 8.59 (d, 1H, J ¼ 1.8 Hz,

ArH), 8.51 (dd, 1H, J ¼ 1.5, 4.8 Hz, ArH), 7.70 (dt,

1H, J ¼ 1.5, 7.5 Hz, ArH), 7.25 (ddd, 1H, J ¼ 0.9, 5.1,

7.8 Hz, ArH), 6.01 (m, 1H, CH¼¼CH), 5.71 (dq, 1H, J
¼ 1.8, 9.3 Hz, CH¼¼CH), 4.52 (app quintet, 1H, J ¼ 2.7

Hz, NHCHAr), 3.0 (m, 2 H, NHCH2), 2.2 (m, 3 H,

CH2CH¼¼CH þ NH). 13C NMR (75.3 MHz, CDCl3): d
149.7 (CH), 149.0 (CH), 139.3 (C), 135.6 (CH), 128.9

(CH), 127.6 (CH), 123.7 (CH), 56.2 (CH), 41.9 (CH2),

25.7 (CH2). ESI-HRMS: m/z ¼ 161.1087 (calculated for

[M þ H]þ: 161.1073); 183.0893 (calculated for [M þ
Na]þ: 183.0893).

(�)-2-Cyano-1-methyl-4-piperideine, 12. To a stirred so-

lution of potassium cyanide (5.45 g, 83.6 mmol) in

water (11 mL) layered with ether (16 mL) was added a

solution of 5N HCl (6.5 mL, 32.5 mmol). The mixture

was stirred at 0�C, then 1-methylpyridinium iodide (5 g,

22.6 mmol) was added portionwise followed by NaBH4

(1.03 g, 27.1 mmol). The stirring was continued for 5 h

at room temperature. Water was added and the mixture

was extracted with ether. The organic phases were com-

bined, dried and evaporated to dryness. The resulting

yellow oil was flash chromatographed on silica gel

(CH2Cl2/CH3OH 95:5 þ 1% conc. NH4OH). This

yielded 12 (2.62 g, 21.5 mmol, 95%) as a colorless oil.

IR (NaCl): 3043, 2945, 2789, 2223, 1658, 1452, 1260,

1141, 1002, 793 cm�1. 1H NMR (300 MHz, CDCl3): d
5.74 (m, 2H, CH¼¼CH), 3.81 (dd, 1H, J ¼ 1.5, 6 Hz,

NCHCN), 3.24 (bd, 1H, J ¼ 16.5 Hz, NCH2), 2.96 (bd,

1H, J ¼ 16.5 Hz, NCH2), 2.69 (m, 1H, CH2ACH¼¼CH),

2.44 (s, 3H, NCH3), 2.33 (m, 1H, CH2ACH¼¼CH). 13C

NMR (75.3 MHz, CDCl3): d 125.5 (CH), 120.9 (CH),

116.3 (CN), 51.2 (CH), 50.0 (CH2), 43.6 (CH3), 29.5

(CH2). ESI-HRMS: m/z ¼ 123.0925 (calculated for [M

þ H]þ: 123.0917); 145.0745 (calculated for [M þ Na]þ:
145.0736).

Attempt of isomerization of 12 into 1a. The amino

nitrile 12 (52 mg, 0.43 mmol) in 1 mL of 6N HCl was

heated at 80�C. After refluxing for 4 h, the mixture was

cooled and enough aqueous sodium cyanide was added

until the final solution was alkaline (pH 10). After stir-

ring for 2 h, the mixture was extracted by CH2Cl2 (3 �
10 mL). The CH2Cl2 extracts were combined, dried

over MgSO4 and concentrated to yield the starting

amino nitrile 12 (48 mg, 0.39 mmol, 92%).

(6)-1-Methyl-2-(3-pyridyl)-4-piperideine: (6)-N-
methyl-anatabine, 13. 3-Bromopyridine (210 lL, 346

mg, 2.19 mmol) was added to i-PrMgCl (2M/THF, 1.1

mL, 2.19 mmol) in THF (1 mL) at room temperature

under argon. After 2 h, the mixture was cooled at

�10�C, then a solution of 12 (89 mg, 0.73 mmol) in

THF (2 mL) was added. The resulting reaction mixture

was allowed to stir for 1 h at �10�C then left overnight

at room temperature. After 16 h, water (5 mL) was

added. Extraction with CH2Cl2 (3 � 10 mL), drying

over magnesium sulfate and column chromatography

using CH2Cl2/CH3OH/NH3 (95:5:1) as eluent afforded

(6)-N-methyl-anatabine 13 (106 mg, 0.61 mmol, 83%).

IR (NaCl): 3034, 2985, 2910, 2773, 1666, 1577, 1427,

1321, 1258, 1051, 718 cm�1. 1H NMR (300 MHz,

CDCl3): d 8.53 (d, J ¼ 2.1 Hz, 1H, ArH), 8.52 (dd, J ¼
1.8, 5.1 Hz, 1H, ArH), 7.70 (dt, J ¼ 2.1, 7.8 Hz, ArH),

7.29 (ddd, 1H, J ¼ 0.6, 4.8, 7.8 Hz, ArH), 5.80 (m, 2H,

CH¼¼CH), 3.35 (m, 2H, NCH2 þ NCHAr), 2.95 (m,

1H, NCH2), 2.32 (m, 2H, CH2ACH¼¼CH), 2.07 (s, 3H,

NCH3).
13C NMR (75.3 MHz, CDCl3): d 149.8 (CH),

149.0 (CH), 138.6 (C), 135.6 (CH), 125.5 (CH), 124.9

(CH), 123.9 (CH), 63.1 (CH), 55.2 (CH2), 44.6 (CH3),

35.3 (CH2). ESI-HRMS: m/z ¼ 175.1223 (calculated for

[M þ H]þ: 175.1230).
(6)-1-Methyl-2-(3-pyridyl)-4-piperideine-N-oxide:

(6)-N-methyl-anatabine-N-oxide, 14. To a solution of

13 (210 mg, 1.2 mmol) in CH2Cl2 (17 mL) at 0�C was

added, in several portions, 70–75% aq. m-CPBA (327

mg, 1.33 mmol). After stirring 1.5 h at 0�C under argon,

the reaction mixture was concentrated in vacuo to a vol-

ume of 3 mL and then poured over alumina and chro-

matographed using CH2Cl2/CH3OH (95:5) as eluent to

afford the N-oxide 14 as a mixture of two diastereomers

in a 7:3 ratio. The major diastereomer was isolated as a

white solid and the minor diastereomer as an oil (com-

bined 200 mg, 1.06 mmol, 88%). Major diastereomer,
1H NMR (300 MHz, CDCl3): d 8.68 (d, J ¼ 1.8 Hz,

1H, ArH), 8.64 (dd, J ¼ 1.5, 4.8 Hz, 1H, ArH), 8.40
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(bd, J ¼ 7.8 Hz, 1H, ArH), 7.37 (dd, J ¼ 4.5, 8.1 Hz,

1H, ArH), 6.07 (m, 1H, CH¼¼CH), 5.72 (m, 1H,

CH¼¼CH), 4.27 (dd, J ¼ 4.2, 10.8 Hz, 1H, NCHAr),
4.16 (m, 1H, NCH2), 3.92 (m, 1H, NCH2), 3.24 (m, 1H,

CH2ACH¼¼CH), 2.93 (s, 3H, NCH3), 2.32 (m, 1H,

CH2ACH¼¼CH). 13C NMR (75.3 MHz, CDCl3): d 150.9

(CH), 150.8 (CH), 137.8 (CH), 131.0 (C), 125.9 (CH),

123.7 (CH), 120.2 (CH), 71.4 (CH), 68.8 (CH2), 58.6

(CH3), 30.1 (CH2). Minor diastereomer, 1H NMR (300

MHz, CDCl3): d 8.82 (d, J ¼ 2.1 Hz, 1H, ArH), 8.66

(dd, J ¼ 1.2, 4.8 Hz, 1H, ArH), 7.97 (dt, J ¼ 2.1, 8.1

Hz, 1H, ArH), 7.36 (dd, J ¼ 4.8, 8.1 Hz, 1H, ArH),

6.08 (m, 1H, CH¼¼CH), 5.83 (m, 1H, CH¼¼CH), 4.47
(m, 1H, NCHAr), 4.15 (m, 1H, NCH2), 3.97 (m, 1H,

NCH2), 2.98 (s, 3H, NCH3), 2.31 (m, 2H,

CH2ACH¼¼CH). 13C NMR (75.3 MHz, CDCl3): d 151.1

(CH), 150.8 (CH), 138.3 (CH), 129.7 (C), 124.9 (CH),

123.3 (CH), 121.9 (CH), 73.7 (CH), 68.5 (CH2), 51.7

(CH3), 29.1 (CH2). ESI-HRMS (diastereomers): m/z ¼
191.1176 (calculated for [M þ H]þ: 191.1179);

213.0998 (calculated for [M þ Na]þ: 213.0998);

381.2304 (calculated for [2M þ H]þ: 381.2285);

403.2134 (calculated for [2M þ Na]þ: 403.2104).
(6)-2-(3-Pyridyl)-4-piperideine: (6)-Anatabine,

15. A mixture of diastereomeric N-oxide 14 (171 mg,

0.9 mmol) was dissolved in MeOH (15 mL) and cooled

at 10�C. FeSO4�7H2O (500 mg, 1.8 mmol) was added

and the reaction mixture was stirred at 10�C for 3 h.

Evaporation of the solvent afforded an orange solid

which was dissolved in 0.1M EDTA (30 mL), then the

pH was raised to 10 by addition of concentrated

NH4OH. The solution was extracted with CHCl3 (3 �
30 mL), and the dried organic extracts over MgSO4

were filtered and evaporated to yield a mixture of ana-

tabine 15 and (6)-N-methyl-anatabine 13 (1:1). These

were separated by flash column chromatography using

CH2Cl2/CH3OH/NH3 (95:5:1) as eluent. Pure (6)-ana-

tabine (15) was obtained in 44% yield (60 mg, 0.4

mmol); pure (6)-N-methyl-anatabine (13) was

obtained with a yield of 44% (70 mg, 0.4 mmol). (6)-

Anatabine 15: IR (NaCl): 3280, 3031, 2916, 2830,

1655, 1578, 1427, 1311, 1100, 807 cm�1. 1H NMR

(300 MHz, CDCl3): d 8.62 (d, J ¼ 2.1 Hz, 1H, ArH),

8.52 (dd, J ¼ 1.8, 4.8 Hz, 1H, ArH), 7.73 (dt, J ¼ 2.1,

7.8 Hz, ArH), 7.27 (ddd, 1H, J ¼ 0.6, 5.1, 8.1 Hz,

ArH), 5.84 (m, 2H, CH¼¼CH), 3.90 (t, 1H, J ¼ 7.2

Hz, NCHAr), 3.64 (bd, J ¼ 15.0 Hz, 1H, NCH2), 3.49

(bd, J ¼ 15.0 Hz, 1H, NCH2), 2.27 (m, 2H,

CH2ACH¼¼CH). 13C NMR (75.3 MHz, CDCl3): d
148.9 (CH), 148.8 (CH), 140.1 (C), 134.3 (CH), 126.5

(CH), 125.3 (CH), 123.7 (CH), 55.5 (CH), 46.2 (CH2),

34.1 (CH2). ESI-HRMS: m/z ¼ 161.1084 (calculated

for [M þ H]þ: 161.1078).
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Synthesis of some novel N-substituted 2-(chroman/6-bromochroman-2-yl)-1H-benzimidazoles by the
condensation of 3,4-dihydro-2H-chroman-2-carboxylic acid and 6-bromo-3,4-dihydro-2H-chroman-2-car-

boxylic acid with o-phenylenediamine in ionic liquid (IL) [bmim]BF4 and subsequent reactions at the
benzimidazole-NH with different types of electrophiles in ILs [bmim]BF4 ¼ 1-butyl-3-methylimidazo-
lium tetrafluoroborate, [bmim]PF6 ¼ 1-butyl-3-methylimidazolium hexafluorophosphate and [buPy]BF4
¼ butylpyridinium tetrafluoroborate in the presence of sodium hydroxide as a base have been reported.
All the synthesized compounds were screened for their antibacterial activity. Some compounds exhibited

promising antibacterial activity against Staphylococcus aureus and Salmonella typhimurium when com-
pared to Cephalexin as a reference standard.

J. Heterocyclic Chem., 47, 582 (2010).

INTRODUCTION

There are a vast number of pharmacologically active

heterocyclic compounds, many of which are in regular

clinical use. Of the wide variety of heterocyclic systems

known till date, the nitrogen heterocycles are of great

importance and benzimidazole is one amongst such im-

portant heterocycles because of its synthetic utility and

broad spectrum of pharmacological activity [1–10]. Var-

ious substituted benzimidazoles are known to have var-

ied biological activities and among these, 2-substituted

benzimidazoles are found to be more potent [11]. The

biological activities of benzimidazoles containing com-

pounds have been well documented [12–13]. Despite

their wide applicability, available routes for their synthe-

sis are limited. The reported synthesis of benzimidazoles

included reactions of aryl acid with o-phenylenediamine

(OPDA) in conventional [14,15], microwave-assisted

[16], and ionic liquids (ILs) [17] methods. The N-alkyla-
tion and acylation of benzimidazoles has been reported

to be accomplished by treatment with an appropriate

base such as sodium hydride, sodium hydroxide, potas-

sium carbonate, pyridine, etc. followed by reaction of

the resulting salt with an alkylating reagent in various

solvents, e.g. acetone, acetonitrile, pyridine, DMF, THF,

etc. [18–20].

In the rapidly developing field of synthetic organic

chemistry, an efficient, simple, and highly selective syn-

thetic method for widely used organic compounds from

readily available reagents is one of the major challenges.

ILs are proving to be increasingly promising as viable

media not only for potentially ‘green’ synthesis and sep-

arations, but also for novel applications. The unique

property set of the IL materials provides new options

based on different chemical and physical properties. The

room temperature ILs are of special interest as ‘green’

recyclable alternative to the classical molecular solvents

in the synthetic organic chemistry [21–24]. ILs are the

best choice for N-alkylation of heterocyclic compounds

bearing an acidic hydrogen attached to nitrogen. The

reports on great improvement in the yields and rates of

reaction using ILs [25] prompted us to study the N-
alkylation and acylation of benzimidazoles in ILs.

Hence it was thought that it would be worthwhile to

design and synthesize the N-substituted benzimidazoles

in ILs under environment-friendly conditions and screen

them for potential biological activity.

VC 2010 HeteroCorporation
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RESULTS AND DISCUSSION

Compound 3 was synthesized according to literature

procedure in good yield [26]. Condensation of 3,4-dihy-

dro-2H-chroman-2-carboxylic acid (3) with OPDA (4)

was carried out in IL [bmim]BF4 at 100�C for 6 h to

obtain compound 5 in excellent yield (scheme 1).

For the synthesis of compound 3c, 3,4-dihydro-2H-
chroman-2-carboxylic acid (3) was treated with etha-

nolic-HCl at 85�C for 3 h to afford the corresponding

ethyl ester derivative 3a in a reasonable yield. Com-

pound 3a was brominated using bromine in glacial ace-

tic acid at 25�C for 2 h to obtain 6-bromo-3,4-dihydro-

2H-chroman-2-carboxylic acid ethyl ester (3b), which

Scheme 1. Reagents, i) Diethyl Oxalate, NaOEt, aq.HCl ii) AcOH, H2, Pd/C, 175psi iii) [bmim]BF4, 100
�C iv) Ethanolic-HCl v) AcOH, Br2 vi)

EtOH/NaOH vii) [bmim]BF4,100
�C

Scheme 2

Table 1a

Reaction conditions, physical and analytical data of synthesized compounds.

Sr. No Substrate R/R0 Ionic liquid Reaction conditions Product Yield (%) Mp (�C)

1 5 CH3AOACOA [bmim]PF6 50�C, 3 h 6a 75 132–133

2 5 C2H5AOACOA [bupy]BF4 50�C, 3 h 6b 71 105–107

3 5 (CH3)2ACHACH2AOACOA [bmim]BF4 50�C, 3 h 6c 77 90–92

4 5 C6H5AOACOA [bmim]PF6 50�C, 3 h 6d 85 120–121

5 5 CH3ASO2A [bmim]BF4 60�C, 2 h 6e 82 190–192

6 5 (p)ACH3AC6H4ASO2A [buPy]BF4 60�C, 2 h 6f 73 172–173

7 5 C6H5ACH2A [bmim]BF4 75�C, 5 h 6g 80 128–130

8 5 (p)FAC6H4ACH2A [buPy]BF4 75�C, 6 h 6h 75 120–122

9 5 (p)BrAC6H4ACH2A [bmim]PF6 75�C, 5 h 6i 76 155–157

10 5 (p)CH3AC6H4ACH2A [bmim]BF4 75�C, 6 h 6j 82 176–178

11 5 (p)Tert.butylAC6H4ACH2A [bmim]BF4 75�C, 5 h 6k 68 150–151

12 5a CH3 [bmim]BF4 50�C, 5 h 60a 70 138–140

13 5a C2H5 [bmim]BF4 50�C, 5 h 60b 80 125–127

14 5a CH3AOACOA [bmim]PF6 50�C, 3 h 60c 73 140–141

15 5a C2H5AOACOA [buPy]BF4 50�C, 3 h 60d 78 148–150

16 5a IsobutylAOACOA [bmim]BF4 50�C, 3 h 60e 75 120–121

17 5a CH3ASO2A [bmim]PF6 60�C, 2 h 60f 89 115–116

18 5a (p) CH3AC6H4ASO2A [bupy]BF4 60�C, 2 h 60g 86 140–141

19 5a C6H5ACH2A [bmim]BF4 75�C, 5 h 60h 78 180–182

20 5a (p) FAC6H4ACH2A [buPy]BF4 75�C, 6 h 60i 85 210–212

21 5a (p) BrAC6H4ACH2A [bmim]PF6 75�C, 5 h 60j 80 178–180

22 5a (p) CH3AC6H4ACH2A [bmim]BF4 75�C, 6 h 60k 84 225–226

23 5a (p)Tert.butylAC6H4ACH2A [bmim]BF4 75�C, 5 h 60l 78 166–167

24 5a C6H5AOACOA [bmim]BF4 50�C, 3 h 60m 82 170–172
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was further hydrolyzed in ethanol, sodium hydroxide,

and 5N HCl to give 6-bromo-3,4-dihydro-2H-chroman-

2-carboxylic acid (3c) as a brownish solid. Condensation

of 3c with 4 was carried out in IL [bmim]BF4 at 100�C
for 6 h yielded compound 5a as a white solid.

The N-alkylation and acylation of 5 and 5a with vari-

ous electrophilic reagents in ILs to obtain the N-alky-
lated/acylated derivatives 6a-6k and 60a-60m (Scheme 2).

The recovered IL was reused successfully with only a

slight loss in yield (Table 1b). The structures of newly

synthesized compounds were confirmed by IR, 1H

NMR, 13C NMR, and mass spectrometry. The physical

and spectral data of the compounds 6a-6k and 60a-60m
is presented in experimental section. The synthesized

compounds were tested for their antimicrobial activity

against two different bacterial species namely, Staphy-

lococcus aureus NCIM 5021 and Salmonella typhimu-
rium NCIM 2501.

BIOLOGICAL ACTIVITY

All the compounds prepared herein were screened for

their antibacterial activity against Staphylococcus aureus
NCIM 5021 (Gram positive) and Salmonella typhimu-
rium NCIM 2501 (Gram negative) bacterial strains.

Cephalexin was used as a reference standard. Antibacte-

rial activity result of compounds 5, 5a, 6a-6k, and 60a-
60m is summarized in Table 2 and 3. Some of the com-

pounds found to have good antibacterial activity against

S. aureus; however, they were found to have less activ-

ity against S. typhimurium when compared to Cepha-

lexin as a reference standard.

CONCLUSION

In conclusion, we have successfully synthesized

a novel series of N-substituted 2-(chroman/6-bromo-

chroman-2-yl)-1H-benzimidazole derivatives by the

Table 1b

Recycling of [bmim]BF4 for the compound 6g.

Number of cycles Yield (%)

1 78

2 75

3 71

Table 2

Antibacterial activity of synthesized compounds 5, 5a, 6a–6k, and

60a–60m against S. aureus NCIM 5021.

Compound

No.

Concentration (lg/mL)

0.1 1 10 100 200 500 App. MIC

5 þþ þþ þ P � � 10

6a þþ þ þ P � � 10

6b þþ þþ þþ þ � � 100

6c þþ þþ þ þ � � 10

6d þþ þþ þ P � � 10

6e þþ þþ þþ þ � � 100

6f þþ þþ þþ þ � � 100

6g þþ þþ þ P � � 10

6h þþ þþ þþ þ P � 100

6i þþ þþ þ þ � � 100

6j þþ þþ þ P � � 10

6k þþ þþ þþ þ � � 100

5a þþ þþ þ þ P � 10

60a þþ þþ þþ þ P � 100

60b þþ þþ þþ þ P � 100

60c þþ þþ þþ þ P � 100

60d þþ þþ þþ þ P � 100

60e þþ þþ þþ þ P � 100

60f þþ þþ þ þ P � 10

60g þþ þ þ P P � 1

60h þþ þþ þ þ P � 10

60i þþ þþ þ þ P � 10

60j þþ þ P � � � 1

60k þþ þþ þþ þ P � 100

60l þþ þþ þ þ P � 10

60m þþ þ þ þ P � 1

Cephalexin þ � � � � � 0.1

Table 3

Antibacterial activity of synthesized compounds 5, 5a, 6a–6k, and

60a–60m against S. typhimurium NCIM 2501.

Compound

No.

Concentration (lg/mL)

0.1 1 10 100 200 500 App. MIC

5 þþ þþ þ P � � 10

6a þþ þþ þ þ � � 10

6b þþ þþ þþ þ � P 100

6c þþ þþ þþ þ � � 100

6d þþ þþ þþ þ � � 100

6e þþ þþ þþ þ � � 100

6f þþ þþ þþ þ � � 100

6g þþ þþ þ P � � 10

6h þþ þþ þþ þ � � 100

6i þþ þþ þþ þ � � 100

6j þþ þþ þþ þ � � 100

6k þþ þþ þ P � � 10

5a þþ þþ þþ þþ þ � 200

60a þþ þþ þþ þ � � 100

60b þþ þþ þþ þ � � 100

60c þþ þþ þþ þþ þ � 200

60d þþ þþ þþ þ � � 100

60e þþ þþ þþ þ P � 100

60f þþ þþ þ P � � 10

60g þþ þþ þþ þ � � 100

60h þþ þþ þþ þ P � 100

60i þþ þþ þþ þþ þ � 200

60j þþ þþ þþ þ P � 100

60k þþ þþ þþ þ P � 100

60l þþ þþ þþ þ P � 100

60m þþ þþ þþ þ P � 100

Cephalexin þ � � � � � 0.1

�, Total inhibition, no growth of organism; P, Poor growth compared

to controls; þ, Medium growth compared to controls; þþ, Confluent

growth, no inhibition.
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condensation of 3,4-dihydro-2H-chroman-2-carboxylic

acid and 6-bromo-3,4-dihydro-2H-chroman-2-carboxylic

acid with OPDA and subsequent reactions at the benz-

imidazole-NH with different electrophilic reagents under

different reaction conditions in ILs and tested for

antibacterial activity. Some of the compounds 60g, 60j,
60m showed the most potent inhibition at 1 lg/mL,

where as compounds 5, 6a–6d, 6g, 6j and 5a, 60f, 60h,
60i, 60l were found to possess good activity at 10 lg/mL

against S. aureus and compounds 5, 6a, 6g, 6k,

60f showed the good activity at 10 lg/mL, where as

other compounds showed minimal activity against a

S. typhimurium.

EXPERIMENTAL

All the solvents were of commercial grade and OPDA, al-
kylating and acylating agents were obtained from Aldrich.
Melting points were recorded on a MRVIS series, Lab India

Instrument and are uncorrected. IR spectra were recorded on a
Perkin-Elmer Spectrum One FTIR spectrometer in potassium
bromide pellets unless otherwise stated. 1H and 13C NMR
spectra were recorded on a Varian Mercury VX SWBB 300
MHz spectrometer. Elemental analysis was carried out on a

PerkinElmer Series-II C H N S O Analyzer 2400. Chemical
shifts are reported in ppm from internal tetramethylsilane
(TMS) standard and are given d units. The solvent for NMR
spectra was CDCl3 unless otherwise mentioned. Mass spectra
were recorded on hp 1100 LC/MSD mass spectrometer (posi-

tive and negative APCI ion source, 50–200 V, nitrogen). ILs
[bmim]BF4, [bmim]PF6, and [buPy]BF4 were synthesized in
the laboratory according to reported procedures [27].

Synthesis of 6-bromo-3,4-dihydro-2H-chroman-2-carbox-

ylic acid (3c). A solution of (34 mmol) of 3a dissolved in gla-

cial acetic acid (50 mL) was cooled to 10–15�C. The com-
pound 3a was brominated by slowly adding a solution of bro-
mine (33 mmol) in glacial acetic acid (25 mL). After the addi-
tion was complete, the solution was stirred at 25–30�C for 3 h.

The reaction mass was then diluted with water (100 mL). The
product was isolated by extraction with ethyl acetate (50 mL
� 3). The ethyl acetate layer was washed with 5% aqueous so-
dium bicarbonate solution (50 mL � 2) and water (50 mL �
2). The ethyl acetate layer was dried over anhydrous sodium

sulfate and solvent was removed under reduced pressure to
obtain 6-bromo-3,4-dihydro-2H-chroman-2-carboxylic acid
ethyl ester (3b).

A solution of (67 mmol) of 3b dissolved in ethanol (25 mL)
was hydrolysed by 0.5M sodium hydroxide solution (25 mL)

at 25–30�C for 1 h. The solution was concentrated to about its
half volume and acidified with 5N hydrochloric acid. The re-
sultant solid was filtered to give 3c, 4.5 g, Yield 85%; mp
170–172�C; 1H NMR (CDCl3) (300 MHz): d 2.13–2.25 (m,
2H, CH2), 2.29–2.37 (m, 1H, CH), 2.72–2.91 (m, 2H, CH2),

4.79 (dd, 1H, J ¼ 7.8, 7.8 Hz, CH), 6.81 (d, 1H, J ¼ 9 Hz,
Ar-H), 7.19–7.26 (m, 2H, Ar-H), 11.63 (s, 1H, COOH).

Synthesis of 2-(chroman-2-yl)-1H-benzimidazole using IL

(5). A solution of (10 mmol) of 3 in IL [bmim]BF4 (2 mL)

and (12 mmol) of OPDA (4) was heated at 100�C for 6 h (as
monitored by TLC). After 6 h the mixture was cooled to 25�C

and diluted with water (10 mL). The product was extracted

with ethyl acetate (10 mL � 2). The ethyl acetate layer was

washed with 5N HCl (10 mL), 5% aqueous sodium bicarbon-

ate solution (10 mL) and water (10 mL). The ethyl acetate

layer was dried over sodium sulfate and evaporated under

reduced pressure to afford crude product, which was recrystal-

lized from ethyl acetate to obtain as a white solid compound

5. After isolation of the product in ethyl acetate IL was in

aqueous layer, which was further washed with ethyl acetate

(10 mL) and dried under vacuum. The suspension was filtered

to remove insoluble and the recovered IL was recycled.

2-(Chroman-2-yl)-1H-benzimidazole (5). mp 225–227�C;
ir (KBr): 3434, 2950, 1487, 1231 cm�1; 1H NMR (CDCl3): d
2.20–2.35 (m, 2H, CH2), 2.81–3.04 (m, 2H, CH2), 5.47 (dd, J
¼ 8.6, 8.9 Hz, 1H, CH), 6.87–6.91 (m, 4H, Ar-H), 7.08–7.18

(m, 2H, Ar-H), 7.46 (d, J ¼ 7.4 Hz, 1H, Ar-H), 7.71 (d, J ¼
7.6 Hz, 1H, Ar-H), 9.7 (bs, 1H, NH); ms: m/z 249.1 (Mþþ1);

Anal. Calcd. for C16H14N2O: C, 76.78; H, 5.64; N, 11.19.

Found: C, 76.52; H, 5.52; N, 11.36.

Synthesis of 2-(6-bromochroman-2-yl)-1H-benzimidazole

using IL (5a). A mixture of 3c (10 mmol), OPDA (4) (12

mmol) and IL [bmim]BF4 (2 mL) was heated to 100�C for 6 h

(as monitored by TLC). The reaction mixture was then cooled

to room temperature and diluted with water (10 mL). The

product was extracted with ethyl acetate (10 mL � 2) and

ethyl acetate layer was washed with 5N HCl (10 mL), 5%

aqueous sodium bicarbonate solution (10 mL) and water (10

mL). The ethyl acetate layer was dried over sodium sulfate

and solvent was evaporated under reduced pressure to obtain

crude product, which was recrystallized from ethyl acetate to

yield the pure compound 5a. The IL was recovered by the pro-

cedure described earlier.

2-(6-Bromochroman-2-yl)-1H-benzimidazole (5a). mp 210–
211�C; ir (KBr): 3428, 2919, 1476, 1232 cm�1; 1H NMR

(DMSO-d6): d 2.26–2.38 (m, 2H, CH2), 2.86–3.01 (m, 2H,

CH2), 5.46 (dd, J ¼ 8.7, 8.7 Hz, 1H, CH), 6.86 (d, J ¼ 9 Hz,

1H, Ar-H), 7.15–7.34 (m, 4H, Ar-H), 7.48 (d, J ¼ 6.9 Hz, 1H,

Ar-H), 7.62 (d, J ¼ 6.9 Hz, 1H, Ar-H) 12.62 (bs, 1H, NH)

ppm; 13C NMR (DMSO-d6) (75 MHz): d 23.36 (CH2), 25.60

(CH2), 72.25 (OCH), 111.77, 112.11, 119,01, 119.24, 121.64,

122.63, 125.01, 130.18, 132.18, 134.43, 142.95, 153.02,

153.23 (aromatic carbons) ppm; ms: m/z 329.32 (Mþþ1);

Anal. Calcd. for C16H13BrN2O: C, 58.38; H, 3.98; N, 8.51.

Found: C, 58.26; H, 3.75; N, 8.66.
General procedure for the synthesis of compound 60a-60b

using IL. A solution (2 mmol) of 5a, IL (2 mL), sodium hy-
droxide (4 mmol) and followed by the addition of respective
alkylting reagents (3 mmol) at 25–30�C. After the addition
was complete, the solution was heated to 50�C for 5 h (as
monitored by TLC). The reaction mixture was then cooled to

25�C and diluted with water (10 mL). The product was
extracted with ethyl acetate (10 mL � 2) and ethyl acetate
layer was washed with water (10 mL � 2). The organic layer
was dried over sodium sulfate and the solvent was evaporated
under reduced pressure to obtain the corresponding N-substi-
tuted derivatives. The crude products were recrystallized from
ethanol to give pure compounds 60a and 60b, respectively. The
IL was recovered by the procedure described earlier.

Methyl 2-(6-bromochroman-2-yl)-1H-benzimidazole (60a).
ir (KBr): 3435, 2948, 1474, 1231 cm�1; 1H NMR (DMSO-

d6): d 2.40–2.46 (m, 2H, CH2), 2.97–3.01 (m, 2H, CH2), 3.91
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(s, 3H, CH3), 5.63 (dd, J ¼ 8.1, 8.4 Hz, 1H, CH), 6.81(d, J ¼
8.4 Hz, 1H, Ar-H), 7.28–7.35 (m, 4H, Ar-H), 7.59–7.66 (m,
2H, Ar-H) ppm; 13C NMR (DMSO-d6) (75 MHz): d 23.07
(CH2), 23.59 (CH2), 29.41 (NCH3), 70.10 (CH), 108.11,
111.84, 117.24, 118.84, 121.01, 121.89, 122.08, 128.93,

130.95, 134.91, 140.60, 149.96, 151.55 (aromatic carbons)
ppm; ms: m/z 343.61 (Mþþ1); Anal. Calcd. for C17H15BrN2O:
C, 59.49; H, 4.41; N, 8.56. Found: C, 59.38; H, 4.62; N, 8.32.

Ethyl 2-(6-bromochroman-2-yl)-1H-brenzimidazole (60b). ir
(KBr): 3435, 2983, 1473, 1234 cm�1; 1H NMR (DMSO-d6): d
1.4 (t, J ¼ 6.9 Hz, 3H, CH3), 2.42–2.50 (m, 2H, CH2), 3.03–
3.07 (m, 2H, CH2), 4.41 (q, J ¼ 6.8 Hz, 2H, CH2), 5.62 (dd,
J ¼ 8.1, 8.3 Hz, 1H, CH), 6.78 (d, J ¼ 9 Hz, 1H, Ar-H),
7.24–7.36 (m, 4H, Ar-H), 7.61–7.67 (m, 2H, Ar-H) ppm; 13C
NMR (DMSO-d6) (75 MHz): d 15.25 (CH3), 24.25 (CH2),

24.86 (CH2), 39.23 (NCH2), 71.24 (CH), 109.61, 113.08,
118.51, 120.24, 122.23, 123.12, 124.08, 130.22, 132.27,
135.11, 142.18, 150.80, 152.93 (aromatic carbons) ppm; ms:
m/z 357.66 (Mþþ1); Anal. Calcd. for C18H17BrN2O: C, 60.52;

H, 4.80; N, 7.84. Found: C, 60.38; H, 4.97; N, 7.63.
General procedure for the synthesis of compound (6a-6f,

60c-60g, and 60m) using ILs. To a solution of 5 and 5a (2
mmol) in ILs (2 mL), pyridine (10 mmol), followed by the
addition of appropriate acyl or arylsulfonyl chloride (3 mmol)

were stirred (for reaction conditions, Table 1a). The reaction
mixture was then cooled to 25�C and diluted with water (10
mL). The product was extracted with ethyl acetate (10 mL �
2), ethyl acetate layer was washed with 5% aqueous sodium
bicarbonate solution (10 mL) followed by washed with water

(10 mL). The ethyl acetate layer was dried over sodium sulfate
and the solvent was evaporated to obtain the crude products,
which were recrystallized from ethanol, to afford pure com-
pounds (6a-6f), (60c-60g and 60m), respectively. The ILs was
recovered by the procedure described earlier.

Methyl 2-(chroman-2-yl)-1H-benzimidazole-1-carboxylate
(6a). ir (KBr): 3453, 2922, 1759, 1455 cm�1; 1H NMR
(CDCl3): d 2.40–2.51 (m, 2H, CH2), 2.92–3.07 (m, 2H, CH2),
4.13 (s, 3H, CH3), 5.86 (dd, J ¼ 8.4, 8.6 Hz, 1H, CH), 6.87–

6.94 (m, 2H, Ar-H), 7.12 (d, J ¼ 6.9 Hz, 2H, Ar-H), 7.37–
7.38 (m, 2H, Ar-H), 7.82 (d, J ¼ 6.9, Hz, 1H, Ar-H), 7.95 (d,
J ¼ 7.2 Hz, 1H, Ar-H); ms: m/z 309.1 (Mþþ1); Anal. Calcd.
for C18H16N2O3: C, 70.12; H, 5.23; N, 9.09. Found: C, 70.23;
H, 5.35; N, 9.25.

Ethyl 2-(chroman-2-yl)-1H-benzimidazole-1-carboxylate (6b).
ir (KBr): 3453, 2972, 1744, 1455 cm�1; 1H NMR (CDCl3): d
1.53 (t, J ¼ 7.2 Hz, 3H, CH3), 2.40–2.51 (m, 2H, CH2), 2.92–
3.06 (m, 2H, CH2), 4.57 (q, 2H, CH2), 5.89 (dd, J ¼ 8.7 Hz,
1H, CH), 6.87–6.95 (m, 2H, Ar-H), 7.1 (d, J ¼ 6.9 Hz, 2H,

Ar-H), 7.36–7.39 (m, 2H, Ar-H), 7.82 (d, J ¼ 8.1 Hz, 1H, Ar-
H), 7.98 (d, 1H, J ¼ 6 Hz, Ar-H); ms: m/z 323.1 (Mþþ1);
Anal. Calcd. for C19H18N2O3: C, 70.79; H, 5.63; N, 8.69.
Found: C, 70.92, H, 5.48; N, 8.85.

Isobutyl 2-(chroman-2-yl)-1H-benzimidazole-1-carboxylate
(6c). ir (KBr): 3272, 1738, 1456 cm�1; 1H NMR (CDCl3): d
1.57 (d, J ¼ 6.6 Hz, 6H, CH3), 2.16–2.19 (m, 1H, CH), 2.44–
2.52 (m, 2H, CH2), 2.91–3.06 (m, 2H, CH2), 4.32 (d, J ¼ 6.6
Hz, 2H, CH2), 5.91 (dd, J ¼ 8.1, 8.1 Hz, 1H, CH), 6.89–6.94

(m, 2H, Ar-H), 7.11 (d, J ¼ 6.6 Hz, 2H, Ar-H), 7.39 (m, 2H,
Ar-H), 7.82 (d, J ¼ 6 Hz, 1H, Ar-H), 7.97 (d, J ¼ 5.7 Hz, 1H,
Ar-H); ms: m/z 351.2 (Mþþ1); Anal. Calcd. for C21H22N2O3:
C, 71.98; H, 6.33; N, 7.99. Found: C, 71.86; H, 6.43; N, 8.10.

Phenyl 2-(chroman-2-yl)-1H-benzimidazole-1-carboxylate
(6d). ir (KBr): 3460, 2938, 1762 cm�1; 1H NMR (CDCl3):
d 2.52–2.57 (m, 2H, CH2), 2.99–3.05 (m, 2H, CH2), 5.92 (dd,

J ¼ 8.6, 8.7 Hz, 1H, CH), 6.86–6.97 (m, 2H, Ar-H), 7.12 (d,
J ¼ 7.5 Hz, 2H, Ar-H), 7.26–7.52 (m, 7H, Ar-H), 7.87 (d, J ¼
6.3 Hz, 1H, Ar-H), 8.09 (d, J ¼ 5.7 Hz ,1H, Ar-H); ms: m/z
371.1 (Mþþ1); Anal. Calcd. for C23H18N2O3: C, 74.58; H,
4.90; N, 7.56. Found: C, 74.69; H, 4.78; N, 7.66.

2-(Chroman-2-yl)-1-methanesulfonyl-1H-benzimidazole (6e).
ir (KBr): 3436, 1583, 1489 cm�1; 1H NMR (CDCl3): d 2.59–
2.69 (m, 2H, CH2), 3.02–3.08 (m, 2H, CH2), 3.56 (s, 3H,
CH3), 5.82 (dd, J ¼ 7.9, 8.1 Hz, 1H, CH), 6.76 (d, J ¼ 8.1
Hz, 2H, Ar-H), 6.89–6.94 (m, 2H, Ar-H), 7.41–7.44 (m, 2H,

Ar-H), 7.82 (d, J ¼ 7.8 Hz, 1H, Ar-H), 7.97 (d, J ¼ 6.3 Hz,
1H, Ar-H); ms: m/z 329.1 (Mþþ1); Anal. Calcd. for
C17H16N2O3S: C, 62.18; H, 4.91; N, 8.53. Found: C, 62.32; H,
4.80; N, 8.49.

2-(Chroman-2-yl)-1-tosyl-1H-benzimidazole (6f). ir (KBr):

3399, 1485, 1374 cm�1; 1H NMR (CDCl3): d 2.41 (s, 3H,
CH3), 2.53–2.61 (m, 2H, CH2), 2.96–3.10 (m, 2H, CH2), 5.97
(dd, J ¼ 7.7, 7.9 Hz, 1H, CH), 6.7 (d, J ¼ 9 Hz, 1H, Ar-H),
6.88–6.93 (m, 1H, Ar-H), 7.08–7.15 (m, 2H, Ar-H), 7.3–7.40

(m, 4H, Ar-H), 7.76 (d, J ¼ 7.8 Hz, 1H, Ar-H), 7.97 (d, J ¼
8.1 Hz, 2H, Ar-H), 8.05 (d, J ¼ 8.1 Hz, 1H, Ar-H); ms: m/z
405.1 (Mþþ1); Anal. Calcd. for C23H20N2O3S: C, 60.30; H,
4.98; N, 6.93. Found: C, 60.15; H, 5.20; N, 6.78.

Methyl-2-(6-bromochroman-2-yl)-1H-benzimidazole-1-car-
boxylate (60c). ir (KBr): 3434, 2926, 1753, 1481, 1357 cm�1;
1H NMR (CDCl3): d 2.42–2.52 (m, 2H, CH2), 2.95–3.08
(m, 2H, CH2), 4.13 (s, 3H, CH3), 5.88 (dd, J ¼ 8.4, 8.4 Hz,
1H, CH), 6.83 (d, J ¼ 8.7 Hz, 1H, Ar-H), 7.19–7.4 (m, 4H,
Ar-H), 7.80–7.95 (m, 2H, Ar-H) ppm; 13C NMR (CDCl3) (75

MHz): d 23.22 (CH2), 23.87 (CH2), 53.52 (NCH3), 70.76
(OCH), 111.55, 113.68, 117.56, 119.39, 122.77, 123.47,
128.85, 130.66, 130.95, 131.31, 140.59, 149.28, 151.85,
152.26 (aromatic carbons) ppm; ms: m/z 389.52 (Mþþ1);
Anal. Calcd. for C18H15BrN2O3: C, 55.83; H, 3.90; N, 7.23.

Found: C, 55.94; H, 3.78; N, 7.34.
Ethyl-2-(6-bromochroman-2-yl)-1H-benzimidazole-1-car-

boxylate (60d). ir (KBr): 3436, 2945, 1745, 1480, 1330 cm�1;
1H NMR (CDCl3): d 1.51 (t, J ¼ 7.2 Hz, 3H, CH3), 2.45–2.50
(m, 2H, CH2), 2.94–3.02 (m, 2H, CH2), 4.58 (q, J ¼ 5.4 Hz,

2H, CH2), 5.88, (dd, J ¼ 8.7 and 8.7 Hz, 1H, CH), 6.82 (d, J
¼ 8.4 Hz, 1H, Ar-H), 7.19–7.39 (m, 4H, Ar-H), 7.8–7.97 (m,
2H, Ar-H) ppm; 13C NMR (DMSO-d6) (75 MHz): d 13.1
(CH3), 63.52 (NCH2), 23.29 (CH2), 24.94 (CH2), 70.87

(OCH), 111.58, 113.78, 117.62, 119.44, 122.76, 123.43,
128.90, 130.71, 130.98, 131.52, 140.66, 148.78, 151.89,
152.29 (aromatic carbons) ppm; ms: m/z 403.46 (Mþþ1);
Anal. Calcd. for C19H17BrN2O3: C, 56.87; H, 4.27; N, 6.98.
Found: C, 56.70; H, 4.38; N, 7.15.

Isobutyl-2-(6-bromochroman-2-yl)-1H-benzimidazole-1-car-
boxylate (60e). ir (KBr): 3429, 2927, 1730, 1663, 1474 cm�1;
1H NMR (DMSO-d6): d 1.07 (d, J ¼ 6.6 Hz, 6H, CH3), 1.50–
1.58 (m, 1H, CH), 2.17–2.24 (m, 2H, CH2), 2.98–3.04 (m, 2H,
CH2), 4.32 (d, J ¼ 6.6 Hz, 2H, CH2), 5.9 (dd, J ¼ 8.9, 8.9

Hz, 1H, CH), 6.82 (d, J ¼ 8.4 Hz, 1H, Ar-H), 7.18–7.26
(m, 2H, Ar-H), 7.37–7.39 (m, 2H, Ar-H), 7.81 (d, J ¼ 7.8 Hz,
1H, Ar-H), 7.96 (d, J ¼ 6.6 Hz, 1H, Ar-H) ppm; 13C NMR
(CDCl3) (75 MHz): d 19.21, 19.21, 24.38 (CH3), 26.06 (CH2),
27.81, 71.92 (CH3), 74.46, 112.65, 114.80, 118.73, 120.59,
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123.83, 124.52, 125.32, 129.98, 131.79, 132.59, 141.79,
150.10, 153.10, 153.38 (aromatic carbons) ppm; ms: m/z
429.51 (Mþþ1); Anal. Calcd. for C21H21BrN2O3: C, 58.75; H,
4.93; N, 6.53. Found: C, 58.82; H, 4.83; N, 6.64.

2-(6-Bromochroman-2-yl)-1-methanesulfonyl-1H-benzimid-
azole (60f). ir (KBr): 3435, 3030, 2927, 1475, 1372 cm�1; 1H
NMR (DMSO-d6): d 2.58–2.66 (m, 2H, CH2), 2.96–3.04 (m,
2H, CH2), 3.52 (s, 3H, CH3), 5.8 (dd, J ¼ 8.7, 8.9 Hz, 1H,
CH), 6.65 (d, J ¼ 8.7 Hz, 1H, Ar-H), 7.18–7.44 (m, 4H, Ar-
H), 7.82 (d, J ¼ 5.4 Hz, 1H, Ar-H), 7.96 (d, J ¼ 6.3 Hz, 1H,

Ar-H) ppm; 13C NMR (DMSO-d6) (75 MHz): d 24.25 (CH2),
24.83 (CH2), 42.62 (SCH3), 70.69 (OCH), 113.32, 116.09,
117.88, 120.99, 124.17, 125.02, 126.03, 129.82, 130.11,
132.30, 141.04, 150.75, 152.76 (aromatic carbons) ppm; ms:
m/z 409.23 (Mþþ1); Anal. Calcd. for C17H15BrN2O3S: C,

50.13; H, 3.71; N, 6.88. Found: C, 50.30; H, 3.59; N, 7.11.
2-(6-Bromochroman-2-yl)-1-tosyl-1H-benzimidazole (60g).

ir (KBr): 3432, 2938, 1474, 1370 cm�1; 1H NMR (CDCl3): d
2.41 (s, 3H, CH3) 2.42–2.52 (m, 2H, CH2), 2.92–3.01 (m, 2H,

CH2), 5.96 (dd, J ¼ 8.4 and 8.4 Hz, 1H, CH), 6.56 (d, J ¼ 8.4
Hz, 1H, Ar-H), 7.18 (d, J ¼ 7.5 Hz, 1H, Ar-H), 7.26–7.42 (m,
4H, Ar-H), 7.76 (d, J ¼ 6.9 Hz, 1H, Ar-H), 7.94 (d, J ¼ 8.1
Hz, 2H, Ar-H), 8.04 (d, J ¼ 7.8 Hz, 2H, Ar-H) ppm; 13C
NMR (CDCl3) (75 MHz): d 21.70 (CH3), 24.38 (CH2), 26.08

(CH2), 70.77 (OCH), 112.98, 113.78, 118.35, 120.95, 124.07,
124.94, 125.83, 127.29, 127.29, 130.04, 130.04, 130.09,
132.17, 132.91, 135.21, 141.46, 146.12, 151.62, 153.21 (aro-
matic carbons) ppm; ms: m/z 483.38 (Mþþ1); Anal. Calcd. for
C23H19BrN2O3S: C, 57.15; H, 3.96; N, 5.80. Found: C, 57.31;

H, 3.85; N, 5.62.
General procedure for the synthesis of compound (6g-6k

and 60h-60l) using ILs. A solution of (2 mmol) of 5 and 5a,
(4 mmol) of sodium hydroxide in ILs (2 mL), followed by the
addition of appropriate (3 mmol) benzyl bromides at 25–30�C.
After the addition was complete, the solution was heated to
75�C for 5–6 h (as monitored by TLC). The reaction mass was
then cooled to 25�C and diluted with water (25 mL). The re-
sultant solid was filtered and washed with water (10 mL) to

afford crude products. The crude products were recrystallized
from ethanol, to obtain pure compounds 6g-6k and 60h-60l,
respectively. The aqueous layer contains the ILs, which was
recovered as described earlier procedure.

2-(Chroman-2-yl)-1-benzyl-1H-benzimidazole (6g). ir (KBr):

3432, 2930, 1583, 1487, 1232 cm�1; 1H NMR (CDCl3): d
2.55–2.63 (m, 2H, CH2), 2.94–3.01 (m, 2H, CH2), 5.36 (dd, J
¼ 9.3, 9.4 Hz, 1H, CH), 5.62 (s, 2H, CH2), 6.64 (d, J ¼ 8.1
Hz, 1H, Ar-H), 6.85–6.90 (m, 1H, Ar-H), 7.03–7.13 (m, 4H,
Ar-H), 7.26–7.28 (m, 6H, Ar-H), 7.83 (d, J ¼ 6, 6 Hz, 1H,

Ar-H); ms: m/z 341.2 (Mþþ1); Anal. Calcd. for C23H20N2O:
C, 81.15; H, 5.92; N, 8.23. Found: C, 81.27; H, 5.82; N, 8.35.

2-(Chroman-2-yl)-1-(4-fluorobenzyl)-1H-benzimidazole (6h).
ir (KBr): 3454, 2945, 1485 cm�1; 1H NMR (CDCl3): d
2.56–2.60 (m, 2H, CH2), 2.90–3.02 (m, 2H, CH2), 5.35 (dd, J
¼ 8.7, 9.0 Hz, 1H, CH), 5.58 (s, 2H, CH2), 6.62 (d, J ¼ 7.5
Hz, 1H, Ar-H), 6.86–6.91 (m, 1H, Ar-H), 6.99–7.11 (m, 5H,
Ar-H), 7.24–7.28 (m, 4H, Ar-H), 7.82 (d, J ¼ 6.6 Hz, 1H,
Ar-H); ms: m/z 360.2 (Mþþ1); Anal. Calcd. for C23H19FN2O:

C, 77.08; H, 5.34; N, 7.82. Found: C, 77.26; H, 5.42; N,
7.68.

2-(Chroman-2-yl)-1-(4-bromobenzyl)-1H-benzimidazole (6i).
ir (KBr): 3432, 2926, 1584, 1459, 1231cm�1; 1H NMR

(CDCl3): d 2.54–2.60 (m, 2H, CH2), 2.99–3.04 (m, 2H, CH2),
5.34 (dd, J ¼ 7.8, 8.4 Hz, 1H, CH), 5.56 (s, 2H, CH2), 6.59
(d, J ¼ 7.2 Hz, 1H, Ar-H), 6.88 (m, 2H, Ar-H), 6.99–7.11 (m,
2H, Ar-H), 7.19–7.31 (m, 4H, Ar-H), 7.42 (d, J ¼ 7.8 Hz, 2H,
Ar-H), 7.83 (d, J ¼ 7.2 Hz, 1H, Ar-H); ms: m/z 421.1

(Mþþ1); Anal. Calcd. for C23H19BrN2O: C, 65.88; H, 4.57; N,
6.68. Found: C, 65.98; H, 4.45; N, 6.78.

2-(Chroman-2-yl)-1-(4-methylbenzyl)-1H-benzimidazole (6j).
ir (KBr): 3431, 1582, 1456, 1230 cm�1; 1H NMR (CDCl3): d
2.31 (s, 3H, CH3), 2.55–2.61 (m, 2H, CH2), 2.91–3.01 (m, 2H,

CH2), 5.33 (dd, J ¼ 7.5 Hz, 1H, CH), 5.57 (s, 2H, CH2), 6.7
(d, J ¼ 8.1 Hz, 1H, 50 Ar-H), 6.86–6.90 (m, 1H, Ar-H), 7.01–
7.11 (m, 6H, Ar-H), 7.30–7.32 (m, 3H, Ar-H), 7.82 (d, J ¼
7.2 Hz, 1H, Ar-H); ms: m/z 355.2 (Mþþ1); Anal. Calcd. for
C24H22N2O: C, 81.33; H, 6.26; N, 7.90. Found: C, 81.19; H,

6.37; N, 8.11.
2-(Chroman-2-yl)-1-(4-tert-butylbenzyl)-1H-benzimidazole

(6k). ir (KBr): 3428, 2958, 1581, 1463 cm�1; 1H NMR
(CDCl3): d 1.28 (s, 9H, tert butyl), 2.55–5.62 (m, 2H, CH2),

2.97–3.01 (m, 2H, CH2), 5.34 (dd, J ¼ 9.1, 9.1 Hz, 1H, CH),
5.52–5.65 (s, 2H, CH2), 6.63–6.66 (m, 1H, Ar-H), 6.85–6.90
(m, 1H, Ar-H), 7.03–7.10 (m, 3H, Ar-H), 7.26–7.31 (m, 6H,
Ar-H), 7.82 (d, J ¼ 6.2 Hz, 1H, Ar-H); ms: m/z 397.2
(Mþþ1); Anal. Calcd. for C27H28N2O: C, 81.78; H, 7.12; N,

7.06. Found: C, 81.69; H, 7.31; N, 7.20.
2-(6-Bromochroman-2-yl)-1-benzyl-1H-benzimidazole (60h). ir

(KBr): 3446, 2926, 1574, 1482, 1234 cm�1; 1H NMR
(CDCl3): d 2.46–2.55 (m, 2H, CH2), 2.94–3.01 (m, 2H, CH2),
5.38 (dd, J ¼ 7.2, 8.1 Hz, 1H, CH), 5.60 (s, 2H, CH2), 6.47

(d, J ¼ 9 Hz, 1H, Ar-H), 7.02–7.15 (m, 2H, Ar-H), 7.21–7.28
(m, 8H, Ar-H), 7.86 (d, J ¼ 7.8 Hz, 1H, Ar-H) ppm; 13C
NMR (CDCl3) (75 MHz): d 22.99 (CH2), 23.68 (CH2), 46.54
(NCH2), 70.08 (OCH), 108.89, 111.84, 117.25, 118.97, 121.24,
122.23, 122.73, 125.07, 125.07, 126.51, 127.57, 127.57,

128.87, 130.88, 134.55, 134.89, 140.74, 150.15, 151.41 (aro-
matic proton) ppm; ms: m/z 421.60 (Mþþ1); Anal. Calcd. for
C23H19BrN2O: C, 65.88; H, 4.57; N, 6.68. Found: C, 65.70; H,
4.68; N, 6.77.

2-(6-Bromochroman-2-yl)-1-(4-fluorobenzyl)-1H-benzimid-
azole (60i). ir (KBr): 3435, 2928, 1605, 1484, 1227 cm�1; 1H
NMR (CDCl3): d 2.54–2.58 (m, 2H, CH2), 2.96–3.04 (m, 2H,
CH2), 5.38 (dd, J ¼ 8.4, 8.4 Hz, 1H, CH), 5.56 (s, 2H, CH2),
6.47 (d, J ¼ 9 Hz, 1H, Ar-H), 6.96–6.99 (m, 2H, Ar-H), 7.12–

7.22 (m, 3H, Ar-H), 7.26–7.44 (m, 4H, Ar-H), 7.85 (d, J ¼ 9
Hz, 1H, Ar-H) ppm; 13C NMR (CDCl3) (75 MHz): d 24.02
(CH2), 24.72 (CH2), 47.07 (NCH2), 71.28 (OCH), 110.01,
113.17, 115.63, 115.92, 118.39, 120.29, 122.60, 123.57,
123.98, 128.03, 128.14, 130.18, 131.91, 132.22, 135.64,

142.03, 151.33, 152.62, 160.58 (aromatic carbons) ppm; ms:
m/z 437.7 (Mþþ1); Anal. Calcd. for C23H18BrFN2O: C, 63.17;
H, 4.15; N, 6.41. Found: C, 63.28; H, 4.31; N, 6.28.

2-(6-Bromochroman-2-yl)-1-(4-bromobenzyl)-1H-benzimid-
azole (60j). ir (KBr): 3444, 2932, 1574, 1480, 1234 cm�1; 1H

NMR (CDCl3): d 2.51–2.57 (m, 2H, CH2), 2.92–3.02 (m, 2H,
CH2), 5.36 (dd, J ¼ 9, 9 Hz, 1H, CH), 5.54 (s, 2H, CH2), 6.46
(d, J ¼ 7.8 Hz, 1H, Ar-H), 6.44 (d, J ¼ 9 Hz, 2H, Ar-H), 6.97
(d, J ¼ 7.8 Hz, 2H, Ar-H) 7.19 (m, 3H, Ar-H), 7.44 (d, J ¼
8.4 Hz, 2H, Ar-H), 7.83 (d, J ¼ 7.8 Hz, 1H, Ar-H) ppm; 13C
NMR (CDCl3) (75 MHz): d 23.95 (CH2), 24.96 (CH2), 47.11
(NCH2), 71.13 (OCH), 109.81, 113.05, 118.19, 120.09, 121.48,
122.49, 123.45, 123.76, 127.88, 127.88, 129.96, 131.71,
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131.71, 131.91, 134.97, 135.34, 141.74, 151.06, 152.34 (aro-
matic carbons) ppm; ms: m/z 499.64 (Mþþ1); Anal. Calcd. for
C23H18Br2N2O: C, 55.45; H, 3.64; N, 5.62. Found: C, 55.34;
H, 3.76; N, 5.49.

2-(6-Bromochroman-2-yl)-1-(4-methylbenzyl)-1H-benzimid-
azole (60k). ir (KBr): 3427, 2929, 1513, 1262 cm�1; 1H NMR
(CDCl3): d 2.32 (s, 3H, CH3), 2.51–2.55 (m, 2H, CH2), 2.94–
3.0 (m, 2H, CH2), 5.41 (dd, J ¼ 8.6, 8.6 Hz, 1H, CH), 5.56 (s,
2H, CH2), 6.55 (d, J ¼ 8.7 Hz, 1H, Ar-H), 6.98–6.70 (m, 2H,
Ar-H), 7.09–7.16 (m, 4H, Ar-H), 7.22–7.29 (s, 3H, Ar-H), 7.85

(d, J ¼ 7.2 Hz, 1H, Ar-H) ppm; 13C NMR (CDCl3) (75 MHz):
d 21.16 (CH3), 24.19 (CH2), 24.88 (CH2), 47.52 (NCH2), 71.25
(OCH), 110.12, 112.99, 118.46, 119.9, 120.10, 122.35, 123.33,
123.93, 126.26, 129.39, 129.39, 130.04, 132.05, 132.97, 135.46,
137.46, 141.90, 151.28, 152.67 (aromatic carbons) ppm; ms: m/
z 435.75 (Mþþ1); Anal. Calcd. for C24H21BrN2O: C, 66.52; H,
4.88; N, 6.46. Found: C, 66.40; H, 5.13; N, 6.58.

2-(6-Bromochroman-2-yl)-1-(4-tert-butylbenzyl)-1H-benzi-mid-
azole (60l). ir (KBr): 3446, 2962, 1475, 1411, 1219 cm�1; 1H

NMR (CDCl3): d 1.28 (s, 9H, tert. butyl), 2.50–2.54 (m, 2H,
CH2), 2.94–2.99 (m, 2H, CH2), 5.36 (dd, J ¼ 9.9 Hz, 1H,
CH), 5.57 (s, 2H, CH2), 7.02 (d, J ¼ 7.2 Hz, 1H, Ar-H), 7.11–
7.13 (m, 1H, Ar-H), 7.21–7.29 (m, 8H, Ar-H), 7.85 (d, J ¼
7.8 Hz, 1H, Ar-H) ppm; 13C NMR (CDCl3) (75 MHz): d
24.06 (CH2), 24.75 (CH2), 31.30, 31.30, 31.30 (CH3), 34.51
(tert.butyl), 47.29 (NCH2), 71.06, (OCH), 110.04, 112.90,
118.39, 120.05, 122.27, 123.25, 123.87, 125.56, 125.56,
125.91, 125.91, 129.91, 131.95, 133.03, 135.73, 141.86,
150.57, 151.24, 152.56 (aromatic carbons) ppm; ms: m/z
477.40 (Mþþ1); Anal. Calcd. for C27H27BrN2O: C, 68.21; H,
5.72; N, 5.89. Found: C, 68.10; H, 5.80; N, 6.10.

Phenyl-2-(6-bromochroman-2-yl)-1H-benzimidazole-1-car-
boxylate (60m). ir (KBr): 3435, 2925, 1766, 1475, 1355, 1232
cm�1; 1H NMR (CDCl3): d 2.50–2.54 (m, 2H, CH2), 2.95–

3.05 (m, 2H, CH2), 5.60 (s, 2H, CH2), 5.94 (dd, J ¼ 9.0, 9.1
Hz, 1H, CH), 6.90 (d, J ¼ 8.1 Hz, 1H, Ar-H), 7.09–7.14 (m,
2H, Ar-H), 7.26–7.52 (m, 5H, Ar-H), 7.86–7.88 (m, 1H, Ar-
H), 8.07–8.09 (m, 1H, Ar-H) ppm; ms: m/z 421.72 (Mþþ1);

Anal. Calcd. for C23H17BrN2O3: C, 61.48; H, 3.81; N, 6.23.
Found: C, 61.58; H, 3.92; N, 6.31.
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Silica gel supported Phosphomolybdic acid (PMA.SiO2) catalyzes efficiently the one-pot three-com-

ponent coupling reaction of anthranilic acid, orthoesters, and amines at room temperature to afford
4(3H)-Quinazolinones in high to excellent yields under solvent-free conditions. The supported catalyst
can be recovered and reused.
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INTRODUCTION

The demand for increasingly clean and efficient

chemical syntheses is continuously becoming more

urgent from both an economic and an environmental

standpoint. Organic reactions under solvent-free condi-

tions are advantageous because of enhanced selectivity

and efficiency, ease of manipulation, and more impor-

tantly, toxic and often volatile solvents are avoided.

These would be especially important during industrial

production. Hence, the organic transformations under

solvent-free conditions are attracting increasing

attention.

Heteropoly acids are economically and eco-friendly

green Lewis acids. Development of methods using heter-

opoly acids (HPAs) as catalysts for organic synthetic

processes related to fine chemicals, such as flavors,

pharmaceuticals, and food industries [1–4] have been

under attention in the last decade. Heteropolyacids are

more active catalysts than conventional inorganic and

organic acids for various reactions in solution [5–11].

They are used as industrial catalysts for several liquid-

phase reactions[12–15], such as alcohol dehydration

[16], alkylation [17], or esterification [18] reactions.

They are not corrosive and environmentally benign, pre-

senting fewer disposal problems. Phosphomolybdic acid

(PMA, H3PMo12O40) belongs to the class of heteropoly

acids. The supported HPAs are more active than typical

solid acids and attracted much attention in organic syn-

thesis owing to easy workup procedures, easy filtration,

and minimization of cost and waste generation due to

reuse and recycling of the catalysts [19]. Supported

reagents enhance their application in ‘green synthesis’.

Silica gel [17] is most commonly used as support, even

though alumina, active carbon, and acidic ion-exchange

resins are considered as suitable supports.

Natural products containing quinazolinone moiety

possess a broad spectrum of biological properties, such

as anticancer, antimalarial, anticonvulsant, analgesic,

antihypertensive, antiviral, anti-tubercular, and anti-

inflammatory activities [20–34]. Febrifugine and isofe-

brifugine natural products [35,36] containing 4(3H)qui-
nazolinone scaffold have been used effectively against

malarial fever in china for centuries (Fig. 1). Similarly,

quinazolone containing compounds have been known as

tyrosine kinase inhibitors [37,38], dihydrofolate reduc-

tase inhibitors [39], and tubulin polymerization inhibi-

tors [40,41]. The interest in the quinazolone structural

motif, led to a number of different synthetic methods to

access this nucleus. The synthesis of 4(3H)-quinazoli-
none derivatives is achieved by cycloaddition reactions

of anthranilic acid with imidates and imino halides [42–

49]. The cyclization of cyano- and nitro- activated o-flu-
orobenzaldehydes with amidines and more recently, the
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condensation of fluoro substituted benzoyl chlorides

with 2-amino-N-heterocycles represent one-pot

approaches to quinazolines [50,51]. An intramolecular

aza-Wittig type transformation of o-azidobenzamide

derivatives has been employed as the key quinazoli-

none-forming step in the synthesis of the quinazoline

alkaloid vasicinone [52]. Usually, 4H-3,1-benzaxazin-4-
ones are valuable starting materials for the synthesis of

these compounds [53]. Recently, 4(3H)-quinazolinones
were prepared using Bi(TFA)3-[nbp]FeCl4 [54],

Yb(OTf)3 [55], La(NO3)3.6H2O [56], Silicagel/FeCl3
[57], Silicagel/NaHCO3 & Amberlist 15 [58]. Even-

though, many reports appeared in the literature, some of

these suffer from drawbacks, such as multi-step proce-

dures, long reaction time, expensive reagents, low

yields, harsh conditions, and cumber some product

isolation.

As part of our program aimed at developing new

green synthetic methodologies for the preparation of fine

chemicals, we wish to report herein a remarkable cata-

lytic activity of PMA for the one-pot synthesis of

4(3H)-quinazolinones.

RESULTS AND DISCUSSIONS

Thus carrying out the reaction of anthranilic acid 1

with trimethyl/ethyl orthoformate 2 and primary amine

3 in1:1.2:1.2 mole ratio in the presence of 1 mol % of

PMA.SiO2 [59] at room temperature gave the desired

4(3H)-quinazolinone 4 in 98% yield (Scheme 1). The

experimental procedure is simple and the reaction pro-

ceeds under solvent-free conditions. To expand the

scope of this method, various 4(3H)-quinazolinones
were synthesized under similar conditions in high to

excellent yields. All the reactions proceeded efficiently

at room temperature within 5–15 min in excellent yields

under solvent-free conditions and all the products were

characterized by NMR, IR and mass spectroscopy and

also by comparison with authentic samples. As shown in

Table 1, both aniline derivatives and benzyl amine

reacted similarly under these reaction conditions without

any difference to give the corresponding 4(3H)-quinazo-
linones in high yields. The present procedure does not

require toxic or anhydrous organic solvents. The reac-

tion is general, clean, rapid, and efficient. It is important

to note that in the absence of catalyst the reaction did

not yield the products and only the starting materials

were isolated.

It is important to mention that in contrast to reported

procedures, m-nitroaniline reacted at room temperature

with anthranilic acid and trimethyl orthoformate to pro-

duce the product 4j in 88% yield within 15 min, while

many of the reports claim the reaction using aniline con-

taining a nitro group requires heating at 60�C [54,56–

58]. The one-pot reaction proceeded smoothly with the

anilines containing electron-donating groups (such as

methoxy and methyl) as well as containing electron-

withdrawing groups (such as chloro, fluoro, and nitro).

In conclusion, we have demonstrated a three-compo-

nent, one-pot procedure for the synthesis of 4(3H)-qui-
nazolinones at ambient temperature using silica gel sup-

ported PMA. The noteworthy advantages of this method

are mild solvent-free heterogeneous reaction conditions,

improved yields, shorter reaction times, and operational

simplicity, which make it a useful and attractive process

for the synthesis of 4(3H)-quinazolinones. The supported

catalyst can be recovered and reused.

EXPERIMENTAL

All reactions were carried out under N2 atmosphere and

monitored by TLC on silica gel (60–120 mesh; Merck). IR
spectra were recorded on a Thermo Nicolet Nexus-670 spec-
trometer; in m/z. 1H NMR spectra were recorded on Bruker
(300/75 MHz) spectrometer in CDCl3; d in ppm, J in Hz. ESI
Mass spectra were recorded on Agilent LC-MSD-Trap-SL ap-

paratus; in m/z.
General procedure for the preparation of Compound

4a. To a mixture of anthranilic acid 1 (1 mmol), trimethyl or
triethyl orthoformate 2 (1.2 mmol) and aniline 3a (1.2 mmol),
silicagel supported PMA [59] (0.01 mmol) was added. The

reaction mixture was stirred at room temperature for 5 min.
After completion of the reaction (monitored by TLC) 10 mL
of CH2Cl2 was added to the reaction mixture and the catalyst

Figure 1. Quinazolinone moiety containing natural products.

Scheme 1
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Table 1

PMA.SiO2 catalyzed one-pot synthesis of 4(3H)-quinazolinonesa at room temperature.

Entry Anthranilic acid Amine Quinazolinone Time (min) Yield (%)b

a 5 98

b 5 98

c 5 96

d 5 95

e 8 95

f 8 94

g 8 94

h 10 92

i 10 92

j 15 88

k 8 95

l 8 90

m 5 91

n 8 95

o 10 92

p 10 92

q 6 94

aAll products are characterized by NMR and Mass spectra.
b Yields refer to isolated pure products.



was recovered by filtration. The filtrate was washed with aq
HCl (5%) (2 � 10 mL) followed by H2O (2 � 5 mL). The or-
ganic layer was dried over Na2SO4 and the solvent was evapo-
rated under reduced pressure to get the crude product. The res-
idue was chromatographed on silica gel (n-hexane/ethyl acetate
5:1 as eluent) to afford the pure product 4a in 98% yield.

Selected spectroscopic data. Compound 4a. 1H NMR
(300 MHz, CDCl3): d 8.68 (d, 1H, J ¼ 10.9 Hz), 8.36 (s, 1H),
7. 49 (d, 1H, J ¼ 8.0 Hz), 7.39–7.23 (m,3H), 7.21–7.04 (m,
4H). IR (KBr): 1682, 1600, 1442, 1310, 753, 693 cm�1.

EIMS: m/z 223 (Mþþ1).
Compound 4b. 1H NMR (300 MHz, CDCl3): d 8.60 (d, 1H,

J ¼ 11.3 Hz), 8.31 (s, 1H), 7.41–7.35 (m, 1H), 7.15–7.05 (m,
2H), 7.00–6.95 (m, 3H), 2.32 (s, 3H). IR (KBr):1686, 1607,
1518, 1297, 815 cm�1. EIMS: m/z 237 (Mþþ1).

Compound 4m. 1H NMR (300 MHz, CDCl3): d 8.31(d, 1H,
J ¼ 8.0 Hz), 7.8 (s, 1H), 7.75–7.67 (m, 2H), 7.52–7.44 (m,
1H), 7.41–7.32 (m, 5H), 6.35 (q, 1H J ¼7.3 Hz), 1.84 (d, 3H,
J ¼ 7.3 Hz). IR (KBr):1674, 1605, 1474, 1383, 1248, 1160,

774, 700 cm�1. EIMS: m/z 251 (Mþþ1).
Compound 4p. 1H NMR (300 MHz, CDCl3): d 8.18 (s, 1H),

7.32–7.18 (m, 3H), 7.08–6.95 (m, 5H). IR (KBr):1683, 1600,
1543, 1494, 1441, 1309, 753, 692 cm�1. EIMS: m/z 268
(Mþþ1).
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New Z-3-chloro-3-(4-chloro-6-methyl-2-oxo-2H-pyran-3-yl)acrolein was synthesized starting from
dehydroacetic acid using Vilsmeier–Haack reaction and efficiently used in three component direct Man-
nich-type reaction with different anilines, cyclic and acyclic ketones catalyzed with zirconium oxychlor-

ide (ZrOCl2�8H2O) in ethanol at room temperature. Also, comenic aldehyde was used in direct
Mannich-type reaction at the same conditions. The reaction proceeds rapidly and affords the correspond-
ing b-amino ketones in good to high yields with moderate to high stereoselectivity.

J. Heterocyclic Chem., 47, 594 (2010).

INTRODUCTION

The Vilsmeier–Haack reaction is a widely used

method for the formylation of activated aromatic and

heteroaromatic compounds [1]. The reactions of ali-

phatic substrates [2], particularly carbonyl compounds

[3] with chloromethylene iminium salts are highly versa-

tile. One aspect of its importance is its reaction with a

keto methylene group to produce b-chloroacroleins [4].
b-Amino carbonyl compounds are also attractive tar-

gets for chemical synthesis because of their wide utility

as biologically active molecules [5]. The Mannich reac-

tion is a classical method for preparation of the b-amino

carbonyl compounds [5,6] and has been one of the most

important basic reactions in organic chemistry for its

use in natural product and pharmaceutical synthesis [7].

However, because of the drastic reaction conditions and

long reaction times, the classical Mannich reaction is

plagued by a number of serious disadvantages [6].

Therefore, catalytic Mannich reactions have been

reported by several groups as an efficient method to pre-

pare b-amino carbonyl compounds [8,9d].

Because of their easy availability [10] and low toxic-

ity [11], Zr(IV) salts have recently attracted much atten-

tion as a catalyst for organic transformations [9]. To our

knowledge, there have been only a few reports on the

metal oxysalt-based organic reactions [12].

As part of our research on synthesis of pyrone deriva-

tives[13], herein we report a simple and environmentally

benign stereoselective synthesis of new b-amino ketones

possessing b-[(2H-pyran-2-one)-3-yl]-b-chlorovinyl or

4-oxo-4H-pyran-2-yl moiety via direct Mannich-type

reaction between Z-3-chloro-3-(4-chloro-6-methyl-2-

oxo-2H-pyran-3-yl)acrolein 2 or O-protected comenic

aldehyde 10, anilines and ketones at room temperature

using ZrOCl2�8H2O as catalyst.
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RESULTS AND DISCUSSION

A new b-chloroacrolein with 2H-pyran-2-one moiety

2 was synthesized from commercially available dehydro-

acetic acid 1 in 69.4% yield using Vilsmeier–Haack

reaction as outlined in Scheme 1.

The structure of compound 2 was established from

IR, 1H NMR, 13C NMR, 2D-NMRs (HMQC and

HMBC), and mass spectral data and elemental analyses.

The values of coupling constant 3J of the proton signals

of AClC¼¼CHACOAH in the 1H NMR spectra equal to

6.8 Hz indicate that these atoms are located in the s-cis
position [4h,i]. It was shown by the study of isomer

composition of b-aryl-b-chloroacroleins, arising from

aryl ketones [4j,k,o] and heteroaryl ketones [4o] in the

reaction with Vilsmeier-Haack reagent, a-unsubstituted
acroleins are obtained exclusively as a Z isomer. There-

fore, 2 has s-cis-Z-configuration at the side chain. The

HMBC spectral data of 2 [Fig. 1(a)] revealed long range

correlations between the H1 (d 10.18) with C2 (at d
132.3); H2 with C1, C3, and C20 (at d 190.6, 142.8, and

120.1, respectively); H40 (d 6.26) with C20, C30, C50, and

C60 (at d 120.1, 150.8, 164.1, and 20.4, respectively);

H60 (d 2.35) with C40 and C50 (at d 107.1 and 164.1,

respectively). There are no correlations between C10

(carbonyl group of a-pyrone ring) and protons. Also

HMQC spectral data of 2 was shown in Figure 1(b)

that revealed one bond correlation between H1 (d
10.18) with C1 (d 190.6); H2 (d 6.32) with C2 (d 132.3);

H40 (d 6.26) with C40 (d 107.1); H60 (d 2.35) with C60 (d
20.4).

The ZrOCl2�8H2O catalyzed Mannich reaction was

first studied with preformed imine 3. As shown in

Scheme 2, imine 3, which was synthesized by reaction

of 2 and aniline in EtOH at room temperature, was

treated with cyclohexanone in the presence of catalytic

amount of ZrOCl2�8H2O and Mannich adduct 4c was

isolated in 85% yield, with 78% anti selectivity.

Subsequently, a one-pot direct Mannich-type reaction

of 2 with anilines and cyclic ketones were investigated

(Scheme 3).

To examine the optimal conditions, Mannich reaction

of 2 (1 mmol), aniline (1 equiv.), and cyclohexanone (2

equiv.), using ZrOCl2�8H2O as catalyst was carried out in

different solvents such as acetonitrile, dichloromethane,

ethanol, water, and solvent-free conditions. Ethanol was

determined as a powerful solvent for high yield and anti

selectivity of reaction and environmental acceptability. In

dichloromethane, acetonitrile and under solvent-free con-

ditions, in addition to Mannich adducts, side product 5

(Fig. 2), was obtained. In water, imine 3 was isolated as a

sole product. Also 0.07 equiv. (7 mol %) of ZrOCl2�8H2O

was determined as optimum amount of catalyst.

Eleven examples of the direct Mannich-type reaction

of 2, anilines and cyclic ketones in ethanol are listed in

Table 1. The reactions were performed by adding cyclic

ketones (2 equiv.) to a mixture of the 2 (1 mmol) and

anilines (1 equiv.) in ethanol in the presence of 0.07

equiv. of ZrOCl2�8H2O at room temperature to give the

corresponding b-amino ketones 4a–k in 40–85% yields

with moderate to high anti selectivity (Scheme 3).

Scheme 1. Synthesis of Z-3-chloro-3-(4-chloro-6-methyl-2-oxo-2H-py-

ran-3-yl)acrolein 2.

Figure 1. (a) HMBC correlations and (b) HMQC correlations for 2.

Scheme 2. Synthesis of imine 3 and its Mannich reaction with cyclohexanone.
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According to the literature [8a,9d] anti/syn ratio was

determined using 1H NMR spectra.

Exceptionally, in the case of cyclopentanone (n ¼ 1),

in addition to Mannich adducts 4a,b the side product 6

was obtained. With increasing reaction time (over 2 h)

the Mannich adducts 4a,b were completely converted to

6 (Scheme 4). In the cases of cyclohexanone, product 4c

even after 24 h was not converted to adduct 5. This can

be attributed to more acidity of cyclopentanone protons

in comparison with cyclohexanone ones. In the 1H

NMR spectra of 5 and 6, the values of coupling constant

3J of the proton signals of AClC¼¼CHACH¼¼ equal to

11.3 and 11.2 Hz, respectively, indicate that these atoms

are located in the s-trans position.
Unexpectedly, from reaction of aliphatic amine such

as n-butyl amine with 2 and cyclohexanone in the pres-

ence of ZrOCl2�8H2O in ethanol at room temperature, 5

was obtained as a sole product (Scheme 5). In fact, n-
butyl amine acts as a base and aldol condensation was

occurred instead of Mannich reaction.

Also, direct Mannich-type reaction of 2 and anilines

with acyclic ketones such as acetone and acetophenone

catalyzed with ZrOCl2�8H2O was investigated at room

temperature and corresponding b-amino ketones 7a–d

were obtained in good to high yields in short reaction

time. The overall reaction is best formulated in Scheme 6.

Methyl and Ethyl acetoacetate were also treated in

the direct Mannich-type reaction with 2 and aniline, cat-

alyzed with ZrOCl2�8H2O in ethanol at room tempera-

ture in 25 min, and interestingly corresponding dihydro-

pyridines 8a,b were isolated as sole products instead of

Mannich adduct 9 (Scheme 7).

Scheme 3. One-pot Mannich-type reaction of 2, anilines and cyclic ketones.

Figure 2. Structure of side product 5.

Table 1

Yields and selectivity of direct mannich-type reaction of b-[(2H-pyran-2-one)-3-yl]-b-chloroacrolein 2, anilines, and cyclic

ketones in the presence of ZrOCl2�8H2O.

Ketonea ArNH2 Productb Time (min) Yield (%)c Anti/Syn

n ¼ 1 C6H5NH2 4a 10 40 63:37

n ¼ 1 4-ClC6H4NH2 4b 10 55 70:30

n ¼ 2 C6H5NH2 4c 25 80 74:26

n ¼ 2 4-ClC6H4NH2 4d 30 76 58:42

n ¼ 2 2-ClC6H4NH2 4e 30 75 58:42

n ¼ 2 3,4-Cl2C6H3NH2 4f 30 85 33:67

n ¼ 2 4-BrC6H4NH2 4g 30 80 70:30

n ¼ 2 4-MeOC6H4NH2 4h 15 85 75:25

n ¼ 2 4-nBuC6H4NH2 4i 20 78 80:20

n ¼ 3 C6H5NH2 4j 40 76 70:30

n ¼ 3 4-ClC6H4NH2 4k 45 75 62:38

aKetone ¼ .

b Product ¼ .

c Isolated yields.
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Scheme 4. Conversion of Mannich adducts 4a,b to adduct 6.

Scheme 5. Aldol reaction of 2 with cyclohexanone in the presence of n-BuNH2/ZrOCl2�8H2O.

Scheme 6. Mannich reaction of 2, anilines and acyclic ketones.

Scheme 7. Synthesis of new N-aryl dihydropyridines possessing b-[(2H-pyran-2-one)-3-yl]-b-chlorovinyl at C4-position.
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Also, 5-(benzyloxy)-4-oxo-4H-pyran-2-carbaldehyde
(O-protected comenic aldehyde) 10 was synthesized

according to literature [14] and used in three component

direct Mannich-type reaction with three different ani-

lines and cyclohexanone. As shown in Scheme 8,

ZrOCl2�8H2O efficiently catalyzed this reaction at room

temperature and Mannich adducts 11a–c were obtained

in high yields with moderate stereoselectivity.

CONCLUSIONS

In summary, new b-[(2H-pyran-2-one)-3-yl]-b-chlor-
oacrolein was synthesized in good yield and was sub-

jected to the three-component Mannich-type reaction

with different anilines, cyclic and acyclic ketones, cata-

lyzed with ZrOCl2�8H2O in ethanol. Moderate to good

anti selectivity was observed in very short reaction times

at room temperature. Similarly, Mannich-type reaction

with protected comenic aldehyde was also investigated,

and corresponding b-amino ketones were obtained in

high yields with moderate to high stereoselectivity.

Ethyl and methyl acetoacetate were also treated with an-

iline and b-[(2H-pyran-2-one)-3-yl]-b-chloroacrolein and

interestingly corresponding dihydropyridines were syn-

thesized instead of Mannich adduct.

EXPERIMENTAL

General. All chemicals were purchased and used without
any further purification. Melting points were determined on a
Electrothermal MEL-TEMP apparatus (model 1202D) and are
uncorrected. FTIR spectra were obtained with a Bruker Tensor
27 spectrometer. NMR spectra were recorded at 400 and 500

MHz for proton and at 100 and 125 MHz for carbon nuclei in
CDCl3. Elemental analyses were done by a Vario EL III, Ele-
mentar. The products were purified by PLC on silica gel by
using hexane/acetone mixture as eluent. All compounds were
characterized by their spectroscopic data and elemental analysis.

Synthesis of Z-3-chloro-3-(4-chloro-6-methyl-2-oxo-2H-py-
ran-3-yl)acrolein (2). POCl3 (14.8 g, 96.4 mmol) was added
dropwise to dimethylformamide (DMF) (24 mL) with stirring
at 30–35�C. The mixture was stirred at 50�C for 1 h. Then a

solution of dehydroacetic acid 1 (4 g, 19.4 mmol) in least
amount of DMF was added dropwise with stirring to the reac-

tion mixture. After that the mixture was stirred at 45–55�C for
2 h, kept over night at room temperature and poured into the
water (200 mL). The obtained solution was left at room tem-
perature. Yellowish brown crystals were filtered off and dried

in air. b-[(2H-Pyran-2-one)-3-yl]-b-chloroacrolein 2 was
obtained in 69.4% yield. Mp. 90–92�C; FTIR (KBr): 3081,
3030, 2968, 2927 (CH), 2864, 2746 (CHAldehyde), 1718, 1679,
1616, 1545, 1304, 1248, 1121, 837, 768 cm�1; 1H NMR (500

MHz, CDCl3): d 10.18 (d, 3J ¼ 6.8 Hz, 1H, CHO), 6.32 (d, 3J
¼ 6.8 Hz, 1H, CHVinyl), 6.26 (s, 1H, CHa-Pyrone), 2.35 (s, 3H,
CH3) ppm; 13C NMR (125 MHz, CDCl3): d 190.6
(C¼¼OAldehyde), 164.1, 158.5, 150.8, 142.8, 132.3, 120.1, 107.1,
20.4 (CH3) ppm; Ms: m/z ¼ 233 ([MþH]þ, 4%; [MþHþ2]þ,
2.8%; [MþHþ4]þ, 1.3%), 205 (25%), 189 (36%), 169 (30%),
43 (100%); Anal. Calcd. for C9H6Cl2O3: C, 46.38; H, 2.60.
Found: C, 46.56; H, 2.65.

Synthesis of 4-chloro-3-[(1Z)-1-chloro-3-(phenylimino)-
prop-1-enyl]-6-methyl-2H-pyran-2-one (3). b-[(2H-Pyran-2-
one)-3-yl]-b-chloroacrolein 2 (1 mmol) was treated with Ani-
line (1 mmol) in ethanol (3 mL) at room temperature for 2
min. After completion of the reaction, mixture was poured into
the water (20 mL). The resulting yellow solids were separated
by filtration and dried in air. Imine 3 was obtained in 80.8%

yield, Mp. 124–126�C; FTIR (KBr): 3100, 3020, 2967, 2922,
1717, 1684, 1625, 1542, 1266, 1154, 821, 764, 694 cm�1; 1H
NMR (400MHz, CDCl3): d 8.62 (d, 3J ¼ 8.5 Hz, 1H, CH¼¼N),
7.39–7.43 (m, 2H, CHAr), 7.22–7.30 (m, 3H, CHAr) 6.77 (d, 3J
¼ 8.5 Hz, 1H, CHVinyl), 6.24 (s, 1H, CHa-Pyrone), 2.33 (s, 3H,
CH3) ppm; 13C NMR(100 MHz, CDCl3): d 161.9, 157.7,
155.7, 149.8, 149.3, 132.7, 131.6, 128.2, 126.0, 119.9, 119.3,
105.7, 18.8 (CH3) ppm; Anal. Calcd. for C15H11Cl2NO2: C,
58.46; H, 3.60; N, 4.55. Found: C, 58.28; H, 3.91; N, 4.77.

General procedure for Mannich-type reaction. To a solu-
tion of b-[(2H-Pyran-2-one)-3-yl]-b-chloroacrolein 2 (1 mmol)
in ethanol (5 mL) were added aniline (1 mmol), cyclohexa-
none (2 eq), and ZrOCl2�8H2O (0.022 g), successively at room
temperature (20–25�C) and stirred for 25 min. After comple-

tion of the reaction, ethanol was evaporated under reduced
pressure. The crude solid was dissolved in CH2Cl2 (10 mL)
and catalyst was removed by filtration. Filtrate was washed
with a 5% aqueous NaHCO3 solution and brine, dried over an-
hydrous Na2SO4, and concentrated to dryness. The crude mix-

ture was purified by PLC on silica gel using hexane/acetone
(20:3) to afford the final product. Specific detail was given for
each compound.

(Z)-4-Chloro-3-[1-chloro-3-(2-oxocyclopentyl)-3-(phenyla-
mino)prop-1-enyl]-6-methyl-2H-pyran-2-one (4a). Anti/Syn:
63/37; Yellow solid; FTIR (KBr): 3381 (NH), 3055, 3020,

Scheme 8. Mannich-type reaction of comenic aldehyde 10, anilines, and cyclohexanone.
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2939, 2865, 1734, 1722, 1626, 1546, 1505, 1305, 1260, 840,
750 cm�1; 1H NMR (400 MHz, CDCl3): d 7.13–7.18 (m, 2H,
CHAr), 6.67–6.75 (m, 3H, CHAr), 6.10 (d, 4J ¼ 0.8 Hz, 0.63H,
CHa-Pyrone, anti), 6.05 (d, 4J ¼ 0.7 Hz, 0.37H, CHa-Pyrone,
syn), 5.93 (d, 3J ¼ 8.7 Hz, 0.63H, CHVinyl, anti), 5.62 (d, 3J ¼
9.3 Hz, 0.37H, CHVinyl, syn), 4.70 (dd, 3J ¼ 3.9 Hz, 3J ¼ 9.3
Hz, 0.37H, CHAN, syn), 4.53 (dd, 3J ¼ 7.1 Hz, 3J ¼ 8.6 Hz,
0.63H, CHAN, anti), 2.28 (s, 3H, CH3, (anti and syn)), 2.06–
2.35 (m, 7H, CH and CH2 Cyclopentanone, anti and syn); 13C
NMR (100 MHz, CDCl3): d 220.7, 218.7 (C¼¼OCyclopentanone),

161.1, 161.0, 158.3, 149.1, 148.9, 145.5, 136.1, 133.4, 128.1,
128.0, 123.2, 122.9, 119.8, 117.5, 117.0, 113.4, 113.1, 105.5,
105.4, 52.7, 52.2, 51.4, 50.8, 38.5, 37.9, 25.9, 25.3, 19.9, 19.7,
18.9, 18.7 ppm; Anal. Calcd. for C20H19Cl2NO3: C, 61.24; H,
4.88; N, 3.57. Found: C, 60.93; H, 5.01; N, 3.68.

(Z)-4-Chloro-3-[1-chloro-3-(4-chlorophenylamino)-3-(2-oxo-
cyclopentyl)prop-1-enyl]-6-methyl-2H-pyran-2-one (4b). Anti/
Syn: 70/30; Yellow solid; FTIR (KBr): 3378 (NH), 3070,
3061, 2940, 2860, 1733, 1724, 1630, 1545, 1508, 1306, 1263,

857, 761 cm�1; 1H NMR (400 MHz, CDCl3): d 7.08–7.12 (m,
2H, CHAr, anti and syn), 6.62–6.66 (m, 1.4H, CHAr, anti),
6.59–6.61 (m, 0.6H, CHAr, syn), 6.11 (d, 4J ¼ 0.7 Hz, 0.7H,
CHa-Pyrone, anti), 6.07 (d, 4J ¼ 0.8 Hz, 0.3H, CHa-Pyrone, syn),
5.87 (d, 3J ¼ 8.7 Hz, 0.7H, CHVinyl, anti), 5.58 (d, 3J ¼ 9.4

Hz, 0.3H, CHVinyl, syn), 4.75–5.32 (s, br, 1H, NH, anti and
syn), 4.63 (dd, 3J ¼ 3.3 Hz, 3J ¼ 8.9 Hz, 0.3H, CHAN, syn),
4.45 (dd, 3J ¼ 7.5 Hz, 3J ¼ 8.5 Hz, 0.7H, CHAN, anti), 1.85–
2.46 (m, 7H, CH and CH2 Cyclopentanone, anti and syn), 2.25 (d,
4J ¼ 0.4 Hz, 2.1H, CH3, anti), 2.23 (d, 4J ¼ 0.6 Hz, 0.9H,

CH3, syn). 13C NMR (100 MHz, CDCl3): d 220.1, 219.3
(C¼¼OCyclopentanone), 161.2, 161.0, 158.2, 158.1, 151.3, 150.1,
145.8, 136.6, 134.0, 128.8, 128.1, 124.1, 124.0, 119.6, 118.3,
118.1, 114.0, 113.8, 105.2, 52.4, 52.1, 51.1, 50.9, 38.6, 37.9,
26.1, 25.6, 20.3, 19.7, 18.3, 18.1 ppm; Anal. Calcd. for

C20H18Cl3NO3: C, 56.29; H, 4.25; N, 3.28. Found: C, 56.01;
H, 4.23; N, 3.59.

(Z)-4-Chloro-3-[1-chloro-3-(2-oxocyclohexyl)-3-(phenylami-
no)prop-1-enyl]-6-methyl-2H-pyran-2-one (4c). Anti/Syn: 74/

26; Pale yellow solid, FTIR (KBr): 3386 (NH), 3085, 3030,
2938, 2862, 1731, 1699, 1625, 1603, 1546, 1505, 1438, 1384,
1301, 1257, 1212, 795, 752, 694 cm�1; 1H NMR (400 MHz,
CDCl3): d 7.14–7.18 (m, 2H, CHAr), 6.68–6.73 (m, 3H, CHAr),
6.07 (d, 3J ¼ 9.3 Hz, 0.26H, CHVinyl, syn), 6.06 (d, 4J ¼ 0.8

Hz, 0.74H, CHa-Pyrone, anti), 6.05 (d, 4J ¼ 0.7 Hz, 0.26H,
CHa-Pyrone, syn), 6.03 (d, 3J ¼ 8.4 Hz, 0.74H, CHVinyl, anti),
4.53 (dd, 3J ¼ 3.7 Hz, 3J ¼ 9.3 Hz, 0.26H, CHAN, syn), 4.48
(dd, 3J ¼ 4.8 Hz, 3J ¼ 8.4 Hz, 0.74H, CHAN, anti), 2.94 (dt,
3J ¼ 4.4 Hz, 3J ¼ 12.9 Hz, 0.26H, ACOCH<, syn), 2.83–2.89

(m, 0.74H, ACOCH<, anti), 2.23 (s, 3H, CH3), 1.66–2.41 (m,
8H, CH2 Cyclohexanone) ppm; 13C NMR (100 MHz, CDCl3): d
211.8 (C¼¼OCyclohexanone), 160.9, 160.8, 158.2, 148.9, 146.1,
145.7, 136.8, 133.4, 128.0, 124.0, 122.6, 120.0, 119.6, 117.0,
116.9, 113.2, 112.8, 105.4, 105.3, 53.7, 53.6, 52.6, 52.5, 41.5,

41.3, 30.6, 29.6, 26.7, 25.9, 23.8, 23.4, 18.6 ppm; Anal. Calcd.
for C21H21Cl2NO3: C, 62.08; H, 5.21; N, 3.45. Found: C,
62.07; H, 5.26; N, 3.69.

(Z)-4-Chloro-3-[1-chloro-3-(4-chlorophenylamino)-3-(2-oxo-
cyclohexyl)prop-1-enyl]-6-methyl-2H-pyran-2-one (4d). Anti/
Syn: 58/42; Pale yellow solid, FTIR (KBr): 3393 (NH), 3095,
3042, 2935, 2864, 1729, 1697, 1623, 1548, 1498, 1439, 1238,
822 cm�1; 1H NMR (400 MHz, CDCl3): d 7.07–7.12 (m, 2H,

CHAr), 6.57–6.62 (m, 2H, CHAr), 6.07 (d, 4J ¼ 0.7 Hz, 0.58H,
CHa-Pyrone, anti), 6.06 (d, 4J ¼ 0.8 Hz, 0.42H, CHa-Pyrone,
syn), 6.03 (d, 3J ¼ 9.3 Hz, 0.42H, CHVinyl, syn), 5.98 (d, 3J ¼
8.4 Hz, 0.58H, CHVinyl, anti), 4.77 (s, br, 1H, NH), 4.45 (dd,
3J ¼ 3.7 Hz, 3J ¼ 9.3 Hz, 0.42H, CHAN, syn), 4.39 (dd, 3J ¼
4.6 Hz, 3J ¼ 8.4 Hz, 0.58H, CHAN, anti), 2.91 (dt, 3J ¼ 4.5
Hz, 3J ¼ 12.8 Hz, 0.42H, ACOCH<, syn), 2.80–2.85 (m,
0.58H, ACOCH<, anti), 2.23 (s, 3H, CH3), 1.65–2.42 (m, 8H,
CH2 Cyclohexanone) ppm; 13C NMR (100 MHz, CDCl3): d 212.0,
211.9 (C¼¼OCyclohexanone), 161.3, 160.9, 158.2, 149.1, 148.7,

144.3, 140.4, 138.4, 137.8, 132.9, 128.1, 127.0, 126.9, 126.7,
124.4, 121.5, 120.1, 117.1, 114.3, 105.7, 105.3, 53.5, 52.7,
41.5, 40.9, 30.4, 29.5, 26.5, 25.9, 23.8, 23.7, 18.8, 18.7 ppm;
Anal. Calcd. for C21H20Cl3NO3: C, 57.23; H, 4.57; N, 3.18.
Found: C, 57.12; H, 4.62; N, 3.43.

(Z)-4-Chloro-3-[1-chloro-3-(2-chlorophenylamino)-3-(2-oxo-
cyclohexyl)prop-1-enyl]-6-methyl-2H-pyran-2-one (4e). Anti/
Syn: 58/42; Pale yellow solid, FTIR (KBr): 3384 (NH), 3092,
2937, 2865, 1733, 1703, 1625, 1595, 1550, 1504, 1438, 1244,

848, 743 cm�1; 1H NMR (400 MHz, CDCl3): d 7.20–7.23 [2
� d, 7.22 (d, 3Jortho ¼ 7.9 Hz, 0.42H, CHAr, syn), 7.21 (d, 3Jor-
tho ¼ 7.9 Hz, 0.58H, CHAr, anti)], 7.10–7.16 (m, 1H, CHAr),
6.82 (dd, 4Jmeta ¼ 1.2 Hz, 3Jortho ¼ 8.3 Hz, 0.42H, CHAr, syn),
6.77 (dd, 4Jmeta ¼ 1.2 Hz, 3Jortho ¼ 8.2 Hz, 0.58H, CHAr,

anti), 6.60–6.65 (m, 1H, CHAr), 6.07 (d, 4J ¼ 0.9 Hz, 0.58H,
CHa-Pyrone, anti), 6.06 (d, 4J ¼ 0.9 Hz, 0.42H, CHa-Pyrone,
syn), 6.05 (d, 3J ¼ 9.4 Hz, 0.42H, CHVinyl, syn), 6.02 (d, 3J ¼
8.4 Hz, 0.58H, CHVinyl, anti), 5.49 (s, br, 1H, NH), 4.57 (dd,
3J ¼ 3.5 Hz, 3J ¼ 9.3 Hz, 0.42H, CHAN, syn), 4.50 (dd, 3J ¼
4.5 Hz, 3J ¼ 8.4 Hz, 0.58H, CHAN, anti), 2.94–3.00 (m,
0.42H, ACOCH<, syn), 2.86–2.92 (m, 0.58H, ACOCH<,
anti), 2.23 (d, 4J ¼ 0.8 Hz, 3H, CH3), 1.67–2.43 (m, 8H, CH2

Cyclohexanone) ppm; 13C NMR (100 MHz, CDCl3): d 211.5,
211.4 (C¼¼OCyclohexanone), 161.0, 160.9, 158.2, 149.0, 148.8,

142.2, 141.9, 136.2, 133.0, 128.0, 126.7, 124.4, 122.9, 119.6,
119.1, 117.0, 116.9, 112.2, 111.8, 105.5, 105.4, 53.6, 52.7,
52.3, 41.54, 41.52, 30.8, 29.5, 26.8, 25.9, 23.8, 23.6, 18.7
ppm; Anal. Calcd. for C21H20Cl3NO3: C, 57.23; H, 4.57; N,

3.18. Found: C, 57.40; H, 4.69; N, 3.50.
(Z)-4-Chloro-3-[1-chloro-3-(3,4-dichlorophenylamino)-3-(2-

oxocyclohexyl)prop-1-enyl]-6-methyl-2H-pyran-2-one (4f). Anti/
Syn: 33/67; Pale yellow solid, FTIR (KBr): 3395 (NH), 3048,
2934, 2863, 1730, 1702, 1621, 1546, 1488, 1439, 1249, 844,

796, cm�1; 1H NMR (400 MHz, CDCl3): d 7.16–7.20 [2 � d:
7.19 (d, 3Jortho ¼ 8.7 Hz, 0.33H, CHAr, anti), 7.18 (d, 3Jortho ¼
8.7 Hz, 0.67H, CHAr, syn)], 6.80 (d, 4Jmeta ¼ 2.4 Hz, 0.33H,
CHAr, anti), 6.78 (d, 4Jmeta ¼ 2.6 Hz, 0.67H, CHAr, syn),
6.50–6.56 (m, 1H, CHAr), 6.09 (s, 0.33H, CHa-Pyrone, anti),

6.08 (s, 0.67H, CHa-Pyrone, syn), 5.97–6.01 [2 � d: 5.99 (d, 3J
¼ 9.4 Hz, 0.67H, CHVinyl, syn), 5.98 (d, 3J ¼ 8.4 Hz, 0.33H,
CHVinyl, anti)], 5.12 (s, br, 1H, NH), 4.41 (dd, 3J ¼ 3.7 Hz, 3J
¼ 9.3 Hz, 0.67H, CHAN, syn), 4.37 (dd, 3J ¼ 4.8 Hz, 3J ¼
8.5 Hz, 0.33H, CHAN, anti), 2.84–2.93 (m, 1H,

ACOCH<,antiþsyn), 2.24 (s, 3H, CH3), 1.62–2.43 (m, 8H,
CH2 Cyclohexanone) ppm; 13C NMR (100 MHz, CDCl3): d 212.1,
212.0 (C¼¼OCyclohexanone), 161.2, 161.1, 158.3, 158.2, 149.2,
148.9, 145.2, 132.3, 131.7, 131.6, 129.5, 129.4, 125.0, 119.9,

119.6, 119.5, 114.5, 112.9, 105.5, 105.4, 53.3, 53.2, 52.7, 41.5,
30.8, 29.4, 26.7, 25.8, 23.7, 23.5, 18.8 ppm; Anal. Calcd. for
C21H19Cl4NO3: C, 53.08; H, 4.03; N, 2.95. Found: C, 53.01;
H, 4.38; N, 3.21.
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(Z)-3-(3-(4-Bromophenylamino)-1-chloro-3-(2-oxocyclohex-
yl)prop-1-enyl)-4-chloro-6-methyl-2H-pyran-2-one (4g). Anti/
Syn: 70/30; Pale yellow solid, FTIR (KBr): 3390 (NH), 3093,

2935, 2864, 1729, 1698, 1627, 1592, 1549, 1493, 1300, 820
cm�1; 1H NMR (400 MHz, CDCl3): d 7.21–7.25 (m, 2H,
CHAr), 6.51–6.57 (m, 2H, CHAr), 6.08 (d, 4J ¼ 0.6 Hz, 0.7H,
CHa-Pyrone, anti), 6.07 (d, 4J ¼ 0.5 Hz, 0.3H, CHa-Pyrone, syn),
6.03 (d, 3J ¼ 9.3 Hz, 0.3H, CHVinyl, syn), 5.98 (d, 3J ¼ 8.4

Hz, 0.7H, CHVinyl, anti), 4.45 (dd, 3J ¼ 3.6 Hz, 3J ¼ 9.3 Hz,
0.3H, CHAN, syn), 4.38 (dd, 3J ¼ 4.5 Hz, 3J ¼ 8.3 Hz, 0.7H,
CHAN, anti), 2.91 (dt, 3J ¼ 4.4 Hz, 3J ¼ 13.0 Hz, 0.3H,
ACOCH<, syn), 2.80–2.85 (m, 0.7H, ACOCH<, anti), 2.24
(s, 3H, CH3), 1.66–2.40 (m, 8H, CH2 Cyclohexanone) ppm; 13C

NMR (100 MHz, CDCl3): 212.0 (C¼¼OCyclohexanone), 161.0,
158.2, 149.0, 145.3, 144.8, 136.2, 132.9, 130.7, 124.5, 123.0,
119.6, 114.8, 114.5, 108.7, 108.6, 105.5, 105.4, 53.6, 53.5,
52.8, 52.6, 41.6, 41.5, 30.8, 30.5, 26.7, 25.9, 23.8, 23.5, 18.7
ppm; Anal. Calcd. for C21H20BrCl2NO3: C, 51.98; H, 4.15; N,

2.89. Found: C, 51.73; H, 4.53; N, 2.97.
(Z)-4-Chloro-3-[1-chloro-3-(4-methoxyphenylamino)-3-(2-oxo-

cyclohexyl)prop-1-enyl]-6-methyl-2H-pyran-2-one (4h). Anti/
Syn: 75/25; Pale yellow solid, FTIR (KBr): 3343 (NH), 3039,

2936, 2865, 1729, 1694, 1620, 1543, 1507, 1442, 1301, 1246,
850, 774, 730 cm�1; 1H NMR (400 MHz, CDCl3): d 6.73–6.76
(m, 2H, CHAr), 6.61–6.65 (m, 2H, CHAr), 6.04–6.07 [3 � d:
6.06 (d, 3J ¼ 9.2 Hz, 0.25H, CHVinyl, syn), 6.06 (d, 4J ¼ 0.8
Hz, 0.75H, CHa-Pyrone, anti), 6.04 (d, 4J ¼ 0.8 Hz, 0.25H, CHa-

Pyrone, syn)], 5.99 (d, 3J ¼ 8.4 Hz, 0.75H, CHVinyl, anti), 4.43
(dd, 3J ¼ 3.7 Hz, 3J ¼ 9.3 Hz, 0.25H, CHAN, syn), 4.39 (dd,
3J ¼ 4.9 Hz, 3J ¼ 8.4 Hz, 0.75H, CHAN, anti), 3.71–3.72 (2 �
s, 3H, AOCH3), 2.90–2.95 (m, 0.25H, ACOCH<, syn), 2.77–
2.82 (m, 0.75H, ACOCH<, anti), 2.22 (2 � s, 3H, CH3), 1.65–

2.40 (m, 8H, CH2 Cyclohexanone) ppm; 13C NMR (100 MHz,
CDCl3): d 212.0, 211.9 (C¼¼OCyclohexanone), 160.9, 160.8, 158.2,
151.6, 151.5, 148.9, 148.6, 140.2, 139.8, 133.9, 132.0, 127.0,
126.7, 124.0, 122.8, 114.9, 114.5, 113.7, 113.6, 105.4, 105.3,
54.7, 54.6, 53.7, 52.7, 41.6, 41.4, 30.6, 29.6, 26.7, 26.0, 23.9,

23.5, 18.8, 18.7 ppm; Anal. Calcd. for C22H23Cl2NO4: C,
60.56; H, 5.31; N, 3.21. Found: C, 60.29; H, 5.70; N, 3.38.

(Z)-3-[3-(4-Butylphenylamino)-1-chloro-3-(2-oxocyclohexyl)
prop-1-enyl]-4-chloro-6-methyl-2H-pyran-2-one (4i). Anti/
Syn: 80/20; Pale yellow solid, FTIR (KBr): 3381 (NH), 3094,

3019, 2930, 2861, 1733, 1684, 1623, 1550, 1517, 1299, 829,
743 cm�1; 1H NMR (400 MHz, CDCl3): d 6.97 (d, 3Jortho ¼
8.3 Hz, 2H, CHAr), 6.63 (d, 3Jortho ¼ 8.3 Hz, 0.4H, CHAr,
syn), 6.60 (d, 3Jortho ¼ 8.3 Hz, 1.6H, CHAr, anti), 6.07 (d, 3J
¼ 9.4 Hz, 0.2H, CHVinyl, syn) 6.06 (d, 4J ¼ 0.7 Hz, 0.8H,
CHa-Pyrone, anti), 6.05 (d, 4J ¼ 0.7 Hz, 0.2H, CHa-Pyrone, syn),
6.00 (d, 3J ¼ 8.3 Hz, 0.8H, CHVinyl, anti), 4.50 (dd, 3J ¼ 3.6
Hz, 3J ¼ 9.3 Hz, 0.2H, CHAN, syn), 4.44 (dd, 3J ¼ 4.8 Hz,
3J ¼ 8.3 Hz, 0.8H, CHAN, anti), 2.91–2.97 (m, 0.2H,

ACOCH<, syn), 2.79–2.85 (m, 0.8H, ACOCH<, anti), 2.47
(t, 3J ¼ 7.6 Hz, 2H, CH2 Butyl), 2.23 (s, 3H, CH3), 1.72–
2.43 (m, 8H, CH2 Cyclohexanone), 1.48–1.55 (m, 2H, CH2 Butyl),
1.26–1.34 (m, 2H, CH2 Butyl), 0.89 (t, 3J ¼ 7.4 Hz, 3H,
CH3 Butyl) ppm; 13C NMR (100 MHz, CDCl3): d 212.0

(C¼¼OCyclohexanone), 160.8, 158.2, 148.9, 143.9, 137.2, 131.5,
127.9, 122.6, 119.8, 113.4, 113.1, 105.4, 53.7, 53.0, 41.4, 33.6,
32.9, 30.6, 26.7, 26.0, 23.5, 21.2, 18.7, 12.9 ppm; Anal. Calcd.
for C25H29Cl2NO3: C, 64.94; H, 6.32; N, 3.03. Found: C,
65.03; H, 6.29; N, 3.31.

(Z)-4-Chloro-3-(1-chloro-3-(2-oxocycloheptyl)-3-(phenyla-
mino)prop-1-enyl)-6-methyl-2H-pyran-2-one (4j). Anti/Syn:
70/30; Pale yellow solid, FTIR (KBr): 3381 (NH), 3094, 3050,

2928, 2857, 1732, 1695, 1623, 1606, 1550, 1503, 1440, 1301,
861, 744 cm�1; 1H NMR (400 MHz, CDCl3): d 7.13–7.17 (m,
2H, CHAr), 6.65–6.70 (m, 3H, CHAr), 6.06 (s, 1H, CHa-Pyrone),
5.82 (d, 3J ¼ 9.4 Hz, 0.3H, CHVinyl, syn), 5.80 (d, 3J ¼ 8.3
Hz, 0.7H, CHVinyl, anti), 4.60 (dd, 3J ¼ 4.1 Hz, 3J ¼ 9.4 Hz,

0.3H, CHAN, syn), 4.52 (dd, 3J ¼ 5.9 Hz, 3J ¼ 8.3 Hz, 0.7H,
CHAN, anti), 2.98–3.08 (m, 1H, ACOCH<, antiþsyn), 2.50–
2.55 (m, 2H, ACH2COA), 2.23 (s, 3H, CH3), 1.20–2.08 (m,
8H, CH2 Cycloheptanone) ppm; 13C NMR (100 MHz, CDCl3): d
215.8, 215.1 (C¼¼OCycloheptanone), 160.9, 158.3, 148.9, 146.1,

145.4, 136.3, 133.6, 128.1, 124.3, 123.0, 119.7, 117.0, 116.8,
113.1, 112.7, 105.4, 55.3, 54.2, 54.1, 53.6, 43.3, 42.3, 28.9,
28.2, 27.9, 27.5, 27.1, 23.7, 23.1, 18.7 ppm; Anal. Calcd. for
C22H23Cl2NO3: C, 62.86; H, 5.52; N, 3.33. Found: C, 62.82;
H, 5.67; N, 3.51.

(Z)-4-Chloro-3-[1-chloro-3-(4-chlorophenylamino)-3-(2-oxo-
cycloheptyl)prop-1-enyl]-6-methyl-2H-pyran-2-one (4k). Anti/
Syn: 62/38; Pale yellow solid, FTIR (KBr): 3383 (NH), 3096,
3029, 2929, 2858, 1736, 1699, 1626, 1600, 1551, 1500, 1300,

1254, 861, 775, 732 cm�1; 1H NMR (400 MHz, CDCl3): d
7.08–7.11 (m, 2H, CHAr), 6.56–6.60 (m, 2H, CHAr), 6.08 (s,
1H, CHa-Pyrone, antiþsyn), 5.78 (d, 3J ¼ 9.9 Hz, 0.38H,
CHVinyl, syn), 5.77 (d, 3J ¼ 8.2 Hz, 0.62H, CHVinyl, anti), 4.84
(s, br, 1H, NH), 4.53 (dd, 3J ¼ 4.0 Hz, 3J ¼ 9.5 Hz, 0.38H,

CHAN, syn), 4.45 (dd, 3J ¼ 5.8 Hz, 3J ¼ 8.3 Hz, 0.62H,
CHAN, anti), 3.03–3.07 (m, 0.62H, ACOCH<, anti), 2.95–
3.01 (m, 0.38H, ACOCH<, syn), 2.49–2.51 (m, 2H,
ACH2COA), 2.23 (s, 3H, CH3), 1.24–2.17 (m, 8H, CH2 Cyclo-

heptanone) ppm; 13C NMR (100 MHz, CDCl3): d 215.9, 215.1

(C¼¼OCycloheptanone), 161.1, 158.2, 149.0, 148.9, 144.7, 144.1,
135.8, 133.1, 127.9, 124.7, 123.4, 121.5, 121.4, 119.6, 114.2,
113.8, 105.4, 55.2, 54.4, 54.2, 53.3, 43.3, 42.4, 28.9, 28.6,
28.3, 28.2, 27.6, 27.1, 23.7, 22.9, 18.7 ppm. Anal. Calcd. for
C22H22Cl3NO3: C, 58.10; H, 4.88; N, 3.08. Found: C, 57.92;

H, 5.06; N, 3.36.
4-Chloro-3-[(1Z)-1-chloro-3-(2-oxocyclohexylidene)prop-1-

enyl]-6-methyl-2H-pyran-2-one (5). White solid; Mp. 154–
156�C; FTIR (KBr): 3039, 2962, 2930, 2876, 1728, 1675,
1634, 1614, 1580, 1302, 857, 803, 775 cm�1; 1H NMR (400

MHz, CDCl3): d 7.41–7.43 (m, 1H, CHVinyl), 6.60 (d, 3J ¼
11.3 Hz, 1H, CHVinyl), 6.17 (s, 1H, CHa-Pyrone), 2.67 (td, 4J ¼
1.9 Hz, 3J ¼ 7.0 Hz, 2H, CH2 Cyclohexanone), 2.49 (t, 3J ¼ 6.6
Hz, 2H, ACH2COA), 2.28 (s, 3H, CH3), 1.84–1.89 (m, 2H,

CH2), 1.76–1.80 (m, 2H, CH2) ppm; 13C NMR (100 MHz,
CDCl3) d 199.6 (C¼¼OCyclohexanone), 161.3, 158.2, 149.2, 138.4,
129.0, 127.0, 126.7, 120.3, 105.7, 39.2, 26.6, 22.2, 22.0, 18.8
ppm. Anal. calcd. for C15H14Cl2O3: C, 57.53; H, 4.51. Found:
C, 57.58; H, 4.69.

4-Chloro-3-[(1Z)-1-chloro-3-(2-oxocyclopentylidene)prop-1-
enyl]-6-methyl-2H-pyran-2-one (6). White solid, Mp. 182–
184�C; FTIR (KBr): 3106, 3034, 2958, 1728, 1708, 1623,
1549, 1297, 1172, 861, 805 cm�1; 1H NMR (400 MHz,
CDCl3):d 7.34 (dt, 4J ¼ 2.8 Hz, 3J ¼ 11.2 Hz, 1H, CHVinyl),

6.52 (d, 3J ¼ 11.2 Hz, 1H, CHVinyl), 6.18 (d, 4J ¼ 0.7 Hz, 1H,
CHa-Pyrone), 2.71 (td, 4J ¼ 2.8 Hz, 3J ¼ 7.3 Hz, 2H, CH2 Cyclo-

pentanone), 2.39 (t, 3J ¼ 7.9 Hz, 2H, ACH2COA), 2.29 (d, 4J ¼
0.4 Hz, 3H, CH3), 1.95–2.03 (m, 2H, CH2 Cyclopentanone) ppm;
13C NMR (100 MHz, CDCl3): d 206.0 (C¼¼OCyclopentanone),
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161.4, 158.1, 149.2, 140.1, 129.8, 128.5, 123.7, 120.1, 105.7,
37.5, 26.6, 18.8, 18.6 ppm. Anal. Calcd. for C14H12Cl2O3: C,
56.21; H, 4.04. Found: C, 55.83; H, 4.06.

(Z)-4-Chloro-3-[1-chloro-5-oxo-3-(phenylamino)hex-1-enyl]-
6-methyl-2H-pyran-2-one (7a). Pale yellow solid, Mp. 30–

32�C; FTIR (KBr): 3384 (NH), 3095, 3052, 3024, 2959, 2924,
1734, 1669, 1626, 1602, 1550, 1503, 1302, 860, 752, 694
cm�1; 1H NMR (400 MHz, CDCl3): d 7.15–7.19 (m, 2H,
CHAr), 6.71–6.74 (m, 1H, CHAr), 6.66–6.68 (m, 2H, CHAr),
6.08 (d, 4J ¼ 0.8 Hz, 1H, CHa-Pyrone), 5.95 (d, 3J ¼ 7.9 Hz,

1H, CHVinyl), 4.70–4.74 (dt, 3J ¼ 5.2 Hz, 3J ¼ 7.9 Hz, 1H,
CHAN), 4.54 (s, br, 1H, NH), 2.98 (d, 3J ¼ 5.2 Hz, 2H, CH2),
2.24 (d, 4J ¼ 0.5 Hz, 3H, CH3 a-Pyrone), 2.23 (s, 3H,
CH3COA) ppm; 13C NMR (100 MHz, CDCl3): d 206.5
(C¼¼OKetone), 161.1, 158.2, 149.1, 145.1, 136.3, 128.2, 123.0,

119.5, 117.8, 113.4, 105.4, 48.7, 45.3, 29.5, 18.7 ppm; Anal.
Calcd. for C18H17Cl2NO3: C, 59.03; H, 4.68; N, 3.82. Found:
C, 58.91; H, 4.98; N, 4.02.

(Z)-4-Chloro-3-[1-chloro-3-(4-chlorophenylamino)-5-oxohex-
1-enyl]-6-methyl-2H-pyran-2-one (7b). Pale yellow solid, Mp.
34–36�C; FTIR (KBr): 3370 (NH), 3095, 3050, 2959, 2925,
2854, 1730, 1667, 1621, 1548, 1490, 1436, 1254, 863, 821,
773, 732 cm�1; 1H NMR (400 MHz, CDCl3): d 7.10–7.13 (m,
2H, CHAr), 6.61–6.65 (m, 2H, CHAr), 6.09 (d, 4J ¼ 0.7 Hz,

1H, CHa-Pyrone), 5.92 (d, 3J ¼ 8.0 Hz, 1H, CHVinyl), 4.63–4.68
(ddd, 3J ¼ 4.3 Hz, 3J ¼ 6.1 Hz, 3J ¼ 7.9 Hz, 1H, CHAN),
2.92–3.04 [2 � dd: 3.02 (dd, 3J ¼ 6.2 Hz, 2J ¼ 17.1 Hz, 1H,
CH2), 2.95 (dd, 3J ¼ 4.3 Hz, 2J ¼ 17.1 Hz, 1H, CH2), CH2

Diastrotopic Protons], 2.24 (s, 3H, CH3 a-Pyrone), 2.22 (s, 3H,

CH3COA) ppm; 13C NMR (100 MHz, CDCl3): d 206.6
(C¼¼OKetone), 161.3, 158.2, 149.1, 143.7, 135.7, 128.0, 123.4,
122.5, 119.4, 114.6, 105.4, 48.8, 45.1, 29.6, 18.7 ppm; Anal.
Calcd. for C18H16Cl3NO3: C, 53.96; H, 4.02; N, 3.50. Found:
C, 54.07; H, 4.18; N, 3.38.

(Z)-4-Chloro-3-[1-chloro-5-oxo-5-phenyl-3-(phenylamino)-
pent-1-enyl]-6-methyl-2H-pyran-2-one (7c). Pale yellow
solid, Mp. 126–128�C; FTIR (KBr): 3381 (NH), 3092, 3056,
3028, 2924, 2855, 1729, 1685, 1625, 1600, 1548, 1293, 1265,

861, 751, 694 cm�1; 1H NMR (400 MHz, CDCl3): d 7.98–
8.00 (m, 2H, CHAr), 7.57–7.60 (m, 1H, CHAr), 7.46–7.51 (m,
2H, CHAr), 7.14–7.19 (m, 2H, CHAr), 6.69–6.74 (m, 3H,
CHAr), 6.07 (s, 1H, CHa-Pyrone), 6.07 (d, 3J ¼ 7.8 Hz, 1H,
CHVinyl), 4.89–4.93 (m, 1H, CHAN), 3.46–3.57 (m, 2H, CH2),

2.23 (s, 3H, CH3 a-Pyrone) ppm; 13C NMR (100 MHz, CDCl3)
d 197.7 (C¼¼OKetone), 161.0, 158.2, 149.1, 145.6, 137.1, 135.5,
132.6, 128.2, 127.7, 127.6, 127.3, 122.8, 117.3, 113.1, 105.4,
48.8, 40.6, 18.7 ppm; Anal. Calcd. for C23H19Cl2NO3: C,
64.50; H, 4.47; N, 3.27. Found: C, 64.35; H, 4.65; N, 3.55.

(Z)-4-Chloro-3-[1-chloro-3-(4-chlorophenylamino)-5-oxo-5-
phenylpent-1-enyl]-6-methyl-2H-pyran-2-one (7d). Pale yel-
low solid, Mp. 128–130�C; FTIR (KBr): 3371 (NH), 3172,
3060, 3031, 2924, 2855, 1731, 1695, 1621, 1547, 1493, 1456,
1213, 811, 742 cm�1; 1H NMR (400 MHz, CDCl3): d 7.96–

7.99 (m, 2H, CHAr), 7.59–7.63 (m, 1H, CHAr), 7.47–7.53 (m,
2H, CHAr), 7.20–7.22 (m, 2H, CHAr), 6.95–6.97 (m, 2H,
CHAr), 6.19 (d, 3J ¼ 8.4 Hz, 1H, CHVinyl), 6.08 (d, 4J ¼ 0.8
Hz, 1H, CHa-Pyrone), 4.90–4.95 (m, 1H, CHAN), 3.55–3.77 [2

� dd: 3.74 (dd, 3J ¼ 6.8 Hz, 2J ¼ 17.1 Hz, 1H, CH2), 3.58
(dd, 3J ¼ 4.0 Hz, 2J ¼ 17.3 Hz, 1H, CH2), CH2 Diastrotopic Pro-

tons], 2.25 (d, 4J ¼ 0.6 Hz, 3H, CH3 a-Pyrone) ppm; 13C NMR
(100 MHz, CDCl3): d 198.7 (C¼¼OKetone), 162.2, 159.2, 150.1,

145.3, 137.6, 136.4, 133.7, 129.0, 128.8, 128.3, 127.4, 124.2,
122.9, 115.2, 106.5, 49.9, 41.5, 19.8 ppm; Anal. Calcd. for
C23H18Cl3NO3: C, 59.70; H, 3.92; N, 3.03. Found: C, 59.92;
H, 4.07; N, 3.36.

(Z)-Dimethyl 4-[2-chloro-2-(4-chloro-6-methyl-2-oxo-2H-
pyran-3-yl)vinyl]-2,6-dimethyl-1-phenyl-1,4-dihydropyridine-3,5-
dicarboxylate (8a). yellow solid, Mp. 54–56�C; FTIR (KBr):
3096, 2948, 2926, 2852, 1734, 1694, 1629, 1586, 1551, 1290,
1208, 860, 771, 732 cm�1; 1H NMR (400 MHz, CDCl3): d
7.39–7.45 (m, 3H, CHAr), 7.10–7.13 (m, 2H, CHAr), 6.10 (s,

1H, CHa-Pyrone), 5.71 (d, 3J ¼ 9.4 Hz, 1H, CHVinyl), 5.15 (d,
3J ¼ 9.4 Hz, 1H, CHDihydropyridine), 3.77 (s, 6H, AOCH3), 2.29
(s, 3H, CH3 a-Pyrone), 1.98 (s, 6H, CH3 Dihydropyridine) ppm; 13C
NMR (100 MHz, CDCl3): d 167.2 (C¼¼OEster), 160.5, 158.3,
148.5, 147.3, 139.1, 134.5, 129.3, 128.4, 127.6, 120.9, 118.6,

105.4, 101.4, 50.3, 33.5, 18.7, 17.3 ppm; Anal. Calcd. for
C25H23Cl2NO6: C, 59.53; H, 4.60; N, 2.78. Found: C, 59.68;
H, 4.63; N, 2.88.

(Z)-Diethyl 4-[2-chloro-2-(4-chloro-6-methyl-2-oxo-2H-py-
ran-3-yl)vinyl]-2,6-dimethyl-1-phenyl-1,4-dihydropyridine-3,5-
dicarboxylate (8b). yellow solid, Mp. 42–44�C; FTIR (KBr):
3092, 3059, 2980, 2936, 1734, 1691, 1631, 1583, 1552, 1203,
742 cm�1; 1H NMR (400 MHz, CDCl3): d 7.40–7.43 (m, 3H,
CHAr), 7.10–7.12 (m, 2H, CHAr), 6.10 (d, 4J ¼ 0.7 Hz, 1H,

CHa-Pyrone), 5.71 (d, 3J ¼ 9.5 Hz, 1H, CHVinyl), 5.15 (d, 3J ¼
9.5 Hz, 1H, CHDihydropyridine), 4.23 (m, 4H, CH2 Ethyl), 2.24 (s,
3H, CH3 a-Pyrone), 1.99 (s, 6H, CH3), 1.35 (t, 3J ¼ 7.1 Hz, 6H,
CH3 Ethyl) ppm; 13C NMR (100 MHz, CDCl3): d 166.7
(C¼¼OEster), 160.4, 158.3, 148.4, 147.1, 139.1, 134.5, 129.3,

128.3, 127.6, 120.9, 118.1, 105.4, 101.7, 59.2, 33.2, 18.7, 17.3,
13.4 ppm. Anal. Calcd. for C27H27Cl2NO6: C, 60.91; H, 5.11;
N, 2.63. Found: C, 60.93; H, 5.18; N, 2.90.

5-Benzyloxy-2-[(2-oxocyclohexyl)(phenylamino)methyl]-4H-
pyran-4-one (11a). Anti/Syn: 40/60; White solid; FTIR (KBr):

3408 (NH), 3031, 2935, 2861, 1708, 1642, 1555, 1523, 1455,
1246, 1208, 992 cm�1; 1H NMR (400 MHz, CDCl3): d 7.50
(s, 0.4H, CHPyrone 6-position, anti), 7.49 (s, 0.6H, CHPyrone 6-posi-

tion, syn), 7.28–7.37 (m, 5H, CHAr), 7.13 (m, 2H, CHAr), 6.71–

6.75 (m, 1H, CHAr), 6.59 (m, 2H, CHAr), 6.50 (s, 0.6H, CHPyr-

one 3-position, syn), 6.49 (s, 0.4H, CHPyrone 3-position, anti), 4.99–
5.00 [2 � s: 5.00 (s, 0.8H, ACH2OA, anti), 4.99 (s, 1.2H,
ACH2OA, syn), 4.64 (d, 3J ¼ 5.4 Hz, 0.4H, CHAN, anti),
4.41 (d, 3J ¼ 4.9 Hz, 0.6H, CHAN, syn), 4.20 (s, br, 1H,

NH), 2.98–3.04 (m, 0.6H, ACOCH<, syn), 2.84–2.92 (m,
0.4H, ACOCH<, anti), 2.25–2.41 (m, 2H, ACH2COA) 1.57–
2.04 (m, 6H, CH2 Cyclohexanone) ppm; 13C NMR (100 MHz,
CDCl3): d 209.7, 208.4 (C¼¼O Cyclohexanone), 173.4
(C¼¼OPyrone), 166.1, 165.7, 146.0, 144.9, 144.7, 140.3, 139.8,

134.6, 128.3, 128.2, 127.7, 127.6, 127.4, 127.3, 126.6, 126.6,
118.0, 117.8, 113.0, 112.9, 112.8, 112.4, 70.8, 70.6, 54.6, 53.8,
52.2, 52.1, 41.1, 41.0, 28.2, 28.1, 26.4, 25.9, 23.6, 23.4 ppm;
Anal. calcd. for C25H25NO4: C, 74.42; H, 6.25; N, 3.47.
Found: C, 74.08; H, 6.46; N, 3.21.

5-Benzyloxy-2-[(4-chlorophenylamino)(2-oxocyclohexyl)-
methyl]-4H-pyran-4-one (11b). Anti/Syn: 55/45; White solid,
FTIR (KBr): 3333 (NH), 3088, 3034, 2933, 2861, 1708, 1644,
1600, 1497, 1202, 816, 738 cm�1; 1H NMR (400 MHz,

CDCl3): d 7.50 (s, 0.55H, CHPyrone 6-position, anti), 7.49 (s,
0.45H, CHPyrone 6-position, syn), 7.30–7.35 (m, 5H, CHAr), 7.05–
7.08 (m, 2H, CHAr), 6.49–6.54 (m, 2H, CHAr), 6.47 (s, 0.45H,
CHPyrone 3-position, syn), 6.45 (s, 0.55H, CHPyrone 3-position, anti),
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5.00 (2 � s: 2H, ACH2OA), 4.59 (d, 3J ¼ 5.1 Hz, 0.55H,
CHAN, anti), 4.34 (d, 3J ¼ 4.8 Hz, 0.45H, CHAN, syn),
2.97–3.02 (m, 0.45H, ACOCH<, syn), 2.84–2.89 (m, 0.55H,
ACOCH<, anti), 2.29–2.45 (m, 2H, ACH2COACyclohexanone)
1.55–2.13 (m, 6H, CH2 Cyclohexanone) ppm; 13C NMR (100

MHz, CDCl3): d 209.7, 208.3 (C¼¼O Cyclohexanone), 173.3
(C¼¼OPyrone), 165.9, 165.6, 146.0, 143.7, 143.5, 139.9, 134.6,
134.5, 128.2, 128.1, 127.7, 127.6, 127.4, 127.3, 126.6, 122.5,
114.0, 113.4, 112.9, 112.7, 70.7, 54.8, 53.8, 52.3, 52.0, 41.2,
41.0, 28.0, 27.9, 26.5, 25.8, 23.7, 23.6 ppm; Anal. calcd. for

C25H24ClNO4: C, 68.57; H, 5.52; N, 3.20. Found: C, 68.21; H,
5.38; N, 3.18.

5-Benzyloxy-2-[(3,4-dichlorophenylamino)(2-oxocyclohexyl)
methyl]-4H-pyran-4-one (11c). Anti/Syn: 75/25; White solid,
FTIR (KBr): 3336 (NH), 3067, 3031, 2939, 2865, 1708, 1642,

1595, 1476, 1208, 812, 749, 696 cm�1; 1H NMR (400 MHz,
CDCl3): d 7.52 (s, 0.75H, CHPyrone 6-position, anti), 7.49 (s,
0.25H, CHPyrone 6-position, syn), 7.29–7.37 (m, 5H, CHAr), 7.11–
7.15 [2 � d: 7.14 (d, 3Jortho ¼ 8.7 Hz, 0.25H, CHAr, syn), 7.12

(d, 3Jortho ¼ 8.7 Hz, 0.75H, CHAr, anti)], 6.69 (d, 4Jmeta ¼ 2.7
Hz, 0.75H, CHAr, anti), 6.63 (d, 4Jmeta ¼ 2.7 Hz, 0.25H, CHAr,
syn), 6.40–6.47 [m, 2H, (1H, CHAr) and (1H, CHPyrone 3-posi-

tion)] 5.00 (s, 2H, ACH2OA), 4.59 (d, 3J ¼ 5.1 Hz, 0.75H,
CHAN, anti), 4.30 (d, 3J ¼ 4.6 Hz, 0.25H, CHAN, syn),

3.01–3.06 (m, 0.25H, ACOCH<, syn), 2.83–2.89 (m, 0.75H,
ACOCH<, anti), 2.24–2.45 (m, 2H, ACH2COACyclohexanone)
1.53–2.12 (m, 6H, CH2 Cyclohexanone) ppm; 13C NMR (100
MHz, CDCl3): d 209.7, 208.1 (C¼¼O Cyclohexanone), 173.3
(C¼¼OPyrone), 165.7, 146.1, 146.0, 144.9, 144.7, 139.9, 134.6,

134.5, 131.9, 131.8, 129.7, 129.6, 127.7, 127.6, 127.4, 127.3,
126.7, 123.5, 120.2, 113.9, 113.3, 112.7, 112.5, 112.3, 111.9,
70.7, 54.6, 53.5, 52.2, 51.9, 41.3, 40.9, 28.0, 27.7, 26.6, 25.7,
23.6, 23.6 ppm; Anal. calcd. for C25H23Cl2NO4: C, 63.57; H,
4.91; N, 2.97. Found: C, 63.67; H, 4.89; N, 3.06.
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The facile syntheses of 2,3-dihydro-1H-benzodiazepines containing heterocyclic moieties and their

ribofuranosides have been accomplished in ionic liquids at ambient temperature. The characterization of
all these compounds has been done unambiguously by IR, 1H NMR, 13C NMR, GC-MS spectroscopy,
and elemental analysis.
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INTRODUCTION

The 1,5-Benzodiazepines have attracted tremendous

attention due to their diversified medicinal properties [1–

4], e.g. analgesic, hypnotic, sedative, antianxiety, anticon-
vulsant, antidepressant, and anti-inflammatory activities.

These derivatives have also been used in viral infections

and cardiovasulcar disorders [5]. Commercial applica-

tions of this heterocyclic system as dyes for acrylic fibres

and in photography have also been reported [6].

These derivatives also act as key intermediates for the

synthesis of fused ring derivatives [7], viz., triazolo-, oxa-

diazolo-, oxazino-, furano-, and pyrido- benzodiazepines.

A survey of the literature reveals that the synthesis of

1,5-benzodiazepines involves the condensation of o-
phenylenediamine with b-haloketones [8], a,b-unsatu-
rated carbonyl compounds [9] or ketones in the presence

of BF3-etherate [10], polyphosphoric acid or SiO2 [11],

NaBH4 [12], MgO-POCl3 [13], InBr3 [14], InCl3 [15],

ionic liquids [16], Amberlyst [17] or zinc montmorillon-

ite [18], etc.

The chemistry of nucleosides has been an active area

of research in academia and in industry as it has demon-

strated significant importance in cancer and viral therapy

[19]. Also, protected nucleosides serve as building

blocks for the synthesis of oligonucleotides, which has

been used as probes for diagnostic purposes [20] and in

antisense therapeutics [21]. The antisense oligonucleo-

tides and siRNA have been extensively employed in

selective inhibition of gene expression [22]. To our

knowledge, only scanty information is available in

regard to the synthesis of 1,5-benzodiazepine derivatives

containing heterocyclic moieties, their spiro derivatives

[23] and nucleosides. Furthermore, the reported methods

are associated with several drawbacks, such as expen-

sive reagents, drastic reaction conditions, extended reac-

tion times, formation of the side products, unsatisfactory

yields, complex experimental procedures, and involving

the use of environmentally black listed solvents, e.g.
N,N-dimethylformamide, N-methylpyrrolidine, etc.

In view of our continuous interest in the synthesis of

nucleosides [24] and the only report on ionic liquid pro-

moted lipase catalysed synthesis of nucleosides [25], we

have developed a facile synthesis of 2,3-dihydro-1H-
1,5-benzodiazepines containing heterocyclic moieties

and their spiro derivatives at ambient temperature in

environmentally benign ionic liquid (IL). These deriva-

tives could be subsequently transformed to their ribofur-

anosides in the same pot under mild conditions.

RESULTS AND DISCUSSION

In our strategy, we first attempted the synthesis of

2,3-dihydro-1H-1,5-benzodiazepines containing hetero-

cyclic moieties/spiro derivatives from the reaction

between o-phenylenediamine and an heterocyclic

ketone(s) in an IL, viz. 1,3-di-n-butylimidazolium

bromide [BBIM]Br, 1,3-di-n-butylimidazolium tetra-

fluoroborate [BBIM]BF4, 1,3-di-n-butylimidazolium hex-

afluorophosphate [BBIM]PF6, 1-methoxyethyl-3-methyl-

imidazolium trifluoroacetate [MOEMIM]TFA, and 1-
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methoxyethyl-3-methylimidazolium mesylates [MOE-

MIM]Ms at ambient temperature (28 6 2�). The reac-

tion afforded 2,3-dihydro-1H-1,5-benzodiazepine con-

taining heterocyclic moieties or their spiro derivatives in

excellent yields (Table 1).

The chracterization of the compounds 3a-k have been

carried out by IR, 1H NMR, 13C NMR, GC-MS spec-

troscopy and elemental analysis.

A plausible mechanism of the reaction appears to

involve nucleophilic attack of o-phenylenediamine on

the carbonyl carbon of the heterocyclic ketone to gener-

ate diaminoalcohol followed by loss of water to afford

diimine intermediate A. The latter may undergo 1,3-

hydrogen shift to yield isomeric imine-enamine interme-

diate B, which on cyclization affords 2,3-dihydro-1H-
1,5-benzodiazepines/spiro compounds via dipolar inter-

mediate (Scheme 1).

To devise our goal of designing a one pot synthesis

of 2,3-dihydro-1H-1,5-benzodiazepiene ribofuranosides

4a-k, the solubility of the compounds 3a and 3j was

checked in ionic liquids by dissolving till saturation in 1

mL of IL. These data are summarized in Table 2.

The data presented in Table 2 suggest that the com-

pounds 3a and 3j show better solubility in [MOE-

MIM]Ms, [MOEMIM]TFA, which may therefore be

used for ribofuranosylation. This may be attributed due

to the ability of oxygenated cation to hydrogen bond

with -NH of the 1,5-benzodiazepine.

In a one-pot synthesis of 1,5-benzodiazepine ribofura-

nosides, o-phenylenediame (entry 1 Table 1) was first

reacted with heterocyclic ketone 2a in [MOEMIM]TFA,

the progress of the reaction being monitored by TLC.

After completion of the reaction, the sugar, viz., b-D-
ribofuranose-1-bromo-2,3,5-tribenzoate was added and

the contents were further stirred. After workup com-

pound 4a was obtained in 92% yield. On carrying out

this reaction in [MOEMIM]Ms, 4a was obtained in 80%

yield (Scheme 2).

These investigations suggest that [MOEMIM]TFA is

a better protocol for the synthesis of compounds 4a,

which is in consonance with the earlier report [26].

Same method was employed for the synthesis of ribofur-

anosides 4a-k.

The compounds 4a-k have been characterized on the

basis of IR, 1H NMR, 13C NMR, GC-MS spectroscopy,

and elemental analysis.

We also checked the recyclability of the ionic liquid

[MOEMIM]TFA for one pot synthesis of compound 4a

from o-phenylenediameine, and heterocyclic ketone 2a

as described earlier. The results of the recyclability are

shown in Table 3, which suggest that the yield of the

compound 4a decreases by 5.6 and 10%, respectively in

first and second recycling of [MOEMIM]TFA. However,

in the third cycle, the decrease in yield was significant.

SUMMARY

In summary, a facile one pot synthesis of 2,3-dihy-

dro-1H-1,5-benzodiazepine derivatives containing heter-

ocyclic moieties, their spiro derivatives and their ribo-

furanosides have been developed at ambient temperature

in environmentally benign ionic liquids(s). [MOE-

MIM]TFA was found to be a better solvent for this pur-

pose. The simplicity of the procedure, easy recovery and

reuse of the reaction media viz. ionic liquid make this

methodology a convenient, efficient, economic, and

attractive.

EXPERIMENTAL

Melting points were determined in open capillary tubes and
are uncorrected. IR spectra were recorded on a SHIMADZU
FT-IR spectrometer using KBr pellets. 1H NMR spectra were
recorded on a JEOL AL-300 MHz NMR spectrometer in

CDCl3 using TMS as an internal standard (chemical shift in d
ppm). 13C NMR spectra were recorded on a JEOL AL-75
MHz NMR spectrometer in CDCl3 using TMS as an internal
standard. Mass spectra were measured on HP 5890 GC-MS
(70eV.EI). The purity of the products was checked by TLC

using silica gel 60F 254 aluminium sheets and visualization
was accomplished by iodine/UV light. Ionic liquids were pre-
pared by reported methods [27,28]. All reagents were used as
obtained commercially.

Synthesis of 2,3-dihydro-1H-1,5-benzodiazepines (3a-k). o-
Phenylenediamine (0.005 mol) and heterocyclic ketone (0.010
mol) were added to IL (0.015 mol). The contents were stirred
magnetically at room temperature (28 6 2�C). The progress of
the reaction was monitored by TLC using silica gel 60F 254
aluminum sheet in pet.ether/EtOAc 7:3. Upon completion of

the reaction, water (20 mL) was added to it. The organic com-
pound was then extracted with EtOAc (2 � 15 mL). The com-
bined organic layer was distilled under reduced pressure (10
mmHg) at 50�C to afford compounds 3a-k. All these products

were further purified by column chromatography on silica gel
60–120 mesh by eluting with pet.ether-EtOAc (7:3).

2,4-Di(20-Furyl)-2-methyl-2,3-dihydro-1H-1,5-benzodiaze-
pine (3a). Solid, mp ¼ 152–153�C; Rf ¼ 0.45 (pet.ether -
ethyl acetate ¼ 7:3); 1H NMR d : 1.69 (s, 3H, ACH3), 2.90

(d, J ¼ 13.2 Hz, 1H, methylene), 3.05 (d, J ¼ 13.2 Hz, 1H
methylene), 3.40 (s, 1H, NH), 6.46 (d, J ¼ 2.2 Hz, 1H, Furyl),
6.64 (d, J ¼ 3.0 Hz, 1H, Furyl), 6.90–7.03 (m, 2H, 1H furyl
and 1H phenyl), 7.10–7.15 (m, 1H, phenyl), 7.28 (d, J ¼ 2.8
Hz, 1H, phenyl), 7.40 (d, J ¼ 3.0 Hz, 1H, phenyl), 7.51 (d, J
¼ 1.4 Hz, 1H, furyl), 7.60 (d, J ¼ 3.0 Hz, 1H, Furyl), 7.78 (d,
J ¼ 1.4 Hz, 1H, Furyl); 13C NMR d : 28.80, 39.60, 71.40,
105.10, 110.62, 112.10, 113.72, 122.55, 123.15, 126.50,
128.45, 137.70, 141.30, 142.00, 146.10, 154.10, 158.50,
159.90; IR (KBr cm–1) m: 3320, 3040, 2970, 1640; GC-MS :

Mþ, 292.
2,4-Di(20-thiophenyl)-2-methyl-2,3-dihydro-1H,1,5-benzo-

diazepine (3b). Solid, mp ¼ 104–105�C; Rf ¼ 0.48 (pet.ether
- ethyl acetate ¼ 7:3); 1H NMR d : 1.80 (s, 3H, CH3), 2.95 (d,

J ¼ 13.8 Hz, 1H, methylene), 3.05 (d, J ¼ 13.8 Hz, 1H, meth-
ylene), 3.60 (s, 1H, NH), 6.60–6.70 (m, 2H, 1H thiophenyl
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and 1H phenyl), 6.75 (dd, J ¼ 1.4 Hz, 1H, Phenyl), 6.80–6.85
(m, 2H, 1H thiophenyl and 1H phenyl), 6.92–6.98 (m, 2H, 1H
thiophenyl and 1H phenyl), 7.05 (dd, J ¼ 1.3 Hz, 1H, thio-

phenyl), 7.29 (d, J ¼ 1.5 Hz, 1H, thiophenyl), 7.37 (d, J ¼ 3.0
Hz, 1H, Thiophenyl); 13C NMR d : 31.10, 44.82, 73.10,
106.45, 111.20, 113.80, 114.60, 122.10, 124.20, 127.78,

Table 1

Synthesis of 2,3-dihydro-1H-1,5-benzodiazepines.

Entry Compd.

OPD

R3 Product

Yield of 1,5-bezodiazepines (%)/time (h)

R1 R2 [BBIM]Br [BBIM]BF4 [BBIM]PF6 [MOEMIM]TFA [MOEMIM]Ms

1 3a H H 85/7.5 87/6.5 90/5.5 92/4.5 80/4.5

2 3b H H 80/7.0 85/6.0 87/5.5 90/5.0 90/5.5

3 3c H H 78/6.5 83/6.0 85/5.5 94/5.0 90/5.5

4 3d H H 80/7.0 82/6.5 86/6.0 92/5.0 88/5.5

5 3e H H 82/7.0 85/6.5 85/6.0 94/5.0 90/5.5

6 3f H Cl 78/7.0 83/6.5 86/6.0 90/5.0 88/5.5

7 3g H NO2 73/7.0 79/6.5 82/6.0 85/5.0 80/5.5

(Continued)
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128.20, 128.50, 130.48, 137.50, 141.40, 147.95, 153.78,
162.80; IR (KBr, cm�1) m : 3325, 3040, 2970, 1625; GC-MS :
Mþ, 324.

2,4-Di(20-pyridyl)-2-methyl-2,3-dihydro-1H-1,5-benzodiaze-
pine (3c). Solid, mp ¼ 162�C; Rf ¼ 0.46 (pet.ether - ethyl ac-
etate ¼ 7:3); 1H NMR d : 1.82 (s, 3H, CH3), 2.91 (d, J ¼ 13.2
Hz, 1H, methylene), 3.05 (d, J ¼ 13.2 Hz, 1H, Mehtylene),
3.40 (s, 1H, NH), 6.80 (m, 1H, phenyl), 6.90 (m, 1H, phenyl),
6.95 (d, J ¼ 3.0 Hz, 1H, phenyl), 7.24 (dd, J ¼ 3.4 Hz, 1H,

pyridyl), 7.46 (d, J ¼ 3.0 Hz, 1H, phenyl), 7.55 (d, J ¼ 3.4
Hz, 1H, pyridyl), 7.66 (dd, J ¼ 3.4 Hz, 1H, pyridyl), 7.83 (t, J
¼ 4.9 Hz, 1H, pyridyl), 7.86 (dd, J ¼ 7.0 Hz, 1H, pyridyl),
8.63 (d, J ¼ 7.2 Hz, 1H, pyridyl), 8.68(d, J ¼ 4.6 Hz, 1H, pyr-
idyl), 8.80 (d, J ¼ 4.6 Hz, 1H, pyridyl); 13C NMR d : 31.15,

37.05, 73.25, 119.65, 120.68, 121.30, 123.95, 124.08, 126.56,
128.55, 128.80, 135.90, 136.00, 138.90, 139.15, 147.80,
148.26, 156.30, 165.15, 167.20; IR (KBr, cm�1) m : 3315,
3015, 2970, 1635; GC-MS : Mþ, 314.

2,4-Di(30-pyridyl)-2-methyl-2,3-dihydro-1H-1,5-benzodiaze-
pine (3d). Solid, mp ¼ 168�C; Rf ¼ 0.42 (pet.ether - ethylace-
tate ¼ 7:3); 1H NMR d : 1.82 (s, 3H, CH3), 2.98 (d, J ¼ 13.2
Hz, 1H, methylene), 3.08 (d, J ¼ 13.2 Hz, 1H, methylene), 3.50
(s, 1H, NH) 6.85–6.90 (m, 1H, phenyl), 6.95–6.98 (m, 1H, phe-

nyl), 7.30 (t, J ¼ 3.6 Hz, 1H, pyridyl), 7.35 (d, J ¼ 1.8 Hz, 1H,
phenyl), 7.40 (dd, J ¼ 3.0 Hz, 1H, phenyl), 7.50 (s, 1H, pyridyl),

7.55 (d, J ¼ 1.8 Hz, 1H, pyridyl), 7.80 (t, J ¼ 3.4 Hz, 1H, pyri-
dyl), 7.96 (s, 1H, pyridyl), 8.20 (d, J ¼ 7.0 Hz, 1H, pyridyl),
8.71 (d, J ¼ 1.8 Hz, 1H, pyridyl), 8.80 (d, J ¼ 1.8 Hz, 1H pyri-
dyl); 13C NMR d : 29.70, 42.70, 72.50, 121.45, 122.05, 122.95,

127.00, 128.80, 133.30, 133.45, 133.92, 134.10, 137.28, 139.40,
142.15, 147.35, 148.40, 150.45, 161.42, 164.60; IR (KBr, cm�1)
m : 3320, 3020, 2980, 1640; GC-MS : Mþ, 314.

2,4-Di(40-pyridyl)-2-methyl-2,3-dihydro-1H-1,5-benzodiaze-
pine (3e). Solid, mp ¼ 170�C; Rf ¼ 0.44 (pet.ether - ethyl acetate

¼ 7:3); 1H NMR d : 1.89 (s, 3H, CH3), 2.90 (d, J ¼ 13.4 Hz, 1H,
methylene), 3.17 (d, J ¼ 13.4 Hz, 1H, methylene), 3.81 (s, 1H,
NH), 6.90 (dd, J ¼ 1.3 Hz, 1H, phenyl), 6.98 (dd, J ¼ 1.3 Hz, 1H,
Phenyl), 7.13 (d, J ¼ 1.3 Hz, 1H phenyl), 7.25 (d, J ¼ 1.3 Hz, 1H,
phenyl), 7.30 (d, J ¼ 1.75 Hz, 1H, pyridyl), 7.48 (d, J ¼ 2.10 Hz,

1H, pyridyl), 7.75 (d, J ¼ 2.4Hz, 1H, pyridyl), 7.98 (d, J ¼ 1.5 Hz,
1H, pyridyl), 8.10 (d, J ¼ 1.5 Hz, 1H, pyridyl), 8.28 (d, J ¼ 1.4
Hz, 1H, pyridyl), 8.70 (d, J ¼ 1.75 Hz, 1H, pyridyl), 8.80 (d, J ¼
2.15 Hz, 1H, pyridyl); 13C NMR d : 29.76, 42.80, 72.60, 121.40,
122.07, 122.90, 127.02, 128.75, 133.20, 133.40, 133.85, 134.10.

137.25, 139.40, 147.30, 148.10, 148.30, 150.40, 161.45, 164.60;
IR (KBr, cm�1) m: 3310, 3010, 2965, 1630; GC-MS : Mþ, 314.

7-Chloro-2,4-di(20-pyridyl)-2-methyl-2,3-dihydro-1H-1,5-ben-
zodiazepine (3f). Solid, mp ¼ 161�C; Rf ¼ 0.48 (pet.ether -

ethyl acetate ¼ 7:3); 1H NMR d : 1.82 (s, 3H, CH3), 2.83 (d, J ¼
13.0 Hz, 1H, methylene), 3.24 (d, J ¼ 13.0 Hz, 1H, methylene),

Table 1

(Continued)

Entry Compd.

OPD

R3 Product

Yield of 1,5-bezodiazepines (%)/time (h)

R1 R2 [BBIM]Br [BBIM]BF4 [BBIM]PF6 [MOEMIM]TFA [MOEMIM]Ms

8 3h Cl Cl 63/7.5 69/7.0 72/6.5 79/5.5 75/6.5

9 3i H NO2 67/7.5 72/7.0 75/6.5 80/5.5 76/6.5

10 3j H Cl 75/7.0 78/6.5 80/6.5 82/5.5 76/6.0

11 3k H H 75/7.5 77/6.5 82/6.5 90/5.0 85/6.0
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3.76 (s, 1H, NH), 7.02–7.06 (m, 2H, 1H pyridyl and 1H phenyl),
7.15–7.20 (m, 2H, 1H pyridyl and 1H phenyl), 7.28–7.30 (m,

2H, 1H pyridyl and 1H phenyl), 7.50 (t, J ¼ 2.8 Hz, 1H, pyri-
dyl), 7.86 (t, J ¼ 1.2 Hz, 1H, pyridyl), 8.60 (dd, J ¼ 1.65 Hz,
1H, pyridyl), 8.68 (d, J ¼ 1.8 Hz, 1H, pyridyl), 8.70 (d, J ¼ 2.10
Hz, 1, pyridyl); 13C NMR d : 31.28, 37.56, 73.50, 121.97,
122.46, 122.73, 124.38, 126.45, 127.14, 128.02, 130.45, 131.67,

136.46, 137.68, 140.21, 148.10, 148.31, 148.49, 156.31, 167.04;
IR (KBr, cm�1) m : 3280, 3050, 2970, 1620; GC-MS : Mþ, 349.

7-Nitro-2,4-di(20-pyridyl)-2-methyl-2,3-dihydro-1H-1,5-ben-
zodiazepine (3g). Deep red solid, mp ¼ 141�C; Rf ¼ 0.42
(pet.ether - ethyl acetate ¼ 7:3); 1H NMR d : 1.88 (s, 3H, CH3),

2.92 (d, J ¼ 13.8 Hz, 1H, methylene), 3.26 (d, J ¼ 13.8 Hz, 1H,
methylene), 3.28 (s, 1H, NH), 6.42 (s, 1H, phenyl), 6.56 (d, J ¼
1.8 Hz, 1H, phenyl), 7.10 (d, J ¼ 1.8 Hz, 1H, phenyl), 7.25 (dd,
J ¼ 1.3 Hz, 1H, pyridyl), 7.30–7.36 (m, 2H, pyridyl), 7.55 (d, J
¼ 1.9 Hz, 1H, pyridyl), 7.61 (dd, J ¼ 1.3 Hz, 1H, pyridyl), 8.16
(d, J ¼ 1.8 Hz, 1H, pyridyl), 8.65 (d, J ¼ 1.95 Hz, 1H, pyridyl),

8.70 (d, J ¼ 2.2 Hz, 1H, pyridyl); 13C NMR d : 32.10, 36.50,
75.10, 114.40, 117.20, 122.52, 124.10, 124.20, 125.90, 127.20,

129.10, 130.88, 135.70, 136.10, 138.40, 149.08, 149.90, 152.60,
163.38, 164.60; IR (KBr, cm�1) m : 3325, 3140, 2940, 1620.
Anal. Calcd for C20H17N5O2 : C, 66.82; H, 4.77; N, 19.49.
Found : C, 66.85; H, 4.80; N, 19.47.

7,8-Dichloro-2,4-di(20-pyridyl)-2-methyl-2,3-dihydro-1H-1,5-
benzodiazepine (3h). Deep brown solid, mp ¼ 110�C; Rf ¼
0.46 (pet.ether - ethyl acetate ¼ 7:3); 1H NMR d: 1.53 (s, 3H,
–CH3), 2.90 (d, J ¼ 13.2 Hz, 1H, methylene), 3.02 (d, J ¼
13.2 Hz, 1H, methylene), 4.10 (s, 1H, NH), 7.00 (s, 1H, phe-
nyl), 7.32 (d, J ¼ 1.70 Hz, 1H, pyridyl), 7.38 (d, J ¼ 2.9 Hz,

1H, pyridyl), 7.58 (d, J ¼ 2.8 Hz, 1H, pyridyl), 7.64 (d, J ¼
2.9 Hz, 1H, pyridyl), 7.77 (dd, J ¼ 1.70 Hz, 1H, pyridyl), 7.80
(s, 1H, phenyl), 8.63 (d, J ¼ 1.90 Hz, 1H, pyridyl), 8.84 (d, J
¼ 2.10 Hz, 1H, pyridyl), 8.90 (d, J ¼ 1.70 Hz, 1H, pyridyl);
13C NMR d : 31.52, 37.52, 77.10, 119.56, 123.40, 124.79,
129.51, 130.08, 130.21, 136.06, 136.57, 137.31, 138.53,

Scheme 1

Table 2

Solubility analysis of compounds in ionic liquids (mg mL�1), room temperature (22�C).

Compounds

Solubility (mg mL�1)

[BBIM]Br [BBIM]BF4 [BBIM]PF6 [MOEMIM]TFA [MOEMIM]MS

3a 40 120 290 390 370

3j 75 115 275 400 380
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138.97, 145.43, 148.33, 148.46, 156.10, 164.67, 168.53; IR
(KBr, cm�1) m : 3310, 3050, 2940, 1620. Anal. Calcd for
C20H16N4Cl2 : C, 62.64; H, 4.20; N, 14.61. Found : C, 62.66;

H, 4.18; N, 14.64.
7-Nitro-2-spiro(20-chromane)-300,400-dihydrochromano[2,3-c]-

2,3-dihydro-1H-1,5-benzodiazepine (3i). Dark brown solid, mp
¼ 137�C; Rf ¼ 0.47 (pet.ether - ethyl acetate ¼ 7:3); 1H NMR
d: 2.62 (d, J ¼ 13.20 Hz, 1H, methylene), 2.68 (t, J ¼ 12.4

Hz, 1H, methine), 2.70 (d, J ¼ 13.20 Hz, 1H, methylene),
2.75 (t, J ¼ 12.4 Hz, 2H, methylene), 2.90 (t, J ¼ 13.4 Hz,
2H, methylene), 3.58 (s, 1H, NH), 6.60 (d, J ¼ 2.4 Hz, 1H,
cromanyl), 6.84 (dd, J ¼ 2.1 Hz, 2H, chromanyl), 6.87 (dd, J
¼ 1.8 Hz, 2H, cromanyl), 6.89 (d, 1.8 Hz, 1H, cromanyl), 7.07

(t, J ¼ 2.1 Hz, 1H, cromanyl), 7.10 (t, J ¼ 1.8 Hz, 1H, cro-
manyl), 7.20 (d, J ¼ 2.1 Hz, 1H, phenyl), 7.24 (s, 1H, phenyl),
7.26 (d, J ¼ 2.1 Hz, 1H, phenyl); 13C NMR d : 15.70, 20.20,
20.43, 47.20, 81.40, 113.30, 114.10, 120.90, 122.10, 123.70,

124.10, 125.10, 126.35, 126.65, 127.10, 128.90, 129.10,
129.75, 137.90, 138.90, 147.70, 157.10, 158.90, 164.10; IR
(KBr, cm�1) m : 3510, 3405, 2905, 1620. Anal. Calcd for
C24H19N3O4 : C, 69.71; H, 4.63; N, 10.16. Found : C, 69.74;
H, 4.65; N, 10.13.

7-Chloro-2-spiro(20-indoline)-indolino[2,3-c]-2,3-dihydro-1H-
1,5-benzodiazepine (3j). Dark brown solid, mp ¼ 158�C; Rf ¼
0.48 (pet.ether - ethylacetate ¼ 7:3); 1H NMR d : 2.60 (s, 1H,
methine), 2.68 (d, J ¼ 13.20 Hz, 1H, methylene), 2.80 (d, J ¼
13.20; 1H, methylene), 3.50 (s, 1H, NH), 3.60 (s, 1H, NH),

3.80 (s, 1H, NH), 6.33 (d, J ¼ 2.10 Hz, 1H, indolinyl), 6.38
(dd, J ¼ 2.2 Hz, 2H, indolinyl), 6.87 (t, J ¼ 2.3 Hz, 1H, indo-
linyl), 6.89 (t, J ¼ 3.04 Hz, 1H, indolinyl), 6.96 (d, J ¼ 2.0
Hz, 1H, indolinyl), 6.98 (dd, J ¼ 1.8 Hz, 1H, indolinyl), 7.01
(d, J ¼ 1.8 Hz, 1H, indolinyl), 7.33 (d, J ¼ 2.0 Hz, 1H, phe-

nyl), 7.71 (s, 1H, phenyl), 7.74 (d, J ¼ 2.2 Hz, 1H, phenyl);
13C NMR d : 52.10, 53.40, 54.20, 70.20, 72.10, 76.10, 108.20,
109.41, 109.61, 110.19, 112.28, 112.48, 117.30, 118.20,
122.30, 125.20, 127.44, 132.70, 137.36, 143.25, 143.38,

177.09. IR (KBr, cm�1) m : 3520, 3410, 2910, 1640. Anal.
Calcd for C22H17N4Cl : C, 70.84; H, 4.59; N, 15.03. Found :
C, 70.87; H, 4.55; N, 15.05.

2-Spiro[5(3-methyl-1-phenylpyrazoline)]-300-methyl-100-phenyl
pyrazolino[4,5-c]-2,3-dihydro-1H-1,5-benzodiazepine (3k). Brown
solid, mp ¼ 142�C; Rf ¼ 0.46 (pet.ether - ethyl acetate ¼
7:3); 1H NMR d : 0.90 (s, 3H, CH3), 1.06 (s, 3H, CH3), 2.10
(s, 1H, methine), 2.60 (s, 2H, methylene), 3.70 (s, 1H, NH),
6.40–6.60 (m, 8H, phenyl), 6.90–7.02 (m, 3H, phenyl), 7.10–
7.18 (m, 3H, phenyl); 13C NMR d : 20.20, 21.50, 34.60,

42.40, 48.30, 54.30, 74.20, 110.90, 112.50, 113.60, 115.20,
116.10, 117.20, 122.20, 125.60, 127.60, 128.20, 129.10,
131.20, 132.80, 136.10 137.10, 141.20, 143.50, 146.70,
156.60; IR (KBr, cm�1) m : 3520, 3400, 2905, 1640. Anal.
Calcd for C26H24N6 : C, 74.25; H, 5.75; N, 19.99. Found : C,

74.28, H, 5.72, N, 19.97.
Synthesis of 2,3,5-�-D-ribofuranose-1-bromo-2,3,5-tri-

benzoate. This has been synthesized by reported method [29].

Synthesis of 2,3-dihydro-1,5-benzodiazepine ribofurano-
sides (4a-k). After completion of the reaction between OPD
and heterocyclic ketone (monitored by TLC), 2,3,5-b-D-ribo-
furanose-1-bromo-2,3,5-tribenzoate equivalent to 1.1 mole of

compound 3 was added to the reaction mixture. The contents
were further stirred magnetically, till completion of the reac-
tion (checked by TLC). The ribofuranoside was extracted with
ethyl acetate (2 � 15 mL). The solvent was removed by distil-

lation under reduced pressure and the product 4 so obtained
was chromatographed over silica gel (60–120 mesh) column
by eluting with pet.ether-EtOAc (7:3) to afford pure
ribofuranosides.

2,4-Di(20-furyl)-2-methyl-1-(200,300,500-tri-o-benzoyl-�-D-ribo-
furanosyl)-2,3-dihydro-1,5-benzodiazepine (4a). Solid, mp ¼
146–148�C; Rf ¼ 0.35 (pet.ether - ethyl acetate - 8:2 ); yield
86%; 1H NMR d : 1.69 (s, 3H, –CH3), 2.90 (d, J ¼ 7.2 Hz,
1H, methylene), 3.05 (d, J ¼ 7.2 Hz, 1H, methylene), 4.38 (d,
J ¼ 7.4 Hz, 2H, C5

00sugar), 4.89–4.93 (m, 3H, C2
00, C3

00, and
C4

00 sugar), 6.60 (d, J ¼ 8.4 Hz, 1H, C1
00 sugar), 6.85–7.25 (m,

10H, 4H phenyl and 6H furyl), 7.35–8.15 (m, 15H, OBz); 13C
NMR d : 28.40, 39.20, 45.60, 65.75, 68.90, 69.10, 70.0, 86.40,
105.10, 110.21, 112.40, 113.55, 119.25, 122.50, 123.10,
127.60, 128.45, 129.70, 130.25, 132.85, 133.40, 138.08,

164.65, 167.00; IR (KBr, cm�1) m : 3050, 1750, 1660, 1595.
GC-MS : Mþ, 736.

2,4-Di(20-thiophenyl)-2-methyl-1-(200,300,500-tri-o-benzoyl-�-
D-ribofuranosyl)-2,3-dihydro-1,5-benzodiazepine (4b). Solid,
mp ¼ 142–144�C; Rf ¼ 0.38 (pet.ether - ethyl acetate ¼ 8:2);
yield 90%; 1H NMR d : 1.65 (s, 3H, CH3), 2.85 (d, J ¼ 7.2

Scheme 2

Table 3

Recyclability studies of [MOEMIM]TFA for the synthesis of

compound 4a.

No. of cycles Yield (%)/time (h)

0 90/3.0

1 85/3.0

2 81/3.0

3 78/3.5
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Hz, 1H, methylene), 3.0 (d, J ¼ 7.2 1H, methylene), 4.37 (d, J
¼ 7.4 Hz, 2H, C5

00 sugar), 4.87–4.92, (m, 3H, C2
00, C3

00 & C4
00

sugar), 6.70 (d, J ¼ 8.4 Hz, 1H, C1
00), 6.75–7.28 (m, 10H, 4H

phenyl and 6H thiopenyl), 7.38–8.02 (m, 15H, OBz); 13C
NMR d : 28.20, 39.10, 45.40, 65.75, 68.95, 69.10, 70.01,

86.40, 105.08, 110.20, 112.40, 113.50, 119.25, 122.40, 123.00,
127.65, 128.45, 129.70, 130.55, 132.80, 133.45, 138.00,
164.55, 167.00; IR (KBr, cm�1) m : 3040, 1760, 1665, 1590.
Anal. Calcd for C44H36N2O7S2 : C, 68.71; H, 4.72; N, 3.64.
Found : 68.74; H, 4.75; N, 3.60.

2,4-Di(20-pyridyl)-2-methyl-1-(200,300,500-tri-o-benzoyl-�-D-ribo-
furanosyl)-2,3-dihydro-1,5-benzodiazepine (4c). Solid, mp ¼
134�C; Rf ¼ 0.36 (pet.ether - ethylacetate ¼ 8:2); yield 88%;
1H NMR d : 1.78 (s, 3H, –CH3), 2.95 (d, J ¼ 7.4 Hz, 1H,
methylene), 3.10 (d, J ¼ 7.4 Hz, 1H, methylene), 4.40 (d, J ¼
7.4 Hz, 2H, C5

00 sugar), 4.90–4.95 (m, 3H, C2
00, C3

00 and C4
00

sugar), 6.80 (d, J ¼ 8.4 Hz, 1H, C1
00, sugar), 6.95–7.20 (m,

4H, phenyl), 7.35–8.59 (m, 23H, 15H OBz and 8H pyridyl);
13C NMR d : 29.50, 40.20, 46.40, 65.70, 68.90, 69.15, 70.10,

86.45, 113.85, 119.80, 120.75, 123.50, 127.95, 128.40, 128.55,
129.75, 130.50, 132.78, 133.65, 136.10, 139.45, 149.10,
163.48, 164.65, 167.00; IR (KBr, cm�1) m : 3015, 1750, 1635,
1590. Anal. Calcd for C48H38N4O7 : C, 72.79; H, 5.05; N
7.38. Found : 72.81; H, 5.02; N, 7.42.

2,4-Di(30-pyridyl)-2-methyl-1-(200,300,500-tri-o-benzoyl-�-D-ribo-
furanosyl)-2,3-dihydro-1,5-benzodiazepine (4d). Solid, mp ¼
138�C; Rf ¼ 0.40 (pet.ether - ethyl acetate ¼ 8:2); yield; 89%;
1H NMR d : 1.75 (s, 3H, –CH3); 2.94 (d, J ¼ 7.4 Hz, 1H,
methylene), 3.08 (d, J ¼ 7.4 Hz, 1H, methylene), 4.39 (d, J ¼
7.4 Hz, 2H, C5

00 sugar), 4.89–4.93 (m, 3H, C2
00, C3

00 & C4
00

sugar), 6.78 (d, J ¼ 8.4 Hz, 1H, C1
00 sugar), 6.98–7.20 (m, 4H,

phenyl), 7.30–8.64 (m, 23H, 15H OBz & 8H pyridyl); 13C
NMR d : 29.42, 40.01, 46.25, 65.50, 68.91, 69.10, 70.01,
86.45, 113.85, 119.80, 120.75, 123.44, 127.85, 128.40, 128.55,

129.60, 130.55, 132.74, 133.65, 136.00, 139.45, 149.10,
163.25, 164.55, 167.00; IR (KBr, cm�1) m : 3020, 1745, 1640,
1595, GC-MS; Mþ, 758.

2,4-Di(40-pyridyl)-2-methyl-1-(200,300,500-tri-o-benzoyl-�-D-ribo-
furanosyl)-2,3-dihydro-1,5-benzodiazepine (4e). Solid, mp ¼
144�C; Rf ¼ 0.39 (pet.ether - ethyl acetate ¼ 8:2); yield 90%;
1H NMR d : 1.72 (s, 3H, –CH3), 2.92 (d, J ¼ 7.2 Hz, 1H,
methylene), 3.05 (d, J ¼ 7.2 Hz, 1H, methylene), 4.37 (d, J ¼
7.4 Hz, 2H, C5

00 sugar), 4.87–4.92 (m, 3H, C200, C300, and C400

sugar), 6.82 (d, J ¼ 8.2 Hz, 1H, C1
0 sugar), 6.92–7.25 (m, 4H,

phenyl), 7.35–8.60 (m, 23H, 15H OBz and 8H pyridyl); 13C
NMR d : 29.20, 40.10, 46.15, 65.45, 68.90, 69.10, 70.01,
86.45. 113.80. 119.80, 120.65, 123.32, 127.75, 128.42, 128.65,
129.55, 130.45, 132.60, 133.55, 136.25, 139.35, 149.05,

163.15, 164.20. 167.00; IR (KBr, cm�1) m : 3020, 1745, 1640,
1590. Anal. Calcd for C46H38N4O7 : C, 72.79; H, 5.05; N,
7.38. Found : C, 72.81; H, 5.02; N, 7.40.

7-Chloro-2,4-di(20-pyridyl)-2-methyl-1-(200,300,500-tri-o-benzoyl-
�-D-ribofuranosyl)-2,3-dihydro-1,5-benzodiazepine (4f). Solid,
mp ¼ 149�C; Rf ¼ 0.38 (pet.ether - ethyl acetate ¼ 8:2); yield
80%; 1H NMR d : 1.78 (s, 3H, –CH3), 2.95 (d, J ¼ 7.2 Hz,
1H, methylene), 3.08 (d, J ¼ 7.2 Hz, 1H, methylene), 4.42 (d,
J ¼ 7.4 Hz, 2H, C5

00 sugar), 4.89–4.95 (m, 3H, C2
00, C3

00, and
C4

00 sugar), 6.80 (d, J ¼ 8.2 Hz, 1H C1
00 sugar); 7.02–7.25 (m,

3H, phenyl), 7.40–8.70 (m, 23H, 15H OBz & 8H pyridyl), 13C
NMR d : 29.50, 40.25, 46.45, 65.70, 68.92, 69.10, 70.01,
86.45, 117.22, 119.75, 120.90, 124.25, 128.42, 128.85, 129.76,

130.55, 131.72, 132.85, 133.25, 136.45, 139.44, 149.32,
163.55, 164.65, 167.00; IR (KBr, cm�1) m : 3040, 1750, 1620,
1590. Anal. Calcd for C46H37O7Cl : C, 69.63; H, 4.70; N,
7.06. Found : C, 69.65; H, 4.67; N, 7. 09.

7-Nitro-2,4-di(20-pyridyl)-2-methyl-1-(200,300.500-tri-o-benzoyl-
�-D-ribofuranosyl)-2,3-dihydro-1,5-benzodiazepine (4g). Solid,
mp ¼ 149�C; Rf ¼ 0.44 (pet.ether - ethyl acetate ¼ 8:2); yield
78%; 1H NMR d : 1.78 (s, 3H, –CH3), 2.98 (d, J ¼ 7.4 Hz,
1H, methylene), 3.10 (d, J ¼ 7.4 Hz, 1H, methylene), 4.45 (d,
J ¼ 8.2 Hz, 2H, C5

00 sugar), 4.88–4.96 (m, 3H, C2
00, C3

00 and
C4

00 sugar), 6.82 (d, J ¼ 8.4 Hz, 1H, C1
00 sugar), 7.10–7.30 (m,

3H, phenyl), 7.38–8.65 (m, 23H, 15H OBz and 8H pyridyl);
13C NMR d : 29.65, 40.32, 46.53, 65.75, 68.92, 69.25, 70.01,
86.45, 118.42, 120.00, 121.25, 124.64, 128.45, 128.88, 129.75,
130.50, 131.92, 132.85, 133.22, 136.45, 139.65, 149.32,

163.65, 164.60, 167.00; IR (KBr, cm�1) m : 3130, 1760, 1640,
1595. Anal. Calcd for C46H37N4O9 : C, 68.72; H, 4.64; N,
8.71. Found : C, 68.75; H, 4.67; N 8.68.

7,8-Dichloro-2,4-di(20-pyridyl)-2-methyl-1-(200,300,500-tri-o-ben-
zoyl-�-D-ribofuranosyl)-2,3-dihydro-1,5-benzodiazepine (4h). Solid,
mp. ¼ 136�C; Rf ¼ 0.42 (pet.ether - ethyl acetate ¼ 8:2);
yield 75%; 1H NMR d : 1.80 (s, 3H, CH3), 2.98 (d, J ¼ 7.4
Hz, 1H, methylene), 3.12 (d, J ¼ 7.4 Hz, 1H, methylene), 4.48
(d, J ¼ 8.2 Hz, 2H, C5

00 sugar), 4.88–4.99 (m, 3H, C2
00, C3

00,
and C4

00 sugar), 6.85 (d, J ¼ 8.2 Hz, 1H, C1
00 sugar), 7.35–

8.75 (m, 25H, 15H OBz, 2H phenyl and 8H pyridyl); 13C
NMR d : 29.66, 40.48, 46.65, 65.75, 68.90, 69.25, 70.01,
86.45, 124.22, 124.45, 128.80, 129.75, 130.52 131.95, 132.66,
132.84, 133.25, 136.40, 139.65, 149.35, 163.60, 164.50,

167.00; IR (KBr. cm�1) m : 3090, 1763, 1765, 1625, 1590.
Anal. Calcd for C46H36N4O7Cl2 : C, 66.72; H, 4.38; N, 6.77.
Found : C, 66.75; H, 4.40, N, 6.75.

7-Nitro-2-spiro(20-chromane)-300,400-dihydrochromano[2,3-c]-
1-(2000, 3000,5000-tri-o-benzoyl -�-D-rifuranosyl)-2,3-dihydro-1,5-
benzodiazepine (4i). Solid, mp ¼ 152–154�C; Rf ¼ 0.47
(pet.ether - ethyl acetate ¼ 8:2); yield 75%; 1H NMR d : 2.35
(t, J ¼ 12.4 Hz, 2H, methylene), 2.50 (t, J ¼ 12.4 Hz, 2H,
methylene), 2.62 (d, J ¼ 12.2 Hz, 2H, methylene), 2.68 (t, J
¼ 13.20 Hz, 1H, methine), 4.35 (d, J ¼ 7.2 Hz, 2H, C5

000

sugar), 4.78–4.90 (m, 3H, C2
000,C3

000, and C4
000 sugar), 6.78 (d,

J ¼ 8.2 Hz, 1H, C1
000 sugar), 6.85–7.30 (m, 11H, 3H phenyl

and 8H chromanyl), 7.38–8.20 (m, 15H, OBz); 13C NMR d :
25.40, 27.95, 41.90, 45.55, 46.65, 65.72, 68.92, 69.22, 70.00,

86.42, 118.45, 120.42, 120.95, 124.65, 128.42, 128.85, 129.70,
130.55, 131.75, 132.66, 133.25, 136.42, 139.55, 149.32,
163.50, 164.66, 167.00; IR (KBr, cm�1) m : 2920, 1750, 1630,
1595. Anal. Calcd for C50H39N3O11 : C, 69.99; H, 4.58; N,
4.90. Found : C, 69.72; H, 4.60 N, 4.87.

7-Chloro-2-spiro(20-indoline)-indolino[2,3-c]-1-(200,300,500-tri-
o-benzoyl-�-D-ribofuranosyl)-N,N-di(200,300,500-tri-o-benzoyl-�-
ribofuranosyl)-2,3-dihydro-1,5-benzodiazepine (4j). Solid, mp
¼ 158�C; Rf ¼ 0.43 (pet.ether - ethyl acetate ¼ 8:2); yield
77%; 1H NMR d : 2.50 (s, 2H, methylene), 2.70 (s, 1H,

methine), 4.37 (d, J ¼ 7.4 Hz, 6H, 3 � C5
00 sugar) 4.80–4.93

(m, 9H, 3 � C2
00, C3

00, and C4
00 sugar), 6.80 (d, J ¼ 8.2 Hz,

3H, 3 � C1
00 sugar), 6.90–7.25 (m, 11H, 3H phenyl and 8H

indolinyl), 7.35–8.40 (m, 45H, 3 � OBz); 13C NMR d : 27.95,

45.60, 52.50, 65.70, 68.90, 69.21, 70.01, 86.45, 118.45,
120.22, 124.65, 128.42, 128.85, 129.70, 130.50, 131.75,
132.66, 133.20, 136.45, 139.55, 149.30, 163.45, 165.65,
167.00; IR (KBr, cm�1) m : 2915, 1760, 1620, 1592. Anal.
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Calcd for C100H77N4O21 : C, 71.87; H, 4.64; N, 3.35. Found :
C, 71.90; H, 4.62, 3.38.

2-Spiro[5-(3-methyl-10-phenylpyrazoline)]-300-methyl-100-phe-
nylpyrazolino[4,5-c]-1-(2000,3000,5000-tri-o-benzoyl-�-D-ribofurano-
syl) -2,3-dihydro-1,5-benzodiazepine (4k). Solid, mp ¼ 154–

156�C; Rf ¼ 0.37 (pet.ether - ethyl acetate ¼ 8:2); yield 85%,
1H NMR d : 1.85 (s, 3H, ACH3), 1.88 (s, 3H, ACH3), 2.40 (s,
2H, methylene), 2.50 (s, 1H, methine), 4.36 (d, J ¼ 7.2 Hz,
2H, C5

000 sugar), 4.80–4.92 (m, 3H, C2
000, C3

000, and C4
000 sugar),

6.60–7.10 (m, 15H, 14H phenyl, and 1H C1
000 sugar), 7.25–

8.30 (m, 15H, OBz); 13C NMR d : 27.90, 41.45, 45.62, 51.40,
51.65, 65.72, 68.92, 69.20, 70.01, 86.45, 113.50, 119.52,
123.25, 127.62, 128.45, 129.72, 130.55, 132.84, 133.45,
138.00, 162.62, 162.68, 164.65, 170.00; IR (KBr, cm�1) m :
2910, 1760, 1625. Anal. Calcd for C55H44N6O7 : C, 72.19; H,

5.13; N, 9.72. Found : C, 72.22; H, 5.15, N, 9.70.
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A simple diastereoselective route to nicotine derivatives is presented. The one-pot three component
1,3-dipolar cycloaddition reaction of the Knöevenagel adducts of a number of aromatic aldehydes and
malononitrile with an azomethine ylide derived in situ from pyridine-3-carbaldehyde and sarcosine give
access to nicotine derivatives in good yields.

J. Heterocyclic Chem., 47, 611 (2010).

INTRODUCTION

(S)-Nicotine is present together with a number of

minor alkaloids in tobacco and a wide variety of other

plants (Fig. 1). Dried leaves of the tobacco plants

Nicotiana rustica and N. tabacum contain as much as 2–

8% of (S)-nicotine [1]. A large scale application of

nicotine was its use as an insecticide, as �2800 tons of

(S)-nicotine was used as a crop protectant per year [2].

Aqueous solutions of nicotine sulfate are still used

throughout the world as insecticides. (S)-Nicotine has

drawn a lot of interest in the last few decades due to its

potential role in therapeutics for the central nervous sys-

tem (CNS) [1]. In particular, (S)-nicotine may have ben-

eficial effects in the treatment of Parkinson’s disease

(PD), Alzheimer’s disease (AD), Tourette’s syndrome,

anxiety, schizophrenia, uterative colitis, and other

disorders [3]. Detrimental effects including actions on

both the cardiovascular and gastrointestinal systems, sleep

disturbance, and at higher doses, neuromuscular effects

and seizures limit the use of nicotine as a therapeutic rea-

gent [4]. These side effects are due to subtype selectivity,

or a lack thereof, among the various nAChRs [5]. Hence,
there has been a need to synthesize nicotine derivatives

that are more selective in their binding to ACh sites to

minimize side effects while retaining beneficial activity.

RESULTS AND DISCUSSION

Considerable attention has been given to the synthe-

sis of nicotine derivatives that would exhibit the bene-

ficial biological properties at lower toxicity [6]. Most

of the approaches have been directed toward the syn-

thesis of nicotine [3] and nicotine analog derivatives

[7] with modification on the pyridine ring. 1,3-Dipolar

cycloaddition reactions of azomethine ylides with vari-

ous alkenes and alkynes represent an efficient and con-

vergent method for the construction of pyrrolidine and

pyrrolizine units [8]. To the best of our knowledge, a

few reports are present in literature for the preparation

of nicotine derivatives with modification at the pyrroli-

dine ring via cycloaddition of azomethine ylides to

chalcones. 1,3-Dipolar cycloaddition of phenylvinyl

sulfone with azomethine ylide generated based on theFigure 1. (S)-Nicotine.
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in situ, fluorine-mediated desilylation of cyanoaminosi-

lane afforded 3-benzensulfonylnicotine [9]. Recently,

Zhai and his coworkers utilized the azomethine ylide–

alkene [3þ2] cycloadditions toward the synthesis of

conformationally restricted nicotine derivatives [10].

Herein, we describe a simple diastereoselective synthe-

sis of nicotine derivatives via one-pot three component

1,3-dipolar cycloaddition reaction of the Knöevenagel

adducts of a number of aromatic aldehydes and

malononitrile with an azomethine ylide derived in situ
from pyridine-3-carbaldehyde and sarcosine in refluxing

toluene.

The Knöevenagel adducts 2a–j were prepared from

the condensation of malononitrile with a series of aro-

matic aldehydes via the previously reported procedure

[8c]. These adducts were subsequently treated with pyri-

dine-3-carbaldehyde 1 and sarcosine in refluxing toluene

for 3 h (Scheme 1). After evaporation of solvent under

reduced pressure, methanol was added, and the solid

products were filtered and recrystallized from methanol

resulting in nicotine derivatives 3a–j.

Identification of the products was carried out by

spectroscopic methods. The 1H NMR spectrum of 3a

(Scheme 2) exhibited a singlet at d 2.42 for NACH3, a

doublet of doublets appears as a triplet at d 3.26 (J ¼
10.3 Hz, Ha0), a doublet of doublets at d 3.83 (J ¼ 10.3,

5.7 Hz, Ha), a singlet at d 4.15 (Hc), a doublet of dou-

blets at d 4.25 (J ¼ 10.3, 5.7 Hz, Hb), a multiplet at d
7.46 (pyridine-m-H), a doublet at d 7.76 (J ¼ 8.6 Hz,

Ar-m-2H), a broad doublet at d 7.98 (pyridine-p-H), a
doublet at d 8.34 (J ¼ 8.6 Hz, Ar-o-2H), a broad dou-

blet at d 8.76 (pyridine-o-H), and a singlet at d 8.82

(pyridine-o-H). The 13C NMR spectrum of 3a showed

16 signals at d 39.8, 50.4, 52.2, 58.6, 76.5, 111.7, 114.2,

124.4, 124.8, 128.8, 130.0, 136.3, 142.5, 148.9, 150.4,

and 152.2. The MS (EI) spectrum revealed the molecu-

lar ion peak at m/z 333 corresponding to the molecular

weight of 3a.

The relative configuration of the stereocenters in 3a

was assigned using X-ray crystallographic study of its

single crystal (Fig. 2), which implied a cis (syn diaster-

eomer) arrangement between C-2 and C-4 [11]. On the

basis of this result, we propose a transition-state model

to account for the diastereoselectivity of the reaction

(Scheme 3). Hence, the structure of the azomethine

ylides generated in situ may be represented as E and Z
diastereomers. These two can approach the chalcone via
I, II, and I0, II0 structures, respectively. I and I0 are

sterically favored relative to II and II0 since the latter

two experience more steric hindrance from aryl and

methyl groups which are eclipsed to each other (Scheme

3). The formation of the 2,4-syn diastereomer as the

sole product in most cases reveals that the azomethine

ylide with the structure of IE configuration has been

implicated in the reaction pathway. Since 3c and 3h are

generated as a mixture of dl, and identified as syn and

anti with the ratios of 3:2 and 2:1, respectively, the

involvement of both IE and IIE azomethine configura-

tions in reaction should be taken into consideration. We

believe that 2c and 2h albeit have different number of

methoxy substituents, behave similarly since the electron

withdrawing effect of the 5-methoxy group of 2h on

the Michael addition rate of zomethine ylide to

ArCH¼¼C(CN)2 roughly offsets the electron donating

effect of the 4-methoxy group. Therefore, the disfavored

steric effect present in IIE in retarding the reaction rate

of 2h seems to be compensated by rate enhancement

Scheme 1. Synthesis of Nicotine derivatives 3.

Scheme 2. Strucure of derivative 3a.

Figure 2. ORTEP diagram of 3a.
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due to the favored electronic effect of the 3-methoxy

group.

Under similar conditions, utilization of the Knöevena-

gel adduct of fluorenone with malononitrile afforded the

corresponding 4-spironicotine derivative 3k in 75%

yield (Scheme 4). This reaction exhibits the diversity of

the method in applying different chalcones.

In summary, a range of nicotine derivatives have

been synthesized via the one-pot three component 1,3-

dipolar cycloaddition reaction of the Knöevenagel

adducts of a number of aromatic aldehydes and malono-

nitrile with an azomethine ylide derived in situ from sar-

cosine and pyridine-3-carbaldehyde.

EXPERIMENTAL

All commercially available chemicals and reagents were
used without further purification. Melting points were deter-
mined with an Electrothermal model 9100 apparatus and are
uncorrected. IR spectra were recorded on a Shimadzu 4300

spectrophotometer; in cm�1. 1H and 13C NMR Spectra: Bruker
DRX-500-AVANCE spectrometer at 500 (1H) and 125.7 MHz
(13C); CDCl3 solns.; d in ppm, J in Hz. Mass spectra of the
products were obtained with a HP (Agilent technologies) 5937
Mass Selective Detector. Elemental analyses were carried out

by a CHN-O-Rapid Heraeus elemental analyzer (Wellesley,
MA).

General procedure for the synthesis of N-methyl-4-(X-

substituted)-2-(pyridine-3-yl)pyrrolidine-3,3-dicarbonitrile

(3a–k). A mixture of sarcosine (2.0 mmol), pyridine-3-carbal-

dehyde (2.0 mmol), and chalcone (2.0 mmol) in dry toluene
(20 mL) containing molecular sieves 4 Å (1000 mg) was
refluxed with stirring for 3 h. The progress of the reaction was
followed by TLC. After completion, the solvent was removed
under reduced pressure. After addition of methanol (1 mL),

the resulting solid was filtered and recrystallized from metha-
nol to afford a crystalline product (Table 1).

N-methyl-4-(4-nitrophenyl)-2-(pyridine-3-yl)pyrrolidine-3,3-
dicarbonitrile (3a). Yellow crystals; Yield: 70%; mp 188–

189�C; IR (KBr): 2250 cm�1; 1PH NMR: 2.42 (s, 3H), 3.26 (t,
J ¼ 10.3, 1H), 3.83 (dd, J ¼ 10.3, 5.7, 1H), 4.15 (s, 1H), 4.25
(dd, J ¼ 10.3, 5.7, 1H), 7.46 (m, 1H), 7.76 (d, J ¼ 8.6, 2H),
7.98 (bd, 1H), 8.34 (d, J ¼ 8.6, 2H), 8.76 (bd, 1H), 8.82 (s,
1H); 13C NMR: 39.8, 50.4, 52.2, 58.6, 76.4, 111.7, 114.2,

124.4, 124.8, 128.8, 130.0, 136.3, 142.6, 148.9, 150.4, 152.2;
MS: m/z ¼ 333 [Mþ]; Anal. Calcd. For C18H15N5O2: C,
64.86; H, 4.50; N, 21.02%. Found: C, 64.39; H, 4.38; N,
20.69%.

N-methyl-4-phenyl-2-(pyridine-3-yl)pyrrolidine-3,3-dicarbo-
nitrile (3b). White crystals; Yield: 72%; mp 127–128�C; IR

Scheme 4. Structure of derivative 3k.

Table 1

Results of synthesized nicotine derivaties.

Entry Ar Product Yield (%)

1 4-Nitrophenyl 3a 70

2 Phenyl 3b 72

3 3-Methoxyphenyla 3c 65

4 Biphenyl 3d 75

5 4-Bromophenyl 3e 73

6 4-Methoxyphenyl 3f 64

7 3,4-Methoxyphenyl 3g 70

8 3,4,5-Methoxyphenyla 3h 68

9 4-Chlorophenyl 3i 77

10 4-Methylphenyl 3j 75

aObtained as a mixture of dr, identified as 3:2 and 2:1 of anti:syn,

respectively, by 1H NMR.

Scheme 3. Transition state models evoked to account for reaction

diastereoselectivities.
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(KBr): 2250 cm�1; 1PH NMR: 2.39 (s, 3H), 3.20 (t, J ¼ 10.2,
1H), 3.85 (dd, J ¼ 10.2, 6.6, 1H), 4.14 (m, 2H), 7.44–7.57 (m,
6H), 8.00 (bd, 1H), 8.74 (bd, 1H), 8.83 (s, 1H); 13C NMR:
39.9, 50.9, 52.8, 58.4, 76.4, 112.0, 114.6, 124.3, 128.8, 129.4,
129.6, 129.7, 135.0, 136.4, 150.4, 151.9; MS: m/z ¼ 288

[Mþ]; Anal. Calcd. For C18H16N4: C, 74.97; H, 5.59; N,
19.43%. Found: C, 74.56; H, 5.23; N, 19.72%.

N-methyl-4-(3-methoxyphenyl)-2-(pyridine-3-yl)pyrrolidine-
3,3-dicarbonitrile (3c). White crystals; Yield: 75%; IR (KBr):

2248 cm�1; 1PH NMR (syn/anti): 2.37 (s, 3H)/2.38 (s, 3H),

3.17 (t, J ¼ 10.2, 1H)/3.05 (t, J ¼ 10.2, 1H), 3.84 (dd, J ¼
10.2, 7.0, 1H)/3.73 (dd, J ¼ 10.2, 7.0, 1H), 3.86 (s, 3H)/3.85,

s, 3H), 4.12 (dd, J ¼ 10.2, 7.0, 1H)/4.10 (dd, J ¼ 10.2, 7.0,

1H), 4.14 (s, 1H)/4.04 (s, 1H), 6.93–6.96 (m, 2H)/7.00–7.03

(m, 2H), 7.13 (bd, 1H)/7.01 (bd, 1H), 7.36–7.39 (m, 2H)/7.41–

7.45 (m, 2H), 7.99 (bd, 1H)/7.92 (bd, 1H), 8.73 (bd, 1H)/8.72

(bd, 1H), 8.82 (s, 1H)/8.79 (s, 1H); 13C NMR (syn and anti

mixture): 39.9, 49.4, 50.8, 52.7, 53.9, 55.8, 58.3, 60.1, 67.3,

76.9, 112.1, 113.8, 114.6, 114.6, 114.8, 114.9, 115.0, 115.2,

121.0, 121.1, 124.3, 124.3, 129.4, 130.6, 130.7, 130.8, 136.0,

136.4, 136.4, 136.5, 150.3, 150.4, 151.8, 151.9, 160.4, 160.49;

MS: m/z ¼ 318 [Mþ]; Anal. Calcd. For C19H18N4O: C, 71.66;

H, 5.70; N, 17.60%. Found: C, 71.15; H, 6.10; N, 17.14%.

N-methyl-4-biphenyl-2-(pyridine-3-yl) pyrrolidine-3,3-dicar-
bonitrile (3d). White crystals; Yield: 77%; mp 152–153�C; IR
(KBr): 2246 cm�1; 1PH NMR: 2.42 (s, 3H), 3.23 (t, J ¼ 10.2,

1H), 3.88 (dd, J ¼ 10.2, 6.6, 1H), 4.17 (s, 1H), 4.19 (dd, J ¼
10.2, 6.6, 1H), 7.39–7.53 (m, 4H), 7.64 (bd, 4H), 7.71 (bd,

2H), 8.03 (bd, 2H), 8.76 (bd, 1H), 8.82 (s, 1H); 13C NMR:

39.9, 50.9, 52.6, 58.4, 76.3, 112.1, 114.6, 124.3, 127.6, 128.2,

128.3, 129.3, 129.3, 129.4, 129.5, 133.8, 136.4, 136.4, 140.6,

142.6, 150.4, 152.0; MS: m/z ¼ 364 [Mþ]; Anal. Calcd. For
C24H20N4: C, 79.12; H, 5.49; N, 15.38%. Found: C, 78.69; H,

5.51; N, 15.27%.

N-methyl-4-(4-bromophenyl)-2-(pyridine-3-yl)pyrrolidine-
3,3-dicarbonitrile (3e). White crystals; Yield: 73%; mp 154–

155�C; IR (KBr): 2250 cm�1; 1PH NMR: 2.37 (s, 3H), 3.19 (t,

J ¼ 10.2, 1H), 3.77 (dd, J ¼ 10.2, 6.3, 1H), 4.09 (dd, J ¼
10.2, 6.3, 1H), 4.12 (s, 1H), 7.42–7.46 (m, 3H), 7.60 (bd, 2H),

7.98 (bd, 1H), 8.74 (bd, 1H), 8.80 (s, 1H); 13C NMR: 39.8,

50.7, 52.2, 58.4, 76.3, 112.0, 114.4, 124.0, 124.3, 129.2, 130.5,

130.6, 132.9, 134.2, 136.3, 150.4, 151.9, 152.0; MS: m/z ¼
367 [Mþ]; Anal. Calcd. For C18H15N4Br: C, 58.85; H, 4.11;

N, 15.25%. Found: C, 58.36; H, 3.89; N, 15.05%.

N-methyl-4-(4-methoxyphenyl)-2-(pyridine-3-yl)pyrrolidine-
3,3-dicarbonitrile (3f). White crystals; Yield: 64%; mp 138–

139�C; IR (KBr): 2248 cm�1; 1PH NMR: 2.37 (s, 3H), 3.17 (t,

J ¼ 10.2, 1H), 3.78 (dd, J ¼ 10.2, 6.7, 1H), 3.84 (s, 3H), 4.10

(dd, J ¼ 10.2, 6.7, 1H), 4.12 (s, 1H), 6.98 (d, J ¼ 8.6, 2H),

7.42 (m, 1H), 7.47 (d, J ¼ 8.6, 2H), 7.99 (bd, 1H), 8.72 (bd,

1H), 8.82 (s, 1H); 13C NMR: 39.9, 51.2, 52.4, 55.8, 58.4, 76.2,

112.2, 114.7, 115.0, 124.3, 126.8, 129.6, 130.0, 136.3, 150.4,

151.9, 160.7; MS: m/z ¼ 318 [Mþ]; Anal. Calcd. For

C19H18N4O: C, 71.66; H, 5.70; N, 17.60%. Found: C, 71.33;

H, 5.42; N, 17.47%.

N-methyl-4-(3,4-methoxyphenyl)-2-(pyridine-3-yl)pyrrolidine-
3,3-dicarbonitrile (3g). White crystals; Yield: 70%; mp 111–
112�C; IR (KBr): 2252 cm�1; 1PH NMR: 2.37 (s, 3H), 3.18 (t,
J ¼ 10.2, 1H), 3.80 (dd, J ¼ 10.2, 7.0, 1H), 3.91 (s, 3H), 3.95
(s, 3H), 4.08 (dd, J ¼ 10.2, 7.0, 1H), 4.12 (s, 1H), 6.92 (d, J
¼ 8.2, 2H), 7.06 (s, 1H), 7.10 (d, J ¼ 8.2, 2H), 8.72 (bd, 1H),

8.81 (s, 1H); 13C NMR: 39.9, 51.2, 52.9, 56.3, 56.5, 58.3,
76.1, 111.7, 111.8, 112.3, 114.6, 121.4, 124.3, 127.0, 129.4,
136.3, 149.8, 150.3, 150.3, 151.8; MS: m/z ¼ 348 [Mþ] Anal.
Calcd. For C20H20N4O2: C, 68.93; H, 5.79; N, 16.08%. Found:
C, 68.35; H, 5.29; N, 15.83%.

N-methyl-4-(3,4,5-methoxyphenyl)-2-(pyridine-3-yl)pyrroli-
dine-3,3-dicarbonitrile (3h). White crystals; Yield: 64%; IR
(KBr): 2245 cm�1; 1PH NMR (syn/anti): 2.38 (s, 3H)/2.39 (s,
3H), 3.18 (t, J ¼ 10.3, 1H)/3.03 (t, J ¼ 10.3, 1H), 3.80 (dd, J
¼ 10.3, 7.0, 1H)/3.70 (dd, J ¼ 10.3, 7.0, 1H), 3.91 (s, 9H)/

3.89 (s, 9H), 4.07 (dd, J ¼ 10.3, 7.0, 1H)/4.04 (dd, J ¼ 10.3,
7.0, 1H), 4.13 (s, 1H)/4.05 (s, 1H), 6.75 (s, 2H)/6.62 (s, 2H),
7.46 (bd, 1H)/7.43 (bd, 1H), 7.99 (bd, 1H)/7.91 (bd, 1H), 8.73
(bd, 1H)/8.72 (bd, 1H), 8.82 (s, 1H)/8.79 (s, 1H); 13C NMR
(syn and anti mixture): 39.9, 40.0, 49.3, 51.0, 53.3, 54.5, 56.7,

56.8, 58.3, 60.1, 61.3, 61.3, 76.1, 106.0, 106.3, 112.2, 114.1,
114.6, 114.8, 124.3, 124.3; MS: m/z ¼ 378 [Mþ]; Anal. Calcd.
For C21H22N4O3: C, 66.63; H, 5.86; N, 14.80%. Found: C,
66.76; H, 6.12; N, 14.73%.

N-methyl-4-(4-chlorophenyl)-2-(pyridine-3-yl)pyrrolidine-
3,3-dicarbonitrile (3i). White crystals; Yield: 77%; mp 147–
148�C; IR (KBr): 2250 cm�1; 1PH NMR: 2.38 (s, 3H), 3.19 (t,
J ¼ 10.2, 1H), 3.77 (dd, J ¼ 10.2, 6.3, 1H), 4.11 (m, 2H),
7.37–7.50 (m, 5H), 7.98 (bd, 1H), 8.74 (bd, 1H), 8.82 (s, 1H);
13C NMR: 39.8, 50.8, 52.2, 58.5, 76.3, 112.0, 114.4, 124.3,
129.2, 129.9, 129.9, 130.2, 130.3, 133.6, 135.8, 136.3, 150.4,
152.0; MS: m/z ¼ 322 [Mþ]; Anal. Calcd. For C18H15N4Cl: C,
66.96; H, 4.68; N, 17.36%. Found: C, 66.85; H, 4.94; N,
17.23%.

N-methyl-4-(4-methylphenyl)-2-(pyridine-3-yl)pyrrolidine-
3,3-dicarbonitrile (3j). White crystals; Yield: 75%; mp 146–
147�C; IR (KBr): 2250 cm�1; 1PH NMR: 2.38 (s, 3H), 2.40
(s, 3H), 3.18 (t, J ¼ 10.2, 1H), 3.83 (dd, J ¼ 10.2, 6.7, 1H),
4.11 (dd, J ¼ 10.2, 6.7, 1H), 4.13 (s, 1H), 7.28 (d, J ¼ 8.0,

1H), 7.43 (m, 1H), 7.45 (d, J ¼ 8.0, 1H), 8.00 (bd, 1H), 8.73
(bd, 1H), 8.83 (s, 1H); 13C NMR: 21.6, 39.9, 51.9, 52.6, 58.3,
76.2, 112.2, 114.7, 124.3, 128.7, 128.9, 129.6, 130.3, 131.9,
136.4, 139.6, 150.4, 151.9; MS: m/z ¼ 302 [Mþ]; Anal. Calcd.
For C19H18N4: C, 75.46; H, 6.00; N, 18.53%. Found: C, 74.96;
H, 6.38; N, 18.26%.

Spiro[9,4]-1-N-methyl-2(pyridine-3-yl)pyrrolidine-3,3-dicar-
bonitrile (3k). White crystals; Yield: 75%; mp 222–223�C; IR
(KBr): 2243 cm�1; 1PH NMR: 2.46 (s, 3H), 3.28 (d, J ¼ 10.3,

1H), 3.78 (d, J ¼ 10.3, 1H), 4.44 (s, 1H), 7.45–7.56 (m, 5H), 7.71
(d, J ¼ 7.5, 1H), 7.76 (d, J ¼ 7.3, 1H), 7.80 (d, J ¼ 7.4, 1H), 8.01
(d, J ¼ 7.4, 1H), 8.01 (d, J ¼ 7.8, 1H), 8.77 (d, J ¼ 3.6, 1H), 8.96
(s, 1H); 13C NMR: 39.9, 53.8, 60.8, 65.9, 77.4, 113.1, 113.3,
120.7, 121.1, 124.4, 125.9, 126.6, 128.4, 128.6, 129.6, 130.2,

130.5, 136.8, 140.6, 141.2, 144.6, 145.4, 150.6, 152.0; MS: m/z¼
362 [Mþ]; Anal. Calcd. For C24H18N4: C, 79.56; H, 4.97; N,
15.47%. Found: C, 79.34; H, 4.63; N, 15.48%.
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A simple and efficient procedure for the synthesis of 1,3,4-thiadiazoles has been achieved using thio-
urea as organocatalyst. In this study, the steric and electronic effects using structurally different deriva-
tives of urea and thiourea in different solvents were evaluated. The best yields and the rate of the
reactions were obtained using 30 mol % of thiourea as catalyst in acetonitrile at room temperature. The
molecular structures of the products were established by 1H and 13C NMR spectral data.

J. Heterocyclic Chem., 47, 616 (2010).

INTRODUCTION

1,3,4-Thiadiazoles are a group of heterocyclic build-

ing blocks for which a wide variety of applications have

been reported including dyes [1], lubricating agents [2],

optically active liquid crystals [3], and photographic

materials [4]. In the medicinal field, therapeutic proper-

ties such as antitumor [5], hypoglycemic [6], anticonvul-

sant [7], hypotensive [8], antiproliferative [9] and

antituberculosis [10a,b], antileishmanial [11a,b], and

anti-Helicobacter pylori [12a,b] activities have been

assigned to their various derivatives. Moreover, these

compounds have recently been the subject of some theo-

retical and computational studies because of their signif-

icance [13,14]. Also, the research on the synthesis and

discovery of new 1,3,4-thiadiazole derivatives with spe-

cific medicinal properties is still an active area of

research [15]. Literature survey of synthetic methods for

these interesting compounds indicates that there are

three main categories for the synthesis of 1,3,4-thiadia-

zoles: (1) cyclizations involving one-bond formation

[16a–h], (2) cyclizations involving formation of two

bonds [16a,d–g], and (3) cyclizations involving forma-

tion of three bonds [16a,h]. Very recently, we reported a

new three-bond forming one-pot protocol for the synthe-

sis of some 1,3,4-thiadiazoles with potential antitubercu-

losis activity using Brönsted acidic ionic liquid

[Bmim]BF4 as dual solvent and catalyst [17].

With a view to designing more selective, robust, envi-

ronmentally benign, and functional-group tolerant cata-

lysts, chemists have begun to reconsider using the pro-

ton as the simplest Lewis acid. Therefore, taking their

cue from natural enzymatic systems, chemists have

attempted to explore the development of weak acid–

base interactions/hydrogen bonding which is one of the

most dominant forces in molecular interaction and rec-

ognition in biological systems [18], as a basis for cata-

lyst design and as an impressive option to replace the

proton and other commonly known Lewis and Brönsted

acids. So, small organic molecules called organocata-

lysts [19,20], which can form hydrogen bonds, contain

no metallic atoms and are favorable in terms of environ-

mental viewpoints that can be used as efficient catalysts

for various organic transformations [21]. Recently, thio-

urea derivatives have been the subject of extensive

research in the field of designing hydrogen bond catalyst

and several excellent reviews are available on this sub-

ject (for example see [22]). Various thiourea catalysts

have been utilized to catalyze organic reactions through

hydrogen bonding, either for asymmetric or for nona-

symmetric catalysis. Herein, we only refer to some of

VC 2010 HeteroCorporation
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the most recently reported studies such as chlorohydrins

synthesis [23], enantioselective Michael addition [24],

asymmetric Bayliss-Hillman reaction [25], Diels-Alder

reaction [26], acetallization of aldehydes and ketones

[27], nitro-Michael addition [28], nucleophilic addition

to acyl imines [29], and enantioselective tandem Mi-

chael-Knoevenagel reaction [30]. To the best of our

knowledge, there is no report on the role and application

of organocatalysts for the preparation of 1,3,4-thiadia-

zoles in the literature. On the basis of the aforemen-

tioned considerations, we decided to investigate the

steric and electronic effect of urea and thiourea in dif-

ferent solvents to represent a novel efficient catalytic

protocol for the synthesis of some 1,3,4-thiadiazoles

derivatives possessing arylamino and aryl moieties on

positions 3 and 5 of thiadiazole ring.

RESULTS AND DISCUSSION

At the beginning to determine the appropriate cata-

lyst, we examined the effect of hydrogen bond donor

catalyst structure on the synthesis of 1,3,4-thiadiazoles.

The model reaction is shown in Scheme 1. For this

study, derivatives of urea and thiourea along with two

guanidinium salts are used in different solvents and tem-

peratures (Schemes 1 and 2, Tables 1 and 2). As can be

deduced from Tables 1 and 2, the best results were

obtained when 30 mol % of the thiourea as catalyst was

used relative to reactants at room temperature (Table 1,

entries 4–6).

The results shown in Tables 1 and 2 indicate an im-

portant point about the nature of catalysis and the proper

type of solvent used in the process. In water as solvent,

no reaction was observed for both urea and thiourea as

catalyst (Table 1, entries 1 and 13). So, this solvent was

not tested anymore in the case of other catalysts. This

means that reactants do not form hydrogen bonds with

catalysts in water because the catalysts form very stron-

ger hydrogen bonds with water molecules, especially

since the water molecules are present in such a great

numbers as solvent [31]. In addition, when we chose

ethanol as a hydroxylic solvent capable of forming

hydrogen bonds weaker than water, the process did not

proceed well either (Table 1, entries 2 and 14). In these

two cases, we only obtained the semicarbazone interme-

diate 6 as the only product and not the desired heterocy-

clic compound. With a polar aprotic solvent such as ace-

tonitrile, we managed to obtain the thiadiazole product

with moderate to good yields and in relatively short

reaction times (Table 1, entries 3, 4, and 7–12). This is

undoubtedly due to the effective hydrogen bond forma-

tion between the substrates and the catalyst in acetoni-

trile. Solvents such as dimethylformamide (DMF) and

dimehtylsulfoxide (DMSO) were also effective in the

case of catalysts 5b, 5c, 5d, 5e but the yields were

lower and the reaction times were much longer in these

solvents (Table 1, entries 5 and 6, Table 2, entries 6–

11), whereas in the case of catalysts 5f and 5g, no reac-

tion was observed (Table 2, entries 12–15). Moreover,

when the temperature was changed from 30�C to reflux

condition, no remarkable change in the yield and the

reaction time was observed (Table 1, entries 9–12). It is

Scheme 1. Model reaction for the organocatalyzed synthesis of 1,3,4-thiadiazoles.

Scheme 2. Urea, thiourea, and guanidinium salts as organocatalysts

employed in this study.
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worth mentioning that the reaction was best performed

at 30�C (Table 1, entry 4).

The amount of 30 mol % of the catalyst was found to

be the optimum amount for the present process. When

we applied a lower amount of thiourea (20 mol %, Ta-

ble 1, entry 7), the reaction yield was decreased to

nearly half of that found with 30 mol % of the catalyst.

Moreover, using higher amounts of catalyst (40 mol %,

Table 1, entry 8) did not make any remarkable differ-

ence in the yield and the reaction time.

To find out which catalyst could be the most benefi-

cial one for our purpose and what would be the nature

of the catalytic effect, we examined five derivatives of

urea and thiourea along with two guanidinium salts in

this process (Tables 1 and 2, Scheme 2). The chemical

nature of catalyst effect here in this process could be

both steric and electronic. Taking a precise look at the

results in Table 1, upon going from thiourea to N-meth-

ylthiourea, reveals that even a small change in the

structure (replacing H with CH3) has led to a drastic

reduction in the reaction rate and a remarkable decrease

in the yield of formation of thiadiazole (Table 1, entry 4

and Table 2, entry 2). This can be better deduced in the

case of N, N0-diphenylurea and N-phenylthiourea (Table

2, entries 1 and 2) with their unsubstituted analogs (Ta-

ble 1, entries 3 and 4). Observing a longer reaction time

for N-phenylthiourea in comparison with the case of thi-

ourea indicates that steric demands are the major factors

governing the formation of the hydrogen bond between

catalysts and the substrates. With a more sterically hin-

dered catalyst like N-phenylthiourea, the catalyst is not

capable of forming effective hydrogen bridges with

Table 1

Screening of the effect of temperature and the type solvent for the synthesis of 1,3,4-thiadiazoles using simple thiourea and urea.

Entry Catalyst type Catalyst loading (%) Solvent Temperature (�C) Reaction time Commentsa

1 5a 30 Water 30 24 h No reaction

2 5a 30 Ethanol 30 24 h Only intermediate 6, Yield 60%

3 5a 30 CH3CN 30 4.5 h Product 7, Yield 50%

4 5c 30 CH3CN 30 75 min Product 7, Yield 81%

5 5c 30 DMF 30 2.5 h Product 7, Yield 76%

6 5c 30 DMSO 30 2.5 h Product 7, Yield 70%

7 5c 20 CH3CN 30 3 h Product 7, Yield 40%

8 5c 40 CH3CN 30 70 min Product 7, Yield 80%

9 5c 30 CH3CN 40 70 min Product 7, Yield 80%

10 5c 30 CH3CN 60 70 min Product 7, Yield 83%

11 5c 30 CH3CN 70 70 min Product 7, Yield 80%

12 5c 30 CH3CN reflux 70 min Product 7, Yield 77%

13 5c 30 Water 30 24 h No reaction

14 5c 30 Ethanol 30 24 h Only intermediate 6, Yield 40%

a Isolated yield.

Table 2

Comparison of the urea and thiourea derivatives as organocalysts in the synthesis of 1,3,4-thiadiazoles.

Entry Catalyst type Catalyst loading (%) Solvent Temperature (�C) Reaction time (h) Commentsa

1 5b 30 CH3CN 30 24 Trace of intermediate 6

2 5d 30 CH3CN 30 4.5 Product 7, Yield 45%

3 5e 30 CH3CN 30 24 Product 7, Yield 40%

4 5f 30 CH3CN 30 24 No reaction

5 5g 30 CH3CN 30 24 No reaction

6 5b 30 DMF 30 24 Trace of product 7

7 5b 30 DMSO 30 24 Trace of product 7

8 5d 30 DMF 30 24 Product 7, Yield 30%

9 5d 30 DMSO 30 24 Product 7, yield 25%

10 5e 30 DMF 30 24 Product 7, Yield 36%

11 5e 30 DMSO 30 24 Product 7, Yield 27%

12 5f 30 DMF 30 24 No reaction

13 5f 30 DMSO 30 24 No reaction

14 5g 30 DMF 30 24 No reaction

15 5g 30 DMSO 30 24 No reaction

a Isolated yield.
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substrates. This will result in a decrease in the reactivity

of the substrate, much longer reaction time, and much

lower yield of the product (Table 2, entry 3). Moreover,

the application of N,N0-diphenylurea, as a catalyst with

two very bulky substituents on nitrogen atoms, led to

the formation of the intermediate 6 (Scheme 1) in trace

amounts and no sign of formation of thiadiazole ring

(Table 2, entry 1).

The difference in catalytic activity of thiourea and

urea can be clearly seen in Table 1 (entries 3 and 4) as

one of the most interesting points of this study. Thiourea

has catalyzed the reaction faster than urea in acetonitril

as solvent at room temperature. The possible reason for

this observation is the fact that in thiourea the sulfur

heteroatom has more polarizability in comparison to ox-

ygen. So, when drawing the resonance structures for

urea and thiourea, the 50 contribution in the resonance

structure is higher for thiourea because the negative

charge could be better stabilized on sulfur than on oxy-

gen atom (Scheme 3). Accordingly, more positive

charge on nitrogen and on the hydrogen atom in 50 reso-
nance structure has lead to stronger hydrogen bonding

with the reactants and a more catalytic effect. Moreover,

the pKa value for thiourea is less than the one for urea

[32] which means thiourea is more acidic than urea.

Therefore, thiourea should be able to catalyze the cycli-

zation step better than urea.

To prove that the electronic effects do not play a dis-

tinct role in hydrogen bond catalyzed synthesis of 1,3,4-

thiadiazoles, we repeated this process using various phe-

nylisothiocyanate and benzaldehyde derivatives with

different electron demands (Scheme 4, Table 3, com-

pounds 7a–n). Both the reaction times and isolated

yields in Table 2 indicate no general pattern for deriva-

tives with electron withdrawing or electron donating

substituents. Reaction times are in the range of 30–75

min for all products and the yields vary between 81%

and 95%. Taking these facts into consideration, we can

only lay emphasis on the role of steric, and not, elec-

tronic effects on the preparation of 1,3,4-thiadiazoles

using (thio)urea organocatalysts. Then, we performed

some control experiments to confirm the role of thiourea

as catalyst in this process. Primarily we performed the

process by using equivalent amounts of phenylisothio-

cyanate, hydrazine hydrate, and benzaldehyde and the

use of thiourea (30 mol % relative to reactants) in dry

acetonitrile as solvent under N2 inert atmosphere. As

expected, we observed the formation of intermediate 6

(Scheme 1) as the only product and no sign of the

desired thiadiazole product was observed. When we per-

formed the test experiment in EtOH as solvent and in

the absence of any catalyst, only trace amounts of inter-

mediate 6 were obtained. These control experiments

show that hydrogen bonds of thiourea are necessary to

promote the reaction and solvents such as water and

ethanol cannot play the role of a hydrogen bond donor

to catalyze this process. According to these results, we

proposed a reasonable reaction pathway for the prepara-

tion of 1,3,4-thiadiazoles using thiourea as catalyst

(Scheme 5).

The main interesting point that can be observed

through this proposed reaction pathway is that when one

of the hydrogen on nitrogen atom of thiourea (nitrogen

atom on the left side of thiourea) is replaced with a

more sterically hindered substituent like methyl and phe-

nyl, one of the hydrogen bond connections has actually

been removed which prevents self formation of the tem-

plate between the catalyst with the two reactants. In the

case of thiourea as catalyst, this template of hydrogen

bridges facilitates the approaching of 4-phenylthiosemi-

carbazide to benzaldehyde and the formation of 4-phe-

nylthiosemicarbazone intermediate. The ease of hydro-

gen bond formation also facilitates the cyclization to

2,3-dihydrothiadiazoline intermediate in the second step.

Scheme 3. Resonance structures of urea and thiourea.

Scheme 4. General reaction pattern used for the synthesis of substituted 1,3,4-thiadiazoles.
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The hydrogen bonding in this step of the reaction is re-

sponsible for the activation of C¼¼N double bond and

the motivation for cyclization. Herein, the existence of

more bulky groups like methyl and phenyl also will

result in improper hydrogen bonding of the catalyst to

4-phenylthiosemicarbazone.

The case of guanidinium salts with no catalytic activ-

ity can simply be explained in another way. The guani-

dinium cations strongly form hydrogen bonds with their

counterions carbonates or nitrates, and, consequently

will not be able to form such bonds with the substrates

in the reaction (Table 1, entries 18 and 19).

In comparison to our previous work [15], this study

has several advantages. Apart from the similarity in

yields, thiourea derivatives have been used which are

cheaper than ionic liquids [bmim]. In addition, ionic

liquids [bmim] BF4 may release HF and decompose af-

ter some time, whereas thiourea derivatives do not have

such a problem and can also be handled and kept more

easily than ionic liquids. The only difference with this

study is slightly longer reaction times.

CONCLUSIONS

In summary, we have developed a study on hydro-

gen bond catalysis in the synthesis of 1,3,4-thiadiazoles

as a group of medicinally important heterocyclic

Table 3

Organocatalytic synthesis of 1,3,4-thiadiazoles using thiourea as hydrogen bond catalyst.

Entry R1 R2 Reaction time (min) Yielda (%) M. P. (�C) (Lit.) [ref.]

7a H H 75 81 200–202 (199–200) [10]

7b H 4-Br 60 95 320–323 (338–339) [10]

7c H 4-Cl 45 92 217–219 (216–217) [10]

7d H 4-F 45 87 252–254 (258–262) [10]

7e H 4-NO2 30 93 267–269 (275–277) [10]

7f 4-NO2 H 30 90 207–211 (216–220) [10]

7g 4-NO2 4-Br 40 95 281–284 (293–294) [10]

7h 4-NO2 4-Cl 35 92 288–290 (300–302) [10]

7i 4-NO2 4-NO2 40 90 343–347 (368) [10]

7j 4-Me H 60 80 177–179 (176–180) [10]

7k 4-Me 4-Cl 50 89 220–224 (213–214) [10]

7l 4-Me 4-F 60 86 203–207 (210–214) [10]

7m 4-Me 4-NO2 65 90 270–273 (280–284) [10]

7n 3-Me H 60 95 180–182 (176) [33]

a Isolated yield.

Scheme 5. The proposed reaction pathway for the formation of 1,3,4-thiadiazole in which a template of hydrogen bond thiourea organocatalyst has

the main role.
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compounds. We examined several urea, thiourea, and

gunidinium compounds to realize the major factors

governing the catalytic activity of these compounds

and realized that the true feature of the catalytic effect

is steric, and not, electronic effect because the rates

and yields of the reaction are strongly dependent

on the steric bulk of the catalyst. Application of

N-methyl- and N-phenylthiourea resulted in lower

yields and slower reaction rates in comparison with

thiourea. Finally, this process provides easy access to

important thiadiazole heterocyclic building block in rel-

atively short reaction times and various derivatives

with different electron demands on substituents were

prepared. We think that this process has a great poten-

tial to be applied for the catalytic purposes of synthetic

protocols for other important heterocycles and we are

working to develop this idea for the purpose of organic

and heterocyclic synthesis.

EXPERIMENTAL

Melting points were measured on a Büchi B-540 apparatus

and are uncorrected. IR spectra were measured on Bomem
FTIR ABB FTLA200-100 spectrometer. 1H and 13C NMR
spectra were measured with a Bruker DRX-300 Avance
spectrometer at 300 and 75 MHz using TMS as an internal
standard. Chemical shifts are reported (d) relative to TMS,

and coupling constants (J) are reported in hertz (Hz).
Mass spectra were recorded on a High Resolution Agilent
Technology EX mass spectrometer. Chemicals were obtained
from Merck, Darmstadt, Germany and Sigma-Aldrich Saint
Quentin Falavier, Cedex, France and used without further

purification.
Typical experimental procedure for organocatalytic

preparation of 1,3,4-thiadiazoles using (thio)urea

derivatives. To a round bottomed flask was added phenyliso-

thiocyanate derivative (0.24 mL, 2 mmoles), acetonitrile as
solvent (2 mL), and hydrazine hydrate (0.1 mL, 2 mmoles)
(Scheme 3). This mixture was stirred at 25–30�C for 10 min,
Then thiourea (0.045 g, 0.6 mmoles, 30 mol %) and substi-
tuted benzaldehyde (2 mmoles) were added to the reaction ves-

sel. The reaction mixture was then stirred for the specified
time at 30�C (Table 2). After completion of reaction (as moni-
tored by TLC, ethyl acetate:petroleum ether, 1:4), the resulting
precipitates were vacuum filtered using a Büchi funnel. The
results are shown in Table 2. The precipitates were further

purified with either ethanol or ethanol/water and were further
characterized by mp, IR, NMR, and MS spectroscopy. This
procedure was repeated the same in the case of other urea or
thiourea derivatives (Table 1).

Analytical data for substituted 1,3,4-thiadiazoles. N,5-
diphenyl-1,3,4-thiadiazol-2-amine (7a). This compound was
obtained as white crystalline solid, mp 200–202�C (Lit. mp
199–200�C [10]), ir: 3297, 3148 (NH) 1606 (C¼¼N) 680 cm�1

(CASAC), 1H NMR (300 MHz, DMSO-d6): d 7.06 (t, 1H,

J ¼ 9.0 Hz), 7.31 (m, 4H), 7.46 (d, 2H, J ¼ 9.0 Hz, ortho to
thiadiazole ring), 7.81 (m, 2H, meta to thiadiazole ring), 8.31

(s, 1H, para to thiadiazole ring), 10.33 (1H, NH), 11.62 (1H,
NH). (Presence of two tautomeric isomers [34].)

5-(4-Bromopheny)-N-phenyl-1,3,4-thiadiazol-2-amine
(7b). This compound was obtained as white crystalline solid,
mp 320–323�C (Lit. mp 338–339�C [10]), ir: 3302, 3122 (NH)

1595 (C¼¼N) 679 cm�1 (CASAC); 1H NMR (300 MHz,
DMSO-d6): d 7.06 (t, 1H, J ¼ 6.5 Hz), 7.29 (t, 2H, J ¼ 6.5
Hz, ortho to thiadiazole ring on phenyl), 7.49 (m, 4H, 2H
meta to thiadiazole ring and 2H on phenylamino group), 7.76
(m, 2H), 8.04 (s, 2H), 10.21 (1H, NH), 11.79 (1H, NH). (Pres-

ence of two tautomeric isomers [34].)
5-(4-Chlorophenyl)-N-phenyl-1,3,4-thiadiazol-2-amine

(7c). This compound was obtained as white crystalline solid,
mp 217–219�C (Lit. mp 216–217�C [10]), ir 3306, 3132 (NH)
1586 (C¼¼N) 690 cm�1 (CASAC); 1H NMR (300 MHz,

DMSO-d6): d 7.21 (t, 1H, J ¼ 6.9 Hz), 7.35 (m, 4H), 7.54
(t, 4H, J ¼ 7.5 Hz, meta to thiadiazole ring on phenyl group),
10.39 (s, 1H, NH).

5-(4-Fluorophenyl)-N-phenyl-1,3,4-thiadiazol-2-amine
(7d). This compound was obtained as white crystalline solid,

mp 252–254�C (Lit. mp 258–262�C [10]), ir: 3322, 3132 (NH)

1606 (C¼¼N) 690 cm�1 (CASAC); 1H NMR (300 MHz,

DMSO-d6): d 7.25 (t, 1H, J ¼ 6.0 Hz), 7.31 (t, 2H, J ¼ 6.0

Hz), 7.44 (t, 2H, J ¼ 9.0 Hz, ortho to thiadiazole ring on phe-

nyl group), 7.66 (d, 2H, J ¼ 6.0 Hz, meta to thiadiazole ring

on phenyl group), 8.11 (m, 2H), 10.23 (s, 1H, NH).

5-(4-Nitrophenyl)-N-phenyl-1,3,4-thiadiazol-2-amine (7e). This
compound was obtained as light yellow crystalline solid, mp
267–269�C (Lit. mp 275–277�C [10]), ir: 3347, 3137 (NH)

2978 (CH) 1596 (C¼¼N) 695 cm�1 (CASAC); 1H NMR (300
MHz, DMSO-d6): d 7.19 (t, 1H, J ¼ 7.5 Hz), 7.51 (t, 2H, J ¼
7.5 Hz), 7.86 (d, 2H, J ¼ 8.4 Hz), 8.21 (d, 2H, J ¼ 8.4 Hz,
ortho to thiadiazole ring on phenyl group), 8.44 (d, 2H, J ¼
8.4 Hz, meta to thiadiazole ring on phenyl group).

N-(4-nitrophenyl)-5-phenyl-1,3,4-thiadiazol-2-amine (7f). This
compound was obtained as light yellow crystalline solid, mp

207–211�C (Lit. mp 216–220�C [10]), ir: 3311, 3154 (NH)

2980 (CH) 1601 (C¼¼N) 690 cm�1 (CASAC); 1H NMR (300

MHz, DMSO-d6): d 7.56 (m, 3H), 7.83 (m, 2H), 8.15 (d, 2H,

J ¼ 9.0 Hz, meta to thiadiazole ring on phenyl group), 8.49

(d, 2H, J ¼ 9.0 Hz), 10.66 (s, 1H, NH).

5-(4-Bromophenyl)-N-(4-nitrophenylamino)-1,3,4-thiadia-
zol-2-amine (7g). This compound was obtained as light yel-

low crystalline solid, mp 281–284�C (Lit. mp 293–294�C
[10]), ir: 3301 3147 (NH) 3003 (CH) 1598 (C¼¼N) 695 cm�1

(CASAC); 1H NMR (300 MHz, DMSO-d6): d 7.66 (d, 2H,

J ¼ 8.1 Hz, ortho to thiadiazole ring on phenyl group), 7.89

(d, 2H, J ¼ 8.1 Hz), 8.21 (m, 2H, meta to thiadiazole ring on

phenyl group), 8.77 (br. s, 2H), 10.59 (br. s, 1H, NH).

5-(4-Chlorophenyl)-N-(4-nitrophenyl)-1,3,4-thiadiazol-2-
amine (7h). This compound was obtained as light yellow

crystalline solid, mp 288–290�C (Lit. mp 300–302�C [10]), ir:

3311, 3167 (NH) 3014 (CH) 1611 (C¼¼N) 690 cm�1

(CASAC); 1H NMR (300 MHz, DMSO-d6): d 7.59 (d, 2H,

J ¼ 9.0 Hz, ortho to thiadiazole ring on phenyl group), 7.88

(d, 2H, J ¼ 9.0 Hz, meta on thiadiazole ring), 8.11 (d, 2H,

J ¼ 9.0 Hz), 8.31 (d, 2H, J ¼ 9.0 Hz), 10.52 (s, 1H, NH).

N-(4-nitrophenyl)-5-(4-nitrophenyl)-1,3,4-thiadiazol-2-amine
(7i). This compound was obtained as reddish yellow crystal-
line solid, mp 343–347�C (Lit. mp 368�C [10]), ir: 3302, 3128

(NH) 2990 (CH) 1596 (C¼¼N) 695 cm�1 (CASAC); 1H NMR
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(300 MHz, DMSO-d6): d 8.12 (d, 2H, J ¼ 9.0 Hz), 8.26 (d,
2H, J ¼ 9.0 Hz), 8.33 (d, 2H, J ¼ 4.2 Hz, ortho to thiadiazole
ring on phenyl group), 8.41 (d, 2H, J ¼ 4.2 Hz, meta to thia-
diazole ring on phenyl group), 10.53 (br. s, 1H, NH).

N-(4-methylphenyl)-5-phenyl-1,3,4-thiadiazol-2-amine (7j). This
compound was obtained as white crystalline solid, mp 177–
179�C (Lit. mp 176–180�C [10]), ir: 3260, 3200 (NH) 1615
(C¼¼N) 699 cm�1 (CASAC); 1H NMR (300 MHz, DMSO-d6):
d 2.33 (s, 3H, CH3), 2.39 (s, 3H, CH3), 7.22 (m, 2H), 7.52 (m,
4H, meta to thiadiazole ring), 7.97 (m, 2H, ortho to thiadiazole

ring), 8.29 (s, 1H, ortho to thiadiazole ring), 10.19 (1H, NH).
(Presence of two tautomeric isomers [34].)

5-(4-Chlorophenyl)-N-(4-methylphenyl)-1,3,4-thiadiazol-2-
amine(7k). This compound was obtained as white crystalline
solid, mp 220–224�C (Lit. mp 213–214�C [10]), ir: 3342, 3142

(NH) 2978 (CH) 1596 (C¼¼N) 685 cm�1 (CASAC); 1H NMR
(300 MHz, DMSO-d6): d 2.34 (s, 3H, CH3), 7.27 (d, 2H, J ¼
8.1), 7.51 (d, 2H, J ¼ 8.1), 7.63 (d, 2H, J ¼ 6.9, ortho to thia-
diazole ring on phenyl group), 8.09 (d, 2H, J ¼ 6.9, meta to

thiadiazole ring on phenyl group), 10.22 (s, 1H, NH).
5-(4-Fluorophenyl)-N-(4-methylphenyl)-1,3,4-thiadiazol-2-

amine (7l). This compound was obtained as white crystalline
solid, mp 203–207�C (Lit. mp 210–214�C [10]), ir: 3322,
3132 (NH) 1606 (C¼¼N) 690 cm�1 (CASAC); 1H NMR (300

MHz, DMSO-d6): d 2.34 (s, 3H, CH3), 7.27 (d, 2H, J ¼ 8.1
Hz), 7.48 (d, 2H, J ¼ 8.1 Hz), 7.61 (d, 2H, J ¼ 6.0 Hz, ortho
to thiadiazole ring on phenyl group) 8.09 (m, 2H, meta to thia-
diazole ring on phenyl group), 10.30 (s, 1H, NH).

N-(4-methylphenyl)-5-(4-nitrophenyl)-1,3,4-thiadiazol-2-amine
(7m). This compound was obtained as light yellow crystalline
solid, mp 270–273�C (Lit. mp 280–284�C [10]), ir: 3306,
3126 (NH) 2988 (CH) 1591 (C¼¼N) 690 cm�1 (CASAC); 1H
NMR (300 MHz, DMSO-d6): d 2.31 (s, 3H, CH3), 7.21 (d,
2H, J ¼ 8.4 Hz), 7.44 (d, 2H, J ¼ 8.4 Hz), 8.28 (d, 2H, J ¼
9.0 Hz, ortho to thiadiazole ring on phenyl group), 8.34 (d,
2H, J ¼ 9.0 Hz, meta to thiadiazole ring on phenyl group).

N-(3-methylphenyl)-5-phenyl-1,3,4-thiadiazol-2-amine (7n). This
compound was obtained as white crystalline solid, mp 180–

182�C, ir: 3312, 3163 (NH) 1602 (C¼¼N) 699 cm�1 (CASAC),
1H NMR (300 MHz, DMSO-d6): d 2.35 (s, 3H, CH3), 7.12 (d,
1H, J ¼ 6.9 Hz), 7.33 (t, 1H, J ¼ 6.9 Hz), 7.52 (m, 4H), 8.08
(m, 2H, meta to thiadiazole ring on phenyl group), 8.25 (s,
1H, para to thiadiazole ring on phenyl group), 10.15 (1H,

NH); 13C NMR (75 MHz, DMSO-d6): d 23.34, 123.76,
126.77, 127.24, 128.11, 128.35, 129.21, 130.66 (C-para to thia-
diazole ring on phenyl group), 134.75 (quaternary carbon on
phenyl ring), 137.81, 139.41, 144.11 (C-2 in thiadiazole ring),
178.33 (C-5 in thiadiazole ring); ms m/z ¼ 267; Anal. Calcd.

For C15H13N3S (267.08): C, 67.39; H, 4.90; N, 15.72; S,
11.99; Found: C, 67.69; H, 4.69; N, 15.32; S, 11.72.
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Monastrol derivatives were synthesized by environment-friendly three component condensation reac-
tion of salicylaldehyde analogues, b-ketoester, and urea or thiourea under solvent-free conditions with
NaHSO4 as catalyst in high yields. The reactions formed two different monastrol products, 4-(2-hydrox-
yphenyl)pyrimidines 4 and 9- methyl- 11-oxo(or thioxo)-8-oxa-10,12-diazatricyclotrideca derivatives 5.

J. Heterocyclic Chem., 47, 624 (2010).

INTRODUCTION

It is well known that 3,4-dihydropyrimidin-2-(1H)-
ones (DHPMs) and their derivatives are an important

class of heterocyclic compounds having important bio-

logical activities, pharmaceutical and therapeutic proper-

ties, such as antiviral [1], antitumour [2], antibacterial,

anti-inflammatory, and antihypertensive [3]. Therefore,

the preparation of this heterocyclic nucleus has gained

great importance in organic synthesis. One of the simple

and direct method for the synthesis of this class of com-

pounds is known as Biginelli reaction involving one-pot

condensation of aldehyde, b-ketoester, and urea under

strong acidic conditions, which was first reported by

Biginelli in 1893 [4]. In this class of compounds, Mon-

astrol, ethyl 6-methyl-4-(3-hydroxyphenyl)-2-thioxo-

1,2,3,4-tetrahydropyrimidine-5-carboxylate, is a recently

highlighted Biginelli compound [5,6], which showed

promise in a new strategic approach to cancer research

[7] and has been found to affect the function of mitotic

kinesin Eg5, a motor protein responsible for spindle

bipolarity [8]. Thus, kinesin spindle protein represents

an attractive target for biochemical studies because

human Eg5 inhibitors induce cell death via apoptosis

[9]. Owing to the versatile biological activity of Monas-

trol derivatives, development of an alternative synthetic

methodology is of paramount importance. This has led

to the development of several new synthetic strategies

involving combinations of Lewis acids and transition

metal salts, e.g. Sr(OTf)2 [10], p-TsOH [11,12], HPA

[13], NiCl2.6H2O [14], LaCl3 [15], InBr3 [16] and

Bakers’ yeast [17]. Obviously, most of these catalysts

VC 2010 HeteroCorporation
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and solvents are not acceptable in the context of green

synthesis. Thus, as a part of our program towards green

synthesis [18], and continuing our studies on the Multi-

Component reactions (MCRs) [19], we report herein, a

simple, facile, and efficient MCRs for the preparation of

some new Monastrol analogues with NaHSO4 as a non-

toxic, inexpensive, and easily available reagent.

Herein we wish to report the utilization of NaHSO4

as a catalyst in Biginelli’s reaction of substitued salicy-

laldehydes, b-ketoester and urea or thiourea for the syn-

thesis of some new Monastrol derivatives under solvent-

free conditions.

The three-component cyclocondensation reaction was

performed under relatively simple reaction conditions by

heating together the three components, salicylaldehyde,

b-ketoester, and urea or thiourea, in the ratio of 1:1:1.5

and NaHSO4 (20 mol %), to 90�C with stirring. After the

completion of the reaction, as indicated by TLC, the reac-

tion mixture was poured onto crushed ice. From which

the Monastrol derivatives were isolated by filtration and

recrystallized from ethanol as indicated in Table 1.

Reactions of salicylaldehyde, methyl acetoacetate

with urea (or thiourea, phenylurea) as well as reactions

of 5-chloro or 5-bromo salicylaldehyde, methyl (or

ethyl) acetoacetate with thiourea did not give the

expected free hydroxyl compounds 4, however, the

product is the 9-methyl-11-oxo(or thioxo)-8-oxa-10,12-

diazatricyclo [7.3.1.02,7]trideca-2,4,6-triene 5a-g

(Scheme 1).

The results presented in the Table 1 indicate the

scope and generality of the method, which is efficient,

not only for urea or thiourea, but also for salicylalde-

hydes as well as 5-chloro and 5-bromo salicylaldehydes.

In most cases, the reactions proceeded smoothly to pro-

duce the corresponding Monastrol derivatives in high

yields.

In the course of our work, we have observed that

the product from reactions involving salicylaldehyde,

methyl acetoacetate with urea (or thiourea, phenylurea)

is in fact the 9-methyl-11-oxo(or thioxo)-8-oxa-10,

12-diazatricyclo [7.3.1.02,7]trideca-2,4,6-triene 5a-c

rather than a free hydroxyl compounds, 4-(2-

Table 1

NaHSO4 mediated synthesis of monastrol derivatives.

Productsa R1 R2 R3 X Time (h) Yieldb (%) Mp (�C)

4a H Et H O 3 91 201–202

4b H Et H S 3 86 162–164

4c H Et Ph O 4 83 98–100

4d Cl Et H O 3.5 88 228–230

4e Br Et H O 3.5 86 231–233

4f Cl Et Ph O 4.5 82 102–104

4g Br Et Ph O 4.5 81 111–113

4h Cl Me H O 3.5 84 257–259

4i Br Me H O 3.5 82 215–217

4j Cl Me Ph O 4.5 82 107–109

4k Br Me Ph O 4.5 81 114–116

5a H Me H O 3 92 197–200

5b H Me Ph O 3.5 89 118–120

5c H Me H S 3 90 148–150

5d Cl Me H S 4 86 238–240

5e Cl Et H S 3.5 84 216–218

5f Br Me H S 4 85 157–159

5g Br Et H S 3.5 83 127–129

a Products were characterized by 1H, 13C NMR, IR, MS, and elemental analyses.
b Isolated yield.

Scheme 1
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hydroxyphenyl)pyrimidines 4. However, this oxygen-

bridged pyrimidine structures were not discussed in sev-

eral recent reports [13–15,20,21], but were supported by

others [12,16,17]. The product from reactions involving

5-chloro or 5-bromosalicylaldehyde, methyl (or ethyl)

acetoacetate with thiourea is also an oxygen-bridged

compounds 5d-g rather than the corresponding 4-(2-

hydroxyphenyl)pyrimidines.

The production of compounds 5a-g can be explained

by the isomerization reaction of the 4-(2-hydroxyphenyl)

pyrimidines, 4 which were initially formed (Scheme 2).

In summary, we have described a convenient, envi-

ronment-friendly method for the preparation of some

new Monastrol derivatives by the Biginelli cycloconden-

sation reaction of salicylaldehyde analogues, b-ketoester
with urea or thiourea using nontoxic, cheap NaHSO4

catalyst. Additionally, when using salicylaldehyde as the

aldehyde reagent, methyl acetoacetate as the active

methylene compound, urea (or thiourea, phenylurea) as

the condensation reagent, as well as using 5-chloro or 5-

bromo salicylaldehyde as the aldehyde reagent, methyl

(or ethyl) acetoacetate as the active methylene com-

pound, thiourea as the condensation reagent, the Bigi-

nelli product will be an oxygen-bridged compound, 9-

methyl-11-oxo(or thioxo)-8-oxa-10,12-diazatricy-

clo[7.3.1.02,7]trideca-2,4,6-triene 5 rather than 4-(2-

hydroxyphenyl)pyrimidines 4.

EXPERIMENTAL

IR spectra were recorded on a Nicolet FTIR-500 spectrome-
ter. 1H NMR and 13C NMR spectra were recorded on a Bruker
AVANCE 400 MHz spectrometer at 400 MHz and 75 MHz.
Elemental analysis was performed on an Elementar Vario EL
III analyzer. Melting points were determined on a XT-5A digi-

tal melting-points apparatus and are uncorrected.
General procedure for the synthesis of Monastrol deriva-

tives 4a-k and 5a-g. A mixture of the appropriate salicylalde-
hyde (2 mmol), b-ketoester (2 mmol), urea or thiourea (3
mmol), and NaHSO4 (0.4 mmol) was heated with stirring at

90�C for the time period as indicated in Table 1. After com-
pletion of the reaction (TLC analysis), ice water was added to
the mixture, and the crude products collected by filtration were
recrystallized from EtOH, to give the products 4a-k or 5a-g

(Table 1). All products were characterized by 1H, 13C NMR,
IR, MS spectral, and by elemental analyses.

Ethyl 6-methyl-2-oxo-4-(2-hydroxyphenyl)-1,2,3,4-tetrahy-
dropyrimidine-5-carboxylate (4a). Yellow powder, yield 91%,
mp 201–202�C, IR(KBr), (mmax/cm

�1): 3355, 3267, 1683,
1597. 1H NMR (DMSO-d6) dH : 9.6 (s, 1H, NH), 9.10 (s, 1H,
NH), 6.68–7.16 (m, 5H, arom, OH), 5.45 (s, 1H, H-4), 3.93 (q,
J ¼ 6.8 Hz, 2H, CH2), 2.26 (s, 3H, CH3), 1.01 (t, J ¼ 6.8 Hz,

3H, CH3).
13C NMR (DMSO-d6) dC: 14.9, 18.6, 44.7, 59.8,

98.6, 116.1, 119.6, 121.3, 128.1, 129.5, 149.4, 151.5, 155.5,
169.3. MS(ESI) m/z: 277.0 (MþH). Anal. Calcd. for
C14H16N2O4: C, 60.86; H, 5.84; N, 10.14. Found : C, 60.89;

H, 5.88; N, 10.17.
Ethyl 6-methyl-2-thioxo-4-(2-hydroxyphenyl)-1,2,3,4-tetra-

hydropyrimidine-5-carboxylate (4b). Yellow powder, yield
86%, mp 162–164�C, IR(KBr), (mmax/cm

�1): 3359, 3279,
1689. 1H NMR (DMSO-d6) dH : 9.72 (s, 1H, NH), 9.10 (s,

1H, NH), 6.83–7.31 (m, 5H, arom, OH), 5.51 (s, 1H, H-4),
4.14 (q, J ¼ 7.3 Hz, 2H, CH2), 2.21 (s, 3H, CH3), 1.13 (t, J ¼
7.3 Hz, 3H, CH3).

13C NMR (DMSO-d6) dC: 14.4, 18.9, 44.2,
58.6, 102.5, 118.7, 120.9, 127.2, 129.1, 130.1, 148.3, 150.5,
169.2, 177.5. MS(ESI) m/z: 293.1 (MþH). Anal. Calcd. for

C14H16N2O3S: C, 57.51; H, 5.52; N, 9.58. Found : C, 57.46;
H, 5.44; N, 9.65.

Ethyl 1-phenyl-6-methyl-2-oxo-4-(2-hydroxyphenyl)-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (4c). Green powder, yield
83%, mp 98–100�C, IR (KBr), (mmax/cm

�1): 3347, 3268, 1681,

1589. 1H NMR (DMSO-d6) dH : 7.50 (s, 1H, NH), 6.83–7.45
(m, 10H, arom, OH), 5.58 (s, 1H, H-4), 4.22 (q, J ¼ 6.9 Hz,
2H, CH2), 2.29 (s, 3H, CH3), 1.28 (t, J ¼ 6.9 Hz, 3H, CH3).
13C NMR (DMSO-d6) dC: 14.7, 18.9, 44.9, 59.2, 99.3, 113.1,
117.5, 119.3, 121.5, 127.6, 129.1, 129.8, 130.7, 149.6, 150.1,
152.2, 155.9, 169.7. MS(ESI) m/z: 353.1 (MþH). Anal. Calcd.
for C20H20N2O4: C, 68.17; H, 5.72; N, 7.95. Found : C, 68.22;
H, 5.75; N, 7.87.

Ethyl 6-methyl-2-oxo-4-(2-hydroxy-5-chlorphenyl)-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (4d). Yellow powder,
yield 88%, mp 228–230�C, IR(KBr), (mmax/cm

�1): 3344, 3249,
1679, 1605. 1H NMR (DMSO-d6) dH : 9.93 (s, 1H, NH), 9.17
(s, 1H, NH), 6.80 (t, J ¼ 6.8 Hz, 1H, ArH), 6.92 (s, 1H, ArH
), 7.19 (t, J ¼ 6.8 Hz, 1H, ArH), 7.28 (s, 1H, OH ), 5.41 (s,

1H, H-4), 3.92 (q, J ¼ 7.0 Hz, 2H, CH2), 2.27 (s, 3H, CH3),
1.04 (t, J ¼ 7.0 Hz, 3H, CH3).

13C NMR (DMSO-d6) dC:
14.4, 18.2, 51.2, 59.5, 97.7, 117.6, 122.5, 127.6, 128.4, 132.5,
149.4, 152.5, 154.2, 165.8. MS (ESI) m/z: 309.0 (M-H). Anal.
Calcd. for C14H15N2O4Cl: C, 54.11; H, 4.87; N, 9.02. Found :

C, 54.16; H, 4.92; N, 9.07.
Ethyl 6-methyl-2-oxo-4-(2-hydroxy-5-bromophenyl)-1,2,3,4-

tetrahydropyrimidine-5-carboxylate (4e). Gray powder, yield
86%, mp 231–233�C, IR(KBr), (mmax/cm

�1): 3339, 3252,

1677, 1609. 1H NMR (DMSO-d6) dH : 9.91 (s, 1H, NH), 9.19
(s, 1H, NH), 6.77 (t, J ¼ 6.9 Hz, 1H, ArH), 6.95 (s, 1H, ArH),

Scheme 2
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7.23 (t, J ¼ 6.9 Hz, 1H, ArH), 7.31 (s, 1H, OH ), 5.42 (s, 1H,
H-4), 5.42 (s, 1H, H-4), 3.90 (q, J ¼ 7.1 Hz, 2H, CH2), 2.29
(s, 3H, CH3), 1.07 (t, J ¼ 7.1 Hz, 3H, CH3).

13C NMR
(DMSO-d6) dC: 14.5, 18.6, 51.1, 59.3, 97.5, 110.2, 118.2,
129.7, 132.0, 132.5, 149.7, 152.8, 154.5, 166.8. MS(ESI) m/z:
356.9 (MþH). Anal. Calcd. for C14H15N2O4Br: C, 47.34; H,
4.26; N,7.89. Found: C, 47.38; H, 4.22; N, 7.83.

Ethyl 6-methyl-1-phenyl-2-oxo-4-(2-hydroxy-5-chlorphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (4f). Yellow pow-
der, yield 82%, mp 102–104�C, IR(KBr), (mmax/cm

�1): 3355,

3269, 1688, 1611. 1H NMR (DMSO-d6) dH : 9.06 (s, 1H,
NH), 6.86–7.45 (m, 9H, arom, OH), 5.48 (s, 1H, H-4), 4.12 (q,
J ¼ 7.1 Hz, 2H, CH2), 2.27 (s, 3H, CH3), 1.25 (t, J ¼ 7.1 Hz,
3H, CH3).

13C NMR (DMSO-d6) dC: 14.9, 18.6, 50.3, 59.4,
99.8, 113.1, 117.3, 118.1, 122.1, 127.9, 129.1, 129.9, 132.4,

149.5, 150.3, 152.6, 154.9, 167.4. MS(ESI) m/z: 385.1 (M-H).
Anal. Calcd. for C20H19N2O4Cl: C, 62.11; H, 4.95; N, 7.24.
Found: C, 62.07; H, 4.88; N, 7.29.

Ethyl 6-methyl-1-phenyl-2-oxo-4-(2-hydroxy-5-bromophenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (4g). Yellow pow-
der, yield 81%, mp 111–113�C, IR(KBr), (mmax/cm

�1): 3349,
3257, 1678, 1599. 1H NMR (DMSO-d6) dH : 9.09 (s, 1H,
NH), 6.73–7.32 (m, 9H, arom, OH), 5.49 (s, 1H, H-4), 4.12 (q,
J ¼ 6.9 Hz, 2H, CH2), 2.29 (s, 3H, CH3), 1.26 (t, J ¼ 6.9 Hz,

3H, CH3).
13C NMR (DMSO-d6) dC: 14.4, 18.2, 50.9, 58.9,

98.4, 110.5, 117.8, 118.4, 122.6, 129.4, 129.9, 132.8, 133.3,
149.6, 150.8, 152.7, 154.8, 168.1. MS(ESI) m/z: 432.9 (MþH).
Anal. Calcd. for C20H19N2O4Br: C, 55.70; H, 4.44; N, 6.50.
Found : C, 55.66; H, 4.41; N, 6.57.

Methyl 6-methyl-2-oxo-4-(2-hydroxy-5-chlorphenyl)-1,2,3,
4-tetrahydropyrimidine-5-carboxylate (4h). Yellow powder,
yield 84%, mp 257–259�C, IR(KBr), (mmax/cm

�1): 3346, 3261,
1688, 1592. 1H NMR (DMSO-d6) dH : 9.96 (s, 1H, NH), 9.22 (s,
1H, NH), 6.78 (t, J ¼ 7.0 Hz, 1H, ArH), 7.05 (s, 1H, ArH ), 7.24

(t, J ¼ 7.0 Hz, 1H, ArH), 7.29 (s, 1H, OH ), 5.41 (s, 1H, H-4),
�7.24 (m, 4H, arom, OH), 5.37 (s, 1H, H-4), 3.41 (s, 3H, CH3),
2.19 (s, 3H, CH3).

13C NMR (DMSO-d6) dC: 18.4, 48.9, 50.8,
98.3, 110.1, 118.1, 129.1, 130.7, 132.2, 147.9, 151.2, 154.3,

164.9. MS(ESI) m/z: 297.1. Anal. Calcd. for C13H13N2O4Cl: C,
52.62; H, 4.42; N, 9.44. Found : C, 52.67; H, 4.38; N, 9.48.

Methyl 6-methyl-2-oxo-4-(2-hydroxy-5-bromophenyl)-1,2,3,4-
tetrahydropyrimidine-5-carboxylate (4i). Yellow powder, yield
82%, mp 215–217�C, IR(KBr), (mmax/cm

�1): 3339, 3254,

1676, 1599. 1H NMR (DMSO-d6) dH : 10.03 (s, 1H, NH),
9.21 (s, 1H, NH), 6.77 (t, J ¼ 7.2 Hz, 1H, ArH), 7.02 (s, 1H,
ArH ), 7.22 (t, J ¼ 7.2 Hz, 1H, ArH), 7.27 (s, 1H, OH ), 5.41
(s, 1H, H-4), 5.41 (s, 1H, H-4), 3.50 (s, 3H, CH3), 2.29 (s, 3H,
CH3).

13C NMR (DMSO-d6) dC: 18.3, 49.6, 51.2, 97.5, 110.3,
118.3, 130.0, 131.4, 132.8, 149.8, 152.6, 154.7, 166.2.
MS(ESI) m/z: 342.9 (MþH). Anal. Calcd. for C13H13N2O4Br:
C, 45.77; H, 3.84; N, 8.21. Found: C, 45.73; H, 3.89; N, 8.26.

Methyl 6-methyl-1-phenyl-2-oxo-4-(2-hydroxy-5-chlorphenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (4j). Brown powder,

yield 82%, mp 107–109�C, IR(KBr), (mmax/cm
�1): 3341, 3269,

1682, 1603. 1H NMR (DMSO-d6) dH : 9.11 (s, 1H, NH),
6.71–7.39 (m, 9H, arom, OH), 5.44 (s, 1H, H-4), 3.45 (s, 3H,
CH3), 2.24 (s, 3H, CH3).

13C NMR (DMSO-d6) dC: 18.1,

48.4, 51.3, 99.6, 112.1, 117.4, 118.5, 122.3, 128.1, 129.5,
130.1, 132.6, 148.4, 150.2, 152.8, 154.2, 166.9. MS(ESI) m/z:
373.1. Anal. Calcd. for C19H17N2O4Cl: C, 61.21; H, 4.60; N,
7.53. Found : C, 61.16; H, 4.53; N, 7.56.

Methyl 6-methyl-1-phenyl-2-oxo-4-(2-hydroxy-5-bromophenyl)-
1,2,3,4-tetrahydropyrimidine-5-carboxylate (4k). Yellow powder,
yield 81%, mp 114–116�C, IR(KBr), (mmax/cm

�1): 3336, 3258,

1671, 1589. 1H NMR (DMSO-d6) dH : 9.15 (s, 1H, NH),
6.69–7.37 (m, 9H, arom, OH), 5.49 (s, 1H, H-4), 3.52 (s, 3H,
CH3), 2.26 (s, 3H, CH3).

13C NMR (DMSO-d6) dC: 18.2,
49.1, 51.7, 98.6, 111.3, 115.7, 118.3, 120.4, 128.3, 129.1,
130.6, 131.5, 149.1, 151.9, 153.7, 154.2, 167.1. MS(ESI) m/z:
418.9 (MþH). Anal. Calcd. for C19H17N2O4Br: C, 54.69; H,
4.11; N, 6.72. Found : C, 54.62; H, 4.06; N, 6.78.

13-Methoxycarbonyl-9-methyl-11-oxo-8-oxa-10,12-diazatri-
cyclo[7.3.1.02,7]trideca-2,4,6-triene (5a). Yellow powder,
yield 92%, mp 117–120�C, IR(KBr), (mmax/cm

�1): 3308, 3075,

1683, 1643. 1H NMR (DMSO-d6) dH : 7.19 (s, 1H, NH),
6.78–7.18 (m, 5H, arom, NH), 4.61 (dd, J ¼ 2.8, 2.8 Hz, 1H,
H-1), 3.69 (s, 3H, CH3), 3.49–3.52 (m, 1H, H-13), 1.78 (s, 3H,
CH3).

13C NMR (DMSO-d6) dC: 24.7, 44.0, 48.9, 51.8, 82.1,
116.4, 121.7, 124.6, 128.5, 130.1, 151.3, 155.8, 169.1.

MS(ESI) m/z: 262.9 (MþH). Anal. Calcd. for C13H14N2O4: C,
59.53; H, 5.38; N, 10.68. Found : C, 59.58; H, 5.35; N, 10.62.

13-Methoxycarbonyl-9-methyl-10-phenyl-11-oxo-8-oxa-10,12-
diazatricyclo[7.3.1.02,7]trideca-2,4,6-triene (5b). Green powder,

yield 89%, mp 118–120�C, IR(KBr), (mmax/cm
�1): 3316, 3089,

1675, 1653. 1H NMR (DMSO-d6) dH : 8.51 (s, 1H, NH),
6.78–7.68 (m, 9H, arom), 4.38 (dd, J ¼ 2.9, 2.9 Hz, 1H, H-1),
3.70 (s, 3H, CH3), 3.43–3.58 (m, 1H, H-13), 1.85 (s, 3H,
CH3).

13C NMR (DMSO-d6) dC: 25.1, 47.2, 49.1, 51.8, 83.1,
112.3, 116.5, 117.8, 120.9, 123.5, 128.3, 129.7, 130.4, 150.6,
151.7, 156.4, 167.3. MS(ESI) m/z: 339.1 (MþH). Anal. Calcd.
for C19H18N2O4: C, 67.44; H, 5.36; N, 8.28. Found : C, 67.48;
H, 5.31; N, 8.25.

13-Methoxycarbonyl-9-methyl-11-thioxo-8-oxa-10,12-diaza-
tricyclo[7.3.1.02,7]trideca-2,4,6-triene (5c). Yellow powder,
yield 90%, mp 148–150�C, IR(KBr), (mmax/cm

�1): 3307, 3073,
1670. 1H NMR (DMSO-d6) dH : 9.17 (s, 1H, NH), 6.81–7.22
(m, 4H, ArH), 4.58 (dd, J ¼ 3.1, 2.4 Hz, 1H, H-1), 3.69 (s,
3H, CH3), 3.34–3.37 (m, 1H, H-13), 1.77 (s, 3H, CH3).

13C

NMR (DMSO-d6) dC: 24.2, 43.0, 48.8, 53.0, 82.2, 117.3,
121.7, 124.6, 129.6, 130.6, 151.3, 169.2, 177.2. MS(ESI) m/z:
279.0 (MþH). Anal. Calcd. for C13H14N2O3S: C, 56.09; H,
5.07; N, 10.07. Found : C, 56.13; H, 5.13; N, 10.02.

13-Methoxycarbonyl-9-methyl-4-chlor-11-thioxo-8-oxa-10,12-
diazatricyclo[7.3.1.02,7]trideca-2,4,6-triene (5d). Gray powder,
yield 86%, mp 238–240�C, IR(KBr), (mmax/cm

�1): 3298, 3079,
1689. 1H NMR (DMSO-d6) dH : 10.01 (s, 1H, NH), 9.22 (s,
1H, NH), 6.80 (t, J ¼ 6.7 Hz, 1H, ArH), 6.90 (s, 1H, ArH ),

7.13 (t, J ¼ 6.7Hz, 1H, ArH), 5.41 (s, 1H, H-4), 4.55 (dd, J ¼
3.2, 2.4 Hz, 1H, H-1), 3.56 (s, 3H, CH3), 3.35–3.41 (m, 1H,
H-13), 1.82 (s, 3H, CH3).

13C NMR (DMSO-d6) dC: 24.5,
43.5, 47.2, 52.5, 82.1, 117.8, 122.7, 125.0, 129.4, 131.3, 150.2,
168.1, 177.2. MS(ESI) m/z: 313.0 (MþH). Anal. Calcd. for

C13H13N2O3SCl: C, 49.92; H, 4.19; N, 8.96. Found : C, 49.88;
H, 5.15; N, 8.93.

13-Ethoxycarbonyl-9-methyl-4-chlor-11-thioxo-8-oxa-10,12-
diazatricyclo[7.3.1.02,7]trideca-2,4,6-triene (5e). Yellow pow-
der, yield 84%, mp 216–218�C, IR(KBr), (mmax/cm

�1): 3315,

3091, 1689. 1H NMR (DMSO-d6) dH : 10.06 (s, 1H, NH),
9.23 (s, 1H, NH), 6.82 (t, J ¼ 7.1 Hz, 1H, ArH), 6.94 (s, 1H,
ArH ), 7.18 (t, J ¼ 7.1 Hz, 1H, ArH), 5.41 (s, 1H, H-4), 4.58
(dd, J ¼ 3.0, 2.6 Hz, 1H, H-1), 4.03 (q, J ¼ 7.1 Hz, 2H,
CH2), 3.34–3.44 (m, 1H, H-13), 1.80 (s, 3H, CH3), 1.24 (t, J
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¼ 7.1 Hz, 3H, CH3).
13C NMR (DMSO-d6) dC: 14.9, 24.4,

43.1, 47.3, 57.5, 82.2, 117.9, 123.3, 125.6, 130.4, 133.5, 152.2,
167.1, 177.1. MS(ESI) m/z: 328.5 (MþH). Anal. Calcd. for
C14H15N2O3SCl: C, 51.45; H, 4.63; N, 8.57. Found : C, 51.48;
H, 4.67; N, 8.53.

13-Methoxycarbonyl-9-methyl-4-bromo-11-thioxo-8-oxa-10,12-
diazatricyclo[7.3.1.02,7]trideca-2,4,6-triene (5f). Gray powder,
yield 85%, mp 157–159�C, IR(KBr), (mmax/cm

�1): 3295, 3077,
1681. 1H NMR (DMSO-d6) dH : 10.04 (s, 1H, NH), 9.25 (s, 1H,
NH), 6.77 (t, J ¼ 6.8 Hz, 1H, ArH), 6.95 (s, 1H, ArH ), 7.27 (t,

J ¼ 6.8 Hz, 1H, ArH), 5.41 (s, 1H, H-4), 4.57 (dd, J ¼ 3.0, 2.4
Hz, 1H, H-1), 3.61 (s, 3H, CH3), 3.41 (m, 1H, H-13), 1.75 (s,
3H, CH3).

13C NMR (DMSO-d6) dC: 24.3, 43.2, 47.6, 52.3,
82.3, 113.5, 120.4, 124.5, 130.8, 131.7, 149.9, 168.8, 177.5.
MS(ESI) m/z: 358.9 (MþH). Anal. Calcd. for C13H13N2O3SBr:

C, 43.71; H, 3.67; N, 7.84. Found : C, 43.78; H, 3.72; N, 7.81.
13-Ethoxycarbonyl-9-methyl-4-bromo-11-thioxo-8-oxa-10,12-

diazatricyclo[7.3.1.02,7]trideca-2,4,6-triene (5g). Gray powder,
yield 83%, mp 127–129�C, IR(KBr), (mmax/cm

�1): 3309, 3091,

1673. 1H NMR (DMSO-d6) dH : 10.04 (s, 1H, NH), 9.21 (s, 1H,
NH), 6.75 (t, J ¼ 7.0 Hz, 1H, ArH), 7.04 (s, 1H, ArH ), 7.24 (t,
J ¼ 7.0 Hz, 1H, ArH), 5.41 (s, 1H, H-4), 4.54 (dd, J ¼ 3.2, 2.2
Hz, 1H, H-1), 3.92 (q, J ¼ 7.1 Hz, 2H, CH2), 3.35�3.42 (m,
1H, H-13), 1.78 (s, 3H, CH3), 1.23 (t, J ¼ 7.1 Hz, 3H, CH3).
13C NMR (DMSO-d6) dC: 14.3, 24.5, 43.4, 47.2, 61.2, 82.1,
112.6, 119.2, 125.6, 131.8, 132.2, 150.7, 167.5, 177.2. MS(ESI)
m/z: 372.9 (MþH). Anal. Calcd. for C14H15N2O3SBr: C, 45.29;
H, 4.07; N, 7.55. Found : C, 45.23; H, 4.04; N, 7.52.
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Reactions of 3-cyanochromones with phenylhydrazine gave the corresponding 5-amino-4-salicyloyl-1-
phenylpyrazoles, 2-aminochromone-3-carbaldehyde N-phenylhydrazones, and 1-phenylchromeno[4,3-

c]pyrazol-4(1H)-one, depending on the reaction conditions. With methylhydrazine, 3-(2-hydroxyaryl)-1-
methylpyrazole-4-carbonitriles and 2-methylchromeno[4,3-c]pyrazol-4(2H)-ones were obtained in
moderate to high yields.

J. Heterocyclic Chem., 47, 629 (2010).

INTRODUCTION

The chemistry of 3-cyanochromones has been

developed since the mid-1970s after the simple and con-

venient Vilsmeier-Haack method was proposed for the

synthesis of 3-formylchromones from 2-hydroxyaceto-

phenones, DMF, and POCl3 [1]. Treatment of 3-formyl-

chromones with hydroxylamine via 3-formylchromone-

3-oximes leads to 3-cyanochromones 1 [2,3]. In addi-

tion, 1 can be synthesized directly from 2-hydroxyaceto-

phenones and hydroxylamine under the Vilsmeier-Haack

conditions [4] and from O-methylated chromone-3-

oximes [5].

The introduction of the electron-withdrawing CN

group at the 3-position of the chromone system changes

crucially the reactivity of the pyrone ring with respect

to nucleophiles, and provides a broad synthetic potential

of 3-cyanochromones 1 [6]. The diversity of properties

of these compounds is due to the fact that, being highly

reactive geminally activated push–pull alkenes (a,b-un-
saturated ketones and nitriles simultaneously) with a

good leaving group at the b-carbon atom, whose role is

played by the phenolate anion (a fragment of the enol

ether), they acquire the ability to undergo a nucleophilic

1,4-attack followed by additional transformations related

to c-pyrone ring opening and heterocyclizations at the

C-4 atom and/or at the cyano group. However, although

nucleophilic 1,4-addition occurs easily, which is clearly

demonstrated by the transformation of 3-cyanochro-

mones 1 into 2-amino-3-formylchromones under basic

conditions [3,7], the reactions of 1 with dinucleophiles

were further interpreted from both the viewpoint of 1,4-

addition at the C-2 atom (this direction is equivalent to

the 1,2-attack at the CHO group of 2-amino-3-formyl-

chromone) and 1,2-addition to the cyano group, which

inevitably led to contradictory results [6,8,9].

RESULTS AND DISCUSSION

Recently [10], we reported on the ring transformations

of the chromones 1 to 2-aminochromone-3-carboxamide,

3-amino-4H-chromeno[3,4-d]isoxazol-4-one, and 3-(dia-

minomethylene)chroman-2,4-dione under the action of

hydroxylamine in alkaline medium, some of which were

previously incorrectly formulated [6]. Now we were

VC 2010 HeteroCorporation
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interested in the course of the reactions of 3-cyanochro-

mones 1 with phenyl- and methylhydrazines. The reac-

tion with phenylhydrazine has already been the subject

of investigations and to the intermediate was assigned

the structure 5 without NMR spectral data [9]. The

authors believed that the reaction occurred via 1,2-addi-

tion of phenylhydrazine to the cyano group of 1a–c to

give amidohydrazones 5a–c, which on prolonged reflux-

ing in ethanol afforded 3-aminopyrazoles 6a–c [6,9]. On

the other hand, it was claimed that refluxing benzene

induces the initial 1,4-addition of phenylhydrazine pro-

ducing ultimately the phenylhydrazone derivatives 7 [8].

It should be noted that the pyrazole structure 6 was not

established with certainly and in the light of our previ-

ous results [10] it seemed more logical to us that the

more nucleophilic nitrogen atom of the phenylhydrazine

would attack at the 2-position of the chromone rather

than at the CN group.

We studied repeatedly the reactions of chromones 1

with phenylhydrazine under the conditions described in

refs. 8 and 9 and confirmed the structure of compounds

7a–c, which can easily be prepared in refluxing benzene

in the presence of Et3N for 0.5 h (for 1c this reaction

occurs both in benzene and ethanol without Et3N,

whereas for 1b the reaction in benzene without Et3N

gives a complex mixture of isomeric open-chain inter-

mediates and 7b). However, we were unable to repro-

duce the claimed synthesis of 6a–c; instead, 5-amino-

pyrazoles 8a,b as mixtures with 7a,b were obtained in

refluxing ethanol (8a:7a ¼ 82:18 and 8b:7b ¼ 76:26).

When these mixtures were treated with 20% sulfuric

acid in ethanol [9], 5-aminopyrazoles 8a,b were isolated

as pure compounds in 44–49% yields. Refluxing an

ethanolic solution of 1c with phenylhydrazine afforded

only the hydrazone 7c with no traces of 8c.

On the basis of 1H and 13H NMR spectroscopy and

using 2D HSQC, HMBC, and NOESY experiments we

found that the reaction products of 1a,b and phenylhy-

drazine were, in fact, 5-amino-1-phenyl-4-salicyloylpyr-

azoles 8a,b (Scheme 1). The structural assignment for

these compounds as the 5-aminopyrazoles was based on

the presence of a NOESY cross-peak from the ortho

protons of the phenyl (d 7.55–7.60 ppm, H-200, H-600)
onto the NH2 group and the absence of cross-peak

between pyrazole H-3 proton and ipso-C of N–Ph in the

HMBC spectrum (for 8a). In addition, all the signals in

the 1H and 13C NMR spectra of compound 8a were

assigned on the basis of 2D 1H–13C HSQC and HMBC

experiments. Besides the signals expected for the aro-

matic protons, the 1H NMR spectra of 8a,b in DMSO-

d6 showed three singlets due to the NH2 group (d 7.1

ppm), pyrazole H-3 proton (d 7.7 ppm) and phenolic

hydroxyl (d 10.5–10.8 ppm). It is concluded that the se-

ries of the reported products such as 5, was not in fact

obtained. Moreover, based on the similarities between

the 1H NMR spectral data of 8 with those reported for 6

in CDCl3 [9], it is clearly evident that the structure 6

should be revised to 8.

We also found that chromone 1a, when treated with

phenylhydrazine in refluxing AcOH, underwent transfor-

mation into 1-phenylchromeno[4,3-c]pyrazol-4(1H)-one
9 (55% yield). This observation is in line with other

report on the condensation of 3-cyano-2-methylchro-

mone with arylhydrazines, which leads to 1-aryl-3-meth-

ylchromeno[4,3-c]pyrazol-4(1H)-ones [11], and not to

the claimed earlier 4-methyl-2-phenylchromeno[4,3-

c]pyrazol-3(2H)-one [12]. Previously, compound 9 was

obtained by the reactions of phenylhydrazine with chro-

mone-3-carboxylic acid [13], 4-chloro-3-coumarincarbal-

dehyde [14], and 4-azido-3-coumarincarbaldehydes [15].

Scheme 1
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Products 7–9 can result from the initial nucleophilic

1,4-addition of phenylhydrazine to the C-2 atom of 1 to

give, as a mixture of isomers, the open chain intermedi-

ate A, further transformation of which is controlled by

the nucleophilicity of the OH and NH groups and

depends on the reaction conditions. Two different reac-

tion paths for A may be envisaged. In refluxing ethanol,

intramolecular addition of the NHPh function to the CN

group with subsequent hydrogen shift leads to 5-amino-

pyrazole 8 as a major product. The alternative cycliza-

tion of A involving the phenolic hydroxyl and the cyano

group to form hydrazone 7 occurs in refluxing benzene

in the presence of Et3N. When 1 was allowed to react

with phenylhydrazine in refluxing acetic acid, the ini-

tially formed hydrazone 7 could not be isolated and

underwent intramolecular cyclization at the keto group

to give chromeno[4,3-c]pyrazol-4(1H)-one 9. Thus, the

initial Michael addition of phenylhydrazine to 1 leads to

three different types of products and the 1,2-addition at

the CN group was not observed at all (Scheme 1). This

clearly indicates that the C-2 atom of 3-cyanochromone

is more susceptible to nucleophilic attack than the CN

group. Note that in its reaction with sodium azide, it

behaves as a simple arylnitrile to form 3-(1H-tetrazol-5-
yl)chromone [2a,16].

It is of interest that chromones 1 react in different

manner with methylhydrazine to provide a completely

different regiochemistry pattern. When an equimolar

mixture of 1a–c and methylhydrazine was refluxed in

benzene for 0.5 h, 3-arylpyrazoles 10a–c were obtained

in 40–46% yields (Scheme 2). This reaction exhibits

high regioselectivity and pyrazole 10c was isolated as

the single product. However, in the case of 10a,b, some

amount of 5-arylpyrazoles 11a,b was observed (7 and

25%, respectively). The determination of the isomers ra-

tio can easily be performed by 1H NMR spectroscopic

analysis. The 1H NMR spectra of compounds 10a–c in

DMSO-d6 consisted of a characteristic singlet due to the

phenolic hydroxyl in the region of d 9.8–10.4 ppm and

two singlets due to the resonances of the pyrazole pro-

ton and the MeN group at d 8.56–8.58 and 3.94 ppm.

The IR spectra are also of diagnostic value in this 4-cya-

nopyrazole series (mCN ¼ 2230 cm�1).

The formation of these pyrazoles may be rationalized

by initial 1,4-addition of the more nucleophilic second-

ary nitrogen atom of methylhydrazine on the C-2 atom

of 1 with concomitant opening of the pyrone ring to

give intermediate B. Further, the intramolecular hetero-

cyclization occurs between the NH2 group and the car-

bonyl, which seems more reactive than the cyano group.

Compounds 10a–c, so obtained, were then allowed to

react under more vigorous conditions (boiling acetic

acid for 5 h). This afforded coumarins 12a–c in high

yields (70–92%), which were also obtained directly

from 1a–c and methylhydrazine under the same reaction

conditions, however, better yields were achieved if the

transformation was performed in a two-step approach.

The regioisomeric compounds 13 were not detected,

except for the reactions of 1b, in which case the 1H

NMR spectra of the products showed the presence of

13b (25–28%) along with compound 12b as the major

product (Scheme 2).

Spectral data and melting point of 12a were consist-

ent with previous reported [17], this confirms the regio-

chemistry of the reaction with methylhydrazine. Interest-

ingly, although the chemistry of the tricyclic chro-

meno[4,3-c]pyrazol-4-one system has been well docu-

mented [11–15], we have found that compound 12a has

been obtained only very recently from chromeno[4,3-

b][1,5]benzodiazepin-7(8H)-one and methylhydrazine

[17], while derivatives 12b,c are hitherto unreported. In

conjunction with the pharmaceutical importance known

for the fused heterocycles incorporating a coumarin moi-

ety [18], this simple synthesis of chromeno[4,3-c]pyra-
zol-4-ones from readily available 3-cyanochromones is

noteworthy and will complement the published synthetic

methods.

In conclusion, 3-cyanochromone represents a very re-

active system and its reactions with phenyl- and

Scheme 2
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methylhydrazines give a variety of products. As the

identity of some of these products was in doubt, we

have reinvestigated the reaction with phenylhydrazine

and found that by varying the conditions, 5-amino-4-sal-

isyloyl-1-phenylpyrazoles, 2-aminochromone-3-carbalde-

hyde N-phenylhydrazones, and 1-phenylchromeno[4,3-

c]pyrazol-4(1H)-one could be prepared in moderate to

good yields. With methylhydrazine, 3-(2-hydroxyaryl)-1-

methylpyrazole-4-carbonitriles and 2-methylchromeno

[4,3-c]pyrazol-4(2H)-ones were obtained. A simple and

convenient synthesis of chromeno[4,3-c]pyrazol-4-ones
was developed and the generality of this method is

being investigated further.

EXPERIMENTAL

1H (400 MHz) and 13C (100 MHz) NMR spectra were
recorded on a Bruker DRX-400 spectrometer in DMSO-d6
with TMS as the internal standard. IR spectra were recorded

on Perkin–Elmer Spectrum BX-II instrument (KBr) and Bruker
Alpha instrument (ATR, ZnSe). Elemental analyses were per-
formed at the Microanalysis Services of the Institute of Or-
ganic Synthesis, Ural Branch, Russian Academy of Sciences.
Melting points are uncorrected. All solvents used were dried

and distilled per standard procedures. The starting 3-cyano-
chromones 1a–c were prepared according to described proce-
dures [16].

General procedure for the preparation of 2-aminochro-

mone-3-carbaldehyde N-phenylhydrazones (7a–c). A solu-

tion of chromone 1 (1.2 mmol), phenylhydrazine (130 mg, 1.2
mmol) and two drops of Et3N in benzene (5 mL) was refluxed
for 0.5 h and the reaction mixture cooled. The deposited phe-
nylhydrazone 7 was filtetred and washed with benzene. For 1c
this reaction occurs both in benzene and ethanol without Et3N.

2-Aminochromone-3-carbaldehyde N-phenylhydrazone
(7a).Yield 46%, mp 274–275�C (lit. [8a] mp 270�C); IR
(KBr): 3317, 3256, 3109, 1646, 1600, 1532 cm�1; 1H NMR
(DMSO-d6): d 6.71 (tt, 1H, H-40, J ¼ 7.3, 1.0 Hz), 6.85–6.89

(m, 2H, H-20, H-60), 7.19–7.24 (m, 2H, H-30, H-50), 7.41 (ddd,
1H, H-6, J ¼ 7.8, 7.2, 1.0 Hz), 7.45 (dd, 1H, H-8, J ¼ 8.4, 1.0
Hz), 7.68 (ddd, 1H, H-7, J ¼ 8.4, 7.2, 1.7 Hz), 8.02 (dd, 1H,
H-5, J ¼ 7.8, 1.7 Hz), 8.45 (s, 1H, HC¼¼N), 8.98 (br s, 2H,
NH2), 10.10 (s, 1H, NH). Anal. Calcd for C16H13N3O2: C,

68.81; H, 4.69; N, 15.05. Found: C, 68.83; H, 4.72; N, 15.06.
2-Amino-6-methylchromone-3-carbaldehyde N-phenylhy-

drazone (7b). Yield 79%, mp 298–300�C (lit. [8a] mp 275�C);
IR (ATR, ZnSe): 3243, 1640, 1604, 1594, 1549, 1520 cm�1;
1H NMR (DMSO-d6): d 2.40 (s, 3H, Me), 6.71 (tt, 1H, H-40, J
¼ 7.4. 1.0 Hz), 6.85–6.89 (m, 2H, H-20, H-60), 7.19–7.23 (m,
2H, H-30, H-50), 7.34 (d, 1H, H-8, J ¼ 8.4 Hz), 7.48 (ddq, 1H,
H-7, J ¼ 8.4, 2.3, 0.6 Hz), 7.82 (br d, 1H, H-5, J ¼ 2.0 Hz),
8.45 (s, 1H, HC¼¼N), 8.93 (br s, 2H, NH2), 10.07 (s, 1H, NH).
Anal. Calcd for C17H15N3O2: C, 69.61; H, 5.15; N, 14.33.

Found: C, 69.53; H, 5.06; N, 14.41.
2-Amino-6-chlorochromone-3-carbaldehyde N-phenylhy-

drazone (7c). Yield 71%, mp 308–310�C (lit. [8a] mp 290�C);
IR (ATR, ZnSe): 3375, 3245, 1610, 1600, 1579, 1529 cm�1;
1H NMR (DMSO-d6): d 6.72 (tt, 1H, H-40, J ¼ 7.4, 1.2 Hz),
6.86–6.89 (m, 2H, H-20, H-60), 7.19–7.24 (m, 2H, H-30, H-50),

7.51 (d, 1H, H-8, J ¼ 8.8 Hz), 7.71 (dd, 1H, H-7, J ¼ 8.8, 2.7
Hz), 7.94 (d, 1H, H-5, J ¼ 2.7 Hz), 8.42 (s, 1H, HC¼¼N), 9.07
(br s, 2H, NH2), 10.14 (s, 1H, NH). Anal. Calcd for
C16H12ClN3O2: C, 61.25; H, 3.86; N, 13.39. Found: C, 60.91;
H, 3.88; N, 13.01.

5-Amino-4-salicyloyl-1-phenylpyrazole (8a). This compound

was prepared from chromone 1a and phenylhydrazine accord-

ing to the procedure described previously for 6a [9]. Yield

44%, mp 143–144�C (lit. [9] mp 144�C); 1H NMR (DMSO-

d6): d 6.94 (ddd, 1H, H-50, J ¼ 7.7, 7.3, 0.9 Hz), 6.97 (dd, 1H,

H-30, J ¼ 8.4, 0.9 Hz), 7.15 (s, 2H, NH2), 7.40 (ddd, 1H, H-40,
J ¼ 8.4, 7.3, 1.6 Hz), 7.45 (m, 1H, H-400), 7.55–7.61 (m, 5H,

H-60, H-200, H-300, H-500, H-600), 7.74 (s, 1H, H-3), 10.79 (s, 1H,

OH); 1H NMR (CDCl3): d 6.08 (s, 2H, NH2), 6.97 (td, 1H, H-

50, J ¼ 7.5, 1.0 Hz), 7.04 (dd, 1H, H-30, J ¼ 8.4, 0.9 Hz),

7.43–7.49 (m, 2H, H-40, H-400), 7.55–7.58 (m, 4H, H-200, H-300,
H-500, H-600), 7.90 (dd, 1H, H-60, J ¼ 7.9, 1.6 Hz), 7.97 (s, 1H,

H-3), 11.84 (s, 1H, OH); 13C NMR (DMSO-d6): d 104.35

(C4), 116.94 (C30), 119.02 (C50), 123.75 (C200, C600), 124.81
(C10), 127.72 (C400), 129.44 (C60), 129.53 (C300, C500), 132.61
(C40), 137.39 (C100), 141.89 (C3), 150.65 (C5), 157.04 (C20),
189.03 (C¼¼O); MS (EI): m/z (%) 279 [M]þ (45), 159

[Mþ1AHOC6H4CO]
þ (100), 158 [MAHOC6H4CO]

þ (29),

121 [HOC6H4CO]
þ (27), 93 [HOC6H4]

þ (15), 77 [Ph]þ (34),

69 (30). Anal. Calcd for C16H13N3O2: C, 68.81; H, 4.69; N,

15.05. Found: C, 68.51; H, 4.86; N, 15.01.

5-Amino-4-(2-hydroxy-5-methylbenzoyl)-1-phenylpyrazole
(8b). This compound was prepared from chromone 1b and

phenylhydrazine according to the procedure described previ-

ously for 6b [9]. Yield 49%, mp 148–149�C (lit. [9] mp

151�C); IR (ATR, ZnSe): 1597, 1573, 1531 cm�1; 1H NMR

(DMSO-d6): d 2.28 (s, 3H, Me), 6.86 (d, 1H, H-30, J ¼ 8.2

Hz), 7.11 (s, 2H, NH2), 7.20 (dd, 1H, H-40, J ¼ 8.2, 2.0 Hz),

7.36 (d, 1H, H-60, J ¼ 2.0 Hz), 7.43–7.47 (m, 1H, H-400),
7.55–7.60 (m, 4H, H-200, H-300, H-500, H-600), 7.75 (s, 1H, H-3),

10.53 (s, 1H, OH). Anal. Calcd for C17H15N3O2: C, 69.61; H,

5.15; N, 14.33. Found: C, 69.74; H, 5.36; N, 14.26.

1-Phenylchromeno[4,3-c]pyrazol-4(1H)-one (9). A solution

of chromone 1a (250 mg, 1.46 mmol) and phenylhydrazine

(160 mg, 1.48 mmol) in 5 mL of glacial acetic acid was

heated at reflux for 4 h. The resulting reaction mixture was

then diluted with water (15 mL) and the solid that formed was

filtered, washed with water, dried, and recrystallized from ace-

tonitrile to give 9 as colorless needles in 55% yield (210 mg),

mp 192–193�C (lit. [13] mp 191�C, lit. [14] mp 183–185�C,
lit. [15] mp 209–210�C). 1H NMR (DMSO-d6): d 7.07 (dd,

1H, H-9, J ¼ 8.0, 1.8 Hz), 7.11 (ddd, 1H, H-8, J ¼ 8.0, 6.8,

1.0 Hz), 7.47 (dd, 1H, H-6, J ¼ 8.4, 1.0 Hz), 7.54 (ddd, 1H,

H-7, J ¼ 8.4, 6.8, 1.8 Hz), 7.59–7.62 (m, 2H, Ph), 7.68–7.71

(m, 3H, Ph), 8.35 (s, 1H, H-3).

General procedure for the preparation of 3-(2-hydrox-

yaryl)-1-methylpyrazole-4-carbonitriles (10a–c). A solution

of chromone 1 (1.0 mmol) and methylhydrazine (55 mg, 1.2

mmol) in 4 mL of benzene was refluxed for 0.5 h. The result-

ing reaction mixture was then diluted with hexane (5 mL) and

the solid that formed was filtered and washed with benzene/

hexane mixture (1:1) to give 10 as yellow crystals.

3-(2-Hydroxyphenyl)-1-methylpyrazole-4-carbonitrile (10a). Yield
40%, mp 155–156�C; IR (KBr): 3130, 2229, 1621, 1586,
1542, 1506, 1462 cm�1; 1H NMR (DMSO-d6): (10a, 93%) d
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3.94 (s, 3H, MeN), 6.91 (td, 1H, H-50, J ¼ 7.5, 1.1 Hz), 6.97
(dd, 1H, H-30, J ¼ 8.2, 1.1 Hz), 7.29 (ddd, 1H, H-40, J ¼ 8.2,
7.3, 1.7 Hz), 7.50 (dd, 1H, H-60, J ¼ 7.7, 1.7 Hz), 8.57 (s, 1H,
H-5), 10.05 (s, 1H, OH); 5-(2-hydroxyphenyl)-1-methylpyra-
zole-4-carbonitrile (11a, 7%) d 3.72 (s, 3H, Me), 6.98 (td, 1H,

H-50, J ¼ 7.5, 1.0 Hz), 7.06 (dd, 1H, H-30, J ¼ 8.2, 1.0 Hz),
7.30 (dd, 1H, H-60, J ¼ 7.7, 1.7 Hz), 7.41 (ddd, 1H, H-40, J ¼
8.2, 7.3, 1.7 Hz), 8.09 (s, 1H, H-3), 10.05 (br s, 1H, OH); MS
(EI): m/z (%) 199 [M]þ (100), 171 (20), 156 (22), 42 (27).
Anal. Calcd for C11H9N3O: C, 66.32; H, 4.55; N, 21.09.

Found: C, 65.96; H, 4.58; N, 20.74.
3-(2-Hydroxy-5-methylphenyl)-1-methylpyrazole-4-carboni-

trile (10b). Yield 42%, mp 150–151�C; IR (KBr): 3176, 3120,
2230, 1621, 1591, 1543, 1503, 1467 cm�1; 1H NMR (DMSO-
d6): (10b, 75%) d 2.24 (s, 3H, Me), 3.94 (s, 3H, MeN), 6.86

(d, 1H, H-30, J ¼ 8.3 Hz), 7.08 (dd, 1H, H-40, J ¼ 8.3, 2.0
Hz), 7.30 (d, 1H, H-60, J ¼ 2.0 Hz), 8.56 (s, 1H, H-5), 9.79
(br s, 1H, OH); 5-(2-hydroxy-5-methylphenyl)-1-methylpyra-
zole-4-carbonitrile (11b, 25%) d 2.26 (s, 3H, Me), 3.70 (s, 3H,

MeN), 6.95 (d, 1H, H-30, J ¼ 8.3 Hz), 7.10 (d, 1H, H-60, J ¼
2.0 Hz), 7.21 (dd, 1H, H-40, J ¼ 8.3, 2.0 Hz), 8.08 (s, 1H, H-
3), 10.07 (br s, 1H, OH). Anal. Calcd for C12H11N3O: C,
67.59; H, 5.20; N, 19.71. Found: C, 67.18; H, 5.15; N, 19.42.

3-(5-Chloro-2-hydroxyphenyl)-1-methylpyrazole-4-carboni-
trile (10c). Yield 46%, mp 213–214�C; IR (KBr): 3122, 2231,
1621, 1580, 1541, 1498, 1461 cm�1; 1H NMR (DMSO-d6): d
3.94 (s, 3H, MeN), 6.98 (d, 1H, H-30, J ¼ 8.7 Hz), 7.33 (dd,
1H, H-40, J ¼ 8.7, 2.7 Hz), 7.43 (d, 1H, H-60, J ¼ 2.7 Hz),
8.58 (s, 1H, H-5), 10.37 (br s, 1H, OH). Anal. Calcd for

C11H8ClN3O: C, 56.54; H, 3.45; N, 17.98. Found: C, 56.54;
H, 3.64; N, 17.85.

General procedure for the preparation of 2-methylchro-

meno[4,3-c]pyrazol-4(2H)-ones (12a–c). A solution of pyraz-
ole 10 (1.0 mmol) in 3 mL of glacial acetic acid was refluxed

for 5 h. The resulting reaction mixture was then diluted with
water (10 mL) and the solid that formed was filtered, washed
with water, and dried to give 12 as colorless crystals.

2-Methylchromeno[4,3-c]pyrazol-4(2H)-one (12a). Yield
92%, mp 209–210�C (lit. [17] mp 210�C); 1H NMR (DMSO-
d6): d 4.09 (d, 3H, Me, J ¼ 0.5 Hz), 7.38 (ddd, 1H, H-8, J ¼
7.7, 7.3, 1.2 Hz), 7.44 (ddd, 1H, H-6, J ¼ 8.4, 1.2, 0.4 Hz),
7.55 (ddd, 1H, H-7, J ¼ 8.4, 7.3, 1.7 Hz), 7.99 (ddd, 1H, H-9,
J ¼ 7.7, 1.7, 0.4 Hz), 8.79 (q, 1H, H-3, J ¼ 0.5 Hz). Anal.

Calcd for C11H8N2O2: C, 66.00; H, 4.03; N, 13.99. Found: C,
65.64; H, 4.08; N, 13.84.

2,8-Dimethylchromeno[4,3-c]pyrazol-4(2H)-one (12b). Yield
70%, mp 158–160�C; IR (ATR, ZnSe): 1743, 1591, 1557,
1524 cm�1; 1H NMR (DMSO-d6): (12b, 72%) d 2.43 (s, 3H,

Me), 4.09 (s, 3H, NMe), 7.22 (d, 1H, H-6, J ¼ 8.5 Hz), 7.28
(dd, 1H, H-7, J ¼ 8.5, 2.0 Hz), 7.76 (br s, 1H, H-9), 8.67 (s,
1H, H-3); 1,8-dimethylchromeno[4,3-c]pyrazol-4(1H)-one
(13b, 28%) d 2.49 (s, 3H, Me), 4.36 (s, 3H, NMe), 7.35 (d,
1H, H-6, J ¼ 8.5 Hz), 7.40 (dd, 1H, H-7, J ¼ 8.5, 2.0 Hz),

7.94 (br s, 1H, H-9), 8.07 (s, 1H, H-3). Anal. Calcd for

C12H10N2O2: C, 67.28; H, 4.71; N, 13.08. Found: C, 66.96; H,
4.81; N, 13.06.

8-Chloro-2-methylchromeno[4,3-c]pyrazol-4(2H)-one (12c). Yield
92%, mp 228–230�C; IR (ATR, ZnSe): 1747, 1736, 1589,
1554, 1511 cm�1; 1H NMR (DMSO-d6): d 4.10 (s, 3H, Me),

7.38 (d, 1H, H-6, J ¼ 8.8 Hz), 7.47 (dd, 1H, H-7, J ¼ 8.8, 2.5
Hz), 7.91 (d, 1H, H-9, J ¼ 2.5 Hz), 8.74 (s, 1H, H-3). Anal.
Calcd for C11H7ClN2O2: C, 56.31; H, 3.01; N, 11.04. Found:
C, 55.96; H, 2.88; N, 11.42.
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A series of fused thiophene derivatives, that is, representatives of thieno[2,3-d]pyrimidines,
thieno[2,3-d][1,3]oxazines and thieno[2,3-d][1,3]thiazines, with the common 5-methyl-6-phenyl substitu-

tion pattern was synthesized. The target compounds, e.g., 7 or 8, were designed as cyclic analogs
of ethyl 2-amino-4-methyl-5-phenylthiophene-3-carboxylate, an antagonist at the GluR6 kainate
receptor. Thieno[2,3-d][1,3]oxazin-4-one 2 (R ¼ C2H5) was identified as new a potent inhibitor (IC50 ¼
17 lM) of this receptor subtype. The inhibitory potency of 2 (R ¼ C2H5) against human leukocyte

elastase was also examined. The compound was characterized as a noncovalent inhibitor with an IC50

value of 8.8 lM.

J. Heterocyclic Chem., 47, 634 (2010).

INTRODUCTION

Even well-established anticonvulsants, such as carba-

mazepine, valproic acid, phenytoin, or benzodiazepines

can cause undesired side effects. Moreover, certain

forms of epilepsy, that is, focal seizures, cannot be

treated sufficiently with such drugs. This provided the

impetus behind the development of new drugs to

improve the prospects for mono- and combined therapy.

In the course of the continuing search for new anticon-

vulsants, substituted quinazolines and the bioisosteric

thieno[2,3-d]pyrimidines have been reported to be active

[1,2]. Kainate glutamate receptors may represent an

interesting new target for the development of innovative

anticonvulsants [3,4]. The kainate receptor subtype

GluR6, expressed in the excitatory pyramid cells of the

hippocampus, appears to be particularly significant. The

GluR6 and GlyR5 subtypes might play opposing roles

during the hippocampal excitation [3,5].

The know antagonists of the GluR6 kainate receptor

comprise two groups, compounds which contain glutamate

or its isosterically modified fragments on the one hand, and

compounds with a structure not related to glutamate on the

other hand. Diarylureas and quinoxalinediones are predom-

inant examples of the latter group [6–10].

Substituted alkyl thiophene-3-carboxylates have been

identified as a new class of selective GluR6 antagonists

[11]. As a result of a screening of several thiophene

esters, 2-amino-4-methyl-5-phenylthiophene derivatives

proved to be particularly active. The ethyl ester 1a (IC50

¼ 0.75 lM) exceeded other esters, e.g., methyl, propyl,

with respect to selectivity for the GluR6 kainate receptor

[11]. On the basis of these findings, we envisaged cyclic

analogs of 1a and focused on the synthesis of thienopyri-

midines (Scheme 1). Selected compounds were also eval-

uated as inhibitors of human leukocyte elastase (HLE), a

serine protease of the chymotrypsin family. Under normal

conditions, the activity of HLE is regulated by endoge-

nous inhibitors, but uncontrolled activity of HLE may

result in several pathological states, including emphy-

sema, chronic obstructive pulmonary disease, cystic fibro-

sis and rheumatoid arthritis. HLE inhibitors are therefore

of relevance for the therapy of such afflictions [12–15].

RESULTS AND DISCUSSION

The synthetic routes to bicyclic thiophenes with the com-

mon 5-methyl-6-phenyl substitution pattern are outlined in

Scheme 1. Using known methods, the fused pyrimidine ring

was formed in the reaction of the thiophene-3-carboxamide
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1b [16] with ethyl orthoformate. Subsequent treatment with

phosphorous oxychloride afforded the 4-chlorothienopyri-

midine 3. The conversion of 3 with sodium ethoxide gave

6a, in which the carboxylic ester moiety of 1a is replaced

by a semicyclic ethyl imidate substructure. The correspond-

ing replacement by an ethyl amidine substructure in 6b was

accomplished when 3 was treated with ethylamine. The

reactions of the thiophene-3-carboxylic acid 1c [17] with

carboxylic anhydrides or carboxylic acid ortho esters pro-

vided an access to thieno[2,3-d][1,3]oxazin-4-ones 2. Oxazi-
nones 2 bear two electrophilic sites, C-2 and C-4. Ethyl-

amine exclusively attacked 2 at the C-2 carbon, leading to

the formation of amidino carboxylic acids 4. Treatment of 4

with thionyl chloride furnished compounds 7a, b with N-

ethyl lactam structure. The thieno[2,3-d][1,3]thiazine-4-thi-
one 5, accessible by thionation of the corresponding oxazi-

none 2b with diphosphorous pentasulfide [17], was reacted

with ethylamine to give the thienopyrimidine 8 with N-ethyl

thiolactam structure. It should be noted that 8 was directly

produced and a corresponding ring-open thiophene deriva-

tive could not be isolated. Such a compound with amidine

and dithiocarboxylate moieties, formed through an attack of

ethylamine at C-2 of 5, might remain in solution or undergo

different transformations, thus accounting for the low yield

of 8. In the mass spectra of the thienopyrimidines 7 and 8,

the molecular peaks appear with highest intensities. Elimi-

nation of C2H4 was the main fragmentation reaction leading

to the detection of fragment ions with the anticipated struc-

ture 9. Similarly, the loss the ethyl chain was the predomi-

nant fragmentation of 6.

Scheme 1. Conditions: i) HC(OC2H5)3, 12 h, reflux, or (RCO)2O, 1.5 h, reflux; ii) 1. HC(OC2H5)3, 12 h, reflux, 2. POCl3, 5 h, reflux; iii)

NH2CH2CH3 (70% aqueous solution); iv) P4S10 / toluene, 3 h, reflux; v) NaOCH2CH3 / CH2CH3OH, 12 h, or NH2CH2CH3 (70% aqueous solution)

/ CH2Cl2; vi) SOCl2, CHCl3, 30 min, reflux; vii) NH2CH2CH3 (70% aqueous solution).
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The thienopyrimidines 6a,b, 7a,b, 8, and the oxazinone

2c were evaluated as antagonists of the kainate receptor

subtypes GluR5 and GluR6 (Table 1). The experiments

were performed with human embryonic kidney (HEK)

cells stably expressing the GluR5 and GluR6 receptor.

The antagonistic activity was determined by measuring

the glutamate-mediated luminescence. The photoprotein

aequorin was used as a bioluminescent reporter. The com-

plete luminescence of the cells was determined with the

detergent triton X-100 [11]. While the thienopyrimidines

6a,b, 7a,b, and 8, at a concentration of 10 lM, did barely

influence the luminescence signal in the GluR5 and

GluR6 assays, 2-ethylthieno[2,3-d][1,3]oxazin-4-one (2c)

inhibited the glutamate response in the GluR6 aequorin

assay with an IC50 value of 17 lM. Thus, this compound

will serve as a lead for further chemical modification to

develop new anticonvulsants.

Representatives of 3,1-benzoxazin-4-ones have been

reported as alternate substrate inhibitors of HLE [18–

20]. It has been shown that the introduction of small

alkyl groups connected via an O, S, or N atom to the

position 2 of the heterocyclic system resulted in potent

inhibition [18]. Bioisosteric thieno[1,3]oxazin-4-ones

react in an analogous manner as alternate substrate

inhibitors with serine proteases and esterases [21–24].

The interaction involves the nucleophilic attack of the

active site serine (SerOH), formation of an acyl-enzyme

and hydrolytic cleavage to release the modified ring-

opened inhibitor and the free enzyme (Fig. 1).

We have selected the thieno[2,3-d][1,3]oxazin-4-ones
2a–c and determined their inhibitory activity against

HLE. Compound 2c was identified as an HLE inhibitor

(IC50 ¼ 8.8 lM, Fig. 2), whereas 2a was not sufficiently

soluble in the assay medium, and 2b failed to inhibit

HLE (IC50 > 40 lM). It can be suspected, that the ethyl

group in 2c interacts with the S1 pocket of HLE, thus

reflecting the primary substrate specificity for small ali-

phatic amino acids at P1 position of a substrate.

To elucidate the mechanism of elastase inhibition by

2c, we examined a possible enzyme-catalyzed degrada-

tion of the inhibitor by means of HPLC. Compound 2c

was incubated at 25�C, pH 7.8, with HLE in a 200-fold

higher concentration compared to that used in the inhibi-

tion assays. Despite the inhibition of HLE by 2c, an

accelerated hydrolysis in the presence of such a high

amount of enzyme could be expected [24]. However,

the decrease in concentration of 2c was weak (<20%

within 4 h) and similarly observed in the control experi-

ment, where 2c was incubated in the absence of HLE. It

can therefore be concluded that 2c does not act as an

alternate substrate inhibitor of HLE, but most probably

as a competitive noncovalent inhibitor. This behavior

differs from that of thieno[1,3]oxazin-4-ones with

alkoxy, alkylthio, or (di)alkylamino substituents at 2-

position. Such compounds have been characterized [22]

to interact with HLE in the way outlined in Figure 1.

EXPERIMENTAL

Melting points were obtained on a Büchi melting point ap-
paratus 535 and are uncorrected. Mass spectra (EI, 70 eV)
were measured on a VG Analytics VG ZAB-HSQ spectrome-
ter. ESI-HRMS spectra were recorded on a Bruker Daltonics

Table 1

Inhibition (% of Control) of fractional luminescence or IC50 value.

Compd. GluR5 GluR6

2c 11 IC50 ¼ 17 lM
6a 9 14

6b �7 3

7a �6 9

7b 7 5

8 �11 0

Figure 1. Enzyme-catalyzed conversion of thieno[2,3-d][1,3]oxazin-4-ones.

Figure 2. Inhibition of HLE by 2c in the presence of 100 lM of the

chromogenic substrate MeO-Suc-Ala-Ala-Pro-Val-pNA. The data are

mean values of duplicate measurements. The reactions were followed

over 10 min, and the rates, v, were determined by linear regression.

The rates in absence of inhibitor, v0, were set to 100%. Nonlinear

regression according to the equation v ¼ v0/([I]/(IC50 þ 1) gave a

value IC50 ¼ 8.8 6 0.1 lM.
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7T Apex II FT-ICR mass spectrometer. 1H NMR spectra were
recorded on a Varian Gemini-300 spectrometer at 300.08
MHz. 13C NMR spectra were recorded on a Varian Gemini-
300 spectrometer at 75.45 MHz. IR spectra were recorded on a
Perkin–Elmer FT-IR PC 16 instrument. 5-Methyl-6-phenyl-

thieno[2,3-d][1,3]oxazin-4-one (2a) [17], 2,5-dimethyl-6-phe-
nylthieno[2,3-d][1,3]oxazin-4-one (2b) [17], and 4-chloro-5-
methyl-6-phenylthieno[2,3-d]pyrimidine (3) [16] were prepared
as reported.

2-Ethyl-5-methyl-6-phenylthieno[2,3-d][1,3]oxazin-4-one
(2c). A mixture of compound 1c [11] (2 g, 8.58 mmol) and
propionic anhydride (10 mL, 78 mmol) was refluxed for 90
min. The precipitate, formed after cooling, was filtered off,
dried, and recrystallized from ethanol. Yield 1.2 g (34%). Col-
orless crystals, mp 99–100�C; ms: m/z (%) 271 (Mþ�, 100),

242 (40); 1H NMR (deuteriochloroform): d 1.33 (t, 3H, CH3, J
¼ 7.5 Hz), 2.56 (s, 3H, CH3), 2.72 (q, 2H, CH2, J ¼ 7.5 Hz),
7.39–7.46 (m, 5H, phenyl-H); ir (potassium bromide): m 1744
(C¼¼O), 1596, 1158–1075 cm�1. Anal. Calcd. for C15H13NO2S

� 0.5 H2O: C, 64.26; H, 5.03; N, 5.00; S, 11.44. Found C,
64.03; H, 5.16; N, 5.37; S, 11.48.

2-(Ethylaminomethylenamino)-4-methyl-5-phenylthiophene-

3-carboxylic acid (4a). Ethylamine (10 mL of a 70% aqueous
solution, 0.126 mol) was added dropwise to compound 2a [17]

(1.4 g, 5.7 mmol). The mixture was kept at 0�C until the crys-
tallization was finished. The precipitate was separated and
dried to obtain a crude product which was not further purified.
Yield 1.1 g (70%). Beige solid, mp 180–183�C; ms: m/z (%)
288 (Mþ�, 97), 215 (100); ESI-HRMS: m/z 577.19433

([2MþH]þ)� (C30H33N4O4S
þ
2 requires 577.19377); 289.10042

([MþH]þ)� (C15H17N2O2S
þ requires 289.10052); 599.17642

([2MþNa]þ)� (C30H32N4NaO4S
þ
2 requires 599.17572);

311.08269 ([MþNa]þ)� (C15H16N2NaO2S
þ requires

311.08247); 1H NMR (DMSO-d6): d 1.16 (t, 3H, CH3, J ¼ 7.2

Hz), 2.36 (s, 3H, CH3), 3.29 (q, 2H, CH2, J ¼ 7.0 Hz), 7.38–
7.50 (m, 5H, phenyl-H), 8.14 (s, 1H, CH), 8.34 (s, br, 0.5H,
NH, exchangeable with D2O), 14.30 (s, br, 0.5H, OH,
exchangeable with D2O); ir (potassium bromide): m 3221

(NAH), 3069–2873, 1694 (C¼¼O), 1632, 1577 cm�1.
2-(1-Ethylaminopropane-1-ylidenamino)-4-methyl-5-phe-

nylthiophene-3-carboxylic acid (4b). Compound 4b was pre-
pared from 2c (1.2 g, 4.4 mmol) following the aforementioned
procedure. Yield 1.2 g (89%). Beige solid, mp 152–155�C
(crude product); ms: m/z (%) 316 (Mþ�, 18), 242 (100); 1H
NMR (DMSO-d6): d 1.20 (t, 6H, 2 CH3, J ¼ 7.5 Hz), 2.41 (s,
3H, CH3), 2.7 (q, 2H, CH2, J ¼ 7.8 Hz), 3.27 (q, 2H, CH2, J
¼ 7.5 Hz), 7.40–7.54 (m, 5H, phenyl-H), 8.42 (s, br, 1H, NH,
exchangeable with D2O); ir (potassium bromide): m 3237

(NAH), 2978–2937, 1684 (C¼¼O), 1592, 1490, 1238, 1073
cm�1. Anal. Calcd. for C17H20N2O2S: C, 64.53; H, 6.37; N,
8.85; S, 10.13. Found C, 64.22; H, 6.34; N, 8.79; S, 10.07.

2,5-Dimethyl-6-phenylthieno[2,3-d][1,3]thiazin-4-thione
(5) [17]. Compound 2b [17] (2.57 g, 10 mmol) was dissolved

in 80 mL of dry toluene. After addition of diphosphorous pen-
tasulfide (22.2 g, 100 mmol), the mixture was refluxed for 2 h.
The formed inorganic precipitate was filtered off and washed
several times with hot toluene. The combined toluene solutions

were evaporated and the precipitated crude product was sepa-
rated and recrystallized from ethanol. Yield 1.16 g (40%). Red
crystals, mp 135�C (C2H5OH); ms: m/z (%) 291 ([Mþ� þ 2],
26), 289 (Mþ�, 100), 274 (10), 256 (12), 247 (15), 230 (11),

224 (12), 215 (41), 203 (13), 184 (9), 171 (31), 127 (10), 121
(17), 115 (27), 89 (9), 77 (14); 1H NMR (deuteriochloroform):
d 2.61 (s, 3H, CH3), 2.78 (s, 3H, CH3), 7.48–7.51 (m 5H, phe-
nyl-H); 13C NMR (deuteriochloroform): d 19.0 (5-CH3), 25.5
(2-CH3), 127.1 (C-4a), 128.7 (C-40), 128.9 (C-20, C-60), 130.1
(C-30, C-50), 130.8 (C-6), 132.1 (C-10), 132.8 (C-5), 136.8 (C-
7a), 170.1 (C-2), 201.6 (C¼¼S); ir (potassium bromide): m
1545, 1262, 1052 cm�1.

4-Ethoxy-5-methyl-6-phenylthieno[2,3-d]pyrimidine (6a). Com-
pound 3 [16] (0.5 g, 1.9 mmol) was refluxed in 10 mL of a so-

lution of sodium ethoxide in ethanol (1 mol/L) for 12 h. The
solvent was evaporated, the precipitate was isolated, washed
with water and recrystallized from ethanol. Yield 0.4 g (78%).
Colorless crystals, mp 103�C (C2H5OH); ms: m/z (%) 270
(Mþ�, 100), 255 (36), 242 (78); 1H NMR (DMSO-d6): d 1.40

(t, 3H, CH3, J ¼ 7.2 Hz), 2.50 (s, 3H, CH3), 4.53 (q, 2H,
CH2, J ¼ 7.2 Hz), 7.44–7.52 (m, 5H, phenyl-H), 8.60 (s, 1H,
CH); 13C NMR (deuteriochloroform): d 14.9 (CH3), 15.4
(CH3), 63.3 (OCH2), 120.2 (Cq), 126.3 (Cq), 129.3 (CH, Ph),

129.7 (2 � CH, Ph), 130.2 (2 � CH, Ph), 133.4 (Cq), 135.4
(Cq), 153.7 (CH), 164.7 (Cq), 167.1 (Cq); ESI-HRMS: m/z
271.09014 ([MþH]þ)� (C15H15N2OS

þ requires 271.08996);
563.15462 ([2MþNa]þ)� (C30H28N4NaO2S

þ
2 requires

563.15459); 293.07211 ([MþNa]þ)� (C15H14N4NaOS
þ�

requires 293.07190); ir (potassium bromide): m 3446 (br, traces
from water), 3064–2978, 1555–1450, 1332, 1063, 1044 cm�1.
Anal. Calcd. for C15H14N2OS � H2O: C, 62.47; H, 5.59; N,
9.71; Found C, 62.69; H, 4.96; N, 9.67.

4-Ethylamino-5-methyl-6-phenylthieno[2,3-d]pyrimidine

(6b). Compound 3 [16] (0.3 g, 1.15 mmol) was dissolved in
dichloromethane (3 mL) and treated with ethylamine (100 mL
of a 70% aqueous solution, 1.26 mol). If no crystallization
occurred, water was added to the mixture. The precipitate was
filtered off, dried, and recrystallized from ethanol. Yield 0.2 g

(65%). Yellow crystals, mp 155–158�C (C2H5OH); ms: m/z
(%) 269 (Mþ�, 100), 254 (27), 240 (30); 1H NMR (deuterio-
chloroform): d 1.35 (t, 3H, CH3, J ¼ 7.2 Hz), 2.63 (s, 3H,
CH3), 3.66–3.75 (m, 2H, CH2, J ¼ 7.2 Hz), 5.57 (s, br, NH,

exchangeable with D2O), 7.41–7,50 (m, 5H, phenyl-H), 8.49
(s, 1H, CH); ir (potassium bromide): m 3419 (NH), 2988–2863,
1574–1460, 1128–1012 cm�1. Anal. Calcd. for C15H15N3S �
0.5 C2H5OH: C, 65.72; H, 6.20; N, 14.37; S, 10.96. Found C,
65.30; H, 5.76; N, 14.75; S, 11.23.

3-Ethyl-5-methyl-6-phenylthieno[2,3-d]pyrimidin-4-one

(7a). Compound 4a (0.3 g, 1 mmol) was dissolved in anhy-
drous chloroform (10 mL). After addition of thionyl chloride
(1.19 g, 10 mmol), the mixture was refluxed for 30 min. The
solvent was evaporated at room temperature, the precipitate

formed was filtered off, and dried. The crude product was
purified by column chromatography on silica gel (63–200 lm,
Merck) with ethanol. Yield 0.087 g (30%). Red solid, mp
90�C (C2H5OH); ms: m/z (%) 270 (Mþ�, 100), 242 (42); ESI-
HRMS: m/z 541.17313 ([2MþH]þ)� (C30H29N4O2S

þ
2 requires

541.17264); 271.08999 ([MþH]þ)� (C15H15N2OS
þ requires

271.08996); 563.15500 ([2MþNa]þ)� (C30H28N4NaO2S
þ
2

requires 563.15459); 293.07208 ([MþNa]þ)� (C15H14N4NaOS
þ

requires 293.07190); 1H NMR (deuteriochloroform): d 1.43 (t,

3H, CH3, J ¼ 7.2 Hz), 2.64 (s, 3H, CH3), 4.07 (q, 2H, CH2, J
¼ 7.3 Hz), 7.39–7.47 (m, 5H, phenyl-H), 7.97 (s, 1H, CH);
13C NMR (deuteriochloroform): d 14.9 (CH3), 15.4 (CH3),
42.1 (NCH2), 124.4 (Cq), 128.3 (CH, Ph), 128.9 (2 � CH, Ph),
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129.9 (2 � CH, Ph), 130.3 (Cq), 133.6 (Cq), 135.5 (Cq), 146.0
(CH), 158.5 (Cq), 163.0 (Cq); ir (potassium bromide): m 1666,
1658 (C¼¼O), 1600, 1576, 1234–1083 cm�1. Anal. Calcd. for
C15H14N2OS: C, 66.64; H, 5.22; N, 10.36. Found: C, 66.32; H,
5.40; N, 10.13.

2,3-Diethyl-5-methyl-6-phenylthieno[2,3-d]pyrimidin-4-one

(7b). Thionyl chloride (2.38 g, 20 mmol) was added to a solu-
tion of 4b (1.2 g, 3.8 mmol) in anhydrous chloroform (30
mL). The mixture was refluxed for 30 min. The solvent was
evaporated at room temperature. The precipitate was filtered

off and dried. The crude product was thoroughly washed with
acetone and recrystallized from acetonitrile. Yield 0.5 g
(40%). Beige solid, mp 175–179�C (CH3CN); ms: m/z (%)
298 (Mþ�, 100), 270 (69), 215 (66); 1H NMR (DMSO-d6): d
1.24–1.32 (m, 6H, 2 CH3, J ¼ 7.2 Hz, J ¼ 6.9 Hz), 2.53 (s,

3H, CH3), 2.93 (q, 2H, CH2, J ¼ 7.2 Hz), 4.10 (q, 2H, CH2, J
¼ 6.9 Hz), 7.44–7.53 (m, 5H, phenyl-H); ir (potassium bro-
mide): m 3434 (br, traces of water), 1670 (C¼¼O), 1596, 1543
cm�1. Anal. Calcd. for C17H18N2OS: C, 68.43; H, 6.08; N,

9.39, S 10.74. Found C, 68.16; H, 5.83; N, 8.92; S, 10.27.
3-Ethyl-2,5-dimethyl-6-phenylthieno[2,3-d]pyrimidine-4-

thione (8). Ethylamine (3 mL of a 70% aqueous solution,
0.04 mol) was added dropwise to 5 (0.4 g, 1.38 mmol). The
mixture was kept at 0�C until the crystallization was finished.

The precipitate was separated and dried. Yield 0.1 g (24%).
Light yellow crystals, mp 89–91�C (CH3CN); ms: m/z (%) 302
([Mþ� þ 2], 13), 300 (Mþ�, 100), 272 (51); 1H NMR (DMSO-
d6): d 1.35 (t, 3H, CH3, J ¼ 6.9 Hz), 2.74 (s, 3H, CH3), 2.81
(s, 3H, CH3), 4.79 (s, br, 2H, CH2), 7.52–7.59 (m, 5H, phenyl-

H), ir (potassium bromide): m 3440 (br, traces of water), 2974–
2926, 1557 (strong, C¼¼S), 1493, 1444, 1191, 1093 cm�1.
Anal. Calcd. for C16H16N2S2 � 0.5 H2O: C, 62.10; H, 5.54;
N, 9.05; S, 20.72. Found C, 62.40; H, 5.23; N, 9.11; S, 20.88.

Kainate receptor-aequorin assay. Human embryonic kid-

ney cells (HEK 293 cells) which stably express the GluR5 or

GluR6 receptor, respectively, together with the luminescent

protein aequorin were used as screening assay for kainate re-

ceptor antagonists. GluR5- (or GluR6-) and aequorin-express-

ing HEK 293 cells were cultivated in a MEM growth medium

together with Earle’s salts and Glutamax-I (Life Technologies),

containing 10% FKS, 1% nonessential amino acids, 100 IU/

mL penicillin, 100 lg/mL streptomycin, 600 lg/mL G 418

(Calbiochem) and 500 nM ouabaine. One day before the mea-

surement, 60,000 cells per cavity were seeded into white, non-

transparent 96-well microtiter plates (Costar). On the test day,

cells were incubated with 5 lM coelenterazine for 1 h at

37�C. Then the medium was poured off and replaced by 80

lL assay buffer, and 10 lL test compound was added. The

assay buffer contained 150 mM NaCl, 2.5 mM KCl, 10 mM
HEPES, 1 mM MgCl2, 10 mM glucose, 0.3 mg/mL concanava-

line A (ConA) and (for GluR6) 100 mM CaCl2 (pH ¼ 7.3).

Afterwards the cells were incubated for 10 min at room

temperature.

The luminescence measurement was performed in a lumi-
nometer (LUMIstar, BMG) equipped with two computer-con-
trolled injectors, over a period of 26 s per cavity (13 intervals
of 2 s). After the first second 10 lL of a 2.75 mM glutamate-

solution in assay buffer was injected (to receive a glutamate
concentration of 275 lM per cavity, according to the EC50

value of glutamate for GluR6) or 10 lL of 0.8 mM glutamate
(due to 80 lM ¼ EC50 for GluR5). A second injection of 100

lL triton X-100 in assay buffer (without Ca2þ) was carried out
after 20 s into the same cavity.

The calculation of specific channel activity induced by an
agonist was determined as fractional luminescence, which was
calculated from respective sum of signals of agonist- and tri-

ton-induced luminescence. For determination of the IC50 value,
a Hill plot (4-parameter model) was used.

HLE inhibition assay. The spectrophotometric assay for
HLE was done on a Varian Cary 50 Bio UV/VIS spectrometer
with a cell holder equipped with a constant temperature water

bath. HLE was available from a previous study [24]. Reactions
were followed at 405 nm at 25�C for 10 min. Stock solutions
of the inhibitors were prepared in DMSO. IC50 values were
calculated from the linear steady-state turnover of the sub-
strate. Assay buffer was 50 mM sodium phosphate buffer, 500

mM NaCl, pH 7.8. An enzyme stock solution of 50 lg/mL
was prepared in 100 mM sodium acetate buffer, pH 5.5 and
diluted with assay buffer. A 50 mM stock solution of the chro-
mogenic substrate MeOSuc-Ala-Ala-Pro-Val-pNA (Bachem,

Bubendorf, Switzerland) was prepared in DMSO and diluted
with assay buffer containing 10% DMSO. The final concentra-
tion of the substrate was 100 lM, of DMSO was 1.5% and of
HLE was 25 ng/mL. Into a cuvette containing 890 lL assay
buffer, 10 lL of an inhibitor solution and 50 lL of a substrate

solution were added and thoroughly mixed. The reaction was
initiated by adding 50 lL of the HLE solution (500 ng/mL).

HLE incubation experiment. Compound 2c, dissolved in
acetonitrile, and a solution of HLE were added to assay buffer
and incubated for 4 h at 25�C in a quartz cuvette. The final

concentration of 2c was 20 lM, of acetonitrile was 2% and of
HLE was 5 lg/mL. In the control experiment, 2c was incu-
bated in assay buffer without HLE. In 60-min intervals, 10 lL
aliquots were injected into the HPLC system (Dionex P580,
Phenomenex Gemini 5 l, C18, mobile phase A: H2O/acetoni-

trile/CF3CO2H (475:25:0.3), mobile phase B: H2O/acetonitrile/
tetrahydrofuran/CF3CO2H (25:465:10:0.3), gradient 0–25 min:
70–10% A, 30–90% B, 27–30 min: 70% A, 30% B, UV detec-
tion, 310 nm). The retention time of 2c was 17.33–17.35 min.
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A series of tetracyclic imidazole derivatives 9a–9v and 10a–10h are prepared by multistep route start-
ing from the known tricyclic diketones 2a–2d. Intermediary dibenzooxepin[4,5-d]imidazoles (3a, 3c)
and dibenzothiepin[4,5-d]imidazoles (3b, 3d) are N-protected to 4e, 4f and to the isomeric compounds
5a, 5b and 6a, 6b. The isomeric compounds 5 and 6 are separated. Compounds 4, 5, and 6 are formy-

lated at C(2) to afford 7a–7j. In the last steps, aldehyde group is reduced, then alkylated to the two sets
of isomeric x-dimethylaminoalkyl derivatives 9a–9v. N-deprotection of 9i–9v led to the compounds
10a–10h. Assignment of the syn/anti structure to 5a and 6a was supported by 1D selective ROESY
NMR spectra, whereas conformational mobility for the selected representatives 8a and 8b is studied by
dynamic NMR. Activation energies (energy barriers for interconversion) are determined to be �11.5

and 16.2 kcal/mol, respectively. A series of derivatives 9 and 10 were tested in vitro for their anti-
inflammatory activity.

J. Heterocyclic Chem., 47, 640 (2010).

INTRODUCTION

In our continuing efforts toward the development of

disease modifying treatments for rheumatoid arthritis

(RA), we are targeting inhibition of overproduction of

tumor necrosis factor alpha cytokine (TNF-a) that is

recognized as a key cytokine in RA progression. A

small molecule inhibitor of TNF-a would be a novel

potent anti-inflammatory drug having this distinguished

mechanism of action. In the frame of our project aimed

toward synthesis, structure determination of tetracyclic

imidazoles, and screening of their activity on the

selected biological targets, we entered the study of a

large series of dibenzo-oxepin- and dibenzo-thiepin im-

idazole derivatives. In our previous articles we have

reported on the synthesis, properties, and preliminary bi-

ological results of oxa-, aza-, and thia-dibenzoazulenes,

characterized by the annulated furane I [2], pyrrole II,

III [3], and thiophene IV, V [4] ring (Fig. 1). Prelimi-

nary results have revealed activity of these polycyclic

systems in the in vitro anti-inflammatory test in lipo-

polysaccharide (LPS) induced TNF-a production in

human peripheral blood mononuclear cells (hPBMCs)

that encouraged us to extend our effort on other five

membered heterocyclic systems [5,6].
Generally, structural complexity of this specific class

of recently studied non-steroidal anti-inflammatory com-
pounds increases from diaryl-substituted heterocycles
general formulae VI, to polycondensed heterocyclic
structures VII. Representatives of the former are vici-
naly substituted polycyclic aryl/pyridine-4-yls, potent
inhibitors of p38 MAP kinase (p38) [7,8], while 2-sub-
stituted-4,5-diarylimidazoles VIII are claimed as in vivo
anti-inflammatory active structures (Fig. 2) [9–14].

Moreover, polycondensed heterocycles with non-aro-

matic dibenzoazulene core and annelated 5-membered het-

erocycles are repeatedly claimed as anti-inflammatory

active compounds. Among them are 2-substituted-1H-phe-
nanthro[9,10-d]imidazoles IX [15], 2-substituted diben-

zo[2,3:6,7]thiepino[4,5-d]imidazoles X [16–20], 2-substi-

tuted dibenzo[2,3:6,7]oxepino[4,5-d]imidazoles, and their

corresponding sulfoxides and sulfones XI (Fig. 3) [21].

VC 2010 HeteroCorporation
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Process for preparation of 2-formylimidazole acetals

is also claimed [22], as well as 4,5-disubstituted imidaz-

ole derivatives and their use in CSBP/PK/p38 kinase

mediated diseases [13]. First synthesis of tetracyclic,

polycondensed imidazoles, presented by the formulae X,

was reported by Lombardino [17], based on the general

imidazole synthesis of Davidson et al. [23]. The same

author claimed that a wide range of polycyclic com-

pounds have anti-inflammatory and some other activities

[16,18–20]. This method has been recently improved

using microwave irradiation [24,25].

We have extended our effort to the imidazo-deriva-

tives general formulae XII, wherein an extra basic unit

was introduced at the imidazole ring to improve

physicochemical properties of this series of compounds

(Fig. 4).

RESULTS AND DISCUSSION

Chemistry. Tetracyclic imidazoles 3a–3d were pre-

pared starting from the known 11H-dibenzo[b,f]oxepin-
10-ones 1a, 1c or 11H-dibenzo[b,f]thiepin-10-ones 1b,

1d, cyclic ketones characterized by activated methylene

group in the a-position to carbonyl group [16–20]. This

group was oxidized by selenium dioxide to give a-dike-
tones 2a–2d. Synthesis of imidazoles 3a–3d was com-

pleted by condensation of dicarbonyl compounds 2a–2d

with paraformaldehyde and ammonium acetate in acetic

acid, according to Davidson et al., Scheme 1 [23].

N-Alkylated compounds 4a–4f were obtained from

3a, 3b using a modified method by Wolkenberg et al.
[25], on treatment with sodium hydride in tetrahydrofu-

ran at 0�C followed by alkylation at elevated tempera-

tures, Scheme 2 [26].

We have used 2-trimethylsilyl-ethoxymethyl (SEM)

as effective protecting group for imidazole N(1) atom

Figure 1. Previously described oxa-, aza-, and thia-dibenzoazulenes.

Figure 2. Non-steroidal heterocyclic anti-inflammatory compounds.

Figure 3. Polycondensed heterocycles with non-aromatic dibenzoazulene core.

Figure 4. Novel tetracyclic imidazole derivatives.
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which was introduced using (2-trimethylsilyl)-ethoxy-

methyl chloride (SEMCl) [27].

In the polycondensed imidazole derivatives 3a, 3b (Y

¼ H) two tautomeric forms are equivalent and, there-

fore, single isomers 4a–4f are obtained on alkylation.

However, N(1)-alkylation of 3c, 3d affords structural

isomers 5 and 6, Scheme 3.

N-Trimethylsylil-ethoxymethylated compounds 5a, 6a

and 5b, 6b were separated by purification on silica gel

SPE cartridge using step gradient system for elution

with ethyl acetate/n-hexane. In both cases, regioisomers

5a, 6a and 5b, 6b are obtained in �1:1 ratio, revealing

minor effect of electron-withdrawing chlorine in the

meta-position of the aromatic ring. 1D NMR spectra of

compounds in the isomeric series 5 and 6 did not give

any clue on exact position of the side-chain on N(1)

atom of imidazole. Straightforward determination

required combined use of 2D NMR techniques and 1D

selective ROESY spectrum, as exemplified for the com-

pounds 5a and 6a (Fig. 5).

Correlation peaks from COSY, HMBC, HMQC, and

2D TPPI NOESY spectra afforded ambiguous informa-

tion due to the overlap of key signals, so final solution

for this problem came from the analysis of the selective

1D ROESY spectrum. Selective excitation was applied

to methylenic protons of NACH2AO unit at 5.356 and

5.372 ppm. NOE interactions were expected between

methylenic protons of NACH2AO group and ortho-pro-
tons in the vicinal aromatic ring, HB for 5a and HA for

6a, which are close enough to engage in dipolar interac-

tion through space, (Fig. 6).

Protons HA and HB in both 5a and 6a have very close

chemical shifts at the applied magnetic field, and are

unequivocally assigned on the basis of their coupling

patterns. Thus, HA is coupled with ortho- and meta-pro-
ton giving dd at 7.84 ppm, whereas HB is coupled only

with meta-situated proton giving doublet at 7.86 ppm.

On selective excitation of methylenic protons of

NACH2AO unit in 6a doublet of HB proton disap-

peared, while resonance lines for proton HA remained,

revealing its vicinity to the methylenic group, and thus

syn (cis) orientation of the side chain on N(1) of imidaz-

ole ring to the aromatic ring that has no chlorine in

meta-position to the annulated heterocycle.

Scheme 1

Scheme 2

Scheme 3
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Having this result in hands, ulterior synthetic steps

have been performed on the separated isomers with

known structure. From 4, 5, and 6 are obtained C(2) for-

mylated derivatives 7 on generation of carbanion at C(2)

of imidazole ring by n-butyllithium/tetrahydrofuran at

�78�C, followed by treatment with DMF at r.t., Scheme

4 [9,28].

Reduction of 7a–7h with sodium borohydride at r.t.

afforded benzylic alcohols 8a–8h. From 7i and 7j under

the same conditions are obtained 8i and 8j. Both sets of

hydroxymethyl imidazole derivatives are converted to

dialkylaminoalkyl ethers 9a–9v on treatment with x-
chloroalkyl-dimethylamines under phase transfer condi-

tions in the presence of benzyltriethylammonium chlo-

ride (BTEAC), Scheme 5 [4,29].

Products 10a–10h are obtained on cleavage of 2-(tri-

methylsilyl)ethoxymethyl group with 0.5M hydrochloric

acid/methanol, Scheme 6 [9].

Conformational properties of representative oxepin

(8a) and thiepin (8b) tetracycles. Conformational mo-

bility and preferred conformation in solution of the 7-

membered ring play an important role in biological ac-

tivity of non-aromatic polycyclic compounds. Illustrative

example represents octoclothepin 14 (Fig. 7), centrochi-

ral, and planar-chiral compound with dibenzo-thiepine

tricyclic core, wherein two conformers with inversed 7-

membered ring are diastereotopic. An early study of (S)-
14 (Fig. 7), neuroleptic compound that binds on dopa-

mine D-2 receptor [30], has revealed that stable confor-

mation of (S)-14, which is responsible for the dopamine

D-2 receptor antagonism, is significantly different from

the one observed in the crystal [31].

On the other hand, conformational mobility of diben-

zothiepines with sulfide 1b and sulfoxide 15 unit in the

bridge, was studied by dynamic NMR [32]. Huge differ-

ence in the activation energies for ring-inversion was

observed; 9.3 kcal/mol for 1b and 23 kcal/mol for 15,

revealing that at ambient temperature only the later may

be separated into stable conformers (Fig. 8).

For many condensed non-aromatic heterocycles with

one heteroatom in the 7-membered ring correlation

between conformational properties and biological activ-

ities are studied. Detailed study of N-acylbenzazepines
with interesting pharmacological properties [33], by

dynamic NMR is an instructive case [34–36]. For dihy-

drobenz/b/azepines thermodynamic parameters for con-

formation equilibria are determined by dynamic NMR

[37,38].

In view of the importance of conformational mobility

of non-aromatic polycondensed heterocycles, we have

determined difference in conformational mobility of the

two representatives of oxepines and thiepines, com-

pounds 8a and 8b, respectively. They are selected due

Figure 5. Regioisomeres determined by 2D NMR techniques and 1D

selective ROESY spectrum.

Figure 6. Comparison between aromatic region of 1H (a) and 1D selective ROESY (b) spectra of 6a.
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to their well resolved peaks for methylenic protons HA,

HB, present in the 5-member chelate ring

C(2)ACHAHBAOAH���N(3) formed by hydrogen bond

to N(3) atom, formulae 8a, 8b (Fig. 9).

On the basis of the reported results, we expected no-

table difference of the energy for conformational inver-

sion for these two compounds. To our satisfaction,

dynamic NMR study has revealed two different temper-

ature intervals for the collapse of the AB(X) system into

A2 system of the methylenic protons. Series of proton

NMR spectra acquired in temperature range where the

coalescence of proton signals occurs are shown in the

Figures 10 and 11.

Activation energies (energy barriers for interconver-

sion) for compounds 8a and 8b are determined and

results are presented in Table 1.

Biology. Among many discovered biological targets

in the past 30 years, TNF-a, interleukin 1 (IL-1), p38,

and COX-2 enzyme belong to the group of the most

studied and the most relevant mediators of

Scheme 4

Scheme 5



inflammation [39]. Overproduction inhibition of these

cytokines which are responsible for inflammation has

been proposed as a disease modifying approach

towards the treatment of inflammatory disorders. The

over-expression of TNF-a cytokine has been impli-

cated in a number of serious inflammatory disorders.

Consequently, agents that inhibit the production of

TNF-a can decrease levels of inflammatory response,

and thereby reduce inflammation and prevent further

tissue destruction.

From medicinal chemistry point of view, connecting

previous knowledge about anti-inflammatory properties

of some compounds with today’s understanding of im-

portant key players in inflammation mechanism could

provide rational approach to the lead molecules that

may be further optimized for better activity and

Scheme 6

Figure 7. Octoclothepin and its (S)-conformer.

Figure 8. Dibenzothiepines with sulfide and sulfoxide unit in the

bridge.

Figure 9. Methylenic protons HA and HB in the 5-membered chelate

ring.
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selectivity profile and desirable pharmacokinetic proper-

ties. Along this line we have continued our project of

the synthesis of tetracyclic target structures and their

testing on inhibition of LPS stimulated TNF-a produc-

tion. In vitro biological tests are performed on some

intermediates and all tetracyclic compounds 9 and 10 to

test their ability to inhibit TNF-a production in LPS-

activated hPBMC assay [5,6].

Compounds possessing alkoxymethylene linker (ether)

at position C(2) on imidazole ring showed potency to in-

hibit TNF-a production in vitro in low micromolar

range with IC50 values for the most potent compounds

in the range of 1–3 lM.

According to obtained results dibenzo-oxepin- and

dibenzo-thiepin imidazole derivatives were recognized

as a novel class of tetracyclic compounds with anti-

inflammatory activity through specific inhibition of

TNF-a secretion.

EXPERIMENTAL

Chemistry. Commercial reagents were used as received

without additional purification. All used chemicals and sol-
vents were p.a. purity. Differential scanning calorimetry data
were collected on a Mettler Toledo differential scanning calo-
rimeter 822e/500 using Mettler Toledo STARe software. Sam-
ples about 5 mg were weighed into Al-pans (40 lL) with

pierced cover. Dry nitrogen was used as purge gas (purge: 50
mL/min). The heating rate of 10�C/min over the range 25–
300�C was used. The instrument was calibrated using certified
indium and zinc. IR spectra were recorded as potassium bro-

mide (KBr) pastilles or as a film on a sodium chloride plate,
on a Nicolet Magna IR 760 FT IR-spectrophotometer, and on
a Bruker Vertex 70 as ATR (ZnSe) powder or film cast from
DCM solution. One- and two-dimensional NMR spectra were
recorded on Bruker Avance DPX 300 (300 MHz), Bruker

Avance DRX 500 (500 MHz), and Bruker Avance III 600
(600 MHz) spectrometers. Deuterated dimethylsulfoxide
(DMSO-d6) and deuterated chloroform (CDCl3) were used as
solvents and tetramethylsilan (TMS) as an internal standard.
Purity of the compounds was obtained on a Waters HPLC-UV/

MS Autopurification System with a Micromass ZQ and a
Waters 996 Photodiode Array Detector, and on Varian Chrom-
pack CP-3800 Gas Chromatograph with a Varian Chrompack
Saturn 2000 MS/MS detector. HRMS data were acquired using
Q-TOF 2 Waters system. Thin layer chromatography (TLC)

was run on Merck Silica gel 60 F254 plates, spots detected
with UV light at 254 and/or 365 nm. Proportions of solvents
used for TLC are by volume.

Products were purified using Solid Phase Extraction (SPE)

columns on an automated SPE purification system (FlashMas-
ter II).

Figure 10. 1H NMR spectra of 8a acquired in acetone-d6 in the tem-

perature intervals from 25�C to �60�C (coalescence range for the HA

and HB protons signals).

Figure 11. 1H NMR spectra of 8b acquired in DMSO-d6 in the tem-

perature intervals from 25�C to 60�C (coalescence range for the HA

and HB protons signals).

Table 1

Activation energies for compounds 8a and 8b.

Compound 8a 8b

Solvent Acetone-d6 DMSO-d6
Starting temperature (�C) 25 25

Ending temperature (�C) �60 80

Coalescence temperature TC (�C) �40 50

Separation between signals Dm (Hz) 17.3 4.9

Coupling constant 2JA,B (Hz) 13.1 13.1

Rate constant at the

coalescence temperature kC (Hz)

80.9 72.1

Gibbs energy DGC
z (kcal/mol) 11.5 16.2

zActivated complex, transition state.
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General procedure for reaction of ketones 1 with sele-

nium dioxide (preparation of compounds 2). To the suspen-
sion of selenium dioxide (1.74 g, 15.70 mmol) in glacial acetic

acid (10 mL) was added a solution of ketone 1 (14.3 mmol) in
glacial acetic acid (30 mL). The suspension was heated for 2 h
at 100�C and undissolved material filtered off. The filtrate was
diluted with water (50 mL) and extracted with dichlorome-
thane (2 � 50 mL). Organic extracts were washed with water

(3 � 50 mL), and saturated sodium hydrogencarbonate (3 �
50 mL), dried over anhydrous sodium sulfate, concentrated,
and then precipitated from n-hexane/dichloromethane to give
compound 2.

Dibenzo[b,f]oxepin-10,11-dione (2a). Obtained from 1a as

a yellow solid: Yield 85%; mp 116.68�C; IR (KBr): 1670,
1600, 1469, 1447, 1281, 1220, 926, 771 cm�1; 1H NMR (500
MHz, CDCl3): d 7.35 (td, J ¼ 7.55, 1.07 Hz, 2H), 7.42–7.43
(m, 1H), 7.43–7.45 (m, 1H), 7.64–7.68 (m, 2H), 7.99 (d, J ¼
1.83 Hz, 1H), 8.00 ppm (d, J ¼ 1.83 Hz, 1H); 13C NMR (126

MHz, CDCl3): d 121.60, 125.50, 126.11, 131.71, 135.83,
156.65, 186.31 ppm; MS: m/z 225.00 [MþH]þ.

Dibenzo[b,f]thiepin-10,11-dione (2b). Obtained from 1b as
a yellow solid: Yield 80%; mp 122.69�C; IR (KBr): 1675,

1581, 1435, 1280, 1258, 1219, 916, 760 cm�1; 1H NMR (500
MHz, CDCl3): d 7.31–7.37 (m, 4H), 7.51 (dd, J ¼ 7.63, 1.53
Hz, 2H), 7.69 ppm (dd, J ¼ 7.17, 1.98 Hz, 2H); 13C NMR (75
MHz, CDCl3): d 129.23, 131.26, 132.09, 132.98, 134.55,
139.35, 190.62 ppm; MS: m/z 240.09 [MþH]þ.

2-Chlorodibenzo[b,f]oxepin-10,11-dione (2c). Obtained
from 1c as a yellow solid: Yield 74%; mp 103.23�C; IR
(KBr): 1691, 1673, 1599, 1467, 1449, 1402, 1290, 1266, 1224,
1118, 842, 765 cm�1; 1H NMR (500 MHz, CDCl3): d 7.35–
7.44 (m, 3H), 7.60 (dd, J ¼ 8.70, 2.59 Hz, 1H), 7.65–7.70 (m,

1H), 7.95–8.01 ppm (m, 2H); 13C NMR (126 MHz, CDCl3): d
156.42, 136.01, 135.74, 131.87, 131.10, 130.89, 125.87,
123.36, 121.52 ppm; MS: m/z 259.1 [MþH]þ.

2-Chlorodibenzo[b,f]thiepin-10,11-dione (2d). Obtained
from 1d as a yellow solid: Yield 79%; mp 167.94�C; IR

(KBr): 1689, 1583, 1274, 1213, 1094, 829, 761 cm�1; 1H
NMR (500 MHz, CDCl3): d 7.40–7.52 (m, 3H), 7.56–7.65 (m,
2H), 7.77 (d, J ¼ 2.14 Hz, 1H), 7.80 ppm (dd, J ¼ 7.02, 1.83
Hz, 1H); 13C NMR (126 MHz, CDCl3): d 129.78, 131.25,
131.65, 132.44, 133.08, 133.21, 133.41, 133.73, 134.21,

135.92, 139.49, 140.76, 189.21, 189.83 ppm; MS: m/z 275.0
[MþH]þ.

General procedure for reaction of diketones 2 with para-

formaldehyde (preparation of compounds 3). A suspension

of compound 2 (5.35 mmol), ammonium acetate (4.13 g, 53.5
mmol), and paraformaldehyde (0.19 g, 5.0 mmol) in glacial
acetic acid (32 mL) was heated to reflux. After 2 h, reaction
mixture was cooled, diluted with water (100 mL), and
extracted with ethyl acetate (2 � 50 mL). Organic extracts

were washed with water (3 � 100 mL), saturated sodium
hydrogencarbonate (3 � 100 mL), and brine (100 mL), dried
over anhydrous sodium sulfate, concentrated, and then purified
on silica gel SPE cartridge using step gradient system for elu-
tion dichloromethane/(dichloromethane/methanol/ammonium

hydroxide 90:9:1.5) to give compound 3.
1H-Dibenzo[2,3:6,7]oxepino[4,5-d]imidazole (3a). Obtained

from 2a as a white solid: Yield 81%; mp 234.05�C; IR (KBr):
3286, 2941, 2871, 1730, 1165, 1096, 856 cm�1; 1H NMR (500
MHz, DMSO-d6): d 7.27 (d, J ¼ 4.88 Hz, 2H), 7.32 (br. s.,

2H), 7.37 (br. s., 2H), 7.55 (d, J ¼ 7.02 Hz, 1H), 7.76 (d, J ¼
6.71 Hz, 1H), 7.96 (s, 1H), 12.92 ppm (br. s., 1H); 13C NMR
(126 MHz, DMSO-d6): d 121.48, 122.63, 126.44, 127.08,
127.36, 132.06, 136.66, 155.30 ppm; HRMS: m/z calcd. for
C15H11N2O: 235.0871 [MþH]þ, found 235.0865.

1H-Dibenzo[2,3:6,7]thiepino[4,5-d]imidazole (3b). Obtained
from 2b as a yellow solid: Yield 75%; mp 263.23�C; IR
(KBr): 2815, 2641, 1511, 1478, 953, 758, 651 cm�1; 1H NMR
(500 MHz, DMSO-d6): d 7.37 (t, J ¼ 7.17 Hz, 2H), 7.44 (t, J
¼ 7.32 Hz, 2H), 7.59 (br. s., 3H), 7.81 (br. s., 1H), 7.99 (s,

1H), 12.92 ppm (br. s., 1H); 13C NMR (75 MHz, DMSO-d6):
d 136.85, 133.60, 132.60, 132.17, 131.63, 130.90, 128.75,
128.35, 127.65, 126.85 ppm; HRMS: m/z calcd. for
C15H11N2S: 251.0638 [MþH]þ, found 251.0630.

11-Chloro-1H-dibenzo[2,3:6,7]oxepino[4,5-d]imidazole
(3c). Obtained from 2c as a beige amorphous solid: Yield
84%; IR (KBr): 3113, 14785, 953, 758, 651 cm�1; 1H NMR
(600 MHz, DMSO-d6): d 7.29 (dt, J ¼ 7.76, 3.97 Hz, 1H),
7.33–7.45 (m, 4H), 7.66 (br. s., 2H), 8.00 (s, 1H), 13.00 ppm

(br. s., 1H), 13C NMR (151 MHz, DMSO-d6): d 153.81,
152.60, 137.92, 129.36, 125.58, 123.37 ppm; HRMS: m/z
calcd. for C15H10ClN2O: 269.0482 [MþH]þ, found 269.0468.

11-Chloro-1H-dibenzo[2,3:6,7]thiepino[4,5-d]imidazole
(3d). Obtained from 2d as a yellow solid: Yield 68%; mp

241.28�C; IR (KBr): 2806, 2639, 1475, 768, 649 cm�1; 1H
NMR (500 MHz, DMSO-d6): d 7.33–7.53 (m, 3H), 7.53–7.67
(m, 3H), 7.78 (br. s., 1H), 8.04 (s, 1H), 13.03 ppm (d, J ¼
13.73 Hz, 1H); 13C NMR (126 MHz, DMSO-d6): d 127.23,
127.48, 128.26, 129.55, 129.72, 130.00, 130.85, 131.02,

133.23, 133.31, 133.79, 133.97, 135.90, 137.76, 138.30 ppm;
HRMS: m/z calcd. for C15H10ClN2S: 285.0253 [MþH]þ, found
285.0245.

General procedures for N-alkylation of the compounds 3

(preparation of compounds 4). N-Methylation. To a solu-

tion of 3 (0.5 g, 2.13 mmol) in dry tetrahydrofuran (23 mL)
the 60% suspension of NaH in mineral oil (0.26 g, 6.4 mmol)
was added under stirring at 0�C. The reaction mixture was
stirred for 30 min at 0�C, then MeI (0.13 mL, 2.13 mmol) was

added and reaction mixture was stirred at room temperature
for 2 h. Then it was concentrated, diluted with water (100
mL), and extracted with dichloromethane (3 � 50 mL). The
organic extract was washed with brine (100 mL), dried over
anhydrous sodium sulfate, and evaporated. After purification

on silica gel SPE cartridge using step gradient system for elu-
tion dichloromethane/(dichloromethane/methanol/ammonium
hydroxide 90:5:0.5) N-methylated compounds 4a and 4b were
isolated.

1-Methyl-1H-dibenzo[2,3:6,7]oxepino[4,5-d]imidazole
(4a). Obtained from 3a as a yellowish solid: Yield 73%; mp
138.05�C; IR (KBr): 1514, 1444, 1248, 1201, 810, 765, 733
cm�1; 1H NMR (500 MHz, DMSO-d6): d 3.91 (s, 3H), 7.26
(ddd, J ¼ 7.55, 6.49, 2.14 Hz, 1H), 7.29–7.38 (m, 3H), 7.39–
7.44 (m, 1H), 7.45–7.48 (m, 1H), 7.66 (dd, J ¼ 7.63, 1.53 Hz,

1H), 7.71–7.74 (m, 1H), 7.94 ppm (s, 1H); 13C NMR (126
MHz, DMSO-d6): d 33.62, 121.47, 122.63, 123.27, 125.78,
125.85, 126.65, 126.72, 126.83, 128.20, 129.20, 129.65,
137.54, 141.60, 155.79, 155.89 ppm; HRMS: m/z calcd. for

C16H13N2O: 249.1028 [MþH]þ, found 249.1019.
1-Methyl-1H-dibenzo[2,3:6,7]thiepino[4,5-d]imidazole

(4b). Obtained from 3b as a yellowish solid: Yield 94%; mp
137.12�C; IR (KBr): 3051, 2922, 1510, 1467, 773, 758, 741,
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643 cm�1; 1H NMR (500 MHz, DMSO-d6): d 3.83 (s, 3H),
7.33–7.37 (m, 1H), 7.40–7.50 (m, 3H), 7.57 (dd, J ¼ 7.63,
1.22 Hz, 1H), 7.64 (dd, J ¼ 7.63, 1.22 Hz, 1H), 7.70 (dd, J ¼
7.48, 1.37 Hz, 1H), 7.78 (dd, J ¼ 7.63, 1.22 Hz, 1H), 7.97
ppm (s, 1H); 13C NMR (126 MHz, DMSO-d6): d 33.49,

128.23, 128.37, 128.78, 129.15, 129.26, 130.57, 132.50,
133.16, 133.84, 134.16, 138.41, 140.73, 141.29 ppm; HRMS:
m/z calcd. for C16H13N2S: 265.0799 [MþH]þ, found 265.0791.

N-Phenylethylation. To a solution of 3 (0.2 g, 0.85 mmol)
in dry tetrahydrofuran (7 mL) the 60% suspension of sodium

hydride in mineral oil (0.10 g, 2.56 mmol) was added under
stirring at 0�C. The reaction mixture was stirred for 30 min at
0�C, then 2-phenylethyl bromide (0.17 mL, 1.28 mmol) was
added and reaction mixture was heated under stirring and
reflux. After 2 h, another portion of the 60% suspension of so-

dium hydride in mineral oil (0.03 g, 0.85 mmol) and 2-phenyl-
ethyl bromide (0.12 mL, 0.85 mmol) were added and stirring
under reflux was continued. After 1 day, another portion of the
60% suspension of sodium hydride in mineral oil (0.03 g, 0.85

mmol) and 2-phenylethyl bromide (0.12 mL, 0.85 mmol) were
added and stirring under reflux was continued for 1 day. Then
it was cooled to room temperature, concentrated, and diluted
with water (50 mL) and extracted with dichloromethane (3 �
30 mL). The organic extract was washed with brine (50 mL),

dried over anhydrous sodium sulfate, and evaporated. After pu-
rification on silica gel SPE cartridge using step gradient system
for elution n-hexane/ethyl acetate N-phenylethylated com-
pounds 4c and 4d were isolated.

1-(2-Phenylethyl)-1H-dibenzo[2,3:6,7]oxepino[4,5-d]imid-
azole (4c). Obtained from 3a as a yellowish amorphous solid:
Yield 64%; IR (KBr): 1509, 1443, 1201, 1079, 809, 762, 741,
696 cm�1; 1H NMR (500 MHz, DMSO-d6): d 3.02 (t, J ¼
7.48 Hz, 2H), 4.55 (t, J ¼ 7.48 Hz, 2H), 7.13–7.17 (m, 2H),
7.17–7.22 (m, 1H), 7.23–7.28 (m, 3H), 7.30–7.39 (m, 3H),

7.40–7.45 (m, 1H), 7.46–7.49 (m, 1H), 7.64–7.72 (m, 2H),
7.89 ppm (s, 1H); 13C NMR (126 MHz, DMSO-d6): d 36.10,
47.44, 121.43, 122.69, 123.49, 125.75, 126.02, 126.07, 126.31,
126.82, 126.95, 128.13, 128.80, 128.99, 129.26, 129.72,

137.93, 138.02, 141.15, 155.81, 156.10 ppm; HRMS: m/z
calcd. for C23H19N2O: 339.1497 [MþH]þ, found 339.1496.

1-(2-Phenylethyl)-1H-dibenzo[2,3:6,7]thiepino[4,5-d]imid-
azole (4d). Obtained from 3b as a white solid: Yield 79%; mp
156.93�C; IR (KBr): 3049, 3022, 2939, 1505, 756, 740, 658

cm�1; 1H NMR (500 MHz, DMSO-d6): d 2.79–2.95 (m, 2H),
4.36–4.45 (m, 1H), 4.58 (ddd, J ¼ 13.73, 7.78, 5.34 Hz, 1H),
7.05–7.09 (m, 2H), 7.14–7.24 (m, 3H), 7.32–7.37 (m, 1H),
7.39–7.45 (m, 2H), 7.48 (td, J ¼ 7.55, 1.37 Hz, 1H), 7.58 (dd,
J ¼ 7.63, 1.22 Hz, 1H), 7.64 (dd, J ¼ 7.63, 1.53 Hz, 1H),

7.71 (dd, J ¼ 7.63, 1.53 Hz, 1H), 7.75 (dd, J ¼ 7.93, 1.53 Hz,
1H), 7.85 ppm (s, 1H); 13C NMR (126 MHz, DMSO-d6): d
36.15, 47.36, 126.86, 127.97, 128.30, 128.73, 128.78, 128.99,
129.13, 129.31, 129.84, 132.50, 132.84, 133.59, 133.87,
134.39, 137.96, 138.32, 140.28, 141.84 ppm; HRMS: m/z
calcd. for C23H19N2S: 355.1269 [MþH]þ, found 355.1273.

N-Trimethylsylil-ethoxymethylation. To a solution of 3 (0.5
g, 2.13 mmol) in dry tetrahydrofuran (23 mL) the 60% suspen-
sion of sodium hydride in mineral oil (0.26 g, 6.40 mmol) was

added under stirring at 0�C. The reaction mixture was stirred
for 30 min at 0�C, then 2-(trimethylsilyl)ethoxymethyl chloride
(0.38 mL, 2.13 mmol) was added and reaction mixture was
stirred at room temperature for 2 h. Then it was concentrated,

diluted with water (100 mL), and extracted with dichlorome-
thane (3 � 50 mL). The organic extract was washed with brine
(100 mL), dried over anhydrous sodium sulfate, and evapo-
rated. After purification on silica gel SPE cartridge using step
gradient system for elution ethyl acetate/n-hexane N-trimethyl-

sylil-ethoxymethylated compounds 4e and 4f were isolated.
1-({[2-(Trimethylsilyl)ethyl]oxy}methyl)-1H-dibenzo[2,3:6,7]oxe-

pino[4,5-d]imidazole (4e). Obtained from 3a as a yellowish
solid: Yield 60%; mp 98.50�C; IR (KBr): 1513, 1250, 1244,
1080, 838, 766 cm�1; 1H NMR (500 MHz, DMSO-d6): d 0.00

(s, 9H), 0.93–0.98 (m, 2H), 3.68–3.73 (m, 2H), 5.57 (s, 2H),
7.29–7.36 (m, 2H), 7.39–7.42 (m, 2H), 7.44–7.52 (m, 2H),
7.78 (ddd, J ¼ 7.48, 1.22, 1.07 Hz, 1H), 7.91 (dd, J ¼ 7.93,
1.53 Hz, 1H), 8.22 ppm (s, 1H); 13C NMR (126 MHz, DMSO-
d6): d �1.03, 17.58, 65.96, 74.46, 121.50, 122.66, 123.16,

125.83, 125.98, 126.76, 126.94, 127.14, 127.92, 129.52,
130.04, 137.99, 141.99, 156.01, 156.09 ppm; HRMS: m/z
calcd. for C21H25N2O2Si: 365.1685 [MþH]þ, found 365.1660.

1-({[2-(Trimethylsilyl)ethyl]oxy}methyl)-1H-dibenzo[2,3:6,7]-
thiepino[4,5-d]imidazole (4f). Obtained from 3b as a yellowish
solid: Yield 79%; mp 104.47�C; IR (KBr): 2955, 1504, 1248,
1083, 863, 835, 776, 763 cm�1; 1H NMR (500 MHz, DMSO-
d6): d 0.00 (s, 9H), 0.85–0.97 (m, 2H), 3.55 (td, J ¼ 9.54,
6.56 Hz, 1H), 3.69 (td, J ¼ 9.46, 6.71 Hz, 1H), 5.46 (d, J ¼
11.29 Hz, 1H), 5.66 (d, 1H), 7.41–7.46 (m, 1H), 7.47–7.55 (m,
3H), 7.64 (dd, J ¼ 7.63, 1.22 Hz, 1H), 7.75–7.79 (m, 1H),
7.85 (dd, J ¼ 7.93, 1.22 Hz, 2H), 8.27 ppm (s, 1H); 13C NMR
(126 MHz, DMSO-d6): d �1.07, 17.61, 66.02, 74.52, 128.46,
128.70, 129.06, 129.20, 129.27, 129.61, 130.49, 132.51,

132.61, 133.45, 133.90, 134.50, 138.08, 141.16, 141.69 ppm;
HRMS: m/z calcd. for C21H25N2OSSi: 381.1451 [MþH]þ,
found 381.1436.

General procedure for N-trimethylsylil-ethoxymethyla-

tion of the compounds 3 (preparation of structural isomers

5 and 6). To a solution of 3 (1.0 g, 3.72 mmol) in dry tetrahy-
drofuran (30 mL) the 60% suspension of sodium hydride in
mineral oil (0.45 g, 11.20 mmol) was added under stirring at
0�C. The reaction mixture was stirred for 30 min at 0�C, then
2-(trimethylsilyl)ethoxymethyl chloride (0.66 mL, 3.72 mmol)
was added and reaction mixture was stirred at room tempera-
ture for 2 h. Then it was concentrated, diluted with water (30
mL), and extracted with dichloromethane (3 � 25 mL). The
organic extract was washed with brine (50 mL), dried over an-

hydrous sodium sulfate, and evaporated. After purification on
silica gel SPE cartridge using step gradient system for elution
ethyl acetate/n-hexane structural isomers 5 and 6 were
isolated.

11-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]oxepino[4,5-d]imidazole (5a). Obtained from 3c as a
yellowish solid: Yield 31%; mp 84.67�C; IR (KBr): 3093, 2957,
1515, 1245, 1200, 1077, 833, 768 cm�1; 1H NMR (500 MHz,
DMSO-d6): d 0.00 (s, 9H), 0.96 (t, J ¼ 7.9 Hz, 2H), 3.72 (t, J ¼
8.0 Hz, 2H), 5.56 (s, 2H), 7.32 (m, 1H), 7.41 (m, 2H), 7.51 (m,

2H), 7.77 (d, J ¼ 7.0 Hz, 1H), 7.96 (d, J ¼ 1.8 Hz, 1H), 8.25
ppm (s, 1H) 13C NMR (126 MHz, DMSO-d6): d�1.04, 17.58,
66.04, 74.55, 122.69, 122.80, 123.46, 126.04, 126.28, 127.27,
127.47, 129.07, 129.74, 129.94, 130.37, 136.67, 142.32, 154.50,

155.78 ppm ; HRMS: m/z calcd. for C21H24N2O2SiCl: 399.1296
[MþH]þ, found 399.1281.

11-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]thiepino[4,5-d]imidazole (5b). Obtained from 3d as
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a yellowish solid: Yield 33%; mp 117.74�C; IR (KBr): 2976,
2940, 1738, 1621, 1456, 1381, 1169, 1074, 1014, 732 cm�1;
1H NMR (600 MHz, DMSO-d6): d 0.00 (m, 9H), 0.932 (m,
2H), 3.60 (td, J ¼ 9.7, 6.4 Hz, 1H), 3.71 (td, J ¼ 9.7, 6.5 Hz,
1H), 5.41 (d, J ¼ 11.3 Hz, 1H), 5.63 (d, J ¼ 11.3 Hz, 1H),

7.43 (ddd, J ¼ 7.6, 7.5, 1.5 Hz, 1H), 7.50 (td, J ¼ 7.5, 1.3 Hz,
1H), 7.53 (dd, J ¼ 8.3, 2.4 Hz, 1H), 7.62 (dd, J ¼ 7.8, 1.0 Hz,
1H), 7.74 (d, J ¼ 8.4 Hz, 1H), 7.83 (dd, J ¼ 7.7, 1.2 Hz, 1H),
7.95 (d, J ¼ 2.3 Hz, 1H), 8.28 ppm (s, 1H); 13C NMR (151
MHz, DMSO-d6): d �0.01, 18.67, 67.04, 75.52, 129.00,

129.61, 130.20, 130.28, 130.38, 130.43, 133.55, 134.00,
134.08, 135.18, 135.36, 136.37, 138.88, 142.55, 143.45 ppm ;
HRMS: m/z calcd. for C21H24N2OSClSi: 415.1067 [MþH]þ,
found 415.1067.

5-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]oxepino[4,5-d]imidazole (6a). Obtained from 3c as

a yellowish solid: Yield 47%; mp 93.25�C; IR (KBr): 2950,

1514, 1246, 1094, 1074, 834, 811 cm�1; 1H NMR (500 MHz,

DMSO-d6): d 0.00 (m, 9H), 0.96 (t, J ¼ 7.9 Hz, 2H), 3.72 (t,

J ¼ 8.0 Hz, 2H), 5.56 (s, 2H), 7.32 (m, 1H), 7.41 (m, 2H),

7.51 (m, 2H), 7.77 (d, J ¼ 7.0 Hz, 1H), 7.96 (d, J ¼ 1.8 Hz,

1H), 8.25 ppm (s, 1H); 13C NMR (126 MHz, DMSO-d6): d
�0.98, 17.57, 66.03, 74.42, 121.50, 124.37, 124.95, 125.53,

126.11, 126.45, 127.06, 127.56, 129.53, 129.86, 130.17,

138.80, 142.44, 154.55, 155.76 ppm ; HRMS: m/z calcd. for

C21H24N2O2SiCl: 399.1296 [MþH]þ, found 399.1289.

5-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]thiepino[4,5-d]imidazole (6b). Obtained from 3d as

a yellowish solid: Yield 49%; mp 113.80�C; IR (KBr): 3098,
2950, 1583, 1505, 1407, 1330, 1263, 1249, 1091, 1083, 1071,
1019, 859, 838, 810, 767, 638 cm�1; 1H NMR (600 MHz,
DMSO-d6): d 0.00 (s, 9H), 0.91 (m, 2H), 3.55 (td, J ¼ 9.6, 6.7
Hz, 1H), 3.69 (td, J ¼ 9.5, 6.8 Hz, 1H), 5.48 (d, J ¼ 11.3 Hz,

1H), 5.67 (d, J ¼ 11.3 Hz, 1H), 7.50 (dd, J ¼ 8.4, 2.4 Hz,
1H), 7.53 (m, 1H), 7.55 (m, 1H), 7.66 (d, J ¼ 8.4 Hz, 1H),
7.77 (m, 1H), 7.81 (d, J ¼ 2.4 Hz, 1H), 7.87 (m, 1H), 8.31
ppm (s, 1H); 13C NMR (151 MHz, DMSO-d6): d 0.00, 18.67,

67.16, 75.69, 128.73, 129.81, 129.88, 130.62, 130.99, 132.24,
133.21, 133.45, 134.96, 135.04, 135.08, 135.22, 140.88,
141.49, 142.55 ppm; HRMS: m/z calcd. for C21H24N2OSClSi:
415.1067 [MþH]þ, found 415.1053.

General procedure for C(2) formylation of the com-

pounds 4, 5, and 6 (preparation of compounds 7). To a so-
lution of 4 (0.44 g, 1.77 mmol) in dry tetrahydrofuran (8 mL)
1.6M solution of n-butyllithium in n-hexane (1.22 mL, 1.95
mmol) was added under stirring at �78�C. The reaction mix-
ture was stirred for 15 min at �78�C, then dry DMF (0.17

mL, 2.13 mmol) was added and reaction mixture was stirred at
room temperature for 1 h. Then it was diluted with water (50
mL) and extracted with dichloromethane (3 � 30 mL). The or-
ganic extract was washed with brine (50 mL), dried over anhy-
drous sodium sulfate, evaporated, and then purified on silica

gel SPE cartridge using step gradient system for elution n-hex-
ane/dichloromethane to give compound 7.

1-Methyl-1H-dibenzo[2,3:6,7]oxepino[4,5-d]imidazole-2-car-
baldehyde (7a). Obtained from 4a as a yellow solid: Yield

74%; mp 161.69�C; IR (ATR): 2921, 2849, 1681, 1511, 1445,
1209, 800, 768, 745 cm�1; 1H NMR (500 MHz, DMSO-d6): d
4.17 (s, 3H), 7.31–7.41 (m, 2H), 7.44–7.46 (m, 2H), 7.55–7.57
(m, 2H), 7.74–7.80 (m, 1H), 7.83 (d, J ¼ 7.63 Hz, 1H), 9.88
ppm (s, 1H); 13C NMR (126 MHz, DMSO-d6): d 34.48,

121.44, 121.73, 122.96, 126.13, 126.21, 126.75, 127.16,
128.33, 130.46, 131.64, 133.19, 139.34, 144.74, 156.88,
157.26, 182.69 ppm; HRMS: m/z calcd. for C17H13N2O2:
277.0977 [MþH]þ, found 277.0963.

1-Methyl-1H-dibenzo[2,3:6,7]thiepino[4,5-d]imidazole-2-car-
baldehyde (7b). Obtained from 4b as a yellow solid: Yield
52%; mp 215.10�C; IR (ATR): 2918, 2835, 1682, 1443, 825,
760 cm�1; 1H NMR (500 MHz, DMSO-d6): d 4.08 (s, 3H),
7.41–7.52 (m, 2H), 7.52–7.57 (m, 2H), 7.65 (dd, J ¼ 7.78,
1.37 Hz, 1H), 7.71–7.80 (m, 2H), 7.87 (dd, J ¼ 7.78, 1.68 Hz,

1H), 9.92 ppm (s, 1H); 13C NMR (126 MHz, DMSO-d6): d
34.46, 128.63, 129.39, 129.58, 129.72, 129.85, 130.80, 130.89,
132.78, 134.26, 134.30, 135.74, 136.40, 137.03, 142.85,
143.76, 182.99 ppm; HRMS: m/z calcd. for C17H13N2OS:
293.0749 [MþH]þ, found 293.0740.

1-(2-Phenylethyl)-1H-dibenzo[2,3:6,7]oxepino[4,5-d]imidaz-
ole-2-carbaldehyde (7c). Obtained from 4c as a yellowish solid:

Yield 70%; mp 157.69�C; IR (ATR): 3062, 3025, 2821, 1674,

1508, 1449, 1421, 1202, 770, 743 cm�1; 1H NMR (500 MHz,

DMSO-d6): d 3.03 (t, J ¼ 7.32 Hz, 2H), 4.90 (t, J ¼ 7.48 Hz, 2H),

7.07–7.11 (m, 2H), 7.15–7.24 (m, 3H), 7.33 (ddd, J ¼ 7.55, 6.03,

2.59 Hz, 1H), 7.38–7.49 (m, 3H), 7.49–7.57 (m, 2H), 7.75–7.82 (m,

2H), 9.82 ppm (s, 1H); 13C NMR (126 MHz, DMSO-d6): d 36.41,

47.23, 121.64, 123.02, 126.17, 126.31, 126.72, 127.06, 127.29,

127.72, 128.79, 128.88, 130.51, 131.65, 132.70, 137.41, 139.83,

144.54, 157.18, 157.57 ppm, 182.55; HRMS: m/z calcd. for

C24H19N2O2: 367.1447 [MþH]þ, found 367.1454.
1-(2-Phenylethyl)-1H-dibenzo[2,3:6,7]thiepino[4,5-d]imid-

azole-2-carbaldehyde (7d). Obtained from 4d as a yellowish
solid: Yield 52%; mp 193.04�C; IR (ATR): 1684, 1421, 827,
748, 696 cm�1; 1H NMR (500 MHz, DMSO-d6): d 2.80–2.95

(m, 2H), 4.74 (dt, J ¼ 14.04, 7.02 Hz, 1H), 5.04 (dt, J ¼
14.11, 7.13 Hz, 1H), 6.95–6.99 (m, 2H), 7.12–7.17 (m, 3H),
7.42 (td, J ¼ 7.55, 1.68 Hz, 1H), 7.46–7.57 (m, 3H), 7.62 (dd,
J ¼ 7.63, 1.22 Hz, 1H), 7.72–7.77 (m, 2H), 7.83 (dd, J ¼
7.48, 1.68 Hz, 1H), 9.81 ppm (s, 1H); 13C NMR (126 MHz,

DMSO-d6): d 36.48, 46.88, 126.91, 128.68, 128.72, 128.89,
129.29, 129.51, 129.71, 130.69, 131.12, 132.71, 132.77,
134.26, 134.90, 136.03, 136.38, 136.97, 137.30, 143.46,
182.82 ppm; HRMS: m/z calcd. for C24H19N2OS: 383.1218
[MþH]þ, found 383.1229.

1-({[2-(Trimethylsilyl)ethyl]oxy}methyl)-1H-dibenzo[2,3:6,7]oxe-
pino[4,5-d]imidazole-2-carbaldehyde (7e). Obtained from 4e as a
white solid: Yield 78%; mp 83.24�C; IR (ATR): 952, 1686,
1507, 1450, 1430, 1240, 1211, 1082, 856, 832, 801, 762, 691

cm�1; 1H NMR (500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.93–
0.98 (m, 2H), 3.73–3.79 (m, 2H), 5.93 (s, 2H), 7.36–7.46 (m,
2H), 7.49–7.57 (m, 2H), 7.57–7.65 (m, 2H), 7.87–7.96 (m,
1H), 7.96–8.04 (m, 1H), 9.97 ppm (s, 1H); 13C NMR (126
MHz, DMSO-d6): d �1.07, 17.71, 66.45, 73.60, 121.51,

121.71, 123.04, 126.26, 126.35, 126.51, 127.35, 128.47,
130.72, 132.01, 133.32, 139.67, 144.69, 157.02, 157.56,
182.76 ppm; HRMS: m/z calcd. for C22H25N2O3Si: 393.1634
[MþH]þ, found 393.1631.

1-({[2-(Trimethylsilyl)ethyl]oxy}methyl)-1H-dibenzo[2,3:6,7]-
thiepino[4,5-d]imidazole-2-carbaldehyde (7f). Obtained from
4f as a yellowish solid: Yield 74%; mp 82.94�C; IR (ATR):
2951, 1687, 1445, 1420, 1083, 831, 760 cm�1; 1H NMR (500
MHz, DMSO-d6): d 0.00 (s, 9H), 0.88 (t, J ¼ 8.24 Hz, 2H),
3.51 (td, J ¼ 9.08, 7.78 Hz, 1H), 3.66 (td, J ¼ 9.08, 8.09 Hz,

1H), 5.87–5.93 (m, 1H), 5.93–6.00 (m, 1H), 7.53–7.63 (m,
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2H), 7.63–7.66 (m, 2H), 7.75 (dd, J ¼ 7.78, 1.37 Hz, 1H),
7.86–7.95 (m, 2H), 7.97 (dd, J ¼ 7.63, 1.53 Hz, 1H), 10.04
ppm (s, 1H); 13C NMR (126 MHz, DMSO-d6): d �1.14,
17.58, 66.23, 73.80, 128.82, 129.61, 129.64, 129.97, 131.09,
131.11, 132.78, 134.31, 134.58, 136.05, 136.52, 136.70,

143.11, 143.79, 182.87 ppm; HRMS: m/z calcd. for
C22H25N2O2SiS: 409.1406 [MþH]þ, found 409.1398.

11-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]oxepino[4,5-d]imidazole-2-carbaldehyde (7g). Obtained
from 5a as a yellowish solid: Yield 78%; mp 94.58�C; IR

(ATR): 2952, 1684, 1449, 1215, 1073, 824, 772 cm�1; 1H
NMR (500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.94–0.99 (m,
2H), 3.74–3.80 (m, 2H), 5.90 (s, 2H), 7.37–7.42 (m, 1H),
7.49–7.54 (m, 2H), 7.61–7.68 (m, 2H), 7.87 (ddd, J ¼ 7.48,
1.22, 1.07 Hz, 1H), 8.08 (d, J ¼ 2.44 Hz, 1H), 9.96 ppm (s,

1H); 13C NMR (126 MHz, DMSO-d6): d �1.03, 17.76, 66.45,
73.50, 121.70, 123.34, 124.78, 126.22, 126.50, 127.44, 127.77,
130.49, 130.97, 131.49, 131.90, 140.12, 144.81, 156.01,
156.74, 182.96 ppm; HRMS: m/z calcd. for C22H24N2O3SiCl:

427.1245 [MþH]þ, found 427.1228.
11-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-

zo[2,3:6,7]thiepino[4,5-d]imidazole-2-carbaldehyde (7h). Obtained
from 5b as an amorphous yellowish solid: Yield 78%; IR
(ATR): 2951, 1690, 1248, 1081, 832, 762 cm�1; 1H NMR

(500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.89–0.93 (m, 2H),
3.55–3.64 (m, 1H), 3.64–3.72 (m, 1H), 5.75 (d, J ¼ 10.68 Hz,
1H), 5.99 (d, J ¼ 10.68 Hz, 1H), 7.52–7.61 (m, 2H), 7.66–
7.73 (m, 2H), 7.85 (d, J ¼ 8.54 Hz, 1H), 7.94 (dd, J ¼ 7.78,
1.37 Hz, 1H), 8.04 (d, J ¼ 2.44 Hz, 1H), 10.02 ppm (s, 1H);
13C NMR (126 MHz, DMSO-d6): d �1.09, 17.71, 66.21,
73.79, 128.93, 129.26, 129.84, 130.20, 130.74, 132.83, 132.88,
134.10, 134.45, 134.63, 135.05, 135.77, 136.53, 143.53,
143.88, 183.02 ppm; HRMS: m/z calcd. for C22H24N2O2SiSCl:
443.1016 [MþH]þ, found 443.1005.

5-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]oxepino[4,5-d]imidazole-2-carbaldehyde (7i). Obtained
from 6a as a yellowish solid: Yield 83%; mp 113.81�C; IR
(ATR): 2946, 1688, 1238, 1211, 1083, 825, 773 cm�1; 1H

NMR (500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.92–0.99 (m,
2H), 3.72–3.79 (m, 2H), 5.92 (s, 2H), 7.43–7.49 (m, 1H),
7.54–7.59 (m, 2H), 7.59–7.67 (m, 2H), 7.83 (dd, J ¼ 2.29,
0.76 Hz, 1H), 8.01–8.05 (m, 1H), 9.96 ppm (s, 1H); 13C NMR
(126 MHz, DMSO-d6): d –1.08, 17.71, 66.51, 73.70, 121.23,

123.07, 123.70, 126.51, 126.63, 128.32, 128.55, 130.29,
130.33, 132.26, 133.73, 138.24, 144.82, 155.53, 157.19,
182.77 ppm; HRMS: m/z calcd. for C22H24N2O3ClSi:
427.1245 [MþH]þ, found 427.1229.

5-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]thiepino[4,5-d]imidazole-2-carbaldehyde (7j). Obtained
from 6b as an amorphous yellowish solid: Yield 62%; IR
(ATR): 2950, 1688, 1434, 1247, 1084, 833, 767 cm�1; 1H
NMR (500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.85–0.91 (m,
2H), 3.52 (td, J ¼ 9.00, 7.63 Hz, 1H), 3.66 (td, J ¼ 9.16, 7.93

Hz, 1H), 5.88–5.93 (m, 1H), 5.93–5.99 (m, 1H), 7.61 (dd, J ¼
8.24, 2.44 Hz, 1H), 7.64–7.69 (m, 2H), 7.76 (d, J ¼ 8.54 Hz,
1H), 7.87–7.97 (m, 3H), 10.05 ppm (s, 1H); 13C NMR (126
MHz, DMSO-d6): d �1.14, 17.58, 66.29, 73.91, 128.09,

129.65, 129.87, 130.07, 130.94, 131.34, 133.31, 134.36,
134.40, 134.44, 135.38, 136.93, 138.44, 141.74, 143.94,
182.88 ppm; HRMS: m/z calcd. for C22H24N2O2SiSCl:
443.1016 [MþH]þ, found 443.1002.

General procedure for reduction of aldehydes 7 (prepa-

ration of compounds 8). To a solution of 7 (0.34 g, 1.23
mmol) in mixture of methanol (15 mL) and dichloromethane

(45 mL) sodium borohydride (0.074 g, 1.97 mmol) was added
portionwise. The reaction mixture was stirred for 2 h at room
temperature, pH adjusted to 5–6, concentrated, diluted with
water (50 mL), and extracted with dichloromethane (3 � 30
mL). The organic extract was washed with saturated sodium

hydrogencarbonate (50 mL), dried over anhydrous sodium sul-
fate and evaporated to give compound 8.

(1-Methyl-1H-dibenzo[2,3:6,7]oxepino[4,5-d]imidazol-2-yl)me-
thanol (8a). Obtained from 7a as a white solid: Yield 97%;
mp 237.31�C; IR (ATR): 3184, 2923, 1515, 1196, 1024, 742

cm�1; 1H NMR (500 MHz, DMSO-d6): d 3.88 (s, 3H), 4.67
(d, J ¼ 5.80 Hz, 2H), 5.52 (t, J ¼ 5.65 Hz, 1H), 7.22–7.27
(m, 1H), 7.29–7.38 (m, 3H), 7.42 (td, J ¼ 7.63, 1.53 Hz,
1H), 7.45–7.49 (m, 1H), 7.62 (dd, J ¼ 7.78, 1.68 Hz, 1H),
7.72 ppm (dd, J ¼ 8.09, 1.68 Hz, 1H); 13C NMR (126

MHz, DMSO-d6): d 32.81, 56.46, 121.46, 122.65, 123.41,
125.76, 125.88, 126.59, 126.72, 127.95, 128.09, 129.10,
129.61, 135.65, 150.62, 155.84, 156.01 ppm; HRMS: m/z
calcd. for C17H14N2O2Na: 301.0953 [MþNa]þ, found

301.0957.
(1-Methyl-1H-dibenzo[2,3:6,7]thiepino[4,5-d]imidazol-2-yl)me-

thanol (8b). Obtained from 7b as a white solid: Yield 77%;
mp 182.69�C; IR (ATR): 3179, 2957, 2919, 1451, 1375, 1031,
1018, 759, 741, 719 cm�1; 1H NMR (500 MHz, DMSO-d6): d
3.81 (s, 3H), 4.66–4.74 (m, 2H), 5.55 (t, J ¼ 5.65 Hz, 1H),
7.31–7.38 (m, 1H), 7.38–7.51 (m, 3H), 7.54–7.60 (m, 2H),
7.70 (dd, J ¼ 7.78, 1.07 Hz, 1H), 7.78 ppm (dd, J ¼ 7.63,
1.53 Hz, 1H); 13C NMR (126 MHz, DMSO-d6): d 32.73,
56.57, 128.10, 128.45, 128.70, 129.12, 129.17, 129.26, 131.67,

132.51, 132.71, 133.22, 133.90, 134.08, 138.25, 139.56,
149.69 ppm; HRMS: m/z calcd. for C17H14N2OSNa: 317.0725
[MþNa]þ, found 317.0716.

[1-(2-Phenylethyl)-1H-dibenzo[2,3:6,7]oxepino[4,5-d]imi-
dazol-2-yl]methanol (8c). Obtained from 7c as a white solid:

Yield 98%; mp 169.09�C; IR (ATR): 3119, 3059, 3030, 1513,
1451, 1207, 1029, 763, 738, 696 cm�1; 1H NMR (500 MHz,
DMSO-d6): d 2.94 (t, J ¼ 7.48 Hz, 2H), 4.49 (d, J ¼ 5.49 Hz,
2H), 4.60 (t, J ¼ 7.63 Hz, 2H), 5.57–5.60 (m, 1H), 7.08–7.11
(m, 2H), 7.17–7.27 (m, 4H), 7.32–7.39 (m, 3H), 7.41–7.50 (m,

2H), 7.68–7.76 ppm (m, 2H); 13C NMR (126 MHz, DMSO-
d6): d 36.26, 46.43, 56.56, 121.39, 122.72, 123.69, 125.75,
126.01, 126.07, 126.78, 126.98, 128.07, 128.81, 128.95,
129.23, 129.72, 136.50, 138.12, 150.84, 156.00, 156.35 ppm;

HRMS: m/z calcd. for C24H20N2O2Na: 391.1422 [MþNa]þ,
found 391.1423.

[1-(2-Phenylethyl)-1H-dibenzo[2,3:6,7]thiepino[4,5-d]imi-
dazol-2-yl]methanol (8d). Obtained from 7d as a white solid:
Yield 97%; mp 188.04�C; IR (ATR): 3162, 1454, 1418, 1036,

754, 715, 692 cm�1; 1H NMR (500 MHz, DMSO-d6): d 2.68–
2.83 (m, 2H), 4.29 (d, J ¼ 13.12 Hz, 1H), 4.42–4.54 (m, 2H),
4.62–4.71 (m, 1H), 5.59 (br. s., 1H), 6.97–7.03 (m, 2H), 7.13–
7.23 (m, 3H), 7.32–7.53 (m, 4H), 7.58 (dd, J ¼ 7.78, 1.37 Hz,
1H), 7.66–7.78 ppm (m, J ¼ 16.25, 16.25, 7.63, 1.37 Hz, 3H);
13C NMR (126 MHz, DMSO-d6): d 36.24, 46.31, 56.46,
126.89, 127.80, 128.21, 128.75, 128.97, 129.12, 129.30,
129.37, 130.79, 132.50, 133.03, 133.91, 134.62, 138.08,
138.21, 140.51, 149.91 ppm; HRMS: m/z calcd. for
C24H21N2OS: 385.1375 [MþH]þ, found 385.1375.
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[1-({[2-(Trimethylsilyl)ethyl]oxy}methyl)-1H-dibenzo[2,3:6,7]ox-
epino[4,5-d]imidazol-2-yl]methanol (8e). Obtained from 7e as a
white solid: Yield 99%; mp 147.68�C; IR (ATR): 3189, 2951,

2893, 1450, 1210, 1080, 835, 765, 743 cm�1; 1H NMR (500
MHz, DMSO-d6): d 0.00 (s, 9H), 0.92–0.98 (m, 2H), 3.67–
3.73 (m, 2H), 4.76 (d, J ¼ 5.80 Hz, 2H), 5.63 (s, 2H), 5.69 (t,
J ¼ 5.80 Hz, 1H), 7.28–7.37 (m, 2H), 7.38–7.44 (m, 2H),
7.45–7.54 (m, 2H), 7.75–7.81 (m, 1H), 7.84 ppm (dd, J ¼
7.93, 1.53 Hz, 1H); 13C NMR (126 MHz, DMSO-d6): d
�1.06, 17.68, 56.48, 65.96, 73.15, 121.47, 122.65, 123.30,
125.80, 125.98, 126.82, 127.10, 127.78, 128.06, 129.45,
130.00, 136.08, 151.14, 156.21 ppm; HRMS: m/z calcd. for
C22H26N2O3SiNa: 417.1610 [MþNa]þ, found 417.1591.

[1-({[2-(Trimethylsilyl)ethyl]oxy}methyl)-1H-dibenzo[2,3:6,7]-
thiepino[4,5-d]imidazol-2-yl]methanol (8f). Obtained from 7f

as a white amorphous solid: Yield 98%; IR (ATR): 3195,
3051, 2952, 1487, 1249, 1082, 1033, 858, 835, 760, 740 cm�1;
1H NMR (500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.84–0.91 (m,

2H), 3.40–3.47 (m, 1H), 3.59–3.66 (m, 1H), 4.78–4.86 (m,
2H), 5.58–5.65 (m, 1H), 5.65–5.72 (m, 1H), 5.75 (t, J ¼ 5.65
Hz, 1H), 7.43–7.48 (m, 1H), 7.50–7.60 (m, 3H), 7.67 (dd, J ¼
7.63, 1.22 Hz, 1H), 7.74 (dd, J ¼ 7.48, 1.68 Hz, 1H), 7.80

(dd, J ¼ 7.63, 1.53 Hz, 1H), 7.88 ppm (dd, J ¼ 7.63, 1.53 Hz,
1H); 13C NMR (126 MHz, DMSO-d6): d �1.12, 17.58, 56.58,
65.75, 73.13, 128.32, 128.75, 129.01, 129.20, 129.32, 129.60,
131.90, 132.54, 132.69, 133.58, 133.90, 134.58, 137.86,
139.89, 150.40 ppm; HRMS: m/z calcd. for C22H27N2O2SSi:

411.1563 [MþH]þ, found 411.1548.
[11-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-

zo[2,3:6,7]oxepino[4,5-d]imidazol-2-yl]methanol (8g). Obtained
from 7g as a white amorphous solid: Yield 100%; IR (ATR):
3179, 2951, 1491, 1446, 1248, 1211, 1076, 1031, 828, 773,

741 cm�1; 1H NMR (500 MHz, DMSO-d6): d 0.00 (s, 9H),
0.93–1.02 (m, 2H), 3.69–3.77 (m, 2H), 4.73 (d, J ¼ 5.80 Hz,
2H), 5.58 (s, 2H), 5.69 (t, J ¼ 5.65 Hz, 1H), 7.26–7.34 (m,
1H), 7.37–7.44 (m, 2H), 7.47–7.55 (m, 2H), 7.72–7.78 (m,
1H), 7.91 ppm (d, J ¼ 2.44 Hz, 1H); 13C NMR (126 MHz,

DMSO-d6): d �1.02, 17.80, 56.36, 65.93, 73.08, 121.47,
124.35, 125.08, 126.08, 126.42, 126.81, 126.94, 127.43,
129.51, 129.79, 130.19, 136.90, 151.50, 154.65, 155.95 ppm;
HRMS: m/z calcd. for C22H26ClN2O3Si: 429.1401 [MþH]þ,
found 429.1398.

[11-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]thiepino[4,5-d]imidazol-2-yl]methanol (8h). Obtained
from 7h as a white amorphous solid: Yield 99%; IR (ATR):
3191, 3070, 2952, 2923, 2889, 1581, 1480, 1366, 1249, 1078,

1030, 858, 835, 769, 736 cm�1; 1H NMR (500 MHz, DMSO-
d6): d 0.00 (s, 9H), 0.90–0.97 (m, 2H), 3.53 (td, J ¼ 9.00,
7.93 Hz, 1H), 3.60–3.72 (m, 1H), 4.77 (d, J ¼ 5.80 Hz, 2H),
5.44 (d, J ¼ 10.99 Hz, 1H), 5.66 (d, J ¼ 10.99 Hz, 1H), 5.72
(t, J ¼ 5.65 Hz, 1H), 7.41–7.52 (m, 2H), 7.55 (dd, J ¼ 8.39,

2.29 Hz, 1H), 7.63 (dd, J ¼ 7.63, 1.22 Hz, 1H), 7.75 (d, J ¼
8.24 Hz, 1H), 7.81–7.87 ppm (m, 2H); 13C NMR (126 MHz,
DMSO-d6): d �1.07, 17.79, 56.42, 65.72, 73.11, 127.97,
128.46, 129.28, 129.32, 129.42, 130.50, 132.58, 133.09,
134.19, 134.43, 135.37, 137.65, 140.63, 150.67 ppm; HRMS:

m/z calcd. for C22H26ClN2O2SSi: 445.1173 [MþH]þ, found
445.1157.

[5-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]oxepino[4,5-d]imidazol-2-yl]methanol (8i). Obtained
from 7i as a white amorphous solid: Yield 93%; IR (ATR):

3203, 3066, 2953, 2895, 1496, 1446, 1249, 1216, 10991, 1081,
856, 835, 771, 742 cm�1; 1H NMR (500 MHz, DMSO-d6): d
0.00 (s, 9H), 0.91–0.98 (m, 2H), 3.67–3.73 (m, 2H), 4.76 (d, J
¼ 5.80 Hz, 2H), 5.64 (s, 2H), 5.72 (t, J ¼ 5.80 Hz, 1H), 7.35–
7.41 (m, 1H), 7.44–7.56 (m, 4H), 7.71 (dd, J ¼ 1.98, 0.76 Hz,

1H), 7.86 ppm (dd, J ¼ 7.78, 1.37 Hz, 1H); 13C NMR (126
MHz, DMSO-d6): d �1.07, 17.67, 56.45, 66.03, 73.24, 122.69,
122.94, 123.42, 125.93, 126.30, 127.23, 128.76, 129.00,
129.59, 129.91, 130.34, 134.79, 151.49, 154.69, 155.87 ppm;
HRMS: m/z calcd. for C22H26ClN2O3Si: 429.1401 [MþH]þ,
found 429.1395.

[5-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]thiepino[4,5-d]imidazol-2-yl]methanol (8j). Obtained
from 7j as a white amorphous solid: Yield 99%; IR (ATR):
3184, 3059, 2951, 1582, 1483, 1247, 1080, 1036, 834, 766,

749 cm�1; 1H NMR (500 MHz, DMSO-d6): d 0.00 (s, 9H),
0.82–0.93 (m, 2H), 3.43–3.54 (m, 1H), 3.54–3.66 (m, 1H),
4.82 (dd, J ¼ 5.65, 2.29 Hz, 2H), 5.59–5.66 (m, 1H), 5.66–
5.74 (m, 1H), 5.77 (t, J ¼ 5.65 Hz, 1H), 7.52 (dd, J ¼ 8.24,

2.44 Hz, 1H), 7.54–7.62 (m, 2H), 7.69 (d, J ¼ 8.24 Hz, 1H),
7.75–7.82 (m, 2H), 7.83 ppm (d, J ¼ 2.44 Hz, 1H); 13C NMR
(126 MHz, DMSO-d6): d �1.13, 17.57, 56.53, 65.82, 73.23,
127.52, 128.68, 128.87, 129.61, 129.94, 132.26, 132.46,
132.58, 133.90, 133.95, 134.03, 134.17, 138.65, 139.60,

150.75 ppm; HRMS: m/z calcd. for C22H26ClN2O2SSi:
445.1173 [MþH]þ, found 445.1164.

General procedure for preparation of compounds 9. To a
40% aq sodium hydroxide (1.66 mL) solution of 8 (60 mg,
0.216 mmol) in toluene (2.8 mL), appropriate x-chloroalkyl-
dimethylamine (0.862 mmol), and a catalytic amount of ben-
zyltriethylammonium chloride were added. Reaction mixture
was heated at reflux until TLC indicated the reaction was com-
plete, and then cooled to room temperature, diluted with water
(30 mL), and extracted with ethyl acetate (3 � 15 mL). The

organic extract was washed with brine (30 mL), dried over an-
hydrous sodium sulfate, and evaporated. After purification on
silica gel SPE cartridge using step gradient system for elution
n-hexane/(ethyl acetate/n-hexane/diethylamine 10:10:1.5) com-

pound 9 was isolated.
Dimethyl(2-{[(1-methyl-1H-dibenzo[2,3:6,7]oxepino[4,5-d]imi-

dazol-2-yl)methyl]oxy}ethyl)amine (9a). Obtained from 8a as a
yellowish amorphous solid: Yield 59%; IR (ATR): 3059, 2939,
2859, 2820, 2770, 1516, 1496, 1456, 1444, 1207, 1106, 1090,

1029, 762, 742 cm�1; 1H NMR (500 MHz, DMSO-d6): d 2.15
(s, 6H), 2.45 (t, J ¼ 5.95 Hz, 2H), 3.61 (t, J ¼ 5.95 Hz, 2H),
3.87 (s, 3H), 4.69 (s, 2H), 7.22–7.28 (m, 1H), 7.30–7.39 (m,
3H), 7.41–7.50 (m, 2H), 7.63 (dd, J ¼ 7.78, 1.68 Hz, 1H),
7.70–7.75 ppm (m, 1H); 13C NMR (126 MHz, DMSO-d6): d
32.77, 45.86, 58.61, 64.80, 68.31, 121.48, 122.67, 123.22,
125.81, 125.91, 126.67, 126.86, 127.89, 128.30, 129.26,
129.80, 135.88, 147.59, 155.92, 156.06 ppm; HRMS: m/z
calcd. for C21H24N3O2: 350.1869 [MþH]þ, found 350.1854.

Dimethyl(3-{[(1-methyl-1H-dibenzo[2,3:6,7]oxepino[4,5-d]imi-
dazol-2-yl)methyl]oxy}propyl)amine (9b). Obtained from 8a as a
yellowish amorphous solid: Yield 80%; IR (ATR): 3062, 2944,
2859, 2817, 2768, 1517, 1497, 1458, 1444, 1207, 1089, 798,
763, 743 cm�1; 1H NMR (500 MHz, DMSO-d6): d 1.68 (quin, J
¼ 6.79 Hz, 2H), 2.10 (s, 6H), 2.26 (t, J ¼ 7.17 Hz, 2H), 3.55 (t,
J ¼ 6.41 Hz, 2H), 3.87 (s, 3H), 4.66 (s, 2H), 7.22–7.28 (m, 1H),
7.30–7.50 (m, 5H), 7.64 (dd, J ¼ 7.93, 1.53 Hz, 1H), 7.68–7.75
ppm (m, 1H); 13C NMR (126 MHz, DMSO-d6): d 27.65, 32.75,
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45.54, 56.30, 64.85, 68.58, 121.48, 122.66, 123.22, 125.80,
125.91, 126.67, 126.88, 127.88, 128.30, 129.26, 129.80, 135.87,
147.64, 155.93, 156.06 ppm; HRMS: m/z calcd. for
C22H26N3O2: 364.2025 [MþH]þ, found 364.2014.

Dimethyl(2-{[(1-methyl-1H-dibenzo[2,3:6,7]thiepino[4,5-d]imi-
dazol-2-yl)methyl]oxy}ethyl)amine (9c). Obtained from 8b as a
yellowish amorphous solid: Yield 62%; IR (ATR): 3051, 2940,
2859, 2819, 2770, 1487, 1452, 1103, 1031, 759, 741 cm�1; 1H
NMR (500 MHz, DMSO-d6): d 2.16 (s, 6H), 2.46 (t, J ¼ 5.80
Hz, 2H), 3.58–3.69 (m, 2H), 3.79 (d, J ¼ 0.92 Hz, 3H), 4.68–

4.75 (m, 2H), 7.32–7.52 (m, 4H), 7.55–7.61 (m, 2H), 7.69–7.74
(m, 1H), 7.74–7.81 ppm (m, 1H); 13C NMR (126 MHz, DMSO-
d6): d 32.69, 45.88, 58.65, 64.96, 68.40, 128.19, 128.57, 128.79,
129.15, 129.20, 129.39, 131.96, 132.52, 132.55, 133.34, 133.93,
134.22, 138.10, 139.79, 146.71 ppm; HRMS: m/z calcd. for

C21H24N3OS: 366.1640 [MþH]þ, found 366.1628.
Dimethyl(3-{[(1-methyl-1H-dibenzo[2,3:6,7]thiepino[4,5-d]imi-

dazol-2-yl)methyl]oxy}propyl)amine (9d). Obtained from 8b as a
yellowish amorphous solid: Yield 80%; IR (ATR): 3051, 2943,

2857, 2816, 2766, 1487, 1453, 1092, 1030, 759, 741 cm�1; 1H
NMR (500 MHz, DMSO-d6): d 1.70 (quin, J ¼ 6.82 Hz, 2H),
2.11 (s, 6 H), 2.27 (t, J ¼ 7.32 Hz, 2H), 3.53–3.62 (m, 2H), 3.79
(s, 3H), 4.65–4.72 (m, 2H), 7.32–7.52 (m, 4H), 7.59 (ddd, J ¼
10.83, 7.63, 1.37 Hz, 2H), 7.71 (dd, J ¼ 7.63, 1.53 Hz, 1H), 7.78

ppm (dd, J ¼ 7.63, 1.53 Hz, 1H); 13C NMR (126 MHz, DMSO-
d6): d 27.68, 32.69, 45.57, 56.32, 65.01, 68.70, 128.18, 128.59,
128.80, 129.14, 129.19, 129.39, 131.96, 132.52, 132.55, 133.33,
133.92, 134.20, 138.09, 139.76, 146.76 ppm; HRMS: m/z calcd.
for C22H25N3OSNa: 402.1616 [MþNa]þ, found 402.1610.

Dimethyl[2-({[1-(2-phenylethyl)-1H-dibenzo[2,3:6,7]oxepino[4,5-
d]imidazol-2-yl]methyl}oxy)ethyl]amine (9e). Obtained from 8c

as a yellowish amorphous solid: Yield 72%; IR (ATR): 3062,
3025, 2939, 2860, 2819, 2769, 1513, 1495, 1450, 1207, 1095,
1037, 760, 743, 699 cm�1; 1H NMR (500 MHz, DMSO-d6): d
2.15 (s, 6H), 2.45 (t, J ¼ 5.80 Hz, 2H), 2.94 (t, J ¼ 7.63 Hz,
2H), 3.59 (t, J ¼ 5.80 Hz, 2H), 4.53 (s, 2H), 4.57 (t, J ¼ 7.48
Hz, 2H), 7.08–7.13 (m, 2H), 7.17–7.28 (m, 4H), 7.32–7.40 (m,
3H), 7.42–7.50 (m, 2H), 7.69–7.77 ppm (m, 2H); 13C NMR

(126 MHz, DMSO-d6): d 36.20, 45.87, 46.44, 58.67, 64.82,
68.27, 121.40, 122.75, 123.49, 125.79, 126.09, 126.16, 126.86,
127.01, 127.34, 127.87, 128.84, 128.94, 129.38, 129.91,
136.73, 138.02, 147.68, 156.11, 156.41 ppm; HRMS: m/z
calcd. for C28H30N3O2: 440.2338 [MþH]þ, found 440.2325.

Dimethyl[3-({[1-(2-phenylethyl)-1H-dibenzo[2,3:6,7]oxepino[4,5-
d]imidazol-2-yl]methyl}oxy)propyl]amine (9f). Obtained from 8c

as a yellowish amorphous solid: Yield 52%; IR (ATR): 3059,
3025, 2942, 2859, 2816, 2766, 1513, 1495, 1450, 1207, 1092,
761, 743, 699 cm�1; 1H NMR (500 MHz, DMSO-d6): d 1.68

(quin, J ¼ 6.72 Hz, 2H), 2.07 (s, 6H), 2.25 (t, J ¼ 7.17 Hz,
2H), 2.94 (t, J ¼ 7.63 Hz, 2H), 3.53 (t, J ¼ 6.41 Hz, 2H),
4.50 (s, 2H), 4.57 (t, J ¼ 7.48 Hz, 2H), 7.08–7.12 (m, 2H),
7.18–7.28 (m, 4H), 7.32–7.40 (m, 3H), 7.42–7.50 (m, 2H),
7.69–7.76 ppm (m, 2H); 13C NMR (126 MHz, DMSO-d6): d
27.69, 36.23, 45.51, 46.43, 56.34, 64.90, 68.69, 121.40,
122.75, 123.48, 125.78, 126.08, 126.17, 126.86, 127.04,
127.36, 127.86, 128.85, 128.91, 129.38, 129.91, 136.70,
137.98, 147.70, 156.12, 156.41 ppm; HRMS: m/z calcd. for

C29H32N3O2: 454.2495 [MþH]þ, found 454.2498.
Dimethyl[2-({[1-(2-phenylethyl)-1H-dibenzo[2,3:6,7]thiepino[4,5-

d]imidazol-2-yl]methyl}oxy)ethyl]amine (9g). Obtained from 8d

as a yellowish amorphous solid: Yield 44%; IR (ATR): 3055,

2939, 2859, 2818, 2768, 1485, 1454, 1422, 1109, 1057, 1032,
758, 741, 698 cm�1; 1H NMR (500 MHz, DMSO-d6): d 2.15 (s,
6H), 2.45 (t, J ¼ 5.80 Hz, 2H), 2.68–2.83 (m, 2H), 3.53–3.64
(m, 2H), 4.34 (d, J ¼ 12.51 Hz, 1H), 4.37–4.46 (m, 1H), 4.54 (d,
J ¼ 12.21 Hz, 1H), 4.66 (ddd, J ¼ 14.19, 8.24, 5.34 Hz, 1H),

6.98–7.03 (m, 2H), 7.14–7.23 (m, 3H), 7.33–7.53 (m, 4H), 7.59
(dd, J ¼ 7.78, 1.37 Hz, 1H), 7.67–7.78 ppm (m, 3H); 13C NMR
(126 MHz, DMSO-d6): d 36.17, 45.88, 46.33, 58.68, 64.84,
68.30, 126.92, 127.93, 128.30, 128.77, 128.84, 128.96, 129.15,
129.39, 129.42, 131.10, 132.51, 132.86, 133.93, 134.03, 134.80,

138.00, 138.05, 140.73, 146.74 ppm; HRMS: m/z calcd. for
C28H30N3OS: 456.2110 [MþH]þ, found 456.2095.

Dimethyl[3-({[1-(2-phenylethyl)-1H-dibenzo[2,3:6,7]thie-
pino[4,5-d]imidazol-2-yl]methyl}oxy)propyl]amine (9h). Obtained
from 8d as a yellowish amorphous solid: Yield 65%; IR (ATR):

3055, 3025, 2941, 2857, 2815, 2765, 1485, 1455, 1432, 1089,
1078, 758, 741, 698 cm�1; 1H NMR (500 MHz, DMSO-d6): d 1.68
(quin, J ¼ 6.79 Hz, 2H), 2.09 (s, 6H), 2.21–2.32 (m, 2H), 2.68–
2.84 (m, 2H), 3.46–3.59 (m, 2H), 4.29 (d, J ¼ 12.51 Hz, 1H), 4.39

(ddd, J ¼ 14.88, 7.78, 7.55 Hz, 1H), 4.53 (d, J ¼ 12.21 Hz, 1H),
4.62–4.71 (m, 1H), 6.98–7.02 (m, 2H), 7.14–7.22 (m, 3H), 7.33–
7.38 (m, 1H), 7.40–7.47 (m, 2H), 7.50 (td, J ¼ 7.55, 1.37 Hz, 1H),
7.59 (dd, J ¼ 7.63, 1.22 Hz, 1H), 7.67–7.77 ppm (m, 3H); 13C
NMR (126 MHz, DMSO-d6): d 27.67, 36.21, 45.52, 46.33, 56.34,

64.92, 68.74, 126.94, 127.94, 128.30, 128.79, 128.85, 128.93,
129.14, 129.37, 129.42, 131.12, 132.51, 132.84, 133.93, 134.03,
134.79, 137.96, 138.02, 140.69, 146.78 ppm; HRMS: m/z calcd. for
C29H32N3OS: 470.2266 [MþH]þ, found 470.2253.

Dimethyl[2-({[1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]oxepino[4,5-d]imidazol-2-yl]methyl}oxy)ethyl]amine
(9i). Obtained from 8e as a yellowish amorphous solid: Yield
74%; IR (ATR): 2949, 2893, 2851, 2819, 2769, 1450, 1248,
1210, 1077, 856, 834, 763, 743 cm�1; 1H NMR (500 MHz,
DMSO-d6): d �0.01 (br. s., 9H), 0.94 (t, J ¼ 7.93 Hz, 2H),

2.20 (s, 6H), 2.49 (t, J ¼ 5.95 Hz, 2H), 3.63–3.73 (m, 4H),
4.77 (s, 2H), 5.59 (s, 2H), 7.27–7.38 (m, 2H), 7.38–7.45 (m,
2H), 7.45–7.55 (m, 2H), 7.73–7.80 (m, 1H), 7.81–7.88 ppm
(m, 1H); 13C NMR (126 MHz, DMSO-d6): d �1.04, 17.74,

45.90, 58.62, 64.74, 65.99, 68.42, 73.32, 121.48, 122.68,
122.71, 123.15, 125.85, 126.02, 126.90, 127.20, 127.62,
128.37, 129.59, 130.17, 136.32, 147.98, 156.27 ppm; HRMS:
m/z calcd. for C26H36N3O3Si: 466.2526 [MþH]þ, found
466.2529.

Dimethyl[3-({[1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]oxepino[4,5-d]imidazol-2-yl]methyl}oxy)propyl]amine
(9j). Obtained from 8e as a yellowish amorphous solid: Yield
83%; IR (ATR): 2949, 2855, 2815, 2765, 1450, 1210, 1075,
857, 833, 764, 743 cm�1; 1H NMR (500 MHz, DMSO-d6): d
0.00 (s, 9H), 0.91–0.99 (m, 2H), 1.72 (quin, J ¼ 6.82 Hz, 2H),
2.14 (s, 6H), 2.29 (t, J ¼ 7.17 Hz, 2H), 3.60 (t, J ¼ 6.41 Hz,
2H), 3.66–3.73 (m, 2H), 4.73 (s, 2H), 5.58 (s, 2H), 7.27–7.38
(m, 2H), 7.38–7.44 (m, 2H), 7.45–7.54 (m, 2H), 7.74–7.79 (m,
1H), 7.84 ppm (dd, J ¼ 7.93, 1.22 Hz, 1H); 13C NMR (126

MHz, DMSO-d6): d �1.07, 17.74, 27.66, 45.55, 56.31, 64.84,
66.02, 68.80, 73.30, 121.48, 122.68, 123.15, 125.83, 126.01,
126.90, 127.19, 127.62, 128.39, 129.58, 130.17, 136.29,
148.01, 156.27 ppm; HRMS: m/z calcd. for C27H38N3O3Si:

480.2682 [MþH]þ, found 480.2692.
Dimethyl[2-({[1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-

zo[2,3:6,7]thiepino[4,5-d]imidazol-2-yl]methyl}oxy)ethyl]amine
(9k). Obtained from 8f as a yellowish amorphous solid: Yield
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61%; IR (ATR): 2949, 2897, 2863, 2818, 2768, 1485, 1461,
1365, 1248, 1077, 1037, 833, 759 cm�1; 1H NMR (500 MHz,
DMSO-d6): d 0.00 (s, 9H), 0.84–0.91 (m, 2H), 2.25 (s, 6H),
2.55 (t, J ¼ 5.95 Hz, 2H), 3.38–3.48 (m, 1H), 3.58–3.66 (m,
1H), 3.69–3.78 (m, 2H), 4.78–4.87 (m, 2H), 5.55 (d, J ¼
10.99 Hz, 1H), 5.67 (d, J ¼ 10.99 Hz, 1H), 7.42–7.48 (m,
1H), 7.49–7.59 (m, 3H), 7.67 (d, J ¼ 7.63 Hz, 1H), 7.73–7.82
(m, 2H), 7.87 ppm (dd, J ¼ 7.78, 1.37 Hz, 1H); 13C NMR
(126 MHz, DMSO-d6): d �1.12, 17.63, 45.91, 58.64, 64.88,
65.77, 68.55, 73.31, 128.39, 128.83, 129.09, 129.22, 129.34,

129.71, 132.14, 132.54, 132.56, 133.71, 133.93, 134.67,
137.72, 140.13, 147.25 ppm; HRMS: m/z calcd. for
C26H36N3O2SSi: 482.2298 [MþH]þ, found 482.2314.

Dimethyl[3-({[1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]thiepino[4,5-d]imidazol-2-yl]methyl}oxy)propyl]amine
(9l). Obtained from 8f as a yellowish amorphous solid: Yield
82%; IR (ATR): 2949, 2859, 2815, 2764, 1485, 1461, 1248,
1076, 833, 759, 694 cm�1; 1H NMR (500 MHz, DMSO-d6): d
0.00 (s, 9H), 1.78 (quin, J ¼ 6.79 Hz, 2H), 2.19 (s, 6H), 2.31–

2.40 (m, 2H), 3.37–3.49 (m, 1H), 3.58–3.71 (m, 3H), 4.74–
4.84 (m, 2H), 5.53 (d, J ¼ 11.29 Hz, 1H), 5.66 (d, J ¼ 11.29
Hz, 1H), 7.42–7.49 (m, 1H), 7.49–7.60 (m, 3H), 7.67 (dd, J ¼
7.63, 1.22 Hz, 1H), 7.78 (ddd, J ¼ 18.16, 7.48, 1.53 Hz, 2H),
7.87 ppm (dd, J ¼ 7.78, 1.37 Hz, 1H); 13C NMR (126 MHz,

DMSO-d6): d �1.14, 17.64, 27.68, 45.57, 56.32, 64.96, 65.80,
68.92, 73.31, 128.40, 128.84, 129.09, 129.22, 129.33, 129.72,
132.15, 132.54, 132.56, 133.70, 133.93, 134.66, 137.70,
140.09, 147.30 ppm; HRMS: m/z calcd. for C27H38N3O2SSi:
482.2298 [MþH]þ, found 482.2314.

[2-({[11-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]oxepino[4,5-d]imidazol-2-yl]methyl}oxy)ethyl]dime-
thylamine (9m). Obtained from 8g as a yellowish amorphous
solid: Yield 72%; IR (ATR): 2949, 2893, 2859, 2819, 2769,
1491, 1446, 1248, 1211, 1075, 830, 773, 742 cm�1; 1H NMR

(500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.94–1.00 (m, 2H),
2.19 (s, 6H), 2.48 (t, J ¼ 5.80 Hz, 2H), 3.65 (t, J ¼ 5.80 Hz,
2H), 3.68–3.76 (m, 2H), 4.75 (s, 2H), 5.55 (s, 2H), 7.27–7.34
(m, 1H), 7.41 (d, J ¼ 3.66 Hz, 2H), 7.49–7.55 (m, 2H), 7.75

(dd, J ¼ 7.02, 0.61 Hz, 1H), 7.92 ppm (d, J ¼ 2.14 Hz, 1H);
13C NMR (126 MHz, DMSO-d6): d �1.02, 17.87, 45.83,
58.55, 64.58, 65.93, 68.35, 73.24, 121.48, 124.38, 124.93,
126.11, 126.52, 127.01, 127.14, 127.27, 129.68, 129.91,
130.20, 137.12, 148.37, 154.71, 156.01 ppm; HRMS: m/z
calcd. for C26H35ClN3O3Si: 500.2136 [MþH]þ, found
500.2136.

[3-({[11-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-
dibenzo[2,3:6,7]oxepino[4,5-d]imidazol-2-yl]methyl}oxy)propyl]di-
methylamine (9n). Obtained from 8g as a yellowish amorphous

solid: Yield 85%; IR (ATR): 2950, 2860, 2816, 2765, 1492,

1446, 1249, 1212, 1074, 857, 831, 772, 742 cm�1; 1H NMR

(500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.94–1.00 (m, 2H),

1.70 (quin, J ¼ 6.79 Hz, 2H), 2.12 (s, 6H), 2.27 (t, J ¼ 7.17

Hz, 2H), 3.57 (t, J ¼ 6.41 Hz, 2H), 3.68–3.75 (m, 2H), 4.71

(s, 2H), 5.53 (s, 2H), 7.28–7.33 (m, 1H), 7.41 (d, J ¼ 3.66 Hz,

2H), 7.49–7.55 (m, 2H), 7.74–7.77 (m, 1H), 7.92 ppm (d, J ¼
2.14 Hz, 1H); 13C NMR (126 MHz, DMSO-d6): d �1.04,

17.86, 27.62, 45.52, 56.28, 64.69, 65.96, 68.81, 73.23, 121.49,

124.38, 124.92, 126.11, 126.50, 127.02, 127.15, 127.25,

129.68, 129.91, 130.20, 137.08, 148.43, 154.71, 156.01 ppm;

HRMS: m/z calcd. for C27H37ClN3O3Si: 514.2293 [MþH]þ,
found 514.2288.

[2-({[11-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-
dibenzo[2,3:6,7]thiepino[4,5-d]imidazol-2-yl]methyl}oxy)ethyl]di-
methylamine (9o). Obtained from 8h as a yellowish amorphous

solid: Yield 62%; IR (ATR): 2949, 2893, 2863, 2863, 2768,
1580, 1479, 1460, 1364, 1248, 1101, 1076, 1030, 833, 769,
744 cm�1; 1H NMR (500 MHz, DMSO-d6): d 0.00 (s, 9H),
0.88–0.96 (m, 2H), 2.21 (s, 6H), 2.50 (t, J ¼ 5.80 Hz, 2H),
3.52 (td, J ¼ 9.16, 7.93 Hz, 1H), 3.62–3.74 (m, 3H), 4.78 (s,

2H), 5.41 (d, J ¼ 10.99 Hz, 1H), 5.63 (d, J ¼ 10.68 Hz, 1H),
7.41–7.53 (m, 2H), 7.56 (dd, J ¼ 8.39, 2.29 Hz, 1H), 7.63 (dd,
J ¼ 7.63, 1.22 Hz, 1H), 7.76 (d, J ¼ 8.54 Hz, 1H), 7.83 (dd, J
¼ 7.63, 1.53 Hz, 1H), 7.87 ppm (d, J ¼ 2.14 Hz, 1H); 13C
NMR (126 MHz, DMSO-d6): d �1.07, 17.82, 45.90, 58.62,

64.68, 65.71, 68.55, 73.28, 128.07, 128.53, 129.41, 129.46,
130.77, 132.59, 133.19, 133.23, 134.21, 134.30, 135.39,
137.49, 140.83, 147.58 ppm; HRMS: m/z calcd. for
C26H35ClN3O2SSi: 516.1908 [MþH]þ, found 516.1909.

[3-({[11-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-
dibenzo[2,3:6,7]thiepino[4,5-d]imidazol-2-yl]methyl}oxy)pro-
pyl]dimethylamine (9p). Obtained from 8h as a yellowish
amorphous solid: Yield 77%; IR (ATR): 2949, 2859, 2815,
2765, 1581, 1461, 1365, 1248, 1075, 1029, 857, 833, 769, 744

cm�1; 1H NMR (500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.89–
0.98 (m, 2H), 1.74 (quin, J ¼ 6.79 Hz, 2H), 2.15 (s, 6H),
2.26–2.37 (m, 2H), 3.47–3.56 (m, 1H), 3.58–3.72 (m, 3H),
4.71–4.80 (m, 2H), 5.41 (d, J ¼ 10.99 Hz, 1H), 5.62 (d, J ¼
10.99 Hz, 1H), 7.41–7.53 (m, 2H), 7.56 (dd, J ¼ 8.24, 2.14

Hz, 1H), 7.63 (dd, J ¼ 7.63, 1.22 Hz, 1H), 7.76 (d, J ¼ 8.24
Hz, 1H), 7.83 (dd, J ¼ 7.63, 1.53 Hz, 1H), 7.87 ppm (d, J ¼
2.44 Hz, 1H); 13C NMR (126 MHz, DMSO-d6): d �1.09,
17.82, 27.66, 45.56, 56.30, 64.78, 65.74, 68.91, 73.29, 128.07,
128.53, 129.41, 129.46, 130.79, 132.60, 133.19, 133.22,

134.21, 134.30, 135.39, 137.48, 137.50, 140.80, 147.64 ppm;
HRMS: m/z calcd. for C27H37ClN3O2SSi: 530.2064 [MþH]þ,
found 530.2061.

[2-({[5-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]oxepino[4,5-d]imidazol-2-yl]methyl}oxy)ethyl]dime-
thylamine (9r). Obtained from 8i as a yellowish amorphous
solid: Yield 74%; IR (ATR): 2949, 2893, 2859, 2814, 2765,
1495, 1445, 1213, 1098, 1075, 853, 828, 769, 745 cm�1; 1H
NMR (500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.91–0.98 (m, 2H),
2.20 (s, 6H), 2.50 (t, J ¼ 5.80 Hz, 2H), 3.63–3.74 (m, 4H), 4.77

(s, 2H), 5.61 (s, 2H), 7.34–7.41 (m, 1H), 7.44–7.57 (m, 4H),
7.70–7.73 (m, 1H), 7.87 ppm (dd, J ¼ 7.78, 1.37 Hz, 1H); 13C
NMR (126 MHz, DMSO-d6): d �1.07, 17.72, 45.89, 58.61,
64.67, 66.06, 68.45, 73.42, 122.72, 122.80, 123.43, 126.01,

126.32, 127.32, 129.07, 129.12, 129.43, 129.95, 130.49, 135.03,
148.33, 154.76, 155.94 ppm; HRMS: m/z calcd. for
C26H35ClN3O3Si: 500.2136 [MþH]þ, found 500.2135.

[3-({[5-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-diben-
zo[2,3:6,7]oxepino[4,5-d]imidazol-2-yl]methyl}oxy)propyl]dime-
thylamine (9s). Obtained from 8i as a yellowish amorphous
solid: Yield 81%; IR (ATR): 2949, 2855, 2816, 2765, 1495,
1478, 1445, 1247, 1213, 1074, 854, 828, 769 cm�1; 1H NMR
(500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.91–0.98 (m, 2H),
1.73 (quin, J ¼ 6.82 Hz, 2H), 2.14 (s, 6 H), 2.30 (t, J ¼ 7.17

Hz, 2H), 3.60 (t, J ¼ 6.41 Hz, 2H), 3.67–3.73 (m, 2H), 4.74
(s, 2H), 5.59 (s, 2H), 7.38 (ddd, J ¼ 7.78, 7.02, 1.37 Hz, 1H),
7.44–7.57 (m, 4H), 7.71 (t, J ¼ 0.92 Hz, 1H), 7.86 ppm (dd, J
¼ 7.78, 1.37 Hz, 1H); 13C NMR (126 MHz, DMSO-d6): d
�1.08, 17.72, 27.65, 45.54, 56.30, 64.74, 66.09, 68.83, 73.40,
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122.72, 122.79, 123.43, 126.01, 126.32, 127.32, 129.08,
129.13, 129.42, 129.95, 130.51, 135.00, 148.38, 154.75,
155.94 ppm; HRMS: m/z calcd. for C27H37ClN3O3Si:
514.2293 [MþH]þ, found 514.2296.

[2-({[5-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-
dibenzo[2,3:6,7]thiepino[4,5-d]imidazol-2-yl]methyl}oxy)ethyl]di-
methylamine (9t). Obtained from 8j as a yellowish amorphous
solid: Yield 82%; IR (ATR): 2949, 2889, 2859, 2765, 1582,
1482, 1456, 1248, 1078, 1038, 834, 765, 748 cm�1; 1H NMR
(500 MHz, DMSO-d6): d 0.00 (s, 9H), 0.84–0.92 (m, 2H), 2.26

(s, 6H), 2.56 (t, J ¼ 5.80 Hz, 2H), 3.40–3.48 (m, 1H), 3.58–3.66
(m, 1H), 3.69–3.78 (m, 2H), 4.78–4.88 (m, 2H), 5.57 (d, J ¼
11.29 Hz, 1H), 5.68 (d, J ¼ 10.99 Hz, 1H), 7.50–7.62 (m, 3H),
7.69 (d, J ¼ 8.24 Hz, 1H), 7.76–7.85 ppm (m, 3H); 13C NMR
(126 MHz, DMSO-d6): d �1.14, 17.60, 45.89, 58.62, 64.80,

65.84, 68.58, 73.42, 127.59, 128.78, 128.96, 129.63, 130.05,
132.33, 132.39, 132.81, 134.00, 134.02, 134.06, 134.19, 138.87,
139.44, 147.62 ppm; HRMS: m/z calcd. for C26H35ClN3O2SSi:
516.1908 [MþH]þ, found 516.1909.

[3-({[5-Chloro-1-({[2-(trimethylsilyl)ethyl]oxy}methyl)-1H-
dibenzo[2,3:6,7]thiepino[4,5-d]imidazol-2-yl]methyl}oxy)pro-
pyl]dimethylamine (9v). Obtained from 8j as a yellowish oil:
Yield 87%; IR (ATR): 2949, 2859, 2815, 2765, 1582, 1460,
1248, 1077, 834, 766, 748 cm�1; 1H NMR (500 MHz, DMSO-

d6): d 0.00 (s, 9H), 0.85–0.92 (m, 2H), 1.79 (quin, J ¼ 6.82
Hz, 2H), 2.20 (s, 6H), 2.37 (t, J ¼ 6.87 Hz, 2H), 3.57–3.73
(m, 4H), 4.74–4.85 (m, 2H), 5.55 (d, J ¼ 11.29 Hz, 1H), 5.67
(d, J ¼ 11.29 Hz, 1H), 7.50–7.62 (m, 3H), 7.69 (d, J ¼ 8.24
Hz, 1H), 7.76–7.85 ppm (m, 3H); 13C NMR (126 MHz,

DMSO-d6): d �1.14, 17.61, 27.63, 40.37, 45.54, 56.30, 64.85,
65.87, 68.93, 73.41, 127.59, 128.79, 128.97, 129.63, 130.07,
132.32, 132.38, 132.81, 134.00, 134.06, 134.19, 138.84,
139.43, 147.68 ppm; HRMS: m/z calcd. for C27H37ClN3O2SSi:
530.2064 [MþH]þ, found 530.2048.

General procedure for preparation of compounds 10. To
a solution of 9 (61.6 mg, 0.132 mmol) in methanol (3.4 mL),
0.5M hydrochloric acid in methanol (1.15 mL) was slowly
added. The reaction mixture was heated for 2 h at 60�C, then
cooled to room temperature, and concentrated. Ethyl acetate (4
mL) and water were added (6 mL) and pH adjusted to 1.0 using
a 3M hydrochloric acid. The layers were separated and the aque-
ous layer washed with diethyl ether (2 � 10 mL). The pH of the
aqueous layer was adjusted to pH 9.5 with 5M sodium hydroxide

and extracted with ethyl acetate (3 � 10 mL). The combined or-
ganic extracts were washed with brine (15 mL) and dried over
anhydrous sodium sulfate. The drying agent was filtered off, and
solvent was removed in vacuo to give the crude product 10.

{2-[(1H-Dibenzo[2,3:6,7]oxepino[4,5-d]imidazol-2-ylmethy-
l)oxy]ethyl}dimethylamine (10a). Obtained from 9i as a yel-
lowish amorphous solid: Yield 89%; IR (ATR): 3055, 2947,
2858, 2826, 2772, 1501, 1454, 1341, 1216, 1098, 1035, 743
cm�1; 1H NMR (500 MHz, DMSO-d6): d 2.17 (s, 6H), 2.48 (t,
J ¼ 5.95 Hz, 2H), 3.63 (t, J ¼ 5.80 Hz, 2H), 4.60 (s, 2H),

7.21–7.30 (m, 2H), 7.30–7.37 (m, 4H), 7.64 (d, J ¼ 7.32 Hz,
2H), 12.98 ppm (br. s., 1H); 13C NMR (126 MHz, DMSO-d6):
d 45.83, 58.59, 65.67, 68.49, 122.01, 125.78, 126.05, 129.30,
147.43, 154.61 ppm; HRMS: m/z calcd. for C20H22N3O2:

336.1712 [MþH]þ, found 336.1726.
{3-[(1H-Dibenzo[2,3:6,7]oxepino[4,5-d]imidazol-2-ylme-

thyl)oxy]propyl}dimethylamine (10b). Obtained from 9j as a
yellowish amorphous solid: Yield 76%; IR (ATR): 3055, 2946,

2860, 2824, 2776, 1501, 1453, 1216, 1096, 1031, 760, 742 cm�1;
1H NMR (500 MHz, DMSO-d6): d 1.69 (quin, J ¼ 6.82 Hz, 2H),
2.11 (s, 6H), 2.27 (t, J ¼ 7.17 Hz, 2H), 3.55 (t, J ¼ 6.56 Hz, 2H),
4.56 (s, 2H), 7.21–7.29 (m, 2H), 7.30–7.39 (m, 4H), 7.65 (d, J ¼
6.10 Hz, 2H), 12.91 ppm (br. s., 1H); 13C NMR (126 MHz,

DMSO-d6): d 27.66, 45.51, 56.34, 65.61, 68.70, 122.00, 125.75,
126.11, 129.31, 147.34, 154.62 ppm; HRMS: m/z calcd. for
C21H24N3O2: 350.1869 [MþH]þ, found 350.1854.

{2-[(1H-Dibenzo[2,3:6,7]thiepino[4,5-d]imidazol-2-ylmethy-
l)oxy]ethyl}dimethylamine (10c). Obtained from 9k as a yel-

lowish amorphous solid: Yield 90%; IR (ATR): 3044, 2944,
2855, 2824, 2772, 1489, 1459, 1340, 1115, 1032, 757 cm�1;
1H NMR (500 MHz, DMSO-d6): d 2.18 (s, 6H), 2.49 (t, J ¼
6.10 Hz, 2H), 3.66 (t, J ¼ 5.80 Hz, 2H), 4.62 (s, 2H), 7.32–
7.47 (m, 4H), 7.58 (d, J ¼ 7.63 Hz, 2H), 7.67 (d, J ¼ 2.75

Hz, 2H), 13.02 ppm (br. s., 1H); 13C NMR (126 MHz,
DMSO-d6): d 45.81, 58.60, 65.64, 68.60, 127.69, 129.09,
129.20, 131.71, 132.87, 146.82 ppm; HRMS: m/z calcd. for
C20H22N3OS: 352.1484 [MþH]þ, found 352.1477.

{3-[(1H-Dibenzo[2,3:6,7]thiepino[4,5-d]imidazol-2-ylmethy-
l)oxy]propyl}dimethylamine (10d). Obtained from 9l as a yel-
lowish amorphous solid: Yield 86%; IR (ATR): 3051, 2944,
2860, 2820, 2772, 1489, 1461, 1355, 1093, 1032, 757 cm�1;
1H NMR (500 MHz, DMSO-d6): d 1.70 (quin, J ¼ 6.82 Hz,

2H), 2.11 (s, 6H), 2.29 (t, J ¼ 7.32 Hz, 2H), 3.57 (t, J ¼ 6.41
Hz, 2H), 4.59 (s, 2H), 7.33–7.47 (m, 4H), 7.58 (d, J ¼ 7.63
Hz, 2H), 7.67 (br. s., 2H), 12.90 ppm (br. s., 1H); 13C NMR
(126 MHz, DMSO-d6): d 45.81, 58.60, 65.64, 68.60, 127.69,
129.09, 129.20, 131.71, 132.87, 146.82 ppm; HRMS: m/z
calcd. for C21H24N3OS: 366.1640 [MþH]þ, found 366.1646.

(2-{[(11-Chloro-1H-dibenzo[2,3:6,7]oxepino[4,5-d]imidazol-
2-yl)methyl]oxy}ethyl)dimethylamine (10e).. Obtained either
from 9m (yield 90%) or 9r (yield 83%) as a yellowish amor-
phous solid: IR (ATR): 3059, 2946, 2858, 2825, 2772, 1601,

1497, 1444, 1220, 1101, 836, 768, 742 cm�1; 1H NMR (500
MHz, DMSO-d6): d 2.18 (s, 6H), 2.48 (t, J ¼ 5.95 Hz, 2H),
3.63 (t, J ¼ 5.80 Hz, 2H), 4.60 (s, 2H), 7.25–7.32 (m, 1H),
7.34–7.41 (m, 4H), 7.61–7.68 (m, 2H), 13.00 ppm (br. s., 1H);
13C NMR (126 MHz, DMSO-d6): d 45.82, 58.58, 65.64, 68.54,
122.09, 123.83, 125.28, 126.07, 126.14, 128.68, 129.71,
129.84, 147.94, 153.09, 154.29 ppm; HRMS: m/z calcd. for
C20H21N3O2Cl: 370.1322 [MþH]þ, found 370.1335.

(3-{[(11-Chloro-1H-dibenzo[2,3:6,7]oxepino[4,5-d]imidazol-
2-yl)methyl]oxy}propyl)dimethylamine (10f). Obtained either
from 9n (yield 89.0%) or 9s (yield 88.0%) as a yellowish
amorphous solid: IR (ATR): 3055, 2946, 2861, 2823, 2776,
1496, 1446, 1220, 1092, 835, 814, 767, 741 cm�1; 1H NMR
(500 MHz, DMSO-d6): d 1.69 (quin, J ¼ 6.82 Hz, 2H), 2.11

(s, 6H), 2.28 (t, J ¼ 7.32 Hz, 2H), 3.55 (t, J ¼ 6.56 Hz, 2H),
4.56 (s, 2H), 7.24–7.31 (m, 1H), 7.34–7.40 (m, 4H), 7.62–7.70
(m, 2H), 12.96 ppm (br. s., 1H); 13C NMR (126 MHz, DMSO-
d6): d 27.63, 45.50, 56.32, 65.57, 68.76, 122.08, 123.82,
125.33, 126.04, 126.21, 128.69, 129.71, 129.83, 147.87,

153.09, 154.29 ppm; HRMS: m/z calcd. for C21H23N3O2Cl:
384.1479 [MþH]þ, found 384.1471.

(2-{[(11-Chloro-1H-dibenzo[2,3:6,7]thiepino[4,5-d]imidazol-
2-yl)methyl]oxy}ethyl)dimethylamine (10g). Obtained either

from 9o (yield 90%) or 9t (yield 91%) as a white amorphous
solid: IR (ATR): 3202, 2937, 2865, 2824, 2773, 1580, 1485,
1456, 1353, 1093, 1030, 811, 766 cm�1; 1H NMR (500 MHz,
DMSO-d6): d 2.18 (s, 6H), 2.50 (t, J ¼ 6.10 Hz, 2H), 3.66 (t,
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J ¼ 5.80 Hz, 2H), 4.63 (s, 2H), 7.36–7.50 (m, 3H), 7.56–7.62
(m, 2H), 7.63–7.72 (m, 2H), 13.07 ppm (br. s., 1H); 13C NMR
(126 MHz, DMSO-d6): d 45.79, 58.57, 65.60, 68.64, 126.99,
127.78, 128.61, 129.48, 130.29, 131.20, 133.03, 133.95,
134.41, 147.33 ppm; HRMS: m/z calcd. for C20H21N3OSCl:

386.1094 [MþH]þ, found 386.1110.
(3-{[(11-Chloro-1H-dibenzo[2,3:6,7]thiepino[4,5-d]imidazol-

2-yl)methyl]oxy}propyl)dimethylamine (10h). Obtained either

from 9p (yield 95%) or 9v (yield 91%) as a yellowish amor-

phous solid: IR (ATR): 2943, 2860, 2819, 2772, 1579, 1484,

1459, 1094, 1030, 810, 765 cm�1; 1H NMR (500 MHz,

DMSO-d6): d 1.70 (quin, J ¼ 6.82 Hz, 2H), 2.11 (s, 6H), 2.29

(t, J ¼ 7.32 Hz, 2H), 3.58 (t, J ¼ 6.56 Hz, 2H), 4.59 (s, 2H),

7.34–7.49 (m, 3H), 7.54–7.62 (m, 2H), 7.62–7.75 (m, 2H),

13.01 ppm (br. s., 1H); 13C NMR (126 MHz, DMSO-d6): d
27.65, 45.52, 56.34, 65.51, 68.85, 127.05, 127.86, 128.62,

129.46, 129.50, 130.30, 131.22, 133.02, 133.94, 134.40,

147.21 ppm; HRMS: m/z calcd. for C21H23N3OSCl: 400.1250

[MþH]þ, found 400.1254.

Biology

Cell isolation. Peripheral blood mononuclear cells (PBMC)
were obtained from buffy coat of healthy volunteer donors by
a density gradient centrifugation. Buffy coat was mixed with
one volume of sterile saline, sample layered over FicollPa-

queTM Plus (Amersham Biosciences), and centrifuged at 400
� g for 30 min. PBMCs were collected, washed in RPMI
1640 medium, and centrifuged. Finally, cells were resuspended
in RPMI 1640 containing 10% heat inactivated fetal bovine se-

rum (Biowest) and counted.
Cell culture. PBMCs were cultured at a concentration of

3.5 � 104 in 200 lL volumes in 96-well cell culture plates

(Falcon, St. Albans, UK) at 37�C in humidified atmosphere

containing 5% CO2. The cells were either stimulated with

LPS (serotype 0111:B4, Sigma) at 1 ng/mL final concentra-

tion or left unstimulated (cultured in medium alone). Com-

pound stock solutions were prepared as 10 mM in DMSO.

Final 10 lM and 3 lM (10–0.03 lM) concentration made in

cell culture medium were tested when they had been added

together with LPS. The final DMSO volume ratio in all

assays did not exceed 0.1%. Negative and LPS control sam-

ples were prepared in sextaplicates and tested compound sam-

ples in triplicates.
Cytokine measurement. Cell free supernatants were taken

after overnight period and quantified for TNF-a content by

enzyme linked immunosorbent assay (ELISA). To ensure the

detection specificity and sensitivity, assay was performed

according to manufacturer instructions (R&D Systems) using

suggested pair of antibodies specific for human TNF-a. Test
sensitivity for measuring human TNF-a was under 5 pg/mL.

To calculate results, standard curve was made out of measured

OD values for recombinant TNF-a of known concentrations.

TNF-a content in unknown samples was calculated out of OD

values extrapolated from the standard curve. Inhibition values

were calculated according to formula:

X ¼ ConcðcompoundÞ � Concðmedium controlÞ
ConcðLPS controlÞ � Conc ðmedium controlÞ � 100ð%Þ

IC50 values are calculated using GraphPad Prism

software.
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Journal of Heterocyclic Chemistry DOI 10.1002/jhet



Quinolone Analogues 10: Synthesis of Antimalarial Quinolones
Having Pyridyl Moiety in N1-Side Chain

Yoshihisa Kurasawa,a* Kiminari Yoshida,a Naoki Yamazaki,a Eisuke Kaji,b

Kenji Sasaki,c* Yoshiko Hiwasa,c Akiko Tsukamoto,c and Hideyuki Itoc

aSchool of Pharmacy, Iwaki Meisei University, Iwaki-shi, Fukushima 970-8551, Japan
bSchool of Pharmaceutical Sciences, Kitasato University, Minato-ku, Tokyo 108-8641, Japan

cGraduate School of Medicine, Dentistry, and Pharmaceutical Sciences,

Okayama University, Okayama-shi,

Okayama 700-8530, Japan

*E-mail: kura77@iwakimu.ac.jp or ksasaki@pheasant.pharm.okayama-u.ac.jp

Received July 7, 2009

DOI 10.1002/jhet.297

Published online 3 May 2010 in Wiley InterScience (www.interscience.wiley.com).

Novel 4-quinolone-3-carboxylates 6,7 and 4-quinolone-3-carboxylic acids 8–11 were synthesized
from 4-hydroxyquinoline-3-carboxylates. Ethyl 1-[1-ethoxycarbonyl-2-(4-pyridyl)vinyl]-6-fluoro-4-oxo-
quinoline-3-carboxylate 7a was found to show antimalarial activity from the screening data.

J. Heterocyclic Chem., 47, 657 (2010).

INTRODUCTION

In previous articles [1–9], we reported the synthesis

of the 1-alkyl-4-oxopyridazino[3,4-b]quinoxalines 1

(Chart 1) as candidates of antibacterial quinolone ana-

logues, in which the 3-H [5], 3-methyl [3], 3-trifluoro-

methyl [4], and 3-bromo [6] derivatives showed good

antibacterial, antifungal, and/or algicidal activities. To

search for novel compounds with biological activities,

we converted the target ring system from the 4-oxopyri-

dazino[3,4-b]quinoxaline to the 4-quinolone nucleus,

which was included in the excellent antibacterial agents

such as new quinolones. A novel type of new quino-

lones is still developed nowadays as an antibacterial

agents. On the other hand, Wentland et al. [10] reported

the antiherpetic activity of the 7-(4-pyridyl)-4-quino-

lone-3-carboxamide 2 derived from its parent 3-carbox-

ylic acid 3 (Chart 1).

Since quinolone antibacterials have been known to

act on the DNA gyrase, some other biological activities

such as antifungal and antiviral [10] activities are

expected for quinolone analogues. In fact, some of our

1-methyl-4-oxopyridazino[3,4-b]quinoxalines 1 (R1 ¼
Cl, R2 ¼ CH3, R

3 ¼ H, CH3, Br) exhibited antifungal

activities in addition to antibacterial activities [9]. In

this investigation, we undertook the structural transfor-

mation of ordinary new quinolones 4 into compounds

6–11 as shown in Scheme 1. Namely, the C7-basic moi-

ety is shifted to the N1-side chain leading to compound

5, and the linker part is inserted between the N1 and the

basic moiety. Furthermore, a carboxyl group was intro-

duced in the linker part to provide a proximal pair of

the acid and base moieties. This article describes

the synthesis of compounds 6–11, some of which are

found to exhibit antimalarial activity from the screening

data.

RESULTS AND DISCUSSION

Synthesis of compounds 6–11. The reaction of ethyl

7-chloro-6-fluoro-4-hydroxyquinoline-3-carboxylate 12

[11,12] with methyl bromoacetate or ethyl 6-fluoro-4-

hydroxyquinoline-3-carboxylate 13 [11,12] with ethyl

.

Chart 1
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bromoacetate gave the methyl (7-chloro-6-fluoro-4-qui-

nolon-1-yl)acetate 14 or ethyl (6-fluoro-4-quinolon-1-yl)-

acetate 15, respectively (Scheme 2). The reaction of

compound 14 with 4- and 3-pyridinecarbaldehydes or

the reaction of compound 15 with 4-, 3-, and 2-pyridine-

carbaldehydes afforded the methyl 2-(7-chloro-6-fluoro-

quinolon-1-yl)-3-(4- and 3-pyridyl)acrylates 6a,b or

ethyl 2-(6-fluoroquinolon-1-yl)-3-(4-, 3-, and 2-pyridy-

l)acrylates 7a–c, respectively. Reflux of compounds 6a,b

in sulfuric acid/acetic acid/water was clarified to hydro-

lyze the ethyl ester of quinolone nucleus from the ana-

lytical and spectral data, providing the quinolone-3-car-

boxylic acids 8a,b, respectively. Similar reaction of

Scheme 1

Scheme 2

Table 1

In vitro antimalarial activity for compounds 7, 9, and 11.

Compound

Plasmodium
falciparum,
IC50 (lmol)

Mouse FM3A

Cell,a IC50

(lmol)

Chemotherapeutic

coefficient

7a 8.2 >24 >2.9

7b 26 100 3.8

9b 29 >100 >3.4

9c 21 >100 >4.8

11b 24 >100 >4.2

11c 21 >100 >4.8

aMouse breast cancer cell, F28-7 strain.
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compounds 7a–c gave the quinolone-3-carboxylic acids

9a–c, respectively. On the other hand, the hydrolysis of

6a,b and 7a–c with sodium hydroxide afforded the

dicarboxylic acids 10a,b and 11a–c, respectively.

Antimalarial activity. The in vitro screening to anti-

malarial activity was carried out for compounds 6–11

according to a method in literatures [13], and the data

are shown in Table 1. The IC50 of the diester 7a was

8.2 lmol to Plasmodium falciparum, whose value was

referred as effective. The IC50 of the diester 7a to

mouse FM3A cell F28-7 strain was 24 lmol, and the

chemical therapeutic coefficient was the value of 2.9.

The diester 7b with the 3-pyridyl moiety had a weaker

activity than the diester 7a with the 4-pyridyl moiety.

Moreover, compounds with carboxyl group in the quino-

lone nucleus and/or N1-side chain or compounds with

the C7-chlorine atom in the quinolone nucleus repre-

sented no antimalarial activity, suggesting the unfavora-

ble effect of such carboxyl group and chlorine atom on

the activity.

The 4-pyridyl moiety in the N1-substituent of the die-

ster 7a was found not to be replaced with the nonbasic

moiety. That is, compounds 16–18 (Scheme 3) with fu-

ryl or thienyl moiety in the N1-substituent were clarified

to exhibit no antimalarial activity.

Trial for modification of compound 7a. An attempt

was unsuccessful to convert the ester group into carbo-

hydrazide group to install an additional basic moiety in

the N1-side chain of compound 7a. As shown in

Scheme 4, the reaction of compound 7a with hydrazine

hydrate resulted in the bond cleavage between the N1

and acrylate moiety.

Analytical and spectral data. The structural assign-

ment of novel compounds 6–11 was based on the ana-

lytical and spectral data. Especially, the NOE spectral

data among the vinyl, pyridyl, and quinolone 8-H pro-

tons of compounds 7a–c shown in Table 2 ascertained

the presence of the pyridylacrylate moiety in the N1 of

the quinolone nucleus. Moreover, the NOE between the

vinyl and quinolone 8-H proton signals suggested the E-
isomer for compounds 6–11 and 16–18, whereas the

NOE between the pyridine 3-H and quinolone 2-H pro-

ton signals supported the presence of the Z-isomer for

compounds 7a and 9a (Table 2). There was no differ-

ence in the proton chemical shifts between the E- and

Z-isomers in compounds 7a and 9a.

In the 1H-NMR spectra of compounds 6b, 8a, 11a,

and 17, two kinds of quinolone 2-H proton signals were

observed [14] (Table 3), which would not be due to the

presence of the E- and Z-isomers, because compounds

7a and 9a existing as the E- and Z-isomers in solution

exhibited a single quinolone 2-H proton signal.

Scheme 4

Table 2

NOE data for compounds 7, 9, 11, and 16–18.

Radiation NOE 7a 7b 7c 9a 9b 9c 11b 16 17 18

Vinyl H Quinolone 8-H 1.2a 1.4 1.0 1.6 – – – 1.0 1.5 1.1

Quinolone 2-H – 2.7 0.6 – – – – – – –

Pyridyl 4-H – 2.8 – – 2.7 – 3.8 – – –

Pyridyl 3-H 8.8 – 6.1 10.9 – 12.0 – – – –

Pyridyl 2-H – 8.1 – – 13.7 – 7.7 – – –

Furyl 3-H – – – – – – – 3.9 – –

Thienyl 4-H – – – – – – – – – 2.5

Thienyl 3-H – – – – – – – – 6.5 –

Thienyl 2-H – – – – – – – – – 7.4

Pyridyl 3-H Vinyl H 8.4 – – – – – – – – –

Pyridyl 2-H 17.9 – – – – – – – – –

Quinolone 2-H Pyridyl 3-H 2.3 – – 2.0 – – – – – –

aNOE (%) Observed.

Scheme 3
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Moreover, two kinds of quinolone 2-H, 8-H, vinyl, pyri-

dine 5-H, and ethyl ester CH2 proton signals were

observed in the 1H-NMR spectra of compound 6b, sug-

gesting the presence of two kinds of isomers [14]. Fur-

ther investigation to clarify the aforementioned phenom-

ena is in progress, and the results will be reported

elsewhere.

The 13C-NMR spectral data are shown in Table 4,

which includes the respective carbon chemical shifts of

the typical our quinolones 6a, 7a, 14, and 16 assigned

by the dHSQC and gHMBC spectral data.

EXPERIMENTAL

All melting points were determined on a Yazawa micro-

melting point BY-2 apparatus and are uncorrected. The IR
spectra (potassium bromide) were recorded with a JASCO FT/
IR-200 spectrometer. The 1H-NMR and dHSOC/gHMBC spec-
tra were measured with a Varian XL-400 and Varian INOVA
600 spectrometers at 400 and 600 MHz, respectively. The

chemical shifts are given in the d scale. The mass spectra (ms)
were determined with a JEOL JMS-01S spectrometer. Elemen-
tal analyses were performed on a Perkin-Elmer 240B
instrument.

Compounds 12 and 13 were synthesized by a method
reported in literatures [11,12], refluxing in diphenyl ether at
250�.

Methyl (7-chloro-3-ethoxycarbonyl-6-fluoro-1,4-dihydro-

4-oxoquinolin-1-yl)acetate 14. A mixture of compound 12

(5.0 g, 18.6 mmol), ethyl bromoacetate (5.09 g, 33.5 mmol),
potassium carbonate (5.0 g, 36.2 mmol) in dry N,N-dimethyl-
formamide (200 mL) was heated at 100–120� with stirring for
2 h and filtrated while the mixture was hot. Evaporation of the
solvent in vacuo gave colorless crystals, which were recrystal-

lized from N,N-dimethylformamide/ethanol/water to afford col-
orless needles 14 (5.13 g, 81%); mp: 251–252�; IR: m 1725
cm�1; ms: m/z 341 (Mþ), 343 (Mþ þ 2); NMR (deuteriodi-
methyl sulfoxide): 8.73 (s, 1H, 2-H), 8.06 (d, J ¼ 6.0 Hz, 1H,
8-H), 8.02 (d, J ¼ 9.5 Hz, 1H, 5-H), 5.39 (s, 2H, CH2), 4.22

(q, J ¼ 7.0 Hz, 2H, CH2), 3.72 (s, 3H, CH3), 1.27 (t, J ¼ 7.0
Hz, 3H, CH3). Anal. Calcd. for C15H13ClFNO5: C, 52.72; H,
3.83; N, 4.10. Found: C, 52.45; H, 3.94; N, 4.36.

Ethyl (3-ethoxycarbonyl-6-fluoro-1,4-dihydro-4-oxoqui-

nolin-1-yl)acetate 15. A mixture of compound 13 (5.0 g, 21.3
mmol), ethyl bromoacetate (5.33 g, 31.9 mmol), potassium

carbonate (4.40 g, 31.9 mmol) in dry N,N-dimethylformamide
(200 mL) was heated at 100–120� with stirring for 2 h and fil-
trated while the mixture was hot. Then, ethanol (100 mL) was
added to the filtrate with stirring, and the solution was allowed
to stand at room temperature to precipitate colorless needles

15, which were collected by suction and then washed with n-
hexane (5.97 g, 87%); mp: 274–275�; IR: m 1740, 1720 cm�1;
ms: m/z 321 (Mþ); NMR (deuteriotrifluoroacetic acid): 9.14
(s, 1H, 2-H), 8.11 (dd, J ¼ 7.5, 2.8 Hz, 1H, 5-H), 7.82 (dd, J
¼ 10.0, 4.0 Hz, 1H, 8-H), 7.75 (ddd, J ¼ 10.0, 7.5, 2.8 Hz,

1H, 7-H), 5.50 (s, 2H, CH2), 4.42 (q, J ¼ 7.0 Hz, 2H, CH2),
4.16 (q, J ¼ 7.0 Hz, 2H, CH2), 1.24 (t, J ¼ 7.0 Hz, 3H, CH3),
1.08 (t, J ¼ 7.0 Hz, 3H, CH3). Anal. Calcd. for
C16H16ClFNO5: C, 59.81; H, 5.02; N, 4.36. Found: C, 59.64;
H, 5.09; N, 4.59.

Table 4

13C-NMR spectral data for compounds 6a, 7a, 14, and 16.

Carbon

Compounds

14 6a 7a 16

2-C 151.1 149.0 148.5 149.4

3-C 110.5 112.4 111.9 111.3

4-C¼¼O 171.7 171.8 172.4 172.5

4a-C 128.2 127.9 129.2 129.2

5-C 112.6 113.1 111.4 111.1

6-C 154.6 155.0 159.8 159.5

7-C 125.8 126.5 122.0 121.6

8-C 120.3 119.9 120.2 120.2

8a-C 136.9 136.1 135.7 136.5

1N-Methylene 53.5 – – –

3-Ester C¼¼O 164.2 163.8 164.0 164.3

Other Ester C¼¼O 168.4 162.9 162.5 163.0

Vinyl 1-C – 130.3 130.9 123.0

Vinyl 2-C – 140.0 139.1 128.0

Pyridyl 2,6-C – 150.9 150.9 –

Pyridyl 3,5-C – 123.5 123.4 –

Pyridyl 4-C – 138.0 138.0 –

Furyl 2-C – – – 147.2

Furyl 3-C – – – 121.8

Furyl 4-C – – – 113.5

Furyl 5-C – – – 149.0

CH3 14.3 14.4 14.1 14.2

53.6 52.8 14.3 14.4

CH2 60.5 60.2 60.4 60.2

– – 62.6 62.0

Table 3

Compounds showing two kinds of quinolone 2-H proton signals [14].

Compound R1 R2 R3 X
Chemical Shift (d)

Quinolone 2-H Ratio

6b C2H5 CH3 3-Pyridyl Cl 8.66 8.60 40 : 60

8a H CH3 4-Pyridyl Cl 9.05 8.90 72 : 28

11a H H 4-Pyridyl H 9.11 9.03 23 : 77

17 C2H5 C2H5 2-Thienyl H 8.59 8.55 45 : 55
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Ethyl 7-chloro-6-fluoro-1,4-dihydro-1-[(Z)-1-methoxycar-

bonyl-2-(4- and 3-pyridyl)vinyl]-4-oxoquinoline-3-carboxy-

lates 6a,b. General procedure. A solution of compound 14

(5.0 g, 14.6 mmol), 4- or 3-pyridinecarbaldehyde (2.50 g, 23.4
mmol), and 1,8-diazabicyclo[5.4.0]-7-undecene (1.19 g, 7.80
mmol) in dry dioxane (100 mL) was refluxed with stirring for
10 h. Acetic acid (5 mL) was added to the solution, and the
solvent was evaporated in vacuo to give colorless crystals.

Recrystallization from dioxane/water afforded colorless needles
6a or 6b.

Compound 6a was obtained in 55% yield (3.48 g); mp 226–
227�; IR: m 1730 cm�1; ms: m/z 430 (Mþ), 432 (Mþ þ 2);
NMR (deuteriodimethyl sulfoxide): 8.65 (s, 1H, 2-H), 8.54 (d,

J ¼ 6.5 Hz, 2H, pyridine 2-H and 6-H), 8.24 (s, 1H, vinylic
H), 8.07 (d, J ¼ 9.0 Hz, 1H, 5-H), 7.81 (d, J ¼ 6.0 Hz, 1H, 8-
H), 7.12 (d, J ¼ 6.5 Hz, 2H, pyridine 3-H and 5-H), 4.18 (q,
J ¼ 7.0 Hz, 2H, CH2), 3.81 (s, 3H, CH3), 1.22 (t, J ¼ 7.0 Hz,
3H, CH3). Anal. Calcd. for C21H16ClFN2O5�1/3H2O [15]: C,

57.74; H, 3.85; N, 6.41. Found: C, 57.79; H, 3.81; N, 6.36.
Compound 6b was obtained in 61% yield (3.82 g); mp 214–

215�; IR: m 1735, 1720 cm�1; ms: m/z 430 (Mþ), 432 (Mþ þ
2); NMR (deuteriodimethyl sulfoxide): (isomer A) [14] 8.66

(s, 1H, 2-H), 8.29 (s, 1H, vinylic H), 8.08 (d, J ¼ 9.0 Hz, 1H,

5-H), 7.81 (d, J ¼ 6.0, Hz, 1H, 8-H), 7.41 (ddd, J ¼ 4.0, 2.0,

2.0 Hz, 1H, pyridine 4-H), 7.34 (dd, J ¼ 8.0, 4.0 Hz, 1H, pyri-

dine 5-H), 8.57–8.52 (m, 2H, pyridine 2-H and 6-H), 4.21 (dq,

J ¼ 11.0, 7.0 Hz, 1H, methylene CH), 4.17 (dq, J ¼ 11.0, 7.0

Hz, 1H, methylene CH), 3.81 (s, 3H, CH3), 1.23 (dd, J ¼ 7.0,

7.0 Hz, 3H, CH3); (isomer B) [14] 8.60 (s, 1H, 2-H), 8.22 (s,

1H, vinylic H), 8.08 (d, J ¼ 9.0 Hz, 1H, 5-H), 7.73 (d, J ¼
6.0 Hz, 1H, 8-H), 7.41 (ddd, J ¼ 4.0, 2.0, 2.0 Hz, 1H, pyridine

4-H), 7.33 (dd, J ¼ 8.0, 4.0 Hz, 1H, pyridine 5-H), 8.57–8.52

(m, 2H, pyridine 2-H and 6-H), 4.20 (dq, J ¼ 11.0, 7.0 Hz,

1H, methylene CH), 4.16 (dq, J ¼ 11.0, 7.0 Hz, 1H, methyl-

ene CH), 3.81 (s, 3H, CH3), 1.23 (dd, J ¼ 7.0, 7.0 Hz, 3H,

CH3). The 5-H, pyridine 4-H, ester methyl proton signals of

the above isomers A and B were observed in the same mag-

netic field. Anal. Calcd. for C21H16ClFN2O5�1/2H2O [15]: C,

57.35; H, 3.90; N, 6.37. Found: C, 57.39; H, 3.75; N, 6.42.

Methyl 1-[(Z)-1-ethoxycarbonyl-2-(4-, 3-, and 2-pyridyl)-

vinyl]-6-fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylates

7a–c. General procedure. A solution of compound 15 (5.0 g,
15.6 mmol), 4-, 3-, or 2-pyridinecarbaldehyde (2.50 g, 23.4
mmol), and 1,8-diazabicyclo[5.4.0]-7-undecene (1.19 g, 7.80

mmol) in dry dioxane (100 mL) was refluxed with stirring for 10
h. Acetic acid (5 mL) was added to the solution, and the solvent
was evaporated in vacuo to give colorless crystals. Recrystalliza-
tion from dioxane/water afforded colorless needles 7a, 7b, or 7c.

Compound 7a [16] was obtained in 59% yield (3.75 g); mp
226–227�; IR: m 1725 cm�1; ms: m/z 410 (Mþ); NMR (deuter-
iodimethyl sulfoxide): 8.63 (s, 1H, 2-H), 8.54 (d, J ¼ 6.0 Hz,
2H, pyridine 2-H and 6-H), 8.25 (s, 1H, vinylic H), 7.92 (dd,
9.3, 3.0 Hz, 1H, 5-H), 7.58 (ddd, 9.0, 8.0, 3.0 Hz, 1H, 7-H),

7.50 (dd, J ¼ 9.0, 4.5 Hz, 1H, 8-H), 7.11 (d, J ¼ 6.0 Hz, 2H,
pyridine 3-H and 5-H), 4.28 (dq, J ¼ 11.0, 7.0 Hz, 1H, meth-
ylene CH), 4.24 (dq, J ¼ 11.0, 7.0 Hz, 1H, methylene CH),
4.18 (q, J ¼ 7.0 Hz, 2H, CH2), 1.22 (dd, J ¼ 7.0, 7.0 Hz, 3H,
CH3), 1.21 (t, J ¼ 7.0 Hz, 3H, CH3). Anal. Calcd. for

C22H19FN2O5: C, 64.39; H, 4.67; N, 6.83. Found: C, 64.39; H,
4.67; N, 6.86.

Compound 7b was obtained in 49% yield (3.10 g); mp 140–
141�; IR: m 1725, 1690 cm�1; ms: m/z 410 (Mþ); NMR (deu-
teriodimethyl sulfoxide): 8.65 (s, 1H, 2-H), 8.55 (d, J ¼ 2.0
Hz, 1H, pyridine 2-H), 8.53 (dd, J ¼ 4.5, 2.0 Hz, 1H, pyridine
6-H), 8.29 (s, 1H, vinylic H), 7.92 (dd, 9.0, 3.0 Hz, 1H, 5-H),

7.57 (ddd, J ¼ 9.0, 8.0, 3.0 Hz, 1H, 7-H), 7.50 (dd, J ¼ 9.0,
4.5 Hz, 1H, 8-H), 7.39 (ddd, J ¼ 8.0, 2.0, 2.0 Hz, 1H, pyridine
4-H), 7.33 (dd, J ¼ 8.0, 4.5 Hz, 1H, pyridine 5-H), 4.28 (dq,
J ¼ 11.0, 7.0 Hz, 1H, methylene CH), 4.24 (dq, J ¼ 11.0, 7.0
Hz, 1H, methylene CH), 4.22 (dq, J ¼ 11.0, 7.0 Hz, 1H, meth-

ylene CH), 4.17 (dq, J ¼ 11.0, 7.0 Hz, 1H, methylene CH),

1.23 (dd, J ¼ 7.0, 7.0 Hz, 3H, CH3), 1.22 (dd, J ¼ 7.0, 7.0

Hz, 3H, CH3). Anal. Calcd. for C22H19FN2O5: C, 64.39; H,

4.67; N, 6.83. Found: C, 64.16; H, 4.67; N, 6.90.

Compound 7c was obtained in 58% yield (3.73 g); mp 166–
167�; IR: m 1700 cm�1; ms: m/z 410 (Mþ); NMR (deuteriodi-

methyl sulfoxide): 8.56 (s, 1H, 2-H), 8.27 (ddd, J ¼ 5.0, 1.5,
0.5 Hz, 1H, pyridine 6-H), 8.24 (s, 1H, vinylic H), 7.99 (dd, J
¼ 9.0, 3.0 Hz, 1H, 5-H), 7.83 (ddd, 7.5, 7.5, 1.5 Hz, 1H, pyri-
dine 4-H), 7.69 (ddd, J ¼ 7.5, 1.0, 0.5 Hz, 1H, pyridine 3-H),
7.50 (ddd, J ¼ 9.0, 8.0, 3.0 Hz, 1H, 7-H), 7.41 (dd, J ¼ 9.0,

4.5 Hz, 1H, 8-H), 7.29 (ddd, J ¼ 7.5, 5.0, 1.0 Hz, 1H, pyridine
5-H), 4.30 (dq, J ¼ 10.5, 7.0 Hz, 1H, methylene CH), 4.25
(dq, J ¼ 10.5, 7.0 Hz, 1H, methylene CH), 4.17 (q, J ¼ 7.0
Hz, 2H, CH2), 1.23 (dd, J ¼ 7.0, 7.0 Hz, 3H, CH3), 1.22 (t,

J ¼ 7.0 Hz, 3H, CH3). Anal. Calcd. for C22H19FN2O5: C,
64.39; H, 4.67; N, 6.83. Found: C, 64.00; H, 4.69; N, 6.85.

7-Chloro-6-fluoro-1,4-dihydro-1-[(Z)-1-methoxycarbonyl-

2-(4- and 3-pyridyl)vinyl]-4-oxoquinoline-3-carboxylic acids

8a,b. General procedure. A solution of compound 6a or 6b

(1.0 g, 2.33 mmol) in concentrated sulfuric acid (0.4 mL),
water (1.0 mL), and acetic acid (40 mL) was refluxed with
stirring for 2 h. The solvent was evaporated in vacuo to give
an oily product, which was dissolved in ethanol (10 mL) and
then neutralized with sodium hydrogen carbonate to afford

crystals. The crystals were collected by suction, and then
recrystallization from N,N-dimethylformamide/ethanol/water
provided yellow needles 8a or 8b.

Compound 8a was obtained in 87% yield (810 mg); mp
244–245�; IR: m 1740 cm�1; ms: m/z 402 (Mþ), 404 (Mþ þ
2); NMR (deuteriodimethyl sulfoxide): 14.23 (brs, 1H,
COOH), 9.05, 8.90 [14] (s, 1H, 2-H), 8.52 (d, J ¼ 6.0 Hz, 2H,
pyridine 2-H and 6-H), 8.28 (s, 1H, vinylic H), 8.25 (d, J ¼
9.0 Hz, 1H, 5-H), 8.07 (d, J ¼ 6.0 Hz, 1H, 8-H), 7.09 (d, J ¼
6.0 Hz, 2H, pyridine 3-H and 5-H), 3.80 (s, 3H, CH3). Anal.
Calcd. for C19H12ClFN2O5�1/5H2O [15]: C, 56.16; H, 3.08; N,
6.89. Found: C, 56.08; H, 3.07; N, 6.93.

Compound 8b was obtained in 51% yield (470 mg); mp
216–217�; IR: m 1725 cm�1; ms: m/z 402 (Mþ), 404 (Mþ þ
2); NMR (deuteriodimethyl sulfoxide): 14.22 (brs, 1H,
COOH), 9.06 (s, 1H, 2-H), 8.60 (s, 1H, pyridine 2-H), 8.55
(dd, J ¼ 3.6, 1.0 Hz, 1H, pyridine 6-H), 8.34 (s, 1H, vinylic
H), 8.26 (dd, 9.1, 1.0 Hz, 1H, 5-H), 8.08 (dd, J ¼ 4.0, 1.0 Hz,
1H, 8-H), 7.34 (dd, J ¼ 5.0, 1.0 Hz, 1H, pyridine 4-H), 7.30
(dd, J ¼ 5.0, 3.6 Hz, 1H, pyridine 5-H), 3.82 (s, 3H, CH3).
Anal. Calcd. for C19H12ClFN2O5�1/3H2O [15]: C, 55.83; H,
3.12; N, 6.85. Found: C, 55.83; H, 3.11; N, 6.96.

1-[(Z)-1-Ethoxycarbonyl-2-(4-, 3-, and 2-pyridyl)vinyl]-6-

fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acids 9a–c.

General procedure. A solution of compound 7a, 7b, or 7c

(1.0 g, 2.44 mmol) in concentrated sulfuric acid (0.4 mL),
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water (1.0 mL), and acetic acid (40 mL) was refluxed with
stirring for 2 h. The solvent was evaporated in vacuo to give
an oily product, which was dissolved in ethanol (10 mL) and
then neutralized with sodium hydrogen carbonate to afford
crystals. The crystals were collected by suction, and then

recrystallization from N,N-dimethylformamide/ethanol/water
provided yellow needles 9a, 9b, or 9c.

Compound 9a [16] was obtained in 67% yield (620 mg);
mp 228–229�; IR: m 1740, 1720 cm�1; ms: m/z 382 (Mþ);
NMR (deuteriodimethyl sulfoxide): 14.45 (brs, 1H, COOH),

9.06 (s, 1H, 2-H), 8.51 (d, J ¼ 6.5 Hz, 2H, pyridine 2-H and
6-H), 8.30 (s, 1H, vinylic H), 8.09 (ddd, 9.0, 8.5, 2.0 Hz, 1H,
7-H), 7.77 (dd, 10.0, 2.0 Hz, 1H, 5-H), 7.74 (dd, J ¼ 9.0, 3.5
Hz, 1H, 8-H), 7.07 (d, J ¼ 6.5 Hz, 2H, pyridine 3-H and 5-H),
4.28 (dq, J ¼ 11.0, 7.0 Hz, 1H, methylene CH), 4.24 (dq, J ¼
11.0, 7.0 Hz, 1H, methylene CH), 1.21 (dd, J ¼ 7.0, 7.0 Hz,
3H, CH3). Anal. Calcd. for C19H15FN2O5: C, 62.83; H, 3.95;
N, 7.33. Found: C, 62.66; H, 3.98; N, 7.42.

Compound 9b was obtained in 64% yield (600 mg); mp

168–169�; IR: m 1725, 1620 cm�1; ms: m/z 382 (Mþ); NMR

(deuteriodimethyl sulfoxide): 14.48 (brs, 1H, COOH), 9.07 (s,

1H, 2-H), 8.56 (dd, J ¼ 1.5, 1.5 Hz, 1H, pyridine 2-H), 8.52

(dd, J ¼ 4.0, 2.5 Hz, 1H, pyridine 5-H), 8.35 (s, 1H, vinylic

H), 8.09 (ddd, 8.5, 8.5, 1.5 Hz, 1H, 7-H), 7.74 (J ¼ 8.5, 6.0,

1.5 Hz, 2H, 5-H and 8-H), 7.28 [ (dd, J ¼ 4.0, 1.5 Hz, 1H),

(dd, J ¼ 2.5, 1.5 Hz, 1H), pyridine 4-H and 6-H], 4.28 (dq, J
¼ 11.0, 7.0 Hz, 1H, methylene CH), 4.23 (dq, J ¼ 11.0, 7.0

Hz, 1H, methylene CH), 1.22 (dd, J ¼ 7.0, 7.0 Hz, 3H, CH3).

Anal. Calcd. for C19H15FN2O5: C, 62.83; H, 3.95; N, 7.33.

Found: C, 62.57; H, 3.95; N, 7.36.

Compound 9c was obtained in 70% yield (652 mg); mp

200–201�; IR: m 1720, 1620 cm�1; ms: m/z 382 (Mþ); NMR

(deuteriodimethyl sulfoxide): 14.75 (s, 1H, COOH), 8.99 (s,

1H, 2-H), 8.30 (s, 1H, vinylic H), 8.16 (dd, J ¼ 4.5, 2.5 Hz,

1H, pyridine 6-H), 8.06 (dd, J ¼ 8.5, 2.0 Hz, 1H, 5-H), 7.84

(ddd, J ¼ 8.0, 7.0, 2.5 Hz, 1H, pyridine 4-H), 7.80 (dd, J ¼
8.0, 1.5 Hz, 1H, pyridine 3-H), 7.70 (ddd, J ¼ 7.0, 7.0, 2.0

Hz, 1H, 7-H), 7.66 (dd, J ¼ 7.0, 2.0 Hz, 1H, 8-H), 7.27 (ddd,

J ¼ 7.0, 4.5, 1.5 Hz, 1H, pyridine 5-H), 4.30 (dq, J ¼ 11.0,

7.0 Hz, 1H, methylene CH), 4.25 (dq, J ¼ 11.0, 7.0 Hz, 1H,

methylene CH), 1.23 (dd, J ¼ 7.0, 7.0 Hz, 3H, CH3). Anal.

Calcd. for C20H15FN2O5: C, 61.86; H, 4.07; N, 7.21. Found:

C, 62.06; H, 3.98; N, 7.28.

1-[(Z)-1-Carboxy-2-(4- and 3-pyridyl)vinyl]-7-chloro-6-

fluoro-1,4-dihydro-4-oxoquinoline-3-carboxylic acids 10a,b.

General procedure. A solution of potassium hydroxide (290

mg, 5.13 mmol) in water (2 mL) was added to a solution of
compound 6a or 6b (1.0 g, 2.33 mmol) in ethanol (40 mL),
and the solution was refluxed for 2 h to precipitate crystals.
After cooling of the reaction mixture and then neutralization
with hydrochloric acid (1 mol solution), the solvent was

evaporated in vacuo to afford crystals, which were collected
by suction. Recrystallization from N,N-dimethylformamide/
ethanol/water gave yellow needles.

Compound 10a was obtained in 89% yield (800 mg); mp
285–286�; IR: m 1730 cm�1; ms: m/z 388 (Mþ), 390 (Mþ þ
2); NMR (deuteriodimethyl sulfoxide): 14.28 (brs, 1H,
COOH), 9.01 (s, 1H, 2-H), 8.51 (d, J ¼ 6.5 Hz, 2H, pyridine
2-H and 6-H), 8.25 (d, J ¼ 9.0 Hz, 1H, 5-H), 8.22 (s, 1H,
vinylic H), 8.01 (d, J ¼ 6.0 Hz, 1H, 8-H), 7.93 (s, formyl H
of N,N-dimethylformamide), 7.10 (d, J ¼ 6.0 Hz, 2H, pyridine

3-H and 5-H), 2.81 (s, CH3 of N,N-dimethylformamide), 2.71
(s, CH3 of N,N-dimethylformamide). One of two COOH pro-
ton signals was not observed presumably due to flattening.
Anal. Calcd. for C17H10ClFN2O5�1/3H2O�2/3HCON(CH3)2
[15]: C, 56.16; H, 3.08; N, 6.89. Found: C, 56.08; H, 3.07; N,

6.93.
Compound 10b was obtained in 95% yield (860 mg); mp

284–285�; IR: m 1720 cm�1; ms: m/z 388 (Mþ), 390 (Mþ þ
2); NMR (deuteriodimethyl sulfoxide): 14.29 (brs, 1H,

COOH), 9.02 (s, 1H, 2-H), 8.56 (d, J ¼ 2.0 Hz, 1H, pyridine

2-H), 8.52 (dd, J ¼ 4.5, 2.0 Hz, 1H, pyridine 6-H), 8.27 (s,

1H, vinylic H), 8.25 (d, J ¼ 9.0 Hz, 1H, 5-H), 7.99 (d, J ¼
6.0 Hz, 1H, 8-H), 7.33 (ddd, J ¼ 8.0, 2.0, 2.0 Hz, 1H, pyridine

4-H), 7.28 (dd, J ¼ 8.0, 4.5 Hz, 1H, pyridine 5-H). One of

two COOH proton signals was not observed presumably due

to flattening. Anal. Calcd. for C17H10ClFN2O5: C, 55.61; H,

2.59; N, 7.21. Found: C, 55.33; H, 2.70; N, 7.23.

1-[(Z)-1-Carboxy-2-(4-, 3-, and 2-pyridyl)vinyl]-6-fluoro-

1,4-dihydro-4-oxoquinoline-3-carboxylic acids 11a–c. Gen-
eral procedure. A solution of potassium hydroxide (300 mg,

5.37 mmol) in water (2 mL) was added to a solution of com-

pound 7a, 7b, or 7c (1.0 g, 2.44 mmol) in ethanol (40 mL),

and the solution was refluxed for 2 h to precipitate crystals.

After cooling of the reaction mixture and then neutralization

with hydrochloric acid (1 mol solution), the solvent was

evaporated in vacuo to afford crystals, which were collected

by suction. Recrystallization from ethanol/water gave analyti-

cally pure sample.

Compound 11a was obtained in 58% yield (500 mg) as yel-

low needles; mp 270–271�; IR: m 1720 cm�1; ms: m/z 354
(Mþ); NMR (deuteriodimethyl sulfoxide): 14.80 (brs [17],
COOH), 14.51 (brs, 1H, COOH), 9.11, 9.03 [14] (s, 1H, 2-H),
8.50 (d, J ¼ 6.0 Hz, 2H, pyridine 2-H and 6-H), 8.26 (s, 1H,
vinylic H), 8.08 (dd, 8.5, 2.5 Hz, 1H, 5-H), 7.76 (ddd, 8.5, 8.5,

2.5 Hz, 1H, 7-H), 7.73 (dd, J ¼ 8.5, 4.5 Hz, 1H, 8-H), 7.06
(d, J ¼ 6.0 Hz, 2H, pyridine 3-H and 5-H). Anal. Calcd. for
C17H11FN2O5�H2O [15]: C, 58.07; H, 3.52; N, 7.52. Found: C,
58.34; H, 3.48; N, 7.40.

Compound 11b was obtained in 73% yield (630 mg) as col-

orless needles; mp 246–247�; IR: m 1710 cm�1; ms: m/z 354
(Mþ); NMR (deuteriodimethyl sulfoxide): 14.53 (brs, 1H,
COOH), 9.04 (s, 1H, 2-H), 8.54 (d, J ¼ 2.0 Hz, 1H, pyridine
2-H), 8.51 (dd, J ¼ 4.0, 2.5 Hz, 1H, pyridine 6-H), 8.31 (s,

1H, vinylic H), 8.09 (ddd, J ¼ 8.5, 8.5, 2.5 Hz, 1H, 7-H), 7.75
(dd, J ¼ 7.0, 2.5 Hz, 1H, 5-H), 7.74 (J ¼ 8.5, 5.0 Hz, 1H, 8-
H), 7.29 (ddd, J ¼ 8.0, 2.5, 2.0 Hz, 1H, pyridine 4-H), 7.28
(dd, J ¼ 8.0, 4.0 Hz, 1H, pyridine 5-H). One of two COOH
proton signals was not observed presumably due to flattening.

Anal. Calcd. for C17H11FN2O5�2/5H2O [15]: C, 59.57; H, 3.26;
N, 7.81. Found: C, 59.47; H, 3.52; N, 7.67.

Compound 11c was obtained in 56% yield (480 mg) as col-
orless needles; mp 242–243�; IR: m 1715 cm�1; ms: m/z 354
(Mþ); NMR (deuteriodimethyl sulfoxide): 14.80 (s, 1H,

COOH), 14.05 (brs, 1H, COOH), 8.95 (s, 1H, 2-H), 8.27 (s,
1H, vinylic H), 8.17 (ddd, J ¼ 4.5, 2.0, 0.5 Hz, 1H, pyridine
6-H), 8.06 (dd, J ¼ 8.5, 3.0 Hz, 1H, 5-H), 7.84 (ddd, J ¼ 8.5,
8.0, 2.0 Hz, 1H, pyridine 4-H), 7.76 (dd, J ¼ 8.5, 0.5 Hz, 1H,
pyridine 3-H), 7.70 (ddd, J ¼ 9.0, 8.0, 3.0 Hz, 1H, 7-H), 7.66

(dd, J ¼ 9.0, 4.5 Hz, 1H, 8-H), 7.28 (dd, J ¼ 8.0, 4.5 Hz, 1H,
pyridine 5-H). Anal. Calcd. for C17H11FN2O5: C, 61.02; H,
3.13; N, 7.91. Found: C, 60.72; H, 3.30; N, 7.76.
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Ethyl 1-[(Z)-1-ethoxycarbonyl-2-(2-furyl, 2-thienyl, and

3-thienyl)vinyl]-6-fluoro-1,4-dihydro-4-oxoquinoline-3-carbo-

xylates 16–18. General procedure. A solution of compound

15 (2.0 g, 6.23 mmol), [furfural (898 mg, 9.35 mmol), thio-
phene-2-carbaldehyde (1.74 g, 15.6 mmol), or thiophene-3-car-
baldehyde (1.74 g, 15.6 mmol)], 1,8-diazabicyclo[5.4.0]-7-
undecene (0.3 mL) in dry N,N-dimethylformamide (30 mL)
was refluxed for 2 h with stirring. Evaporation of the solvent

in vacuo gave an oily substance, which was crystallized from
ethanol/water to afford yellow needles 16, 17, or 18.

Compound 16 was obtained in 59% yield (1.46 g); mp 154–
155�; IR: m 1715, 1700 cm�1; ms: m/z 399 (Mþ); NMR (deu-
teriodimethyl sulfoxide): 8.61 (s, 1H, 2-H), 8.08 (s, 1H, vinylic

H), 7.92 (dd, 8.5, 3.0 Hz, 1H, 5-H), 7.75 (d, J ¼ 2.0 Hz, 1H,
furan 5-H), 7.55 (ddd, J ¼ 9.0, 8.0, 3.0 Hz, 1H, 7-H), 7.42
(dd, J ¼ 9.0, 4.5 Hz, 1H, 8-H), 7.00 (d, J ¼ 3.5 Hz, 1H, furan
3-H), 6.60 (dd, J ¼ 3.5, 2.0 Hz, 1H, furan 4-H), 4.26 (dq, J ¼
10.0, 6.5 Hz, 1H, methylene CH), 4.21 (dq, J ¼ 10.0, 6.5 Hz,

1H, methylene CH), 4.20 (q, J ¼ 6.5 Hz, 2H, CH2), 1.24 (dd,
J ¼ 6.5, 6.5 Hz, 3H, CH3), 1.21 (t, J ¼ 6.5 Hz, 3H, CH3).
Anal. Calcd. for C21H18FNO6: C, 63.16; H, 4.54; N, 3.51.
Found: C, 63.16; H, 4.56; N, 3.68.

Compound 17 was obtained in 60% yield (1.55 g); mp 182–
183�; IR: m 1720 cm�1; ms: m/z 415 (Mþ); NMR (deuteriodi-

methyl sulfoxide): 8.59, 8.55 [14] (s, 1H, 2-H), 8.55 (s, 1H,

vinylic H), 7.94 (dd, 9.0, 3.0 Hz, 1H, 5-H), 7.82 (d, J ¼ 3.5,

1.0 Hz, 1H, thiophene 3-H), 7.78 (dd, J ¼ 5.0, 1.0 Hz, 1H, thi-

ophene 5-H), 7.55 (ddd, J ¼ 9.5, 8.0, 3.0 Hz, 1H, 7-H), 7.43

(dd, J ¼ 9.5, 4.5 Hz, 1H, 8-H), 7.16 (dd, J ¼ 5.0, 3.5 Hz, 1H,

thiophene 4-H), 4.26 (dq, J ¼ 10.5, 7.0 Hz, 1H, methylene

CH), 4.20 (q, J ¼ 7.0 Hz, 2H, CH2), 4.19 (dq, J ¼ 10.5, 7.0

Hz, 1H, methylene CH), 1.24 (dd, J ¼ 7.0, 7.0 Hz, 3H, CH3),

1.22 (t, J ¼ 7.0 Hz, 3H, CH3). Anal. Calcd. for C21H18FNO5S:

C, 60.71; H, 4.37; N, 3.37. Found: C, 60.79; H, 4.31; N, 3.74.

Compound 18 was obtained in 51% yield (1.31 g); mp 180–

181�; IR: m 1710, 1682 cm�1; ms: m/z 415 (Mþ); NMR (deu-

teriodimethyl sulfoxide): 8.59 (s, 1H, 2-H), 8.29 (dd, J ¼ 0.5,

0.5 Hz, 1H, vinylic H), 8.04 (ddd, J ¼ 3.0, 1.5, 0.5 Hz, 1H,

thiophene 2-H), 7.94 (dd, J ¼ 9.0, 3.0 Hz, 1H, 5-H), 7.56

(ddd, J ¼ 9.0, 8.0, 3.0 Hz, 1H, 7-H), 7.52 (dd, J ¼ 5.0, 3.0

Hz, 1H, thiophene 5-H), 7.44 (dd, J ¼ 9.0, 4.0 Hz, 1H, 8-H),

6.45 (ddd, J ¼ 5.0, 1.5, 0.5 Hz, 1H, thiophene 4-H), 4.25 (dq,

J ¼ 11.0, 7.0 Hz, 1H, methylene CH), 4.19 (q, J ¼ 7.0 Hz,

2H, CH2), 4.18 (dq, J ¼ 11.0, 7.0 Hz, 1H, methylene CH),

1.24 (dd, J ¼ 7.0, 7.0 Hz, 3H, CH3), 1.21 (t, J ¼ 7.0 Hz, 3H,

CH3). Anal. Calcd. for C21H18FNO5S: C, 60.71; H, 4.37; N,

3.37. Found: C, 60.68; H, 4.40; N, 3.54.

Conversion of compound 7a into compound 13. A solu-
tion of compound 7a (2.0 g, 4.88 mmol), hydrazine hydrate
(700 mg, 14.0 mmol) in dioxane (36 mL)/N,N-dimethylforma-

mide (24 mL) was refluxed for 2 h with stirring to precipitate
colorless needles. After cooling the reaction mixture, crystals
were collected by suction and washed with ethanol to give an
analytically pure sample 13 (460 mg, 40%).
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The reaction of 2,3-butanedione, ethyl pyruvate, and phenylglyoxal with b-nitrostyrene and L-proline

in isopropanol at room temperature gives substituted pyrrolizidines, as a result of one-pot three compo-
nent reaction. On the contrary, a spiropyrrolizidine is formed from 1,2-cyclohexanedione only when the
reaction is carried out in refluxing isopropanol, whereas at room temperature, incorporation of the amine
component into the products is not observed and bicyclo[3.2.1]octanones are formed, as a result of a
tandem Michael-Henry reaction. In this latter case, L-proline acts as an organocatalyst, although with

modest enantioselectivity. The stereochemistry of the products is given and the mechanism of formation
of products is postulated, on the basis of stereochemical arguments.

J. Heterocyclic Chem., 47, 664 (2010).

INTRODUCTION

The 1-azabicyclo[3.3.0]octane ring is part of naturally

occurring and biologically active pyrrolizidine alkaloids,

which are studied for their interesting diverse physiolog-

ical properties [1]. Construction, also asymmetric, of the

pyrrolizidine ring are usually made through multistep

reactions [2] and also [3þ2]cycloadditions between 1,3-

azomethine ylides and activated olefins are widely used

[3]. A possible source of 1,3-azomethine ylides is

derived from activated carbonyl compounds and L-pro-

line, which can loose carbon dioxide when heated. The

resulting 1,3-dipoles can react with aldehydes, to give

bicyclic 1,3-oxazolidines [4], or with a,b-unsaturated
esters [3(a,e,f)], or nitroolefins [3(b)] to give pyrrolizi-

dine derivatives.

In this work, we report the application of 1,3-azome-

thine ylides derived from a-dicarbonyl compounds and

L-proline to the synthesis of pyrrolizidines by means of

1,3-dipolar cycloaddition reactions to b-nitrostyrene.
The use of (2S,4R)-4-hydroxyproline gave enantiopure

polysubstituted pyrrolizidines.

RESULTS AND DISCUSSION

The a-dicarbonyl compounds examined in this study

have been 2,3-butanedione 1a, ethyl pyruvate 1b, phe-

nylglyoxal 1c (Scheme 1), and 1,2-cyclohexanedione 9

(Scheme 3), which were reacted with b-nitrostyrene 2 in

isopropanol at room temperature, in the presence of an

equimolar amount of L-proline. The reaction of 2,3-buta-

nedione 1a with b-nitrostyrene 2 in isopropanol at room

temperature for 3 days gave two regioisomeric cycload-

ducts in 3:2 ratio, which were assigned the structures 3a

and 4a, respectively, on the basis of difference NOE

measurements (Table 1). The analogous cycloaddition of

ethyl pyruvate 1b to 2 gave two adducts 3b and 4b in

9:1 ratio (Scheme 1), with structural assignments based

on analogy and difference NOE measurements (Table

1), while the addition of phenylglyoxal 1c to 2 furnished

a single regioisomer 3c.

To determine the mechanism of formation of the pyr-

rolizidines, a reaction was carried out between 2,3-buta-

nedione 1a, b-nitrostyrene 2 and (2S,4R)-4-hydroxypro-
line 5 in isopropanol, so to take advantage of the
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presence of a stereocenter of known configuration. The

reaction was much slower, owing to solubility problems,

and gentle warming was necessary to drive the reaction

to completion. The reaction products isolated were the

pyrrolizidines 6a and 7a, analogous to 3a and 4a, to-

gether with a third isomer 8a, whose formation can be

surely ascribed to the higher temperature used. The rela-

tive ratio of compounds 6a–8a was 1:4:1 (Scheme 2).

X-ray analysis of compound 6a (Fig. 1) showed the

geometry of the substituents and the cis fusion of the

rings. To validate the use of NOE measurements to

determine the geometry of the other pyrrolizidines, dif-

ference NOE experiments (Table 1) were carried out

also on 6a, whose results were in complete accordance

with the X-ray determination. The ring junction in all

pyrrolizidines was determined by an analysis of their IR

spectra. The Bohlmann bands [5] between 2800 and

2600 cm�1, which are correlated with the presence of a

CAH bond antiperiplanar to the nitrogen lone pair, were

present only for compound 8a (2724 and 2671 cm�1),

which was therefore assigned the trans fusion, whereas

pyrrolizidines 3a–c, 4a,b and 6a, 7a which lack these

bands, were assigned the cis fusion.
1,2-Cyclohexanedione 9 has been chosen as another

candidate for synthesizing pyrrolizidine target com-

pounds. Indeed, the reaction of the substrate 9 with b-
nitrostyrene 2, carried out in refluxing isopropanol for 2

h gave as the main reaction product (90%) the nitrospiro

pyrrolizidine 10 (Scheme 3, right side). Its stereochemis-

try was assigned as depicted in Scheme 3. The relative

configuration of the spiro carbon atom C-30 was con-

firmed by the resonance value found for the axial proton

Scheme 1

Table 1

Difference NOE experiments carried out on the pyrrolizidines.

Compound

Irradiated protons

H-1 (H-10 for 10) H-2 (H-20 for 10) H-3 H-6 H-7a (H-70a for 10) Me

3a o-Ph (8), H-7a (9) Me (4), H-5 at 2.91 (6),

H-7 at 1.33 (2)

H-1 (9), H-7 at 2.04 (5) H-2 (4)

3b o-Ph (10), H-7a (10) Me (9), H-5 at 2.90 (4) H-1 (10), H-7 at 2.07 (6) H-2 (9)

3c o-Ph (7), H-7a (11) H-3 (7), H-5 at 2.81 (4) H-2 (9), H-5

at 2.81 (6)

H-1 (10), o-Ph (7),

H-7 at 2.06 (8)

4a Me (6), H-5 at 3.19 (5),

H-7 at 1.75 (4)

o-Ph (5), H-7a (3) o-Ph (6), H-2 (3),

MeCO (2)

H-1 (6), H-5

at 3.19 (5)

4b H-5 at 3.13 (3), H-7

at 1.72 (4), Me (3)

o-Ph (8), H-7a (4) Me (4), o-Ph (11),

H-2 (4),

H-5 at 3.13 (3)

H-7a (4), H-5

at 3.13 (3)

6a o-Ph (11), H-7a (8) Me (7), H-5 at 3.12 (5),

H-6 (4)

H-2 (4), H-5

at 3.12 (3),

H-7 at 1.63 (4)

H-1 (8), H-7

at 2.15 (3)

H-2 (4)

7a H-5 at 3.37 (6), H-7

at 2.18 (6)

o-Ph (5), H-7a (5),

H-7 at 2.03 (4)

H-5 at 3.37 (5),

H-7 at 2.18 (8)

o-Ph (4), MeCO (2),

H-7 at 2.03 (3)

H-5 at 3.37 (2),

MeCO (2)

8a H-5 at 3.21 (3), H-7

at 1.74 (6), Me (1)

o-Ph (8) H-5 at 3.34 (5),

H-7 at 2.32 (4)

o-Ph (5) H-5 at 3.21 (6)

10 H-7 at 3.20 (2) o-Ph (7), H-5 at 1.64 (2) o-Ph (5)

g Values (%) in parenthesis for enhanced protons.
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at C-2 which is strongly deshielded with respect to

its geminal equatorial one (3.20 vs. 2.39 ppm) by the

anisotropic effect of the nitro group that is spatially

close to it.

Interestingly, when the same reaction was carried

out at room temperature, even under solvent-free con-

ditions, two adducts were obtained in 9:1 ratio

(Scheme 3, left side). These compounds were assigned

the structures 11 and 12, on the basis of 1H NMR

spectra and X-ray analysis carried out on compound

12. The two isomers were separated by flash chroma-

tography and they proved weakly optically active

([a]D
25 ¼ þ0.05 (c 2.65, MeOH) for 11 and [a]D

25 ¼ –

2.6 (c 0.15, MeOH) for 12, 14% e.e., determined by

HPLC on chiral column), thus demonstrating the orga-

nocatalytic capability of L-proline, albeit modest, in

this particular case.

X-ray analysis of compound 12 (Fig. 2) showed that

the geometry of phenyl and the nitro group was cis,
both groups being exo oriented. The stereochemistry of

its diastereomer 11 was determined by 1H NMR analy-

sis. In fact, in 12, the coupling constant between H-6

and H-7 was larger than in 11 (J6,7 ¼ Jendo,exo ¼ 5.8 Hz

for 11, J6,7 ¼ Jendo,endo ¼ 9.5 Hz for 12), thus demon-

strating the trans relationship between the phenyl group

and the nitro group in 11 [6]. The orientation of the

phenyl group was assigned as exo also in 11. In fact,

the coupling constant between H-5 and the benzylic pro-

ton H-6 was zero, thus indicating a dihedral angle of

90� between them, which is only consistent with the

endo orientation of the benzylic proton itself.

MECHANISM OF THE REACTIONS

The mechanism of pyrrolizidine formation can be

inferred from the stereochemistry of the products and in

particular from compounds 6a and 7a, whose absolute

configurations are known, given the R absolute configura-

tion of the carbinol carbon atom. Since the majority of the

pyrrolizidines in this work are cis fused [7], the first

formed carbonAcarbon bond (C1-C7a) occupies the same

position as the carboxy group in the original pyrrolidine

ring. Therefore, it seems reasonable to postulate that for-

mation of the intermediate 13 (Scheme 4, illustrated for

2,3-butanedione 1a as the substrate) is immediately fol-

lowed by elimination of carbon dioxide with the creation

of the 1,3-dipole 14, existing in two resonance structures a

and b. Both regioisomeric adducts 6a and 7a derived from

the less encumbered exo-anti transition states, while adduct

8a arose from the exo-syn transition state. The same reac-

tion mechanism may be invoked for the formation of the

other pyrrolizidines 3a–c, 4a,b derived from linear 1,2,-

dicarbonyl compounds and 10 derived from 1,2-

cyclohexanedione.

In the reaction of 1,2-cyclohexanedione 9 with b-nitro-
styrene 2 performed at room temperature, L-proline initially

reacts with the substrate 9 to give the corresponding cross-

conjugated enaminone 15 (Scheme 5) which reacts with

the nitroolefin in a Michael-type addition, through a two

step mechanism, with subsequent ring closure in 16, by

collapse of the carbanion onto the carbonyl carbon atom.

The consequent zwitterion 17 is hydrolysed in situ to afford

eventually the two diastereomers 11 and 12.

The easier loss of carbon dioxide observed for the

adduct between L-proline and 2,3-butanedione with

respect to the analogous intermediate from 1,2-cyclohex-

anedione could be ascribed to the s-trans geometry

Scheme 2

Figure 1. Molecular structure of compound 6a.
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between the carbonyl group and the iminium group in

the former which would facilitate the expulsion of car-

bon dioxide in the former compound.

EXPERIMENTAL

IR spectra were recorded on a Jasco FT/IR 200 spectropho-
tometer. 1H NMR and 13C NMR spectra were run on a Jeol

EX-400 spectrometer (400 MHz for proton, 100.1 MHz for
carbon), and on a Jeol EX-270 spectrometer (270 MHz for
proton, 68 MHz for carbon) using deuteriochloroform as the
solvent and tetramethylsilane as the internal standard. Chemi-

cal shifts are expressed in parts per million (d). Coupling
constants are given in Hz. Optical rotations were determined
on a Perkin Elmer Model 241 polarimeter. Mass spectra were
recorded on a ion trap instrument Finnigan GCQ (70 eV).
HPLC analysis were run on a Hewlett Packard Series 1100

instrument the chiral column being a Lux 5 lm Cellulose-2
(Phenomenex) with a Cellulose tris(3-chloro-4-methylphenyl-
carbammate) chiral stationary phase, eluent: n-hexane/isopro-
panol 75:25, detector UV 220 nm; TLC’s were performed on
Polygram

VR
Sil G/UV254 silica gel pre-coated plastic sheets.

Flash chromatography was run on silica gel for flash-chroma-
tography (BDH). Elemental analyses were determined on a
Carlo Erba 1106 instrument, at the Department of Chemical
Sciences and Technologies of the University of Udine, Italy.
Light petroleum refers to the fraction with b.p. 40–70�C and

ether to diethyl ether. 2,3-Butanedione, L-proline, (2S,4R)-4-

hydroxyproline, and b-nitrostyrene were purchased from

Sigma-Aldrich and 1,2-cyclohexanedione was purchased from
Lancaster.

General procedure for the reactions between a-dicar-
bonyl compounds 1a–c and 9, b-nitrostyrene 2 and L-pro-

line or (2S,4R)-4-hydroxyproline 5. To the a-dicarbonyl
compound (1.0 mmol) in isopropanol (10 mL), b-nitrostyrene
(1.0 mmol) and the appropriate proline derivative (1.0 mmol)
were added. The mixture was set aside at room temperature
until completion of the reaction, which needed different times
depending on the substrate (96 h for diacetyl and 24 h for 1,2-

cyclohexanedione). The solvent was eliminated and the crude
reaction mixture was chromatographed on silica gel (eluent: n-
heptane–ethyl acetate, gradient).

(1S*,2S*,3R*,7aS*)-3-Acetyl-3-methyl-1-nitro-2-phenyla-

zabicyclo[3.3.0]octane (3a). Oil, 52% yield, after purification.
Rf 0.15 (eluent: light petroleum–ethyl acetate 4:1). IR (neat)
3050, 3032, 1603, 1498, 761, 733, 702 (Ph), 1708 (C¼¼O),
1545, 1375, 1352 (NO2);

1H NMR (400 MHz, CDCl3): d 7.28
(m, 5H, Ph), 5.95 (dd, J1 ¼ 10.6 Hz, J2 ¼ 9.1 Hz, 1H, H-1),

4.30 (dt, J1 ¼ 9.1 Hz, J2 ¼ J3 ¼ 7.8 Hz, 1H, H-7a), 3.85 (d, J
¼ 10.6 Hz, 1H, H-2), 3.04 (m, 1H, H-5), 2.93 (ddd, J1 ¼ 11.2
Hz, J2 ¼ 8.1 Hz, J3 ¼ 5.3 Hz, 1H, H-5), 2.05 (m, 1H, H-7),
1.94 (m, 1H, H-6), 1.91 (s, 3H, CH3CO), 1.83 (m, 1H, H-6),
1.38 (s, 3H, CH3), 1.33 (m, 1H, H-7); 13C NMR (100.1 MHz,

CDCl3): d 207.7 (s), 133.8 (s), 129.0 (2d), 128.6 (2d), 127.7
(d), 93.1 (d, C-1), 74.5 (s, C-3), 64.0 (d, C-7a), 55.2 (d, C-2),
48.9 (t, C-5), 27.7 (t, C-7), 27.1 (q, CH3CO), 25.6 (t, C-6),
19.2 (q, CH3); m/z 289 (2, Mþ1), 245 (45, Mþ1—CH3CO),
199 (100, 245—NO2), 184 (56, 199—CH3). Anal. Calcd. for
C16H20N2O3: C, 66.65; H, 6.99; N, 9.72; Found: C, 66.82; H,
7.12; N, 9.88.

(1S*,2R*,3R*,7aS*)-3-Acetyl-3-methyl-2-nitro-1-phenyla-

zabicyclo[3.3.0]octane (4a). Oil, 35% yield, after purification.

Rf 0.65 (eluent: light petroleum–ethyl acetate 4:1). IR (neat)

3063, 3030, 1603, 1496, 742, 700 (Ph), 1714 (C¼¼O), 1548, 1361

(NO2);
1H NMR (400 MHz, CDCl3): d 7.36 (m, 3H, Ph), 7.25

(bd, 2H, Ph), 6.09 (d, J ¼ 8.4 Hz, 1H, H-2), 3.84 (dd, J1 ¼ 8.4

Hz, J2 ¼ 9.6 Hz, 1H, H-1), 3.22 (m, 1H, H-7a), 3.19 (dd, J1 ¼
8.8 Hz, J2 ¼ 6.9 Hz, 1H, H-5), 3.01 (m, 1H, H-5), 2.46 (s, 3H,

CH3CO), 2.10 (m, 1H, H-6), 2.05 (m, 2H, H-6, H-7), 1.76 (m,

1H, H-7), 1.46 (s, 3H, CH3);
13C NMR (100.1 MHz, CDCl3): d

207.6 (s), 137.8 (s), 128.9 (2d), 127.8 (2d), 127.5 (d), 98.4 (d, C-

2), 76.4 (s, C-3), 70.8 (d, C-7a), 56.7 (d, C-1), 46.4 (t, C-5), 28.2

(t, C-7), 24.4 (t, C-6), 24.1 (q, CH3CO), 16.1 (q, CH3); m/z 289

(5, Mþ1), 245 (40, Mþ1—CH3CO), 199 (100, 245—NO2), 184

(60, 199—CH3). Anal. Calcd. for C16H20N2O3: C, 66.65; H,

6.99; N, 9.72; Found: C, 66.91; H, 6.80; N, 9.56.Figure 2. Molecular structure of compound 12.

Scheme 3
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(1S*,2S*,3R*,7aS*)-3-Methyl-1-nitro-2-phenylazabicyclo[3.

3.0] octane-3-carboxylic acid ethyl ester (3b). Mp 101–
102�C, 85% yield, after purification. Rf 0.30 (eluent: n-hep-
tane–ethyl acetate 4:1). IR (CHCl3) 3080, 3060, 1598, 1498,

770, 701, 669 (Ph), 1686 (C¼¼O), 1549, 1376 (NO2);
1H NMR

(400 MHz, CDCl3): d 7.28 (m, 3H, Ph), 7.19 (m, 2H, o-Ph),
5.90 (dd, J1 ¼ 10.6 Hz, J2 ¼ 9.1 Hz, 1H, H-1), 4.64 (bq, J ¼
9.1 Hz, 1H, H-7a), 3.99 (dq, 2H, CH2O), 3.90 (d, J ¼ 10.6
Hz, 1H, H-2), 3.04 (m, 1H, H-5 cis to H-7a), 2.90 (m, 1H, H-

5 trans to H-7a), 2.07 (m, 1H, H-7 cis to H-7a), 1.93 (m, 1H,
H-6), 1.85 (m, 1H, H-6), 1.48 (s, 3H, CH3), 1.35 (m, 1H, H-
7), 1.08 (t, 3H, CH3CH2O);

13C NMR (100.1 MHz, CDCl3): d
172.6 (s), 133.7 (s), 128.6 (2d), 128.1 (2d), 128.0 (d), 93.3 (d,
C-1), 72.4 (s, C-3), 65.0 (d, C-7a), 61.0 (t, CH2O), 55.8 (d, C-

2), 49.5 (t, C-5), 27.9 (t, C-7), 25.5 (t, C-6), 18.5 (q, CH3),
13.8 (q, CH3CH2O); m/z 319 (12, Mþ1), 272 (38, M—NO2),
245 (50, M—COOEt), 199 (30, M—COOEt—NO2), 198 (100,
M—COOEt—HNO2), 183 (15), 170 (20). Anal. Calcd. for

C17H22N2O4: C, 64.13; H, 6.97; N, 8.80; Found: C, 63.85; H,
6.83; N, 8.73.

(1S*,2R*,3R*,7aS*)-3-Methyl-2-nitro-1-phenylazabicyclo[3.3.0]

octane-3-carboxylic acid ethyl ester (4b). Oil, 5% yield, after
purification. Rf 0.50 (eluent: n-heptane–ethyl acetate 4:1). IR

(neat) 3064, 3031, 1603, 1498, 752, 701 (Ph), 1723 (C¼¼O),
1550, 1367 (NO2);

1H NMR (400 MHz, CDCl3): d 7.30 (m,
5H, Ph), 5.92 (d, J ¼ 9.6 Hz, 1H, H-2), 4.30 (dq, 2H, CH2O),
3.72 (q, 1H, H-7a), 3.69 (dd, J1 ¼ 8.4 Hz, J2 ¼ 9.6 Hz, 1H,
H-1), 3.13 (dd, J1 ¼ 9.0 Hz, J2 ¼ 6.8 Hz, 1H, H-5 trans to H-

7a), 2.93 (m, 1H, H-5 cis to H-7a), 2.00 (3H, m, 2 H-6, H-7),
1.76 (m, 1H, H-7), 1.45 (s, 3H, CH3), 1.34 (t, 3H, CH3CH2O);

1H NMR (400 MHz, CD3OH): d 7.30 (m, 5H, Ph), 5.90 (d, J
¼ 9.9 Hz, 1H, H-2), 4.29 (dq, 2H, CH2O), 3.71 (t, J1 ¼ 9.9
Hz, J2 ¼ 10.1 Hz, 1H, H-1), 3.63 (m, 1H, H-7a), 3.17 (m, 1H,
H-5 trans to H-7a), 2.88 (m, 1H, H-5 cis to H-7a), 2.04 (m,
1H, H-6), 1.91 (m, 2H, H-6, H-7), 1.73 (m, 1H, H-7), 1.42 (s,
3H, CH3), 1.32 (t, 3H, CH3CH2O);

13C NMR (100.1 MHz,

CDCl3): d 172.5 (s), 137.8 (s), 128.9 (2d), 127.7 (2d), 127.6
(d), 99.2 (d, C-2), 70.6 (s, C-3), 70.2 (d, C-7a), 62.2 (t,
CH2O), 54.8 (d, C-1), 46.6 (t, C-5), 29.0 (t, C-7), 25.2 (t, C-
6), 16.0 (q, CH3), 14.0 (q, CH3CH2O); m/z 319 (10, Mþ1),
272 (40, M—NO2), 245 (90, M—COOEt), 199 (100, M—

COOEt—NO2), 198 (80, M—COOEt—HNO2), 184 (80,
199—CH3). Anal. Calcd. for C17H22N2O4: C, 64.13; H, 6.97;
N, 8.80; Found: C, 64.86; H, 6.74; N, 8.68.

(1S*,2S*,3R*,7aS*)-3-Benzoyl-1-nitro-2-phenylazabicy-

clo[3.3.0] octane (3c). Oil, 80% yield, after purification. Rf 0.15
(eluent: light petroleum–ethyl acetate 4:1). IR (neat) 3088,
3065, 1598, 1581, 1496, 754, 698 (Ph), 1686 (C¼¼O), 1545,
1375 (NO2);

1H NMR (400 MHz, CDCl3): d 7.65 (bd, 2H, o-
PhCO), 7.45 (bt, 1H, p-PhCO), 7.32 (bt, 2H, m-PhCO), 7.09
(m, 5H, Ph), 5.48 (dd, J1 ¼ 7.8 Hz, J2 ¼ 5.3 Hz, 1H, H-1),
5.32 (d, J ¼ 7.3 Hz, 1H, H-3), 4.49 (m, 2H, H-2, H-7a), 3.42
(m, 1H, H-5), 2.81 (m, 1H, H-5), 2.06 (m, 3H, 2 H-6, H-7),
1.49 (m, 1H, H-7); 1H NMR (400 MHz, CD3OH): d 8.05 (bd,
2H, o-PhCO), 7.70 (bd, 2H, o-Ph), 7.55 (bt, 1H, p-PhCO),
7.32 (bt, 2H, m-PhCO), 7.10 (m, 3H, Ph), 5.50 (t, J ¼ 7.8 Hz,
9.5 Hz, 1H, H-1), 5.18 (d, J ¼ 7.7 Hz, 1H, H-3), 4.51 (dd, J1
¼ 9.5 Hz, J2 ¼ 7.7 Hz, 1H, H-2), 4.31 (dt, J1 ¼ 9.5 Hz, J2 ¼
7.7 Hz, 1H, H-7a), 3.35 (m, 1H, H-5), 2.89 (m, 1H, H-5), 2.30
(m, 3H, 2 H-6, H-7), 2.15 (m, 1H, H-7); 13C NMR (100.1

Scheme 5

Scheme 4
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MHz, CDCl3): d 198.2 (s), 136.8 (s), 135.1 (s), 133.0 (d, p-
PhCO), 128.8 (2d, Ph), 128.5 (2d, m-PhCO), 128.1 (d, Ph),
127.9 (2d, Ph), 127.9 (2d, o-PhCO), 92.6 (d, C-1), 73.5 (s, C-
3), 67.0 (d, C-7a), 55.6 (t, C-5), 53.3 (d, C-2), 28.2 (t, C-7),
27.4 (t, C-6); m/z 317 (2, Mþ1), 286 (20), 231 (95, M—

PhCO), 184 (100, M—PhCO—HNO2), 156 (45). Anal. Calcd.
for C20H20N2O3: C, 71.41; H, 5.99; N, 8.33; Found: C, 71.02;
H, 5.72; N, 8.40.

(1S,2S,3R,6R,7aS)-3-Acetyl-6-hydroxy-3-methyl-1-nitro-2-

phenylazabicyclo[3.3.0]octane (6a). Colorless solid, mp 118–

119�C, 48% yield, after purification. Rf 0.10 (eluent: n-hep-
tane: ethyl acetate 1:3). IR (CDCl3) 3399 (OH), 3051, 3032,
1590, 1501, 734, 702 (Ph), 1706 (C¼¼O), 1546, 1376 (NO2);
1H NMR (400 MHz, CDCl3): d 7.25 (m, 5H, Ph), 5.95 (dd, J1
¼ 10.2 Hz, J2 ¼ 9.1 Hz, 1H, H-1), 4.51 (bq, J ¼ 8.2 Hz, 1H,

H-7a), 4.49 (b signal, 1H, H-6), 3.87 (d, J ¼ 10.2 Hz, 1H, H-
2), 3.13, 3.06 (part AB of an ABX system, JAB ¼ 9.5 Hz, JAX
¼ 3.3 Hz, JBX ¼ 1.2 Hz, 2H, 2 H-5), 2.12 (dd, J1 ¼ 8.2 Hz,
J2 ¼ 14.3 Hz, 1H, H-7), 2.06 (bs, 1H, OH), 1.91 (s, 3H,

CH3CO), 1.65 (ddd, J1 ¼ 14.3 Hz, J2 ¼ 7.9 Hz, J3 ¼ 5.3 Hz,
1H, H-7), 1.56 (s, 3H, CH3);

13C NMR (100.1 MHz, CDCl3):
d 207.6 (s), 133.5 (s), 129.0 (2d), 128.7 (2d), 127.9 (d), 93.4
(d, C-1), 74.5 (s, C-3), 72.0 (d, C-6), 62.8 (d, C-7a), 56.2 (t,
C-5), 55.9 (d, C-2), 36.9 (t, C-7), 27.3 (q, CH3CO), 19.4 (q,

CH3); m/z 304 (<1, Mþ�), 261 (56, M—CH3CO), 215 (28,
M—CH3CO—NO2), 214 (100, M—CH3CO—HNO2), 196 (25,
214—H2O), 170 (10); Anal. Calcd. for C16H20N2O3: C, 63.14;
H, 6.62; N, 9.20; Found: C, 63.27; H, 6.80; N, 9.09; [a]D

25 ¼
–120.5 (c 0.36, CHCl3).

(1S,2R,3R,6R,7aS)-3-Acetyl-6-hydroxy-3-methyl-2-nitro-1-

phenylazabicyclo[3.3.0]octane (7a). Semisolid material, 15%
yield, after purification, Rf 0.23 (eluent: n-heptane: ethyl ace-
tate 1:3). IR (CDCl3) 3406 (OH), 3050, 3032, 1603, 1496,
731, 701 (Ph), 1713 (C¼¼O), 1549, 1359 (NO2);

1H NMR (400

MHz, CDCl3): d 7.35–7.25 (m, 3H, Ph), 7.15 (bd, 2H, Ph),
6.10 (d, J ¼ 8.1 Hz, 1H, H-2), 4.57 (b signal, 1H, H-6), 3.83
(dd, J1 ¼ 8.1 Hz, J2 ¼ 10.6 Hz, 1H, H-1), 3.39, 3.37 (m þ
dd, J1 ¼ 4.0 Hz, J2 ¼ 9.9 Hz, 2H, H-7a, H-5), 3.05 (bd, J ¼
9.9 Hz, 1H, H-5), 2.42 (s, 3H, CH3CO), 2.18 (ddd, J1 ¼ 3.3
Hz, J2 ¼ 5.9 Hz, J3 ¼ 14.6 Hz, 1H, H-7), 2.06 (s þ ddt, J1 ¼
14.6 Hz, J2 ¼ 7.5 Hz, J3 ¼ 1.2 Hz, 2H, OH þ H-7), 1.39 (s,

3H, CH3);
1H NMR (400 MHz, CD3OH): d 7.30 (m, 5H, Ph),

6.00 (d, J ¼ 8.8 Hz, 1H, H-2), 4.55 (b signal, 1H, H-6), 3.82

(dd, J1 ¼ 8.8 Hz, J2 ¼ 9.9 Hz, 1H, H-1), 3.46 (ddd, 1H, H-

7a), 3.36 (dd, J1 ¼ 4.6 Hz, J2 ¼ 10.1 Hz, 1H, H-5), 2.99 (d, J
¼ 10.1 Hz, 1H, H-5), 2.43 (s, 3H, CH3CO), 2.14 (ddd, 1H, H-

7), 1.91 (ddt, 1H, H-7), 1.34 (s, 3H, CH3);
13C NMR (100.1

MHz, CDCl3): d 207.0 (s), 137.2 (s), 129.1 (2d), 127.8 (2d),

127.7 (d), 98.5 (d, C-2), 76.1 (s, C-3), 72.3 (d, C-6), 69.1 (d,

C-7a), 57.1 (d, C-1), 55.1 (t, C-5), 39.7 (t, C-7), 24.2 (q,

CH3CO), 16.2 (q, CH3); m/z 304 (<1, Mþ�), 261 (58, M—

CH3CO), 215 (100, M—CH3CO—NO2), 214 (18, M—

CH3CO—HNO2), 200 (28), 170 (15). Anal. Calcd. for

C16H20N2O3: C, 63.14; H, 6.62; N, 9.20; Found: C, 63.32; H,

6.85; N, 9.02; [a]D
25 ¼ þ71.8 (c 0.87, CHCl3).

(1R,2S,3S,6R,7aR)-3-Acetyl-6-hydroxy-3-methyl-2-nitro-1-

phenylazabicyclo[3.3.0]octane (8a). Colorless solid, mp 166–
167�C, 15% yield, after purification, Rf 0.27 (eluent: n-hep-
tane: ethyl acetate 1:3). IR (nujol) 3181 (OH), 2724, 2671

(CH), 1713 (C¼¼O), 1602, 1493, 701 (Ph), 1549, 1359 (NO2);
1H NMR (400 MHz, CDCl3): d 7.36 (m, 3H, Ph), 7.25 (bd,

2H, Ph), 6.10 (d, J ¼ 8.4 Hz, 1H, H-2), 4.59 (b signal, 1H, H-
6), 4.18 (dd, J1 ¼ 8.4 Hz, J2 ¼ 10.5 Hz, 1H, H-1), 3.35 (dd,
J1 ¼ 9.0 Hz, J2 ¼ 6.4 Hz, 1H, H-5), 3.22 (dd, J1 ¼ 9.0 Hz, J2
¼ 7.3 Hz, 1H, H-5), 3.20 (ddd, J1 ¼ 2.9 Hz, J2 ¼ 7.7 Hz, J3
¼ 10.5 Hz, 1H, H-7a), 2.34 (s þ m, 4H, CH3CO, H-7), 1.84

(bd, 1H, OH), 1.78 (ddd, J1 ¼ 2.9 Hz, J2 ¼ 5.1 Hz, J3 ¼ 13.7
Hz, 1H, H-7), 1.38 (s, 3H, CH3);

13C NMR (100.1 MHz,
CDCl3): d 207.0 (s), 137.4 (s), 129.0 (2d), 127.8 (2d), 127.7
(d), 98.0 (d, C-2), 77.2 (s, C-3), 72.3 (d, C-6), 69.8 (d, C-7a),
57.1 (d, C-1), 54.4 (t, C-5), 38.0 (t, C-7), 24.1 (q, CH3CO),

16.2 (q, CH3); m/z 304 (<1, Mþ�), 261 (56, M—CH3CO), 215
(30, M—CH3CO—NO2), 214 (100, M—CH3CO—HNO2), 196
(32, 214—H2O), 170 (12). Anal. Calcd. for C16H20N2O3: C,
63.14; H, 6.62; N, 9.20; Found: C, 63.22; H, 6.74; N, 9.13;
[a]D

25 ¼ –83.3 (c 0.09, CHCl3).

(10S*,20R*,30S*,70aS*)-20-Nitro-10-phenylspiro[cyclohexanone-6,
30-pyrrolizidine (10). Colorless oil, 70% yield, after purification.

IR (neat) 3063, 3029, 1603, 1497, 757, 701 (Ph), 1713 (CO),

1545, 1361 (NO2);
1H NMR (400 MHz, CDCl3): d 7.30 (m, 5H,

Ph), 6.16 (d, J ¼ 7.7 Hz, 1H, H-20), 3.81 (dd, J1 ¼ 10.6 Hz, J2
¼ 7.7 Hz, 1H, H-10), 3.28–3.15 (m, 3H, H-2, H-50, H-70a) [The
three overlapping signals are as follows: 3.20 (dt, J1 ¼ J2 ¼ 14.0

Hz, J3 ¼ 6.0 Hz, 1H, H-2), 3.20 (m, 2H, H-50), 3.18 (m, 1H, H-

70a)], 3.12 (dt, 1H, H-50), 2.39 (bd, J ¼ 14.0 Hz, 1H, H-2), 2.20–

2.05 (m, 3H, H-5, H-60, H-70), 2.00–1.77 (m, 4H, H-3, H-4, H-60,
H-70), 1.77–1.58 (m þ dt, 2H, H-3, H-5); 13C NMR (100.1 MHz,

CDCl3): d 207.8 (s), 138.2 (s), 128.9 (2d), 128.1 (2d), 127.4 (d),

98.3 (d, C-20), 76.9 (s, C-30), 70.7 (d, C-70a), 56.8 (d, C-10), 45.0
(t, C-50), 37.9 (t, C-2), 30.9 (t, C-5), 27.0 (t, C-70), 26.9 (t, C-3),

23.4 (t, C-60), 22.2 (t, C-4); m/z 315 (10, Mþ1), 268 (78,

Mþ1—NO2), 240 (45, 268—CO), 171 (100), 143 (30), 129 (92),

70 (65). Anal. Calcd. for C18H22N2O3: C, 68.77; H, 7.05; N,

8.91; Found: C, 68.91; H, 7.25; N, 8.75.

(1S*,5S*,6R*,7R)-1-Hydroxy-7-nitro-6-phenylbicyclo[3.2.1]

octan-8-one (11). Semisolid material, 73% yield, after purifica-
tion, Rf 0.40 (eluent: light petroleum–ethyl acetate 4:1). IR

(CCl4) 3454 (OH), 3050, 3030, 1498, 788, 754, 700 (Ph),
1764 (C¼¼O), 1549, 1370 (NO2);

1H NMR (400 MHz, CDCl3):
d 7.30 (m, 3H, Ph), 7.15 (bd, 2H, Ph), 4.81 (d, J ¼ 5.8 Hz,
1H, H-7), 4.18 (d, J ¼ 5.8 Hz, 1H, H-6), 3.36 (bs, 1H, OH),
2.78 (dd, J1 ¼ 4.4 Hz, J2 ¼ 1.8 Hz, 1H, H-5), 2.35 (m, 2H,

CH2), 2.11 (m, 1H, ring CH), 2.00 (s, 2H, CH2), 1.75 (m, 1H,
ring CH); 13C NMR (100.1 MHz, CDCl3): d 212.5 (s), 142.3
(s), 129.4 (2d), 127.8 (d), 126.7 (2d), 93.6 (d, C-7), 81.6 (s, C-
1), 51.6 (d, C-5), 43.9 (d, C-6), 39.8 (t, C-2), 36.0 (t, C-4),
17.9 (t, C-3); m/z 261 (11, Mþ�), 229 (20, M—NO—H2), 197

(10, M—NO2—H2O), 169 (100, 197–28), 141 (48, 169–28).
Anal. Calcd. for C14H15NO4: C, 64.36; H, 5.79; N, 5.36;
Found: C, 64.40; H, 5.87; N, 5.40.

(1S*,5S*,6R*,7S)]-1-Hydroxy-7-nitro-6-phenylbicyclo[3.2.1]

octan-8-one (12). Mp 146–147�C, from cyclohexane, 7% yield,
after purification. Rf 0.30 (eluent: light petroleum–ethyl acetate
4:1). IR (nujol) 3425 (OH), 3050, 3030, 1496, 743, 721, 695
(Ph), 1752 (C¼¼O), 1553 (NO2);

1H NMR (400 MHz, CDCl3):
d 7.28 (m, 3H, Ph), 7.16 (bd, 2H, Ph), 5.29 (d, J ¼ 9.5 Hz,

1H, H-7), 3.92 (d, J ¼ 9.5 Hz, 1H, H-6), 3.22 (bs, 1H, OH),
3.05 (b signal, WH ¼ 9.2 Hz, 1H, H-5), 2.41 (m, 1H), 2.20–
2.05 (m, 3H, ring CH), 2.02–1.83 (m, 2H); 13C NMR (100.1
MHz, CDCl3): d 213.9 (s), 136.3 (s), 128.7 (2d), 128.5 (2d),
127.8 (d), 91.0 (d, C-7), 80.0 (s, C-1), 47.1 (d, C-5), 44.3 (d,

C-6), 41.2 (t, C-2), 35.9 (t, C-4), 17.6 (t, C-3). Anal. Calcd.
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for C14H15NO4: C, 64.36; H, 5.79; N, 5.36; Found: C, 64.42;
H, 5.93; N, 5.50.

Crystal structure determinations. Diffraction data for the
structures reported were collected at room temperature on a
Nonius DIP-1030H system (Mo-Ka radiation, k ¼ 0.71073 Å).

Both the structures were solved by direct methods and refined
by the full-matrix least-squares method based on F2 with all
observed reflections [8]. The calculations were performed
using the WinGX System, Ver 1.80.05 [9].

Crystal data for 6a. C16�H20�N2�O4, fw ¼ 304.34 g/mol;

Tetragonal, P 41, a ¼ 13.640(3), c ¼ 8.299(2) Å, V ¼
1544.0(6) Å3, Z ¼ 4, Dcalcd ¼ 1.309 g/cm3, l(Mo-Ka) ¼
0.095 mm�1, F(000) ¼ 648, y ¼ 24.71�. Final R1 ¼ 0.0426,
wR2 ¼ 0.0996, GOF ¼ 0.850 for 132 parameters and 1370
unique reflections, of which 815 with I > 2r(I), residuals in

DF map 0.186, –0.181 e. Å�3.
Crystal data for 12. C14�H15�NO4, fw ¼ 261.27 g/mol;

Monoclinic, P 21, a ¼ 8.323(2), b ¼ 6.309(2), c ¼ 12.535(3)
Å, b ¼ 104.31(3)�, V ¼ 637.8(3) Å3, Z ¼ 2, Dcalcd ¼ 1.361 g/

cm3, l(Mo-Ka) ¼ 0.100 mm�1, F(000) ¼ 276, y ¼ 24.69�.
Final R1 ¼ 0.0341, wR2 ¼ 0.0890, GOF ¼ 0.889 for 173 pa-
rameters and 1107 unique reflections, of which 717 with I >
2r(I), residuals in DF map 0.101, –0.156 e. Å�3.

CONCLUSION

Although [3þ2]cycloadditions between 1,3-azome-

thine ylides and activated olefins are known, the easy

access to these polyfunctionalized pyrrolizidines is inter-

esting, in particular, as far as the formation of the nitro

spiro pyrrolizidine is concerned. In fact, a similar spiro

pyrrolizidine of terpenoid nature, the (þ)-nitropolyzon-

amine [10], extracted from a millipede, has been studied

as a potential allomone to deter predators [11].
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A facile synthesis of tetrasubstitude 2,3-dihydrofurans has been conducted using poly(ethylene glycol)
(PEG) as a soluble polymer support. The PEG-supported pyridinium ylides react with 3-arylidene-2,4-
pentanedione in the presence of triethylamine (TEA) via conjugate addition to form PEG-supported
dihydrofuran derivatives, being cleaved by 1% KCN/EtOH to afford trans-tetrasubstitude-2,3-dihydro-
furans, varying from good to excellent yields.

J. Heterocyclic Chem., 47, 671 (2010).

INTRODUCTION

Dihydrofurans are the most important heterocycles

not only because of their biological activities [1] but

also to potential usefulness as synthetic intermediates,

for example, they are precursors of furans by oxidation.

Searching for new and efficient methods for their syn-

thesis is always an area of synthetic interest. With a

number of methods available, though, the synthesis of

dihydrofurans using polymer as support has never been

reported. Our laboratory has accumulated abundant ex-

perience in soluble polymer supported synthesis [2] and

has successfully synthesized indolizines using poly(eth-

ylene glycol) (PEG)-supported pyridinium ylides [3].

Based on our previous work, herein we report the facile

synthesis of tetrasubstituted dihydrofuran deriatives via

the reaction of 3-arylidene-2,4-pentanedione analogues 3

[4] with PEG-supported pyridinium ylides 2 (Scheme 1).

RESULTS AND DISCUSSION

As shown in Scheme 1, PEG3400 was first treated by

two equivalent bromoacetyl bromide with equimultiple

triethylamine (TEA) as base in dry dichloromethane at

0�C overnight to form 1. The IR spectroscopy of 1

exhibits characteristic C¼¼O absorption band at 1750

cm�1 with the disappearance of the OAH absorption at

3448 cm�1. After purification and vacuum drying, 1 was

reacted with pyridine overnight in dry dichloromethane

to afford PEG-supported pyridinium ylides 2. The 1H

NMR spectroscopy of 2 shows a strong signal of the

pyridine protons at d 9.46, 8.62, and 8.20. The ylides

reacted with 1.5 equivalent of 3-arylidene-2,4-pentane-

dione 3 at refluxing temperature via conjugate addition

in dry acetonitrile using K2CO3 as a base, and 4 was

obtained as brown powder in excellent yields. Finally,

the 2,3-dihydrofuran 5 was cleaved from 4 by treating 4

with 1% KCN in dry ethanol solution at r.t. over night

in 80–93% yields.

The earlier papers reported that using ylides react at

0�C or even �78�C gives birth to cyclopropane and

dihydrofuran products, but if choosing higher tempera-

ture only dihydrofuran was obtained [5]. Probably

because of the raise of temperature, the less stable car-

bon anionic intermediate A would transform to oxygen

anionic intermediate B, thus resulting in the contrast of

their chemselectivity; the higher the temperature is cho-

sen the better chemselectivity is gained. Their common

mechanism is shown in Scheme 2.

During the study of the mechanism, we envision that

we could use PEG-supported pyridinium ylide to synthe-

size 2,3-dihydrofuran derivatives in acetonitrile at

refluxing temperature. Indeed, we do obtain 2,3-dihydro-

furan as the only product in our route. The stereochem-

istry of 5a is assigned from a combination of its COSY

spectra in which a trans-geometry between the 4 and 5-
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positions is observed (J ¼ 4.2 Hz) [6]. A plausible reac-

tion mechanism is shown in Scheme 3. As the reaction

conducts at refluxing temperature, the carbon anionic in-

termediate I is so instable that it would be transformed

to oxygen anionic intermediate II, so no cyclopropane

derives from a three-membered ring could be detected.

There are two possible scenarios when the enolate oxy-

gen attacks C2 from the backside of leaving group (Pyþ)
such as III and IV. To be largely affected by the steric

hindrance (Ar and PEG-OCO), especially by the group

of PEG-OCO, IV is so instable as to be insignificant,

thus trans-2,3-dihydrofuran is the only product detected

in our route (Scheme 3).

Initial attempts worked perfectly with ethyl-2-(4-

chlorobenzylidene)-3-oxobuancate 3a and PEG-sup-

ported pyridinium ylieds 2 in acetonitrile at refluxing

temperature with K2CO3 as base and trans-5-methyl-3-

(3-nitrophenyl)-2,3-dihydrofuran-2,4-dicarboxylic acid

diethyl ester 5e was formed in 82% yield (based on the

loading capacity of PEG). To probe into the generality

of this finding, we extend the investigation to a number

of substrates, of which 17 products have never been

reported. The results are summarized in Table 1.

This method has a number of advantages including

high yields, simple purification, and absence of compet-

ing side reactions such as C-cyclization, which are all

based on the features of PEG supported synthesis [7]:

(a) in each step, the excess low molecular regents are

used to promote the balance movement to the product

direction so as to obtain high yields; (b) the PEG sup-

ported group provides huge steric hindrance to restrict

enolate oxygen to attack carbon at a certain direction,

thus leading to high stereoselectivity; and (c) PEG-

bound products can be conveniently recrystalled in cold

ethyl ether, and the by-products are removed by simple

filtration, which simplifies the purification a lot.

In conclusion, we have successfully synthesized 22

trans-tetrasubstituted 2,3-dihydrofuran derivatives via

the reaction of 3-arylidene-2,4-pentanedione with PEG-

supported pyridinium ylides in high yields, simple puri-

fication and 17 products have never been reported.

EXPERIMENTAL

All organic solvents were dried by standard methods. PEG3400

(Aldrich, 3015–3685) and PEG-supported compounds were
melted in vacuum at 80�C for about 30 min before use, to remove
any trace of moisture. Melting points were measured by a X-6

digital melting point apparatus and uncorrected. IR spectra were
recorded in an IR-Spectrum One spectrometer (Perin Elmer),
using NaCl pellets. Mass spectra were recorded on Finnigan LCQ
DUO MS system. 1H NMR (600 MHz) and 13C NMR (150 MHz)

spectra were recorded in a Varian Unity INOVA 600 spectrome-
ter in CDCl3 using TMS (0.03%) as internal standard.

Preparation of PEG-supported pyridinium ylides 2. A
solution of bromoacetyl bromide (1.02 mL, 11.76 mmol) in
dry CH2Cl2 (2 mL) was added dropwise to a solution of

PEG3400 (10.0 g, 5.88 mmol OH) and Et3N (1.65 mL, 11.76
mmol) in dry CH2Cl2 (30 mL) at 0�C and stirred at r.t. over-
night. The mixture was washed with H2O to remove
Et3N�HBr, dried over Na2SO4 and concentrated. After precipi-
tation with cold Et2O, washing with cold Et2O and drying

under vacuum, a light yellow solid 1 was obtained. Pyridine
(0.94 mL, 11.76 mmol) was added to a solution of 1 in dry
CH2Cl2 (30 mL) and stirred at r.t overnight. After precipitation
from cold Et2O, the suspension was filtered and washed with
cold Et2O to obtain solid 2 (11.0 g, 98%). TLC (EA:PE ¼

Scheme 1

Scheme 2
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1:4) showed that the solid was free from any low molecular
reactants and by-products. IR (NaCl): 3057, 2882, 1751, 1147,

1114, 730 cm�1. 1H NMR (600 MHz): d ¼ 9.46 (d, 2H, J ¼
4.2 Hz, a-pyridine), 8.62 (t, 1H, J ¼ 6.4 Hz, c-pyridine), 8.20
(t, 2H, J ¼ 6.0 Hz, b-pyridine), 6.18 (s, 2H, ACH2COOA),
3.64–3.51 (m, 4nH, AO(CH2CH2O)nA).

Typical procedures for preparation of 2,3-dihydrofurans

5. A mixture of PEG-supported pyridinium ylides 2 (2.3 mmol),
3-benzylidene-2,4-pentanedione (3.44 mmol), and K2CO3 (3.44
mmol) in CH3CN (20 mL) was refluxed for 12 h to form 4. After
the solvent was evaporated under vacuum, the residue was

added to CH2Cl2 (5 mL) and recrystalled in cold Et2O. Filtering
the precipitation and being washed by the cold Et2O until no
low molecular reactants and by-product, which were detected by
the TLC (EA:PE ¼ 1:4). Product 4 was treated with 1% solution
of KCN in EtOH (30 mL) and stirred at r.t overnight, evaporated

EtOH and precipitated with cold Et2O to obtain the crude prod-
ucts, which were purified by column chromatography on silica
gel (EA:PE ¼ 1:4) to afford the pure 5.

Trans-4-acetyl-3-(4-chlorophenyl)-5-methyl-2,3-dihydrofuran-
2,4-dicarboxylic acid diethyl ester (5Aa) oil. IR (NaCl): 2956,

1759, 1702, 1651, 1462 cm�1, 1H NMR (600 MHz, CDCl3): d
¼ 7.313 (d, 2H, J ¼ 8.4 Hz, ArH), 7.200 (d, 2H, J ¼ 8.4 Hz,
ArH), 4.782 (d, 1H, J ¼ 4.2 Hz, OCH), 4.495 (d, 1H, J ¼ 4.6
Hz, CH), 4.206 (m, 2H, OCH2), 2.435 (s, 3H, CH3), 1.994 (s,
3H, CH3), 1.456 (t, 3H, CH3),

13C NMR (150 MHz, CDCl3): d
¼ 169.505, 168.870, 164.219, 140.222, 132.476, 130.104 (2C),
129.896 (2C), 105.957, 85.848, 62.202, 59.862, 29.670, 14.132,
13.893, 13.528. MS: m/z ¼ 339.13 (Mþ þ 1).

Trans-4-acetyl-3-(4-bromophenyl)-5-methyl-2,3-dihydrofuran-
2,4-dicarboxylic acid diethyl ester (5Ab) oil. IR (NaCl): 2884,
1746, 1620, 1467 cm�1, 1H NMR (600 MHz, CDCl3): d ¼

7.290 (d, 2H, J ¼ 8.4 Hz, ArH), 7.173 (d, 2H, J ¼ 8.4 Hz,
ArH), 4.770 (d, 1H, J ¼ 5.4 Hz, OCH), 4.394 (d, 1H, J ¼ 3.6

Hz, CH), 4.280 (m, 2H, OCH2), 4.023 (m, 2H, OCH2), 2.397
(s, 3H, CH3), 1.326 (t, 3H, CH3), 1.095 (t, 3H, CH3),

13C
NMR (150 MHz, CDCl3): d ¼ 169.413, 168.882, 164.307,
140.194, 132.430 (2C), 131.876 (2C), 121.782, 106.293,
85.814, 62.255, 59.971, 29.588, 14.076, 13.985, 13.859. MS:

m/z ¼ 383.02 (Mþ þ 1).
Trans-4-acetyl-3-(4-cyanophenyl)-5-methyl-2,3-dihydrofuran-

2,4-dicarboxylic acid diethyl ester (5Ac) oil. IR (NaCl): 2883,
1753, 1627, 1467 cm�1, 1H NMR (600 MHz, CDCl3): d ¼
7.569 (d, 2H, J ¼ 7.8 Hz, ArH), 7.287 (d, 2H, J ¼ 7.8 Hz,
ArH), 5.338 (d, 1H, J ¼ 5.4 Hz, OCH), 4.646 (d, 1H, J ¼ 3.6
Hz, CH), 4.007 (m, 2H, OCH2), 3.796 (m, 2H, OCH2), 2.397
(s, 3H, CH3), 1.326 (t, 3H, CH3), 1.023 (t, 3H, CH3),

13C
NMR (150 MHz, CDCl3): d ¼ 168.843, 168.232, 164.117,

146.262, 133.945 (2C), 130.554 (2C), 117.852, 110.967,
105.729, 85.608, 61.940, 59.774, 29.637, 14.081, 13.953,
13.452. MS: m/z ¼ 330.16 (Mþ þ 1).

Trans-4-acetyl-3-(4-nitrophenyl)-5-methyl-2,3-dihydrofuran-
2,4-dicarboxylic acid diethyl ester (5Ad) oil. IR (NaCl): 2885,

1750, 1629, 1467 cm�1, 1H NMR (600 MHz, CDCl3): d ¼
8.156 (d, 2H, J ¼ 8.4 Hz, ArH), 7.358 (d, 2H, J ¼ 7.8 Hz, ArH),
5.244 (d, 1H, J ¼ 4.2 Hz, OCH), 4.683 (d, 1H, J ¼ 4.8 Hz, CH),
4.116 (m, 2H, OCH2), 3.827 (s, 3H, CH3), 2.481 (s, 3H, CH3),
1.251 (t, 3H, CH3),1.024 (t, 3H, CH3),

13C NMR (150 MHz,

CDCl3): d ¼ 169.145, 168.427, 163.536, 146.893, 145.615,
128.774 (2C), 121.309 (2C), 105.697, 85.517, 61.823, 59.633,
29.621, 14.248, 13.978, 13.863. MS: m/z ¼ 350.15 (Mþ þ 1).

Trans-4-acetyl-3-(3-nitrophenyl)-5-methyl-2,3-dihydrofuran-
2,4-dicarboxylic acid diethyl ester (5Ae) oil. IR (NaCl): 2957,
1761, 1700, 1651, 1532 cm�1, 1H NMR (600 MHz, CDCl3): d
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¼ 8.058 (m, 1H, ArH), 7.535–7.437 (m, 2H, ArH), 4.786 (d,
1H, J ¼ 5.4 Hz, OCH), 4.488 (d, 1H, J ¼ 4.2 Hz, CH), 4.208
(m, 2H, OCH2), 3.954 (m, 2H, OCH2), 2.355 (s, 3H, CH3),

1.308 (s, 3H, CH3), 1.022 (t, 3H, CH3),
13C NMR (150 MHz,

CDCl3): d ¼ 168.945, 168.848, 163.609, 149.223, 136.138,
133.547, 128.841, 128.143, 124.198, 105.840, 86.077, 61.985,
59.682, 29.543, 14.108, 13.962, 13.439. MS: m/z ¼ 350.10
(Mþ þ 1).

Trans-4-acetyl-3-(2-nitrophenyl)-5-methyl-2,3-dihydrofuran-
2,4-dicarboxylic acid diethyl ester (5Af) oil. IR (NaCl): 2925,
1759, 1651, 1462 cm�1, 1H NMR (600 MHz, CDCl3): d ¼
7.786 (d, 1H, J ¼ 7.8 Hz, ArH), 7.518 (m, 1H, ArH), 7.328 (t,

2H, ArH), 5.062 (d, 1H, J ¼ 4.2 Hz, OCH), 4.809 (d, 1H, J ¼
4.8 Hz, CH), 4.249 (m, 2H, OCH2), 3.893 (m, 2H, OCH2),
2.350 (s, 3H, CH3), 1.285 (s, 3H, CH3), 0.911 (t, 3H, CH3),
13C NMR (150 MHz, CDCl3): d ¼ 169.635, 169.948, 164.202,
149.163, 136.793, 132.803, 129.837, 128.153, 124.289,

105.715, 85.407, 62.068, 59.712, 29.630, 14.076, 13.996,
13.954. MS: m/z ¼ 350.16 (Mþ þ 1).

Trans-4-acetyl-3-(4-methoxyphenyl)-5-methyl-2,3-dihydro-
furan-2,4-dicarboxylic acid diethyl ester (5Ag) oil. IR
(NaCl): 2880, 1751, 1636, 1467 cm�1, 1H NMR (600 MHz,

CDCl3): d ¼ 7.018 (d, 2H, J ¼ 8.4 Hz, ArH), 6.878 (d, 2H, J
¼ 8.4 Hz, ArH), 4.799 (d, 1H, J ¼ 4.8 Hz, OCH), 4.406 (d,
1H, J ¼ 4.8 Hz, CH), 4.269 (m, 2H, OCH2), 4.018 (m, 2H,
OCH2), 2.384 (s, 3H, CH3), 1.323 (t, 3H, CH3), 1.096 (t, 3H,
CH3),

13C NMR (150 MHz, CDCl3): d ¼ 170.022, 169.923,

164.879, 159.743, 133.320, 128.845 (2C), 114.289 (2C),
105.729, 85.407, 62.068, 59.663, 56.014, 29.630, 14.076,
13.996, 13.954. MS: m/z ¼ 335.16 (Mþ þ 1).

Trans-3-(2,3-dimethoxyphenyl)-5-methyl-2,3-dihydrofuran-
2,4-dicarboxylic acid diethyl ester (5Ah) oil. IR (NaCl):
2884, 1746, 1620, 1467 cm�1, 1H NMR (600 MHz, CDCl3): d

¼ 7.032 (t, 1H, ArH), 6.851 (d, 1H, J ¼ 7.2 Hz, ArH), 6.680
(d, 1H, J ¼ 7.8 Hz, ArH), 4.919 (d, 1H, J ¼ 4.2 Hz, OCH),
4.618 (d, 1H, J ¼ 3.6 Hz, CH), 4.369 (m, 2H, OCH2), 4.172
(m, 2H, OCH2), 3.883 (s, 6H, OCH3), 2.419 (s, 3H, CH3),
1.448 (t, 3H, CH3), 1.263 (t, 3H, CH3),

13C NMR (150 MHz,

CDCl3): d ¼ 170.104, 169.945, 164.862, 150.739, 150.022,
127.242, 122.853, 121.197, 112.827, 105.723, 85.418, 62.053,
59.657, 56.542, 56.012, 29.629, 14.202, 13.988, 13.945. MS:
m/z ¼ 365.20 (Mþ þ 1).

Trans-4-acetyl-3-(2,4-dichlorophenyl)-5-methyl-2,3-dihydro-
furan-2,4-dicarboxylic acid diethyl ester (5Aj) oil. IR (NaCl):
2885, 1750, 1629, 1467 cm�1, 1H NMR (600 MHz, CDCl3): d
¼ 7.394 (d, 1H, J ¼ 8.4 Hz, ArH), 7.264 (d, 1H, J ¼ 8.4 Hz
m, ArH), 7.258–7.240 (m, 1H), 5.114 (d, 1H, J ¼ 4.2 Hz,
OCH), 4.703 (d, 1H, J ¼ 4.8 Hz, CH), 4.244 (m, 2H, OCH2),

4.013 (m, 2H, OCH2), 2.463 (s, 3H, CH3), 2.068 (s, 3H, CH3),
1.216 (t, 3H, CH3),

13C NMR (150 MHz, CDCl3): d ¼
169.324, 168.998, 163.545, 137.132, 136.454, 134.317,
130.623, 130.304, 126.492, 105.731, 85.772, 62.104, 59.672,

29.534, 14.088, 13.831, 13.456. MS: m/z ¼ 373.09 (Mþ þ 1).
Trans-4-acetyl-3-(4-hydroxyphenyl)-5-methyl-2,3-dihydro-

furan-2,4-dicarboxylic acid diethyl ester (5Ak) oil. IR
(NaCl): 2883, 1750, 1637, 1467 cm�1, 1H NMR (600 MHz,
CDCl3): d ¼ 9.099 (s, 1H, OH), 7.469 (d, 2H, J ¼ 8.4 Hz,

ArH), 6.922 (d, 1H, J ¼ 8.4 Hz, ArH), 4.843 (d, 1H, J ¼ 4.2
Hz, OCH), 4.307 (d, 1H, J ¼ 4.8 Hz, CH), 4.309 (m, 2H,
OCH2), 4.127 (m, 2H, OCH2), 2.382 (s, 3H, CH3), 1.954 (s,
3H, CH3), 1.278 (t, 3H, CH3),

13C NMR (150 MHz, CDCl3):
d ¼ 169.582, 168.763, 163.425, 156.753, 133.406, 130.287

(2C), 116.848 (2C), 105.724, 85.788, 62.146, 59.672, 29.630,
14.071, 13.835, 13.452. MS: m/z ¼ 321.19 (Mþ þ 1).

Trans-4-acetyl-3-(4-chlorophenyl)-5-methyl-2,3-dihydrofuran-
2-carboxylic acid ethyl ester (5Ba) oil. IR (NaCl): 2957, 1760,
1704, 1651, 1459 cm�1, 1H NMR (600 MHz, CDCl3): d ¼
7.401 (d, 2H, J ¼ 9.0 Hz, ArH), 7.374 (d, 2H, J ¼ 9.0 Hz,
ArH), 4.729 (d, 1H, J ¼ 4.8 Hz, OCH), 4.474 (d, 1H, J ¼ 4.2
Hz, CH), 4.310 (m, 2H, OCH2), 2.428 (s, 3H, CH3), 1.994 (s,
3H, CH3), 1.294 (t, 3H, CH3),

13C NMR (150 MHz, CDCl3):

d ¼ 169.511, 168.864, 164.230, 140.217, 132.465, 130.109
(2C), 129.882 (2C), 105.943, 85.826, 62.213, 29.672, 14.162,
13.877, 13.519 MS: m/z ¼ 309.11 (Mþ þ 1).

Trans-4-acetyl-3-(4-bromophenyl)-5-methyl-2,3-dihydrofuran-
2-carboxylic acid ethyl ester (5Bb) oil. IR (NaCl): 2884, 1742,

1621, 1460 cm�1, 1H NMR (600 MHz, CDCl3): d ¼ 7.290 (d,
2H, J ¼ 8.4 Hz, ArH), 7.173 (d, 2H, J ¼ 8.4 Hz, ArH), 4.770
(d, 1H, J ¼ 5.4 Hz, OCH), 4.394 (d, 1H, J ¼ 3.6 Hz, CH),
4.280 (m, 2H, OCH2), 4.023 (m, 2H, OCH2), 2.397 (s, 3H,
CH3), 1.326 (t, 3H, CH3), 1.095 (t, 3H, CH3),

13C NMR (150

MHz, CDCl3): d ¼ 169.405, 168.874, 164.311, 140.186,
132.418 (2C), 131.856 (2C), 121.796, 106.185, 85.801, 62.203,
29.463, 14.067, 13.993, 13.835. MS: m/z ¼ 353.07 (Mþ þ 1).

Trans-4-acetyl-3-(4-cyanophenyl)-5-methyl-2,3-dihydrofuran-
2-carboxylic acid ethyl ester (5Bc) oil. IR (NaCl): 2884, 1752,

1623, 1459 cm�1, 1H NMR (600 MHz, CDCl3): d ¼ 7.687 (d,

2H, J ¼ 3.6 Hz, ArH), 7.555 (d, 2H, J ¼ 4.8 Hz, ArH), 5.016

(d, 1H, J ¼ 4.8 Hz, OCH), 4.453 (d, 1H, J ¼ 4.8 Hz, CH),

4.076 (m, 2H, OCH2), 2.423 (s, 3H, CH3), 2.398 (s, 3H, CH3),

1.265 (t, 3H, CH3),
13C NMR (150 MHz, CDCl3): d ¼

168.852, 168.229, 164.110, 146.258, 133.931 (2C), 130.567

(2C), 117.844, 110.960, 105.718, 85.614, 61.943, 29.626,

14.125, 13.948, 13.433. MS: m/z ¼ 302.14 (Mþ þ 1).

Table 1

Synthesis of 2,3-dihydrofurans using PEG-supported pyridin ylide.

Entry R1 R2 R3 R4 Yield (%)a

5Aa OEt H H Cl 82

5Ab OEt H H Br 85

5Ac OEt H H CN 87

5Ad OEt H H NO2 80

5Ae OEt H NO2 H 90

5Af OEt NO2 H H 81

5Ag OEt H H OCH3 89

5Ah OEt OCH3 OCH3 H 85

5Ai OEt H H N(CH3)2 90

5Aj OEt Cl H Cl 83

5Ak OEt H H OH 80

5Ba [5b] CH3 H H Cl 84

5Bb [5b] CH3 H H Br 86

5Bc CH3 H H CN 88

5Bd [5b] CH3 H H NO2 87

5Be CH3 H NO2 H 93

5Bf CH3 NO2 H H 85

5Bg CH3 H H OCH3 92

5Bh CH3 OCH3 OCH3 H 87

5Bi CH3 H H N(CH3)2 89

5Bj [5b] CH3 Cl H Cl 84

5Bk CH3 H H OH 80

a Based on the loading capacity of PEG.
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Tans-4-acetyl-3-(4-nitrohenyl)-5-methyl-2,3-dihydrofuran-2-
carboxylic acid ethyl ester (5Bd) oil. IR (NaCl): 2883, 1748,
1630, 1478 cm�1, 1H NMR (600 MHz, CDCl3): d ¼ 8.211 (d,

2H, J ¼ 4.2 Hz, ArH), 7.424 (d, 2H, J ¼ 8.4 Hz, ArH), 4.761
(d, 1H, J ¼ 4.8 Hz, OCH), 4.609 (d, 1H, J ¼ 4.2 Hz, CH),
4.308 (m, 2H, OCH2), 2.468 (s, 3H, CH3), 2.103 (s, 3H, CH3),
1.251 (t, 3H, CH3),

13C NMR (150 MHz, CDCl3): d ¼
169.138, 168.414, 163.552, 146.872, 145.609, 128.772 (2C),

121.319 (2C), 105.693, 85.523, 61.835, 29.624, 14.236,
13.994, 13.842. MS: m/z ¼ 320.14 (Mþ þ 1).

Trans-4-acetyl-3-(3-nitrophenyl)-5-methyl-2,3-dihydrofuran-
2-carboxylic acid ethyl ester (5Be) oil. IR (NaCl): 2935, 1757,
1690, 1628, 1521 cm�1, 1H NMR (600 MHz, CDCl3): d ¼
7.899 (d, 1H, J ¼ 7.8 Hz, ArH), 7.609 (m, 1H, ArH), 7.352
(d, 1H, J ¼ 7.2 Hz, ArH), 5.223 (d, 1H, J ¼ 5.4 Hz, OCH),
4.853 (d, 1H, J ¼ 4.2 Hz, CH), 4.402 (m, 2H, OCH2), 2.4485
(s, 3H, CH3), 2.020 (s, 3H, CH3), 1.022 (t, 3H, CH3),

13C
NMR (150 MHz, CDCl3): d ¼ 168.932, 168.824, 163.679,

149.235, 136.131, 133.459, 128.856, 128.258, 124.183,
105.833, 86.102, 61.973, 29.536, 14.112, 13.953, 13.538. MS:
m/z ¼ 320.13 (Mþ þ 1).

Trans-4-acetyl-3-(2-nitrophenyl)-5-methyl-2,3-dihydrofuran-
2-carboxylic acid ethyl ester (5Bf) oil. IR (NaCl): 2913, 1762,
1651, 1469 cm�1, 1H NMR (600 MHz, CDCl3): d ¼ 7.899 (d,
1H, J ¼ 7.8 Hz, ArH), 7.606 (t, 1H, ArH), 7.448 (t, 1H, ArH),
7.352 (d, 1H, J ¼ 7.8 Hz, ArH), 5.234 (d, 1H, J ¼ 3.6 Hz,
OCH), 4.792 (d, 1H, J ¼ 5.4 Hz, CH), 4.309 (m, 2H, OCH2),

2.456 (s, 3H, CH3), 2.015 (s, 3H, CH3), 1.025 (t, 3H, CH3),
13C NMR (150 MHz, CDCl3): d ¼ 169.648, 169.932, 164.132,
149.153, 136.643, 133.311, 128.894, 128.073, 124.289,
105.715, 85.407, 62.068, 29.630, 14.076, 13.996, 13.954. MS:
m/z ¼ 320.09 (Mþ þ 1).

Trans-4-acetyl-3-(4-methoxyphenyl)-5-methyl-2,3-dihydro-
furan-2-carboxylic acid ethyl ester (5Bg) oil. IR (NaCl):
2882, 1753, 1639, 1467 cm�1, 1H NMR (600 MHz, CDCl3): d
¼ 7.024 (d, 2H, J ¼ 8.4 Hz, ArH), 6.873 (d, 2H, J ¼ 8.4 Hz,
ArH), 4.798 (d, 1H, J ¼ 5.4 Hz, OCH), 4.339 (d, 1H, J ¼ 5.4

Hz, CH), 4.010 (m, 2H, OCH2), 3.849 (s, 3H, OCH3), 2.411
(s, 3H, CH3), 1.319 (t, 3H, CH3),

13C NMR (150 MHz,
CDCl3): d ¼ 170.102, 169.943, 164.867, 159.739, 133.321,
128.842 (2C), 114.287 (2C), 105.714, 85.401, 62.053, 59.657,
56.012, 29.618, 14.102, 13.982, 13.946. MS: m/z ¼ 305.15

(Mþ þ 1).
Trans-3-(2,3-dimethoxyphenyl)-5-methyl-2,3-dihydrofuran-

2-carboxylic acid ethyl ester (5Bh) oil. IR (NaCl): 2885,

1750, 1631, 1467 cm�1, 1H NMR (600 MHz, CDCl3): d ¼
7.805 (s, 1H, ArH), 7.042-6.977 (m, 2H, ArH), 4.609 (d, 1H, J
¼ 5.4 Hz, OCH), 4.353 (d, 1H, J ¼ 5.2 Hz, CH), 4.189 (m,

2H, OCH2), 3.896 (s, 6H, OCH3), 2.886 (s, 3H, CH3), 2.440

(s, 3H, CH3), 1.263 (t, 3H, CH3),
13C NMR (150 MHz,

CDCl3): d ¼ 170.105, 169.943, 164.860, 150.734, 150.018,

127.238, 122.847, 121.186, 112.833, 105.719, 85.408, 62.048,

56.540, 56.018, 29.623, 14.210, 13.978, 13.953. MS: m/z ¼
335.17 (Mþ þ 1).

Trans-4-acetyl-3-(4-(dimethylamino)phenyl)-5-methyl-2,3-
dihydrofuran-2,4-dicarboxylic acid diethyl ester (5Ai)
oil. IR (NaCl): 2883, 1753, 1627, 1467 cm�1, 1H NMR (600
MHz, CDCl3): d ¼ 7.310 (d, 2H, J ¼ 8.4 Hz, ArH), 6.627 (d,
2H, J ¼ 8.4 Hz, ArH), 4.793 (d, 1H, J ¼ 4.8 Hz, OCH), 4.475
(d, 1H, J ¼ 4.2 Hz, CH), 4.275 (m, 2H, OCH2), 4.063 (m, 2H,

OCH2), 3.033 (s, 6H, N(CH3)2), 2.407 (s, 3H, CH3), 1.305 (s,

3H, CH3), 1.170 (t, 3H, CH3),
13C NMR (150 MHz, CDCl3):

d ¼ 169.875, 168.843, 164.324, 146.738, 130.218, 129.236
(2C), 115.833 (2C), 106.119, 85.402, 62.029, 41.309 (2C),
29.425, 14.201, 13.977, 13.946. MS: m/z ¼ 348.12 (Mþ þ 1).

Trans-4-acetyl-3-(4-(dimethylamino)phenyl-5-methyl-2,3-
dihydrofuran-2-carboxylic acid ethyl ester (5Bi) oil. IR
(NaCl): 2884, 1752, 1628, 1467 cm�1, 1H NMR (600 MHz,
CDCl3): d ¼ 7.307(d, 2H, J ¼ 10.8 Hz, ArH), 6.662 (d, 2H, J
¼ 8.4 Hz, ArH), 4.778 (d, 1H, J ¼ 4.8 Hz, OCH), 4.425 (d,
1H, J ¼ 4.2 Hz, CH), 4.364 (m, 2H, OCH2), 3.046 (s, 6H,

N(CH3)2), 2.413 (s, 3H, CH3), 2.387 (s, 3H, CH3), 1.317 (t,
3H, CH3),

13C NMR (150 MHz, CDCl3): d ¼ 169.870,
168.838, 164.322, 146.730, 130.222, 129.234 (2C), 115.829
(2C), 106.121, 85.389, 41.306 (2C), 29.414, 14.322, 13.984,
13.953. MS: m/z ¼ 318.21 (Mþ þ 1).

Trans-4-acetyl-3-(2,4-dichlorophenyl)-5-methyl-2,3-dihydro-
furan-2-carboxylic acid ethyl ester (5Bj) IR (NaCl): 2883,
1748, 1629, 1467 cm�1, 1H NMR (600 MHz, CDCl3): d ¼
7.390 (d, 1H, J ¼ 1.8 Hz, ArH), 7.254 (m, 1H, ArH), 7.095

(d, 1H, J ¼ 8.4 Hz), 5.014 (d, 1H, J ¼ 4.2 Hz, OCH), 4.699
(d, 1H, J ¼ 4.8 Hz, CH), 4.292 (m, 2H, OCH2), 2.444 (s, 3H,
CH3), 1.986 (s, 3H, CH3), 1.299 (t, 3H, CH3),

13C NMR
(150MHz, CDCl3): d ¼ 169.321, 168.977, 163.541, 137.127,
136.439, 134.306, 130.640, 130.287, 126.488, 105.716, 85.759,

62.113, 29.530, 14.064, 13.845, 13.458. MS: m/z ¼ 343.01
(Mþ þ 1).

Trans-4-acetyl-3-(4-hydroxyphenyl)-5-methyl-2,3-dihydro-
furan-2-carboxylic acid ethyl ester (5Bk) oil. IR (NaCl):
2883, 1755, 1628, 1467 cm�1, 1H NMR (600 MHz, CDCl3): d
¼ 8.807 (s, 1H, OH), 7.321 (d, 2H, J ¼ 8.4 Hz, ArH), 7.193
(d, 1H, J ¼ 8.4 Hz, ArH), 4.767 (d, 1H, J ¼ 4.8 Hz, OCH),
4.435 (d, 1H, J ¼ 5.4 Hz, CH), 4.315 (m, 2H, OCH2), 2.431
(s, 3H, CH3), 2.052 (s, 3H, CH3), 1.278 (t, 3H, CH3),

13C
NMR (150 MHz, CDCl3): d ¼ 169.580, 168.758, 163.422,

156.749, 133.401, 130.285 (2C), 116.832 (2C), 105.715,
85.764, 62.108, 59.712, 29.639, 14.063, 13.828, 13.457. MS:
m/z ¼ 291.09 (Mþ þ 1).
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A number of derivatives of isoxazolo[4,3-d]pyrimidine and isoxazolo[4,5-d]pyrimidine were prepared
with potential anticancer activity. Condensation of 4-amino-5-benzoyl-isoxazolo-3-carboxylic acid hy-
drazide with ethyl orthoformate and then with different amines gave a series of 3-benzoyl-7-oxo-7H-iso-
xazolo[4,3-d]pyrimidin-6-yl-aryliden-formamidine. A series of 5-aminomethyl-7-phenyl-isoxazolo[4,5-
d]pyrimidine-3-carboxamide was obtained from 4-amino-5-benzoylisoxazole-3-carboxamide with aceto-

nitrile, and chloroacetonitrile with gaseous hydrogen chloride. Some of these compounds were tested
for their cytotoxic activity.

J. Heterocyclic Chem., 47, 677 (2010).

INTRODUCTION

The bases of the 9H-purines adenosine (adenine) and

the adenosine metabolite inosine (hypoxantine) are en-

dogenous ligands of different receptors. Adenosine is an

endogenous ligand of adenosine receptors (AR). They

are subdivided into four subtypes (A1, A2A, A2B, and

A3) [1]. Adenosine receptors have been actively studied

as potential therapeutic targets in several disorders, such

as Parkinson’s disease, schizophrenia, analgesia, and is-

chemia, and as cytostatics. Inosine is a highly selective

ligand for the A3 receptor subtype [2,3] and so is a

ligand of the benzodiazepine receptor [4,5]. The nitro-

gen atoms at positions 3 and 7 of both purines and their

derivatives take part in the formation of a hydrogen

bond with these receptors [5,6]. For example, substitu-

tion of the nitrogen atom at position 7 in inosine gave

7-methylinosine, which was ineffective in binding to the

benzodiazepine receptor [5]. Therefore, we have been

working on synthetic derivatives of two isomers of iso-

xazolopyrimidine, 4,3-d and 4,5-d, which may be con-

sidered as 7,9-dideaza-7-oxa-8-aza purines, and which

may have high biological and similar receptor activity.

Only the isomers from four isomers of isoxazolopyrimi-

dine have nitrogen and oxygen heteroatoms at positions

analogous to the 9H-purines. The literature concerning

derivatives of both isomers contains a few same papers

in which the authors obtained isoxazolo[4,5-d]pyrimi-

dine but did not assay their biological activity [7–9].

Some derivatives of isoxazolo[4,5-d]pyrimidine were

shown to be CRF (corticotrophin releasing factor) antag-

onist and may be useful as cCMP phosphodiesterase

inhibitors [10,11]. Another derivatives of isoxazolo[4,5-

d]pyrimidine that are structurally similar to hypoxantine

can have anxiolytic activity comparable to that of diaz-

epam [12]. In contrast, compared with diazepam the

derivatives of isoxazolo[4,3-d]pyrimidine are devoid of

anticonvulsant and anxiolytic properties [13].

RESULTS AND DISCUSSION

Synthesis. In continuation of our program we report

the synthesis of new derivatives of the title compounds.

The synthetic pathways used to obtain the target com-

pounds are depicted in Scheme 1. The starting material

1 was obtained by the Thorpe reaction according to

Gewald et al. [14], by which it could be converted into

hydrazide 2 [15]. Hydrazide 2 with aldehydes gave the

new hydrazido-hydrazones 3-5, which were condensed

with ethyl orthoformate in the presence of the acetic an-

hydride, yielding the new derivatives of isoxazolo[4,3-

VC 2010 HeteroCorporation
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d]pyrimidines 6-8. The acid hydrazide 2 was refluxed in

a mixture with only equimolar amounts of triethyl

ortho-formate, giving [4-amino-3-(1,3,4-oxadiazol-2-yl)i-

soxazol-5-yl]-(phenyl)methanone [15]. If hydrazide 2

was refluxed with an excess of triethyl orthoformate and

acetic anhydride, then the derivatives of isoxazolo[4,3-

d]pyrimidine 6-8 and 9,10 were formed, which with dif-

fer-rent amines formed new derivatives of 3-benzoyl-7-

oxo-7H-isoxazole[4,3-d]pyrimidin-6-yl-aryliden-formam-

idine 11–14. Compound 1 was heated in acetonitrile or

chloroacetonitrile with gaseous hydrogen chloride to

form the new derivatives of isoxazolo[4,5-d]pyrimidine

15–16. Mechanism of the reaction was described earlier

by Shishoo et al [16,17]. Compound 16 reacts with

amines to form the new 5-(aminemethyl)-7-phenyl-iso-

xazolo[4,5-d]pyrimidine-3-carboxamide 17–20. It is well

Scheme 1
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known that isoxazole rings are readily cleaved by hydro-

genation [18–21]. Thus the reduction of compound 16

followed by treatment with sodium borohydride in meth-

anol at room temperature gave compound 21 with only

one reduced double bond at position 6-7 from four. X-

ray crystallography of compound 9 (Fig. 1) confirmed

that the resulting structure was indeed compound 21 and

15,16, and 17-20.

However, amid 1 readily reacts with nitriles and

forms compounds 15,16. Of the compounds selected by

the staff members of the NCI the derivatives isoxazole

3c, isoxazole[4,3-d]pyrimidine 9, and isoxazole[4,5-

d]pyrimidine 19 were interesting.

Crystallographic part. X-ray diffraction studies: The

X-ray diffraction data were collected at 100 K for a

crystal of size 0.2 � 0.25 � 0.25 mm. All measure-

ments were made on a KM4 CCD computer-controlled

j-axis diffractometer with graphite-monochromated

MoKa(0.71073 Å) radiation. The intensities were cor-

rected for Lorentz and polarization effects, but no correc-

tions were made for absorption. The structure was solved

by direct methods with SHELXS-97 and refined by full-

matrix least-squares methods on F2 using the SHELXL-

97 [22] program. Nonhydrogen atoms were refined with

anisotropic thermal parameters. All the H atoms were

located using a differrence Fourier map and refined.

Figure 1 was drawn using the XP program [23]. Crys-

tal data for 5-chloromethyl-7-phenyl-6,7-dihydro-isoxa-

zlo[4,5-d]pyrimidine-3-carboxamide 21: C13H11N4O2Cl,

T ¼ 100(2) K, M ¼ 290.71, orthorhombic, space group

Pna21, with a ¼ 14.713(2) Å, b ¼ 16.745(2) Å, c ¼
5.236(1) Å, V ¼ 1290.0(3) Å3, Z ¼ 4, Dc ¼ 1.4969 g

cm�3, l ¼ 0.303 mm�1. There were 2930 unique reflec-

tions, of which 2553 were considered as observed, with

final R ¼ 0.0439 and wR ¼ 0.079.

The molecular structure and atom numbering scheme

are shown in Figure 1. Compound 21 crystallizes in a

noncentrosymmetric Pna21 space group with one mole-

cule per asymmetric unit. The determination of the

structure of compound 21 confirms the S configuration

of the chiral atom C7. The interatomic distances for C5-

N4 [1.310(3) Å] and C3-N2 [1.320(3) Å] are typical of

carbon-nitrogen double bonds [24] (1.279–1.329 Å) and

the C9-N4 [1.401(3) Å] and C7-N6 [1.476(3) Å], bond

lengths correspond to typical carbon-nitrogen single

bonds (1.366–1.454 Å).

The isoxazole and pyrimidine rings are essentially

planar, with maximum deviations from the calculated

mean plane of 0.006(2) Å (C9) and 0.036(2) Å (C8),

respectively. The dihedral angle between the best planes

through the isoxazole ring and the pyrimidine ring is

3.0(2)�, indicating that the whole molecule is almost

planar. The carboamide moiety deviates slightly from

the isoxazole ring plane, the N3-C1-C3-N2 and O2-C1-

C3-C9 torsion angles being �172.4(2)�, and –172.5(3)�

respectively. The chloromethyl and phenyl moieties are

nearly perpendicular, to the pyrimidine ring.

The dihedral angles between the pyrimidine ring

plane and the Cl1-C2-C5 and C11-C16 planes are

66.6(1)� and 77.8(1)�, respectively.
In the present structure the nearly planar conformation

of the title compound is stabilized by a network of inter-

molecular and intramolecular hydrogen bonds.

The hydrogen bond involving the amide H31 atom is

bifurcated, H31 forming one intramolecular hydrogen

bond with the N4 atom of the pyrimidine ring and the

Cl1 atom of the chloromethyl moiety. The distances

between the N(2)-H31. . .N(4) and N2-H31. . .Cl1(�x þ
1, �y þ 1, z � 1/2) atoms are 2.946(3) and 3.552(2) Å,

respectively. Furthermore, the amide H6 forms an N6-

H6. . .O2(x � 1/2, �y þ 1/2, z þ 1) hydrogen bond

with the O2 atom of the carboamide group. The distan-

ces N6. . .O2 and H6. . .O2 are 2.908(3) and 2.22(3) Å,

and the angle is 139(2)�. Additionally, the amide H32

atom on N2 interacts with the ring centroid Cg of the

phenyl ring, forming a nonconventional hydrogen bond

of the N2-H32. . .p (Cg) [H32. . . p, 2.71 Å N2. . . p
3.443(3) Å, N2-H32. . . p 149�; symmetry code: x þ 1/

2, �y þ 1/2, z�1]. The molecules are also linked by

the C7-H1. . .N4, C2-H21. . .O2, C12-H12. . .O2, and

C15-H15. . .O1[3.523(3), 3.149(3), 3.550(3), and

3.437(3) Å] weak hydrogen bonds to form a chain run-

ning parallel to the axis. The distances H. . .O(N)
[2.51(3)–2.85(3) Å] and angles [126(2)–163(2)�] suggest
some kind of weak CAH. . .X hydrogen bond.

CCDC726160 contains the supplementary crystallo-

graphic data for this article. These data can be obtained

free of charge at www.ccdc.cam.ac.uk/const/retrie-

ving.html (or from the Cambridge Crystallographic Data

Figure 1. A view of the molecular structure of compound 21 with the

atomic numbering scheme. Ellipsoids are at the 35% probability level.
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Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax:

(þ44) 1223 336033; e-mail: deposit@ccdc.cam.uk).

Cytotoxic screening. The cytotoxic studies were per-

formed at the National Cancer Institute, (NCI, Bethesda,

MD). The screening is a two-stage process beginning

with the evaluation of the compound against 60 different

human tumor cell lines representing leukemia, mela-

noma, and cancers of the lung, colon, brain, breast,

ovary, prostate, and kidney at a single dose of 10 lmol.

Evaluation of the cytotoxic activity was performed for

compounds 5, 6, 9, 11, and 19. Only compounds 5, 9, and

19 showed interesting activity in the panel 62 tumor cell

lines, but chiefly on the renal cancer line UO-31. Data on

the active compounds are presented in Table 1.

EXPERIMENTAL

Melting points were determined with a Boethius apparatus
and are uncorrected. The progress of the reaction and the pu-
rity of the compounds were monitored by TLC on analytical
silica gel plates (Merck F254, Darmstadt, Germany). IR spectra
were recorded on a Specord M80 spectrometer (Zeiss/Analytic

Jena, Germany) for KBr dises. 1H NMR spectra were recorded
with a Bruker Avance ARX-300 instrument (Bruker Analytic,
Karlsruhe, Germany; Bruker AG, Fallanden, Switzerland).
Chemical shifts are reported in ppm downfield from the inter-
nal tetramethylsilane reference and the coupling constants are

in Hz. Mass spectra were recorded on a Finningan Mat 95
GC-MS (Finningan, Bremen, Germany) with an ionization
energy of 70 eV. Elemental analyses were performed on a Per-
kin Elmer 2400 analyzer (Waltham, MA) and the results are

within 6 0.4% of the theoretical values obtained for the new
compounds. The chemicals and reagents for synthesis were

obtained from Alfa Aesar (Karlsruhe, Germany), Chempur

(Piekary Sl., Poland), and Lancaster (Frankfurt am Main).
General procedure for the synthesis of compounds 3-

5. To a stirred solution of acid hydrazide 2 (2.46 g, 0.01 mol)
in 20 mL of anhydrous 1,4-dioxane heated at 80�C, the appro-
priate aldehyde (0.012 mol) was added. The reaction mixture

was heated under reflux for 5 h and the solvent was rotoevapo-
rated. The resulting solid was recrystallized from the appropri-
ate solvent.

4-Amino-5-benzoyl-N-(ethylideneamino)isoxazole-3-carbox-
amide (3). Yield: 1.78 g (65.5%), mp 191�C (1,4-dioxane); IR

(potassium bromide): 3500, 3395 (NH2), 3260 (NH), 1685, 1660
(CO), 1640 (C¼¼N) cm�1; 1H NMR (DMSO-d6): d 1.94–2.00 (d,
3H, CH3, J ¼ 6.0 Hz ), 6.41 (s, 2H, NH2), 7.68 (m, 3H, arom.),
7.80–7.90 (q, 1H, CH, J ¼ 6.0 Hz), 8.00–8.10 (d, 2H, arom.),

12.06 (s, 1H, HN-CO). Anal. Calcd. for C13H12N4O3: C, 57.35;
H, 4.44; N, 20.58. Found: C, 57.21; H, 4.38; N, 20.37.

4-Amino-5-benzoyl-N-(phenylmethylenebenzylideneamino)i-
soxazole-3-carboxamide (4). Yield: 2.52 g (75.5%), mp 215C
(ethanol); IR (potassium bromide): 3420, 3305 (NH2), 3260

(NH), 1685, 1660 (CO), 1640 (C¼¼N) cm�1; 1H NMR
(DMSO-d6): d 6.44 (s, 2H, NH2), 7.50–8.66 (m, 10H, arom.),
8.57 (s, 1H, CH), 12.42 (s, 1H, HN-CO). Anal. Calcd. for
C18H14N4O3: C, 64.67; H, 4.22; N, 16.76. Found: C, 64.80; H,
4.23; N, 16.47.

4-Amino-5-benzoyl-isoxazole-3-carboxylic acid (4-chloro-
benzylidene)-hydrazide (5). Yield: 2.54 g (69.3%), mp 249�C
(THF-ethanol 1:2); IR (potassium bromide): 3480, 3385
(NH2), 3210 (NH), 1705, 1660 (CO), 1650 (C¼¼N) cm�1; 1H
NMR (DMSO-d6): d 6.49 (s, 2H, NH2), 7.58–8.05 (m, 9H,

arom.), 8.55 (s, 1H, CH), 12.48 (s, 1H, HN-CO). Anal. Calcd.
for C18H13ClN4O3: C, 58.63; H, 3.55; N, 15.19. Found: C,
58.81; H, 3.48; N, 14.98.

General procedure for the synthesis of compounds 6-

8. To an equimolar mixture of 12.5 mL of acetic anhydride
and 22 mL of triethyl orthoformate was added 0.008 mol of

Table 1

Characterization data of compounds 3–20 and growth percent of some selected in vitro tumor cell lines (10 lmol).a.

Compound R

Ovarian Cancer

OVCAR-8

Leukemia

RPMI-8226 Renal Cancer UO-31 Melanoma SK-MEL-2

3 CHCH3

4 CHC6H5

5 CHC6H4-Cl-4 45.80 �10.37 57.66

6 CHCH3 41.53 62.54 42.59

7 CHC6H5

8 C6H4-Cl-4

9 OCH3 83.79 25.74 �12.84 60.83

10 OC2H5

11 4-Pyridine 45.76 63.61 39.94

12 C6H5

13 C6H4Cl-4

14 C6H4-F-4

15 CH3

16 CH2Cl

17 4-Morpholine

18 4-Methylpiperazine

19 NH-4-morpholine 42.20 55.00 �17.94

20 N(C4H9)2

a Data obtained from the NCI’s in vitro human tumor cell screen.
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the compounds 3–5, or 3c and refluxed for 5 h. After concen-
tration in vacuo the residual oil was poured into 50 mL of
10% ethanolic ammonia. After 1 h of stirring at room tempera-
ture the mixture was refrigerated. The resulting solid was fil-
trated, washed with water, vacuum dried, and recrystallized

from the appropriate solvent.
3-Benzoyl-6-ethylideneamino-6H-isoxazolo[4,3-d]pyrimidin-

7-one (6). Yield: 2.23 g (79.1%), mp 180�C (1,4-dioxane); IR
(potassium bromide): 1740, 1660 (CO), 1650 (C¼¼N) cm�1;
1H NMR (DMSO-d6): d 2.18–2.20 (d, 3H, CH3, J ¼ 6.0 Hz),

7.59–7.64 (m, 3H, arom.), 7.74–7.80 (q, 1H, CH J ¼ 6.0 Hz),
8.02–8.05 (m, 2H, arom.), 8.57 (s, 1H, pos. 5) Anal. Calcd. for
C14H10N4O3: C, 59.57; H, 3.57; N, 19.85. Found: C, 59.38; H,
3.64; N, 20.04.

3-Benzoyl-6-(benzylidene-amino)-6H-isoxazolo[4,3-d]pyri-
midin-7-one (7). Yield: 2.49 g (72.5%), mp 205�C (ethanol);
ir (potassium bromide): 1720, 1700 (CO), 1650 (C¼¼N) cm�1;
1H NMR (DMSO-d6): d 7.55–8.07 (m, 10H, arom.), 8.48 (s,
1H, CH), 9.15 (s, 1H, CH, pos. 5). Anal. Calcd. for

C19H12N4O3: C, 66.28; H, 3.51; N, 16.27. Found: C, 66.29; H,
3.58; N, 16.11.

3-Benzoyl-6-[(4-chloro-benzylidene)-amino]-6H-isoxazolo[4,3-
d]pyrimidin-7-one (8). Yield: 2.24 g (59.4%), mp 235�C
(THF); IR (potassium bromide): 1715, 1695 (C¼¼O), 1650

(C¼¼N) cm�1; 1H NMR (DMSO-d6): d 7.61–8.11 (m, 9H,
arom.), 8.47 (s, 1H, CH), 9.20 (s, 1H, CH pos. 5). Anal. Calcd.
for C19H11 Cl N4O3: C, 60.25; H, 2.93; N, 14.79. Found: C,
60.46; H, 3.06; N, 15.03.

Methyl N-(3-Benzoyl-7-oxo-7H-isoxazolo[4,3-d]pyrimidin-
6-yl)-formimidate (9). A solution of 24.6 g (0.1 mol) of the
acid hydrazide 2 in an equimolar mixture of 75 mL acetic an-
hydride and 87 mL of trimethyl orthoformate was refluxed for
4 hours. Then the reaction mixture was concentrated in vacuo,
filtered, and recrystallized to give compound 9. Yield: 2.26 g

(76.0%), mp 226�C (methanol); IR (potassium bromide):1760,
1680 (C¼¼O), 1660,1650 (C¼¼N), 1160 (CAOAC) cm�1; 1H
NMR (DMSO-d6): d 2.09 (s, 3H, CH3), 7.59–8.06 (m, 5H,
arom.), 8.19 (s, 1H, pos. 5), 11.41 (s, 1H, pos. 6). Anal. Calcd.

for C14H10N4O4: C, 56.38; H, 3.38; N, 18.78. Found: C,
56.12; H, 3.22; N, 18.69.

Ethyl N-(3-Benzoyl-7-oxo-7H-isoxazolo[4,3-d]pyrimidin-6-
yl)formimidate (10). A solution of 2.46 g (0.01 mol) of the
acid hydrazide 2 in a mixture of 12.5 mL acetic anhydride and

22 mL of trimethyl orthoformate was refluxed for 4 h. Then
the reaction mixture was concentrated in vacuo, filtered, and
recrystallized to give compound 10. Yield: 2.12 g (68.0%), mp
222�C (1,4-dioxane); IR (potassium bromide): 1710, 1690
(C¼¼O), 1650 (C¼¼N), 1155 (CAOAC) cm�1; 1H NMR

(DMSO-d6): d 1.34–1.39 (t, 3H, CH3), 4.33–4.40 (q, 2H,
CH2), 7.59–8.05 (m, 5H, arom.), 8.23 (s, 1H, pos. 5), 8.56 (s,
1H, pos. 6). Anal. Calcd. for C15H12N4O4: C, 57.69; H, 3.87;
N, 17.94. Found: C, 57.86; H, 3.83; N, 17.87.

General procedure for the synthesis of compounds 11-

14. To a stirred solution of compound 9 (0.596g, 0.002 mol)
in 15 mL of anhydrous 1,4-dioxane was added the appropriate
amine (0.004 mol) and heated at 80�C for 4 h. The hot reac-
tion mixture was treated with charcoal and filtered. Concentra-

tion of the filtrate to a small volume and addition of 5 mL
ethanol resulted in the separation of a colorless solid which
was collected by filtration, dried, washed with methanol, and
recrystallized from ethanol.

N-(3-Benzoyl-7-oxo-7H-isoxazolo[4,3-d]pyrimidin-6-yl)-N0-
pyridin-4-ylmethyl-formamidine (11). Yield: 2.08 g (55.6%),
mp 195�C (ethanol); IR (potassium bromide): 3300 (NH),

1725, 1680 (C¼¼O), 1645 (C¼¼N) cm�1; 1H NMR (DMSO-d6):
d 4.38 (s, 1H, NH), 4.61 (s, 2H, CH2), 6.56 (s, 1H, CH), 7.27–
7.42 (m, 3H, arom.), 7.56–7.68 (m, 3H, arom. þ CH at pos.
5), 8.05–8.12 (m, 2H, arom.), 8.50–8.57 (dd, 2H, arom.). Anal.
Calcd. for C19H14N6O3: C, 60.96; H, 3.77; N, 22.45. Found:

C, 60.74; H, 3.65; N, 22.18.
N-(3-Benzoyl-7-oxo-7H-isoxazolo[4,3-d]pyrimidin-6-yl)-N0-

benzyl-formamidine (12). Yield: 2.20 g (59%), mp 164�C
(ethanol); IR (potassium bromide): 3300 (NH), 1715, 1680
(C¼¼O), 1645 (C¼¼N) cm�1; 1H NMR (DMSO-d6): d 4.68 (s,

1H, NH), 5.19 (s, 2H, CH2), 6.72 (s, 1H, CH), 7.23–7.40 (m,
6H, arom.), 7.59–7.78 (m, 3H, arom. and H at pos. 5), 8.03–
8.10 (m, 2H, arom.). Anal. Calcd. for C20H15N5O3: C, 64.34;
H, 4.05; N, 18.76. Found: C, 64.56; H, 4.11; N, 18.89.

N-(3-Benzoyl-7-oxo-7H-isoxazolo[4,3-d]pyrimidin-6-yl)-N0-
[(4-chloro-benzyl)-formami-dine (13). Yield: 2.03 g (49.8%),
mp 169�C (ethanol); IR (potassium bromide): 3310 (NH),
1710, 1690 (C¼¼O), 1640 (C¼¼N) cm�1; 1H NMR (DMSO-d6):
d 4.33 (s, 1H, NH), 4.56 (s, 2H, CH2), 6.55 (s, 1H, CH), 7.18–

7.46 (m, 5H, arom.), 7.56–7.68 (m, 3H, arom. and CH at pos.
5), 8.03–8.19 (m, 2H, arom.). Anal. Calcd. for C20H14ClN5O3:
C, 58.90; H, 3.46; N, 17.17. Found: C, 59.08; H, 3.51; N,
17.30.

N-(3-Benzoyl-7-oxo-7H-isoxazolo[4,3-d]pyrimidin-6-yl)-N0-
(4-fluoro-benzyl)-formami-dine (14). Yield: 1.76 g (45.0%),
mp 2202�C (ethanol); IR (potassium bromide): 3280 (NH),
1720, 1690 (C¼¼O), 1645 (C¼¼N) cm�1; 1H NMR (DMSO-d6):
d 4.32 (s, 1H, NH), 4.55 (s, 2H, CH2), 6.54 (s, 1H, CH), 7.15–
7.41 (m, 5H, arom.), 7.56–7.71 (m, 3H, arom. and CH at pos.

5), 8.06–8.08 (m, 2H, arom.). Anal. Calcd. for C20H14FN5O3:
C, 61.38; H, 3.61; N, 17.89. Found: C, 61.49; H, 3.70; N,
18.08.

5-Methyl-7-phenyl-isoxazolo[4,5-d]pyrimidine-3-carboxamide
(15). To a solution of amide 1 (2.31 g, 0.01 mol) in anhydrous

1,4-dioxane (40 mL) was added anhydrous acetonitrile (7 mL)
and dry gaseous hydrogen chloride was bubbled into the solu-
tion for 6 h at room temperature. The reaction mixture was
stirred at room temperature for 6 days. Then the reaction mix-
ture was concentrated, cooled, and the resulting solid was fil-

tered, washed with water, dried, and recrystallized from etha-
nol. Yield: 2.17 g (85.3%), mp 227�C (ethanol); IR (potassium
bromide): 3250 (CONH2), 1690 (C¼¼O), 1600 (C¼¼N), 760
(phenyl) cm�1; 1H NMR (DMSO-d6): d 3.00 (s, 3H, CH3),

7.70–7.73 (m, 3H, arom.), 8.48–8.49 (m, 2H, arom.), 8.50–
8.52 (ss, 2H, NH2). Anal. Calcd. for C13H10N4O2: C, 61.41; H,
3.96; N, 22.04. Found: C, 61.62; H, 4.01; N, 21.84.

5-Chloromethyl-7-phenyl-isoxazolo[4,5-d]pyrimidine-3-car-
boxamide (16). Compound 16 was prepared in the same man-

ner as described above for compound 15 except that 23.1 g
(0.1 mol) of amide 1 was added to a mixture of 330 mL anhy-
drous 1,4-dioxane and 90 mL anhydrous chloroacetonitrile.
Yield: 2.33 g (81.0%), mp 226�C (benzene); Compound 16

was obtained by another method described in our previous pa-

per [25].
General procedure for the synthesis of compounds 17-

20. A stirred mixture of compound 16 (0.576 g, 0.002 mol),
0.05 g KI, and the corresponding amine in 30 mL of anhy-
drous toluene was heated to ca. 80�C for 6 h. After cooling,
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water (30 mL) was added and the reaction mixture was
extracted with dichloromethane. The combined organic phases
were washed with water, dried (Na2SO4), and concentrated to
give a residue, which was recrystallized.

5-Morpholin-4-ylmethyl-7-phenyl-isoxazolo[4,5-d]pyrimi-
dine-3-carboxamide (17). Yield: 2.71 g (80.1%), mp 208�C
(methanol); IR (potassium bromide): 3280 (NH2), 1715
(C¼¼O), 1620 (C¼¼N), 1120 (CAOAC) cm�1; 1H NMR
(DMSO-d6): d 2.57–2.60 (m, 4H, CH2ACH2), 3.94 (s, 2H,
CH2), 7.58–7.68 (m, 3H, arom.), 8.41–8.45 (m, 4H, 2H, arom.

and 2H, NH2). Anal. Calcd. for C17H17N5O3: C, 60.17; H,
5.05; N, 20.64. Found: C, 59.79; H, 5.15; N, 20.88.

5-(4-Methyl-piperazin-1-ylmethyl)-7-phenyl-isoxazolo[4,5-
d]pyrimidine-3-carboxamide (18). Yield: 2.16 g (61.5%), mp
188�C (methanol); Compound 18 was obtained by another

method described in our previously paper [13], the physical
and analytical data are identical.

5-(Morpholin-4-ylaminomethyl)-7-phenyl-isoxazolo[4,5-d]py-
rimidine-3-carboxamide (19). Yield: 2.48 g (70.4%), mp

228�C (methanol); Yield: 2.48 g (70.4%), mp 228�C (metha-
nol); IR (potassium bromide): 3300, 3280 (NH, NH2), 1705
(C¼¼O), 1630 (C¼¼N), 1115 (CAOAC) cm�1; 1H NMR
(DMSO-d6): d 2.21–2.23 (m, 4H, CH2ACH2), 3.57–3.61 (m,
4H, CH2ACH2), 3.94 (s, 2H, CH2), 4.31 (s, 1H, NH), 7.65–

7.67 (m, 3H, arom.), 8.36 (s, 1H, NH), 8.42–8.44 (m, 2H,
arom.), 8.48 (s, 1H, NH). Anal. Calcd. for C17H18N6O3: C,
57.62; H, 5.12; N, 23.72. Found: C, 57.38; H, 5.18; N, 24.01.

5-Dibutylaminomethyl-7-phenyl-isoxazolo[4,5-d]pyrimidine-
3-carboxamide (20). Yield: 2.84g (74.6%), mp 130�C (1,4-

dioxane); IR (potassium bromide): 3300, 3200 (NH2), 1680
(C¼¼O), 1630 (C¼¼N) cm�1; 1H NMR (DMSO-d6): d 0.82 (t,
6H, 2xCH3), 1.20–1.32 (m, 4H, CH2CH2), 1.41–1.50 (m, 4H,
CH2CH2), 2.49–2.57 (m, 4H, N(CH2)2), 4.03 (s, 2H, CH2),
7.66–7.68 (m, 3H, arom.), 8.36 (s, 1H, NH), 8.44–8.47 (m, 2H,

arom.), 8.49 (s, 1H, NH). Anal. Calcd. for C21H27N5O2: C,
66.12; H, 7.13; N, 18.39. Found: C, 66.36; H, 7.06; N, 18.64.

5-Chloromethyl-7-phenyl-6,7-dihydro-isoxazolo[4,5-d]pyrimi-
dine-3-carboxamide (21). Sodium borohydride (2 g) was added

portionwise to a stirred solution of compound 16 (1.44 g,
0.005 mol) in 90 mL of methanol at room temperature under
nitrogen. The reaction mixture was stirred for 12 h, concen-
trated to ca. 30 mL in vacuo, and refrigerated. The solid was
filtered, washed with water, vacuum dried, and recrystallized.

Yield: 1.48 g (51.0%), mp 177�C (methanol); Anal. Calcd. for
C13H11ClN4O2: C, 53.71; H, 3.81; N, 19.27. Found: C, 53.43;
H, 3.82; N, 19.43.
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[13] Poręba, K.; Wagner, E.; Jakowicz, I.; Balicka, D. II. Acta

Pol Pharm Drug Res 1994, 51, 355–358.

[14] Gewald, K.; Bellmann, P.; Jänsh, H. J. Liebigs Ann Chem

1980, 10, 1623.

[15] Wagner, E.; Al-Kadasi, K.; Zimecki, M.; Sawka-Dobrowol-

ska, W. Eur J Med Chem 2008, 43, 2498.

[16] Dave, K. G.; Shishoo, C. J.; Devani, M. B.; Kalyanaraman,

R.; Ananthan, S.; Ulas, G. V.; Bhadti, V. S. J Heterocyclic Chem

1980, 17, 1497.

[17] Shishoo, C. J.; Devani, M. B.; Ananthan, S.; Ulas, G. V.;

Bhadti, V.S. Tetrahedron Lett 1984, 25, 1291.

[18] Perold, G. W.; von Reiche, F. V. K. J Am Chem Soc 1957,

79, 465.

[19] LeBel, N. A.; Whand, J. J. J Am Chem Soc 1959, 81,

6334.

[20] Saxema, R.; Singh, V.; Batra, S. Tetrahedron 2004, 60,

10311.

[21] Taylor, E. C.; Garcia, E. E. J Org Chem 1964, 29, 2116.

[22] Sheldrick, G. M. SHELXS-97 and SHELXL-97: Programs

for the Solution and Refinement of Crystal Structures, University of

Göttingen, Germany, 1997.

[23] Sheldrick, G. M. SHELXTL-NTV5.1, Brucker-AXS, 1999.

[24] Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.;

Orpen, A. G. J Chem Soc Perkin Trans 2 1987, 1.
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Pentosidine framework 4-butyl-2-propyl-4H-aminoimidazo[4,5-b]pyridine (2) was synthesized through
a five steps reaction sequence. The regiochemistry of 2 was confirmed by an unambiguous synthesis,

and the UV absorption and fluorescent properties of 2 were examined.

J. Heterocyclic Chem., 47, 683 (2010).

INTRODUCTION

Pentosidine (1) is one of the major fluorescent

advanced glycation end products that have been isolated

and structurally characterized. It was isolated in tri-

fluoroacetic acid salt form from dura mater by Sell and

Monnier in 1989 [4]. It was postulated that pentosidine

forms from a lysine residue and an arginine residue

crosslinked by a pentose [4–6]. The fluorescent proper-

ties of pentosidine (ex/em 335/385 nm) make it an oxi-

dative biomarker in many clinical conditions such as di-

abetes, kidney disease, and other vascular illnesses [7].

There has been only one total synthesis of pentosidine

so far [8]. Shioiri and coworkers obtained 5.1 mg TFA

salt of pentosidine (1) from their synthesis that involves an

asymmetric alkylation of a chiral Schiff base to provide a

lysine-like fragment, the intramolecular guanylation with

mercury chloride, and the quaternization accompanied by

the removal of trityl group as key steps [8].

In the investigation of the fluorescence properties of

the pentosidine, one of our tasks was to evaluate the flu-

orescence property of the core of pentosidine, 4-alkyl-2-

amino-4H-imidazo[4,5-b]pyridine, without the interfer-

ence of amino acid chains. 2-Aminoimidazo[4,5-b]pyri-
dine derivatives are important in medicinal chemistry

because of their biological and pharmacological proper-

ties such as antihistamines, antibacterial agents, and

integrin avb3 antagonists [9]. Therefore, a concise syn-

thesis of the pentosidine framework 4-butyl-2-propyl-

4H-aminoimidazo[4,5-b]pyridine (2) is of important for

both biochemistry research of pentosidine and medicinal

chemistry research. Herein, we report a straightforward

synthesis of the pentosidine framework 2.

RESULTS AND DISCUSSION

Our synthesis of 2 commenced from 2,3-diaminopyri-

dine 3 (Scheme 1). The reaction of 3 with urea fur-

nished 1H-imidazo[4,5-b]pyridin-2(3H)-one (4) [10]. Al-

kylation of 4 gave 4-butyl-2-hydroxyimidazo[4,5-b]pyri-
dine (5) in 92% yield. The transformation from 5 to 6

failed with most usual chlorodehydroxylation reagents

such as thionyl chloride and phosphorus oxychloride,
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but compounds 6 could be obtained albeit in low yield

(15%) after heating for 24 h in phosphorus oxychloride

in the presence of phosphorus pentachloride [10].

Our improved synthesis (Scheme 2) started with the

reaction of 2,3-diaminopyridine 3 with thiourea, which

afforded 1H-imidazo[4,5-b]pyridine-2(3H)-thione (7)

[11]. Compound 7 is different from 4 in that alkylation

of 7 would give an S-alkylated product instead of a pyri-

dine N-alkylated product. Therefore, the sulfur in 7 was

masked by prior methylation to give 2-(methylthio)imi-

dazo[4,5-b]pyridine (8), which was alkylated by n-BuI
regioselectively at the pyridine nitrogen to furnish 9 in

good yields (78%) [12]. Compound 6 was obtained in

good yield (96%) by bubbling Cl2 through a concen-

trated hydrochloric acid solution of 9 followed by neu-

tralization [13]. The reaction of 6 with n-PrNH2 gave us

the final target in good yields (97%) [14].

Although target compound 2 could be obtained

according to the synthesis shown in Scheme 2 with sat-

isfactory overall yields (75%), evidence for the regio-

chemistry of alkylation in 2, 5, 6, and 9 was not fully

discussed in the above description. We assigned both 5

and 9 as pyridine N-alkylated products based on the

expected greater nucleophilicity of the pyridine nitrogen

relative to the imidazole nitrogens at positions 1 or 3

due to resonance [12]. To provide conclusive evidence

for our structural assignment for 5 and 9, as well as for

compounds 6 and 2 that were obtained in subsequent

steps, an unambiguous synthesis was used (Scheme 3).

The synthesis started with alkylation of 3, which was

known to give only two alkylated products 10 and 11

[15]. The distinction of 11 from 10 could be made on

the basis of both proton chemical shift and characteristic

couplings. The chemical shift for the methylene group

neighboring nitrogen in 10 is d 3.08, whereas d 4.22 in

the case of 11 [15]. Furthermore, in 10, the HNCH2 vic-

inal coupling could be observed clearly in DMSO-d6,
whereas no such coupling was seen for 11. The reaction

of 11 with carbon disulfide and further methylation of

sulfur could only provide 4-alkylated imidazo[4,5-b]pyr-
idine structure 9 [16]. Compound 9 obtained through

Scheme 1

Scheme 2

Scheme 3

Figure 1. UV spectrum of 2 at pH ¼ 2, 7, 9, and 12.
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this route was found to be identical with the product

obtained from the synthesis shown in Scheme 2. This

conclusion was based not only by direct comparison of

their NMR spectra run separately but also by the NMR

spectrum of a 1:1 mixture.

The absorption spectra for the pentosidine framework

2 are shown in Figure 1, and its fluorescence properties

(ex/em 335/385 nm) are listed in Table 1. The shifts of

the kmax in different pH buffers were consistent with

those of pentosidine 1 [4]. However, the variation of flu-

orescence intensity with pH values for 2 differed some-

what from that of 1. Although we observed a decrease

in fluorescence intensity upon increasing pH above 2,

we did not observe the regain in fluorescence intensity

observed for pentosidine at pH 12. As 2 lacks the free

a-amino acid groups of pentosidine itself, we suggest

that this is the basis of the different behavior.

In summary, pentosidine framework 2 was synthe-

sized from readily commercially available 2,3-diamino-

pyridine in five steps, and the regiochemistry of the tar-

get was established by an unambiguous synthesis. This

method is of material accessibility and operational sim-

plicity and also serves as a general method to construct

the 4-alkylated-2-amino-4H-imidazo[4,5-b]pyridines.

EXPERIMENTAL

1H-NMR (300 or 200 MHz) and 13C-NMR (75.1 or 50

MHz) were recorded on Varian Gemini 300 or Gemini 200
instruments. In the 13C-NMR line listings, attached proton test
designations are given as (þ) or (�) following the chemical
shift. High-resolution mass spectra (HRMS) were obtained at
20 eV on a Kratos MS-25A instrument. UV–visible spectra

were obtained with a Perkin-Elmer model Lambda 3B spectro-
photometer, and fluorescence was determined using an
Aminco-Bowman spectrofluorometer. TLC analysis was car-
ried out on silica gel 60 F254 precoated aluminum sheets, and
UV light was used for detection. Flash column chromatogra-

phy was done using E. Merck silica gel 60 (230–400 mesh).
Solvent removal was accomplished by a rotary evaporator
operating at vacuum (40–50 Torr).

1H-imidazo[4,5-b]pyridin-2(3H)-one (4). A mixture of 2,3-

diaminopyridine (3, 763.9 mg, 7.0 mmol) and urea (1.40 g,
23.3 mmol) was heated at 140�C for 5 h. The cooled reaction

mixture was extracted with boiling ethanol (5 � 6 mL), leav-
ing crystals that were collected by filtration. A second crop of
crystals was obtained from the cooled filtrate after standing
overnight. The combined yield of pure 4 was 929.7 mg (98%).
4: 1H-NMR (DMSO-d6) d 6.93 (dd, J ¼ 7.1, 5.9 Hz, 1H), 7.21

(d, J ¼ 7.1 Hz, 1H), 7.85 (d, J ¼ 5.8 Hz, 1H), 10.82 (s, 1H,
NH), 11.29 (s, 1H, NH); 13C-NMR (DMSO-d6) d 114.4 (�),
116.6 (�), 123.6 (þ), 139.6 (�), 144.8 (þ), 154.4 (þ). HRMS
calcd for C6H5N3O (Mþ) 135.0433, found 135.0428.

4-Butyl-2-hydroxy-4H-imidazo[4,5-b]pyridine (5). A mix-

ture of 3 (810.7 mg, 6.0 mmol) and n-butyl iodide (5.52 g,

30.0 mmol) in MeOH (8 mL) was sealed in a Teflon-screwed

high-pressure vessel and stirred at 105�C for 48 h and concen-

trated. The resulting residue was diluted with a mixed solvent

of CH2Cl2/MeOH (9:1), basified with 28% aqueous NH4OH

solution, and subjected to chromatography (CH2Cl2/MeOH/

28% aqueous NH4OH ¼ 90:10:1) to afford 5 (1.055 g, 92%):
1H-NMR (CD3OD) d 0.98 (t, J ¼ 7.1 Hz, 3H), 1.41 (m, 2H),

1.92 (m, 2H), 4.42 (t, J ¼ 7.5 Hz, 2H), 7.06 (dd, J ¼ 7.5, 6.8

Hz, 1H), 7.45 (d, J ¼ 7.5 Hz, 1H), 7.84 (d, J ¼ 6.7 Hz, 1H);
13C-NMR (CD3OD) d 14.1 (�), 20.8 (þ), 32.3 (þ), 54.7 (þ),

115.2 (�), 116.3 (�), 131.8 (�), 132.6 (þ), 152.1 (þ) (one

quaternary peak is missing); HRMS calcd for C10H13N3O

(Mþ) 191.1059, found 191.1056.

4-Butyl-2-chloro-4H-imidazo[4,5-b]pyridine (6). A suspen-
sion of 5 (956.2 mg, 5.0 mmol) and PCl5 (1.20 g, 5.40 mmol)

in POCl3 (120 mL) was sealed in a Teflon-screwed high-pres-

sure vessel and stirred at 140�C for 48 h. Then, POCl3 was

removed under reduced pressure, and the residue was dissolved

in water (10 mL) and basified to pH ¼ 8 with 2N aqueous so-

lution of NaOH. The aqueous solution was extracted with

CH2Cl2, and the combined organic layers were dried over

Na2SO4 and concentrated. The residue was purified by flash

chromatography (CH2Cl2/MeOH, 5:1) to afford 6 (157.3 mg,

15%). 1H-NMR (CDCl3) d 0.93 (t, J ¼ 7.3 Hz, 3H), 1.36 (m,

2H), 1.98 (m, 2H), 4.57 (t, J ¼ 7.5 Hz, 2H), 7.09 (dd, J ¼
7.5, 6.5 Hz, 1H), 7.68 (d, J ¼ 6.5 Hz, 1H), 8.05 (d, J ¼ 7.6,

1H); 13C-NMR (CDCl3) d 13.6 (�), 19.8 (þ), 31.7 (þ), 54.2

(þ), 113.5 (�), 127.7 (�), 130.1 (�), 144.1 (þ), 152.5 (þ),

160.7 (þ); HRMS calcd for C10H12N3Cl (Mþ) 209.0720,

found 209.0724.

1H-imidazo[4,5-b]pyridine-2(3H)-thione (7). A mixture of
2,3-diaminopyridine (3, 2.18 g, 20 mmol) and thiourea (7.6 g,

100 mmol) was heated at 170�C for 5 h. The reaction mixture
was extracted with boiling ethanol (5 � 20 mL), leaving crys-
tals that were collected by filtration. A second crop of crystals
was obtained from the cooled filtrate after standing overnight.

The combined yield of pure 7 was 2.7 g (89%). 7: 1H-NMR
(DMSO-d6) d 7.13 (dd, J ¼ 7.9, 5.0 Hz, 1H), 7.46 (d, J ¼ 7.9
Hz, 1H), 8.09 (d, J ¼ 5.0 Hz, 1H), 12.70 (s, 1H, NH), 13.12
(s, 1H, NH); 13C-NMR (DMSO-d6) d 116.2 (�), 118.1 (�),
125.4 (þ), 142.3 (�), 146.4 (þ), 169.8 (þ). HRMS calcd for

C6H5N3S (Mþ) 151.0204, found 151.0204.
2-(Methylthio)-1H-imidazo[4,5-b]pyridine (8). A solution

of 7 (2.26 g, 15.0 mmol) and methyl iodide (8.52 g, 60 mmol)

in MeOH (30 mL) was stirred at room temperature for 24 h.

Evaporation of the solvent and CH3I under reduced pressure

gave pure 8 (3.32 g, 100%): 1H-NMR (CD3OD) d 2.75 (s,

3H), 7.20 (dd, J ¼ 7.9, 4.9 Hz, 1H), 7.82 (d, J ¼ 7.9 Hz, 1H),

8.21 (d, J ¼ 4.9 Hz, 1H); 13C-NMR (CD3OD) d 15.0 (�),

119.1 (�), 127.4 (�), 134.1 (þ), 134.5 (�), 150.3 (þ), 166.4

Table 1

Fluorescence property of pentosidine framework 2.

pH

Excitation

kmax (nm)

Emission

kmax (nm)

Relative

fluorescence

intensitya

2 332 382 55

7 335 386 43

9 338 389 68

12 None

aWhen excitation kmax is 335 nm.
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(þ); HRMS calcd for C7H7N3S (Mþ) 165.0361, found

165.0363.
4-Butyl-2-(methylthio)-4H-imidazo[4,5-b]pyridine (9). A

suspension of 8 (1.65 g, 10.0 mmol) in a solution of n-butyl
iodide (2.76 g, 15.0 mmol) and triethylamine (1.52 g, 15.0
mmol) in benzene (150 mL) was sealed in a Teflon-screwed
high-pressure vessel and stirred at 100�C for 24 h and concen-
trated. The residue was diluted with mixed solvent of CH2Cl2/
MeOH (9:1), basified with 28% aqueous NH4OH solution,

and subjected to chromatography (EtOAc/acetone/MeOH/
28%NH4OH, 140:60:10:1) to afford 9 (2.03 g, 92%): 1H-NMR
(CDCl3) d 0.97 (t, J ¼ 7.3 Hz, 3H), 1.38 (m, 2H), 2.01 (m,
2H), 2.78 (s, 3H), 4.60 (t, J ¼ 7.3 Hz, 2H), 7.07 (dd, J ¼ 7.7,
6.7 Hz, 1H), 7.45 (d, J ¼ 6.6 Hz, 1H), 7.84 (d, J ¼ 7.7 Hz,

1H); 13C-NMR (CDCl3) d 13.6 (�), 14.6 (�), 19.8 (þ), 31.6
(þ), 53.9 (þ), 113.5 (�), 124.0 (�), 129.2 (�), 143.2 (þ),
151.8 (þ), 172.1 (þ); HRMS calcd for C11H15N3S (Mþ)
221.0987, found 221.0982.

Preparation of 6 from 9. Chlorine was introduced into a
solution of 9 (664.0 mg, 3.0 mmol) in hydrochloric acid (12N,
300 mL) with stirring at room temperature for 8 h. After
standing overnight, the reaction mixture was concentrated
under reduced pressure. The resulting residue was diluted with

ice water (400 mL), basified with 2N aqueous solution of
NaOH, and extracted with CH2Cl2 (3 � 100 mL). The com-
bined organic extracts were washed with brine, dried over
Na2SO4, and concentrated resulting in a crude, which was sub-
jected to chromatography (CH2Cl2/CH3OH, 5:1) to afford 6

(597.5 mg, 95%). 1H-NMR, 13C-NMR, and HRMS data were
identical with those of 6 prepared from 5.

4-Butyl-2-(propylamino)-4H-imidazo[4,5-b]pyridine (2). A
mixture of 6 (524.2 mg, 2.50 mmol) and propylamine (1.18 g,
20.0 mmol) in EtOH (30 mL) was sealed in a Teflon-screwed

high-pressure vessel and stirred at 125�C for 24 h and was
evaporated to result in a residue, which was subjected to chro-
matography (CH2Cl2/MeOH, 5:1) to afford 2 (557.2 mg,
96%). 1H-NMR (CD3OD) d 0.98 (t, J ¼ 7.5 Hz, 3H), 1.01 (t,

J ¼ 7.3 Hz, 3H), 1.38 (m, 2H), 1.72 (m, 2H), 1.96 (m, 2H),
3.46 (t, J ¼ 6.9, 2H), 4.56 (t, J ¼ 7.3, 2H), 7.16 (dd, J ¼ 7.6,
6.6 Hz, 1H), 7.75 (d, J ¼ 7.6 Hz, 1H), 8.00 (d, J ¼ 6.6, 1H);
13C-NMR (CDCl3) d 11.5 (�), 13.6 (�), 19.6 (þ), 22.8 (þ),
31.4 (þ), 44.9 (þ), 53.3 (þ), 114.2 (�), 118.1 (�), 129.9 (�),

152.6 (þ), 156.7 (þ), 161.8 (þ); HRMS calcd for C13H20N4

(Mþ) 232.1688, found 232.1685.
2-Amino-3-(butylamino)pyridine (10) and 1-butyl-3-

amino-2-pyridone imine (11). A mixture of 4 (1.09 g, 10.0
mmol) and n-butyl iodide (7.36 g, 40.0 mmol) in EtOH (60

mL) was sealed in a Teflon-screwed high-pressure vessel and
stirred at 95�C for 24 h and concentrated. The resulting resi-
due was dissolved in a mixed solvent of MeOH and water
(1:1) (160 mL), adjusted to pH 10 with 2N aqueous solution
of NaOH, and evaporated ending in a crude, which was sub-

jected to chromatographic (EtOAc/MeOH, 4:1) separation to
afford 10 (1.19 g, 72%) and 11 (396.6 mg, 24%). 10: 1H-
NMR (CDCl3) d 0.97 (t, J ¼ 7.2 Hz, 3H), 1.45 (m, 2H), 1.64
(m, 2H), 3.08 (t, J ¼ 6.7 Hz, 2H), 6.70 (dd, J ¼ 7.6, 4.8 Hz,

1H), 6.80 (d, J ¼ 7.6 Hz, 1H), 7.57 (d, J ¼ 4.8 Hz, 1H); 13C-
NMR (CDCl3) d 14.0 (�), 20.4 (þ), 31.5 (þ), 43.6 (þ), 115.8
(�), 116.7 (�), 132.5 (þ), 135.8 (�), 148.7 (þ); HRMS calcd
for C9H15N3 (Mþ) 165.1266, found 165.1264. 11: 1H-NMR
(CD3OD) d 0.98 (t, J ¼ 7.3 Hz, 3H), 1.42 (m, 2H), 1.79 (m,

2H), 4.22 (t, J ¼ 7.6 Hz, 2H), 6.77 (dd, J ¼ 7.7, 6.5 Hz, 1H),
7.13 (d, J ¼ 7.7 Hz, 1H), 7.37 (d, J ¼ 6.5 Hz, 1H); 13C-NMR
(CD3OD) d 14.1 (�), 20.5 (þ), 30.8 (þ), 55.4 (þ), 115.3 (�),
120.9 (�), 128.8 (�), 135.8 (þ), 146.4 (þ); HRMS calcd for
C9H15N3 (M

þ) 165.1266, found 165.1265.

Preparation of 9 from 11. A solution of 11 (165.2 mg, 1.0
mmol) and CS2 (5 mL) in EtOH (8 mL) in a sealed Teflon-
screwed high-pressure vessel was stirred at 80�C for 24 h and
concentrated. The residue was mixed with MeI (1.41 g, 10.0
mmol) in MeOH (6 mL), stirred at room temperature for 24 h,

and concentrated resulting in a crude mixture, which was sub-
jected to chromatography (EtOAc/MeOH, 4:1) to afford 9

(179.3 mg, 81%). 1H-NMR, 13C-NMR, and HRMS data were
identical with those of 9 prepared from 8.
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An efficient method for the synthesis of a series of 4-phenylhexahydro-1H-pyrano[2,3-d]pyrimidin-
2(8aH)-one derivatives via the one-pot three-component reaction of aromatic aldehydes, urea or thiourea
and 3,4-dihydro-2H-pyran in DMF/CH3CN using p-TSA catalyst is described. Although three chiral
centers are created, only one diastereomer is formed in a highly selective way. This method has several
advantages such as higher yield, lower cost, and shorter reaction times.

J. Heterocyclic Chem., 47, 687 (2010).

INTRODUCTION

Multicomponent reactions (MCRs) are of increasing

importance in organic and medicinal chemistry [1]. In

times, where a premium is put on speed, diversity, and ef-

ficiency in the drug discovery process, MCR strategies

offer significant advantages over conventional linear-type

syntheses [2]. The synthesis of dihydropyrimidinones

using variants of the well-established Biginelli reaction is

one of the most recognized and often used MCRs for the

generation of novel pyrimidine scaffolds [3]. Most nota-

bly are the batzelladine alkaloids, which were found to be

potent HIV gp-120-CD4 inhibitors [4]. There is a wide-

spread interest in the synthesis of pyranopyrimidinones

and related fused ring pyrimidinones with diverse range

of biological properties [5], such as antitumor, antibacte-

rial, antihypertensive, vasodilator, bronchiodilator, hepa-

toprotective, cardiotonic, and antiallergic activities. Some

of them also exhibit antimalarial, antifungal, analgesics,

and herbicidal properties [6]. Recently, modified Biginelli

reaction has been used in accessing fused pyrimidinones

or spiro-fused pyrimidinones [3e,3f]. Recently, Wu and

coworkers [7] reported a TMSCl catalyzed three-compo-

nent diastereoselective reaction of 3,4-dihydro-(2H)-py-
ran with urea/thiourea and aromatic aldehydes to give

respective 4-phenyl hexahydro-1H-pyrano[2,3-d] pyrimi-

din-2(8aH)-ones (thiones). In continuation of our previ-

ous work on the synthesis of heterocyclic compounds [8],

we wish to report an efficient one-pot three-component

method for the preparation of substituted 4-phenyl hexa-

hydro-1H-pyrano[2,3-d] pyrimidin-2(8aH)-one deriva-

tives using p-TSA as catalyst in DMF/CH3CN under

reflux conditions. This method not only preserved the

simplicity of Biginelli type one-pot condensation but also

remarkably improved the yields of the pyrimidin-2-one

derivatives in shorter reaction times (5–6 h) as against

the longer reaction times required for the other catalysts

(e.g., TMSCl).

RESULTS AND DISCUSSION

Initially, we subjected the condensation of 4-fluoro

benzaldehyde with urea and 3,4-dihydro-2H-pyran in the

presence of various acid catalysts in different solvent

systems at room temperature as well as under reflux

conditions (Table 1). The best yield (95%) of product

4-(4-flurophenyl)hexahydro-1H-pyrano[2,3-d]pyrimidin-

2(8 aH)-one 4g was obtained when p-TSA was used as

catalyst in DMF/CH3CN (1:1) under reflux conditions

(entry 4, Table 1). The formation of product 4g was

confirmed by IR, 1H, 13C, and mass spectral analysis.

Although theoretically three chiral centers are created,

only one diastereomer was formed in a highly selective

way. To access the stereochemistry of the product, we

chose 4-methylbenzaldehyde as substrate and reacted

with urea and 3,4-dihydro-2H-pyran in DMF/CH3CN

(1:1) using p-TSA under identical reaction conditions.

NMR spectral data determined the product as 4-(4-

methylphenyl)hexa hydro-1H-pyrano [2,3-d]pyrimidin-

2(8aH)-one 4a. The spectral data obtained was closely

identical to the literature reported [7], X-ray analyzed,

diasteroselective product 4a.
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Because of its great facility and easy availability of

catalyst, we further proceeded to examine the scope of

this catalytic transformation. The reaction of 3,4-dihydro-

2H-pyran with a range of other aromatic, and heterocy-

clic aldehydes and urea/thiourea under similar conditions

using p-TSA, furnishing the respective pyrimidin-2-one

derivatives 4a–4l (Scheme 1) in excellent yields. The

optimized results are listed in Table 2. All the products

were fully characterized by IR, NMR, and Mass spectro-

scopic analysis. Many of the pharmacologically relevant

substitution patterns on the aromatic ring could be intro-

duced with high efficiency. A variety of substituted

aromatic heterocyclic aldehydes carrying either electron

donating or withdrawing substituents afforded high yields

of products in high purity. Thiourea has also been used

with similar success to provide corresponding pyrimidin-

2-thione derivatives, which are also of much interest with

regard to the biological activity [9].

In summary, we have developed an economically and

environmentally friendly procedure for the synthesis of

substituted 4-phenylhexahydro-1H-pyrano[2,3-d] pyrimi-

din-2(8aH)-ones (thiones) derivatives with excellent

yields and short reaction times, which involves the use

of inexpensive catalyst p-TSA under DMF/CH3CN

reflux conditions. Furthermore, the present procedure is

readily amenable to parallel synthesis and generation of

combinatorial DHPMs libraries.

EXPERIMENTAL

All reagents were obtained from commercial sources and
used without further purification.1H and 13C NMR spectra were

recorded on Varian FT-200/50 MHz (Gemini) and Bruker UX
NMR FT-300/75 MHz (Avance) instruments, in deuterated
dimethylsulfoxide [D6]-DMSO. Chemical shifts are reported in
parts per million relative to TMS as internal standard. LC-mass
spectra were recorded on a LC-MSD-Trap-SL mass spectrome-

ter. Elemental analyses were performed by Elementar analyzer
Vario EL. Melting points has been recorded on an Electrother-
mal melting point apparatus. The IR spectra were obtained with
Perkin Elmer 240-C instrument using potassium bromide pel-

lets/neat. Analytical TLC of all reactions was performed on
Merck precoated plates (silica gel 60F-254 on glass).

General procedure. Aromatic aldehyde (5 mmol), 3,4-dihy-
dro-2H-pyran (5 mmol) and urea or thiourea (6 mmol) in an-

hydrous DMF/CH3CN (1.5 mL/3 mL) were mixed in a flask
and p-TSA (0.3 mmol) was added at room temperature. The
resulting reaction mixture was stirred at reflux for 5–6 h and
then poured into crushed ice with stirring. The precipitation

was isolated by filtered through a Buechner funnel and washed
with water followed by pet–ether, and then dried to give the
desired product. All products obtained were fully characterized
by spectroscopic methods such as IR, 1H NMR, 13C NMR,
and mass spectroscopy and have been identified by the com-

parison of the spectral data with those reported.
4-Phenylhexahydro-1H-pyrano[2,3-d]pyrimidin-2(8aH)-

one 4a. mp 252–254�C; IR (KBr, mmax): 3290, 1685, 1512,
1479, 1181, 1125 cm�1. 1H NMR (200 MHz, DMSO-d6): d
1.25–1.28 (m, 1H, CH2), 1.46–1.89(m, 4H, CH2 and H-10),

2.30 (s, 3H, CH3), 3.47 (t, J ¼ 10.11 Hz, 1H, H-7), 3.97 (d, J ¼
9.76 Hz, 1H, H-7), 4.48(q, J ¼ 1.92 Hz, 1H, H-9), 4.60 (d, J ¼
11.15 Hz, 1H, H-4), 6.68(s, 1H, NH), 7.08–7.16 (m, 5H, ArH
and NH) Mass LCMS þMS 247. Anal. Calcd. for C14H18N2O2:
C, 68.27; H, 7.37; N, 11.37. Found: C, 68.65; H, 7.86; N, 11.13.

4-(3,4,5-Trimethoxyphenyl)hexahydro-1H-pyrano[2,3-d]
pyrimidin-2(8aH)-one 4b. mp 238–240�C; IR (KBr, mmax):
3371, 3215, 1683, 1597, 1460, 1127, 1033 cm�1. 1H NMR
(200 MHz, DMSO-d6): d 1.21–1.93 (m, 5H, CH2 and H-10),

3.47–3.55 (m, 1H, H-7), 3.69 (s, 3H, OCH3), 3.82 (s, 6H,
OCH3), 3.95–4.00 (m, 1H, H-7), 4.47–4.50 (m, 1H, H-9), 4.98
(d, J ¼ 10.64 Hz, 1H, H-4), 6.53 (s, 1H, NH), 6.69 (s, 2H,
ArH), 7.30 (brs, 1H, NH); 13C NMR (75 MHz, DMSO-d6): d
20.3 (CH2), 23.0 (CH2), 37.5 (CH), 52.9 (CH), 55.9, 60.0

(OCH3), 65.8 (CH2), 80.2 (CH), 104.7 (ArCH), 125.5, 128.1,
136.9, 152.8 (ArC), 154.8 (C¼¼O); Mass LCMS þMS 323.
Anal. Calcd. for C16H22N2O5: C, 59.61; H, 6.88; N, 8.69.
Found: C, 59.71; H, 6.91; N, 8.71.

4-(4,5-Dimethoxy-2-nitrophenyl)hexahydro-1H-pyrano[2,3-d]
pyrimidin-2(8aH)-one 4c. mp 231–233�C; IR (KBr, mmax):
3223, 2931, 1687, 1523, 1274, 1175, 1098 cm�1; 1H NMR

Table 1

Catalyst effect on the reaction of 4-fluorobenzaldehyde, urea, and 3,4-dihydro-2H-pyran.

Entry Catalyst Solvent Temperature (�C) Time (h) Yield (%)

1 Montmorillonite K10 DMF/CH3CN Reflux 10 45

2 PPA-SiO2 DMF/CH3CN Reflux 10 No reaction

3 PPA-SiO2 Solvent free 120 10 No reaction

4 p-TSA DMF/CH3CN Reflux 5.2 95

5 TMSCl/NaI CH3CN Reflux 10 62

6 Silica sulfuric acid DMF/CH3CN Reflux 10 35

7 HCLO4-SIO2 DMF/CH3CN Reflux 10 35

8 p-TSA DMF/CH3CN r.t. 24 15–20

9 Montmorillonite K10 DMF/CH3CN r.t. 24 No reaction

Scheme 1
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(200 MHz, DMSO-d6): d 1.22 (d, J ¼ 10.92 Hz, 2H, CH2), 1.42–

1.65 (m, 2H, CH2), 2.17 (d, J ¼ 10.92 Hz, 1H, H-10), 3.40–3.52
(m, 2H, H-7), 3.87 (s, 3H, OCH3), 3.91 (s, 3H, OCH3), 4.47 (s,
1H, H-9), 5.16 (d, J ¼ 10.19 Hz, 1H, H-4), 6.73 (s, 1H, NH),
7.11 (s, 1H, ArH), 7.36 (brs, 1H, NH), 7.52 (s, 1H, ArH); 13C
NMR (75 MHz, DMSO-d6): d 21.0 (CH2), 23.1 (CH2), 36.9

(CH), 47.4 (CH), 56.3 (OCH3), 65.2 (CH2), 79.9 (CH), 107.4,
110.6 (ArCH), 129.5, 142.5, 148.0, 152.8 (ArC), 154.9 (C¼¼O);
Mass LCMS þMS 338. Anal. Calcd. for C15H19N3O6: C, 53.41;
H, 5.68; N, 12.46. Found: C, 53.49; H, 5.59; N, 12.42.

4-(4-Methoxyphenyl)hexahydro-1H-pyrano[2,3-d]pyrimi-

din-2(8aH)-one 4d. mp 220–222�C; IR (KBr, mmax): 3265,
1682, 1611, 1512, 1274, 1253, 1172, 1030 cm�1; 1H NMR
(200 MHz, DMSO-d6): d 1.26–1.94 (m, 5H, CH2 and H-10),
3.45 (t, J ¼ 11.65 Hz, 1H, H-7), 3.79 (s, 3H, OCH3), 4.03 (d,
J ¼ 8.73 Hz, 1H, H-7), 4.51 (s, 1H, H-9), 4.65 (d, J ¼ 10.92

Hz, 1H, H-4), 6.79 (s, 1H, NH), 6.86 (d, J ¼ 8.01 Hz, 2H,
ArH),7.24 (d, J ¼ 8.73 Hz, 2H, ArH); 13C NMR (75 MHz,
DMSO-d6): d 21.0, 23.3, 38.0, 53.2, 56.3, 65.9, 80.9, 115.1,
129.5, 129.9, 135.0, 155.2, 158.9; Mass LCMS þMS 263.

Anal. Calcd. for C14H18N2O3: C, 64.10; H, 6.92; N, 10.68.
Found: C, 64.02; H, 6.98; N, 10.68.

4-(4-Methoxyphenyl)hexahydro-1H-pyrano[2,3-d]pyrimi-

din-2(8aH)-thione 4e. mp 243–245�C; IR (KBr, mmax): 3267,
2935, 2857, 1683, 1611, 1512, 1463, 1254, 1031 cm�1; 1H

NMR (200 MHz, DMSO-d6): d 1.31–1.95 (m, 5H, CH2 and H-
10), 3.58 (t, J ¼ 11.33 Hz, 1H, H-7), 3.79 (s, 3H, OCH3), 3.99
(d, J ¼ 10.98 Hz, 1H, H-7), 4.50 (m, 1H, H-9), 4.57 (d, J ¼
10.57 Hz, 1H, H-4), 6.88 (d, J ¼ 9.06 Hz, 2H, ArH), 7.22 (d,
J ¼ 8.30 Hz, 2H, ArH) 7.36(brs 1H, NH) 8.47(brs, 1H, NH);

Mass LCMS þMS 279. Anal. Calcd. for C14H18N2O2S: C,
60.40; H, 6.52; N, 10.06. Found: C, 60.38; H, 6.51; N, 10.08.

4-(4-Bromophenyl)hexahydro-1H-pyrano[2,3-d]pyrimidin-

2(8aH)-one 4f. mp 253–256�C; IR (KBr, mmax): 3303, 3208,
1700, 1489, 1297, 1179, 1028 cm�1; 1H NMR (300 MHz,

DMSO-d6): d 1.19–1.84 (m, 5H, CH2 and H-10), 3.47 (t, J ¼
11.14 Hz, 1H, H-7), 3.90 (d, J ¼ 11.14 Hz, 1H, H-7), 4.43 (m,
1H, H-9), 4.53 (d, J ¼ 10.76 Hz, 1H, H-4), 6.52 (s, 1H, NH),
7.20 (s, 1H, NH), 7.30 (d, J ¼ 7.93 Hz, 2H, ArH), 7.52 (d, J
¼ 7.93 Hz, 2H, ArH); 13C NMR (75 MHz, DMSO-d6): d 20.2
(CH2), 22.7 (CH2), 37.5 (CH), 52.0 (CH), 65.6 (CH2), 80.1

(CH), 120.5, 129.6 (ArCH), 131.1, 140.8 (Arc), 154.5 (C¼¼O);

mass LCMS þMS 311. Anal. Calcd. for C13H15BrN2O2: C,
50.18; H, 4.86; N, 9.00. Found: C, 50.20; H, 4.98; N, 8.96.

4-(4-Fluorophenyl)hexahydro-1H-pyrano[2,3-d]pyrimidin-

2(8aH)-one 4g. mp 218–220�C; IR (KBr, mmax): 3301, 3245,
1692, 1508, 1220, 1183, 1027 cm�1; 1H NMR (200 MHz,

DMSO-d6): d 1.28–1.93 (m, 5H, CH2 and H-10), 3.53 (t, J ¼
11.58 Hz, 1H, H-7), 3.97–4.00 (m, 1H, H-7), 4.49 (m, 1H, H-
9), 4.63 (d, J ¼ 10.76 Hz, 1H, H-4), 6.92 (s, 1H, NH), 7.00–
7.09 (m, 2H, ArH), 7.29–7.36 (m, 2H, ArH); 13C NMR (75
MHz, DMSO-d6): d 20.2 (CH2), 22.8 (CH2), 37.7 (CH), 51.9

(CH), 65.8 (CH2), 80.2 (CH), 114.9, 115.2, 129.4 (ArCH),
129.5, 137.5 (ArC), 154.7 (C¼¼O); Mass LCMS þMS 251.
Anal. Calcd. for C13H15FN2O2: C, 62.39; H, 6.04; N, 11.19.
Found: C, 62.32; H, 5.98; N, 11.25.

4-Furan-2-yl-hexahydro-1H-pyrano[2,3-d]pyrimidin-2(8aH)-

thione 4h. mp >300�C; IR (KBr, mmax): 3196, 2929, 2858,
1619, 1525, 1177, 1029 cm�1; 1H NMR (200 MHz, DMSO-
d6): d 1.25–1.83 (m, 5H, CH2 and H-10), 3.58–3.62 (m, 1H,
H-7), 3.96 (d, J ¼ 10.97 Hz, 1H, H-7), 4.54 (m, 1H, H-9),

4.68 (d, J ¼ 9.50 Hz, 1H, H-4), 6.34 (s, 1H, NH), 7.14 (d, J
¼ 7.31 Hz, 1H, ArH), 7.40–7.42 (m, 1H, ArH), 7.63 (d, J ¼
7.31 Hz, 1H, ArH), 8.48 (s, 1H, NH); Mass LCMS þMS 239.
Anal. Calcd. for C11H14N2O2S: C, 53.44; H, 5.92; N, 11.76.
Found: C, 53.32; H, 5.82; N, 11.75.

4-(2,4-Dichlorophenyl)hexahydro-1H-pyrano[2,3-d]pyri-
midin-2(8aH)-thione 4i. mp 232–234�C; IR (KBr, mmax):
3208, 2924, 1614, 1452, 1258, 1011 cm�1; 1H NMR (300
MHz, DMSO-d6): d 1.38–2.06 (m, 5H, CH2 and H-10), 3.50
(m, 1H, H-7), 3.82 (d, J ¼ 10.93 Hz, 1H, H-7), 4.50 (m, 1H,

H-9), 4.93 (d, J ¼ 8.59 Hz, 1H, H-4), 7.37–7.46 (m, 3H,
ArH), 8.39 (s, 1H, NH), 8.80 (brs, 1H, NH); Mass LCMS
þMS 317. Anal. Calcd. for C13H14Cl2N2OS: C, 49.22; H, 4.45;
N, 8.83. Found: C, 49.24; H, 4.46; N, 8.81.

4-(3-Hydroxyphenyl)hexahydro-1H-pyrano[2,3-d]pyrimi-

din-2(8aH)-one 4j. mp 244–248�C; IR (KBr, mmax): 3305,
3228, 1685, 1604, 1508, 1279, 1033 cm�1; 1H NMR (200
MHz, DMSO-d6): d 1.18–1.76 (m, 5H, CH2 and H-10), 3.40–
3.42 (m, 1H, H-7), 3.90 (d, J ¼ 11.89 Hz, 1H, H-7), 4.40–4.45

(m, 2H, H-9 and H-4), 6.49 (s, 1H, NH), 6.66–6.75 (m, 3H,
ArH), 7.16 (t, J ¼ 8.30 Hz, 1H, ArH) 7.22 (s, 1H, NH); 13C

Table 2

Multicomponent reaction of 3,4-dihydro-2H-pyran, urea or thiourea, and aromatic aldehydes for the synthesis of 4a–4l.

Entry R X Product Time (h) Yield (%) Ref.

1 4-CH3C6H4 O 4a 5.5 98 7

2 3,4,5-(OCH3)3C6H2 O 4b 6.0 96 –

3 4,5-(OCH3)2-2-NO2-C6H2 O 4c 5.5 89 –

4 4-OCH3C6H4 O 4d 6.0 91 7

5 4-OCH3C6H4 S 4e 6.0 88 7

6 4-BrC6H4 O 4f 5.0 97 –

7 4-FC6H4 O 4g 5.2 95 –

8 S 4h 6.0 88 –

9 2,4-Cl2-C6H3 S 4i 5.0 84 –

10 3-OHC6H4 O 4j 5.5 90 –

11 2,4-Cl2-C6H3 O 4k 5.0 97 –

12 4-FC6H4 S 4l 5.5 86 7
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NMR (75 MHz, DMSO-d6): d 20.3 (CH2), 22.8 (CH2), 37.7
(CH), 52.6 (CH), 65.6 (CH2), 80.1 (CH), 113.9, 114.5, 118.1,
129.2 (ArCH), 142.9, 154.6 (ArC), 157.3 (C¼¼O); Mass LCMS
þMS 249. Anal. Calcd. for C13H16N2O3: C, 62.89; H, 6.50; N,
11.28. Found: C, 62.95; H, 6.52; N, 11.23.

4-(2,4-Dichlorophenyl)hexahydro-1H-pyrano[2,3-d]pyri-
midin-2(8aH)-one 4k. mp 258–260�C; IR (KBr, mmax): 3306,
2924, 1698, 1452, 1268, 1028 cm�1; 1H NMR (300 MHz,
DMSO-d6): d 1.13–1.92 (m, 5H, CH2 and H-10), 3.45–3.49
(m, 1H, H-7), 3.80 (d, J ¼ 9.89 Hz, 1H, H-7), 4.40–4.52 (m,

1H, H-9), 4.92 (d, J ¼ 8.92 Hz, 1H,H-4), 6.62 (s, 1H, NH),
7.34–7.65 (m, 4H, ArH and NH); 13C NMR (75 MHz, DMSO-
d6): d 21.0 (CH2), 22.6 (CH2), 37.0 (CH), 53.0 (CH), 65.2
(CH2), 79.9 (CH), 127.9, 131.0 (ArCH), 136.8, 147.2, 150.3
(ArC), 154.3 (C¼¼O); Mass LCMS þMS 301. Anal. Calcd. for

C13H14Cl2N2O2: C, 51.84; H, 4.69; N, 9.30. Found: C, 51.86;
H, 4.72; N, 9.42.

4-(4-Fluoro-phenyl)-hexahydro-1H-pyrano[2,3-d]pyrim-

idine-2(8aH)-thione 4l. mp 256–258�C; IR (KBr, mmax):

3185, 2972, 2875, 1608, 1555, 1512, 1490, 1012 cm�1; 1H
NMR (200 MHz, DMSO-d6): d 1.24–1.88 (m, 5H, CH2 and H-
10), 3.52 (t, J ¼ 10.98 Hz, 1H, H-7), 3.92 (d, J ¼ 11.10 Hz,
1H, H-7), 4.42 (m, 1H, H-9), 4.48 (d, J ¼ 10.11 Hz, 1H, H-4),
7.20–7.42 (m, 4H, ArH), 8.40 (s, 1H, NH); Mass LCMS þMS

267. Anal. Calcd. for C13H15FN2OS: C, 58.62; H, 5.68; N,
10.52. Found: C, 58.54; H, 5.67; N, 10.54.
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The ring transformation of 2H-pyran-2-one by N-aryl amidine in the presence of KOH in DMF at
room temperature resulted in a facile synthesis of the 2,6-diaryl-4-secondary aminonicotinonitrile and

highly substituted unsymmetrical 2,20-bipyridines in moderate yield.

J. Heterocyclic Chem., 47, 691 (2010).

INTRODUCTION

2H-pyran-2-ones are extensively used for the synthe-

sis of a wide variety of heterocyclic compounds via ring

transformation [1]. Ram and coworkers applied this

strategy for the synthesis of various organic compounds

like pyrimidine, fused heterocycles, congested benzene

[1j], and pyridine [2]. The pyridine ring is one of the

fundamental heterocycle present in many biologically

active natural products. The compounds containing pyri-

dine ring possess a broad range of biological activities

[3]. Kawamura et al. have synthesized 4-substituted 2,6-

diphenyl pyridines and reported there bleaching herbici-

dal activity [3b]. It was also found that 2-(p-aminoben-

zamido) pyridines exhibit a powerful inhibiting effect

on gastric ulcers in rats [3g]. The pyridines 2,20-bi- and
2,20,200-ter-pyridine were used as metal chelating legends

with various substituents [4a]. Similarly, pyridine deriv-

atives are of growing relevance in material science and

supramolecular chemistry [4b]. Therefore, there is a

continuous interest to develop the new synthetic meth-

ods for pyridines and their derivatives. Classical routes

to pyridine preparation are Hantzsch [5], Chichibabin

[6], Petrenko-Kritschenko and Zoneff [7], Krohnke [8],

and Guareschi-Thorpe [9] condensation reactions. The

condensation of 1,5-diketone with ammonia followed by

nitric acid oxidation is a common approach for the syn-

thesis of pyridines [10]. The reaction of dienamine and

ketone in the presence of Vilsmeier type 1-substituted-

1,2,3-benzotriazole reagent results in the formation of

nicotinonitriles [11]. The construction of unsymmetri-

cally substituted pyridines was achieved by the reaction

of 1,3-dicarbonyl compounds and 3-aminoenones or

nitriles [12]. Saikai et al. reported indium trichloride

catalyzed synthesis of tetrasubstituted pyridines [13].

Penieres et al. have synthesized pyridine by using

microwave irradiated Hantzsch reaction [14]. A transi-

tion metal mediated 6-endo-dig cyclization of N-propar-
gylamine derivative was carried out by Abbiati et al. to

generate a pyridine ring [15]. Combinatorial approach

also has been used for the synthesis of pyridine deriva-

tives [16]. 2,4,6-trisubstituted pyridine derivatives were

prepared from aroylketene dithioacetal by Potts et al.

[17]. Recently, Ram and coworkers [18] have described

the use of 2H-pyran-2-one for the synthesis of substi-

tuted pyridines, prompted us to carry out the synthesis

of novel pyridines.

RESULT AND DISCUSSION

We investigated that compound 3 in moderate yield

can be constructed from 2H-pyran-2-one 1 and the N-
aryl amidine 2 via a ring transformation reaction using

KOH in DMF at room temperature (Scheme 1).

Pyridine 3 isolated in this study could arise by nucle-

ophilic attack of amidine N-1 at C-6 position of 2H-py-
ran-2-one. The intermediate 4 formed is unstable and it

undergoes cyclization with a retro [2 þ 2] process to

yield 3a–i with the loss of carbon dioxide. In the event

of ring transformation of 2H-pyran-2-one 1 (Scheme 2)

with N-aryl amidine 2, the N-1 takes part in the reaction

as a nucleophile rather than N-3. It might be due to the

lone pair electrons on N-3 are delocalized over the
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benzene nucleus by orbital overlap with the p-orbital of
the aromatic ring; therefore, they are less available for

nucleophilic attack.

To generalize our strategy, we examined this method

for the reaction of 2H-pyran-2-one 1 with N-heteroaryl
amidine 6 in the presence of KOH/DMF catalytic sys-

tem (Scheme 3). The reaction of 2H-pyran-2-one with

N-heteroaryl amidine furnished the corresponding 2,6-

disubstituted nicotinonitrile 3 in the poor yields (Table

1). The structure of the newly synthesized compounds

was confirmed by spectroscopic data. It was observed

that there is no improvement of yield even after 48 h

also. The plausible mechanistic pathway is shown in

Scheme 4.

In 2H-pyran-2-one 1, three electrophilic centers are

present C-3, C-4, and C-6, in which C-6 is more electro-

philic in nature due to presence of an electron withdraw-

ing group (ACN) at C-3 position of the ring system.

The synthesis of 2,6-diaryl nicotonitrile involves the

nucleophilic attack by more basic N-1 of amidine 6 at

C-6 of 2H-pyran-2-one. The attack of amidine N-1 leads

to form unstable intermediate 7 followed by ring closure

and a retro [2 þ 2] process with the elimination of car-

bon dioxide to form 2,6-diaryl nicotonitrile 3. It is note-

worthy that the pyridine ring nitrogen of amidine does

not involve in ring transformation reaction. The struc-

tures of compounds 3a–i (Table 2) were determined

based on the spectroscopic data and elemental analysis.

Thus, in both cases (Schemes 1 and 3), the 2,6-diaryl

nicotonitriles were formed exclusively without any side

product.

Finally, we used our strategy to synthesize highly

substituted unsymmetrical 2,2-bipyridines (Scheme 5) in

presence of powdered KOH and DMF at room tempera-

ture. The results show that the yield of obtained bipyri-

dine was moderate (Table 2). We believe that the reac-

tion proceeds with the same mechanistic pathway as

depicted in Scheme 2.

CONCLUSIONS

In summary, this study demonstrates that the ring sys-

tem proposed for nicotonitrile is correct with the substi-

tution pattern. An additional finding is that the ring

transformation of 2H-pyran-2-one by N-pyridyl amidine

provides useful information for construction of the nico-

tonitrile ring system with 2,6-diaryl substituent. Further-

more, we synthesized highly substituted unsymmetrical

bipyridine using this method. Further studies on the

applications of this method for the synthesis of nicotoni-

trile with the 2,6-heteryl substituent are underway.

EXPERIMENTAL

General procedures. Melting points were determined in
open capillaries and are uncorrected. Progress of the reaction
was monitored by TLC (visualization was effected by exposure
to UV light). Commercial reagents were used without purifica-

tion. IR spectra were recorded on a Perkin-Elmer Spectrum
One spectrometer. Mass spectra were recorded under ESI
mode, on Thermo Finnigan (model-LCQ Advantage MAX)
mass spectrometer. 1H NMR and 13C NMR were recorded in
CDCl3 on a Bruker Spectrometers, operating at 300 MHz and

75 MHz for 1H NMR and 13C NMR, respectively, and shifts
are given in ppm downfield from TMS as an internal standard.

Scheme 1. Preparation of 2,6-diaryl-4-secondary aminonicotinonitriles

3 from 2H-pyran-2-one 1 and N-aryl amidine 2.

Scheme 2. The plausible mechanism [18] for the formation of substituted compounds 3.
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Elemental analysis was carried out on Thermo Quest micro-

analysis instrument, Whitehouse, NJ.
General experimental procedure for the synthesis of 3a–

l. The mixture of 2H-pyran-2-one-3-carbonitrile (1.0 mmol),
N-phenyl/heteroaryl benzamidine (1.0 mmol) and powdered
KOH (2.0 mmol) in 5 mL DMF was stirred for 5–6 h at room

temperature. The reaction was monitored by TLC. After com-
pletion of the reaction, excess DMF was removed under
reduced pressure. Then the residue was poured into crushed

ice with vigorous stirring. The aqueous solution was neutral-
ized with 10% HCl, the precipitate obtained was filtered, and
the obtained residue was purified by column chromatography
on silica gel 60–120 by eluting 5% ethyl acetate:hexane.

2,6-Diphenyl-4-(piperidin-1-yl)pyridine-3-carbonitrile
(3a). White solid, IR (KBr): 2209 (CBN), 1568 (C¼¼N) cm�1.
1H NMR (300 MHz, CDCl3, 25

�C) d ¼ 1.73 (d, J ¼ 5.7 Hz,
2H, CH2), 1.83 (d, J ¼ 3.3 Hz, 4H, 2CH2), 3.54 (t, J ¼ 9.9
Hz, 4H, 2CH2N), 6.91 (s, 1H, CH), 7.5 (m, 5H, ArH), 7.84 (d,
J ¼ 4.7 Hz, 2H, ArH), 8.05 (t, J ¼ 9.5 Hz, 3H, ArH). 13C

NMR (75 MHz, CDCl3) d ¼ 24.2, 26.1, 52.1, 96.4, 106.7,
118.7, 124.4, 125.3, 127.6, 128.5, 128.9, 129.6, 130.1, 138.9,
159.8, 162.9, 164.2. MS (ESI, 70 eV) m/z (%) ¼ 340 (100)
[Mþ], 341(27) [(MþH)þ]. Anal. Calcd. for C23H21N3: C,
81.38; H, 6.24; N, 12.38. Found: C, 81.42; H, 6.20; N, 12.38.

6-(4-Bromophenyl)-2-phenyl-4-(piperidin-1-yl)pyridine-3-
carbonitrile (3b). White solid, IR (KBr): 2212 (CBN), 1568
(C¼¼N) cm�1. 1H NMR (300 MHz, CDCl3, 25

�C) d ¼ 1.72 (d,
2H, CH2), 1.8 (d, J ¼ 5 Hz, 4H, 2CH2), 3.54 (t, J ¼ 10.6 Hz,

4H, 2CH2N), 7.12 (s, 1H, CH), 7.51 (m, 3H, ArH), 7.59 (s,

Scheme 3. Reaction between 2H-pyran-2-one 1 and N-heteroaryl ami-

dine 6 for synthesis of 2,6-disubstituted nicotinonitrile.

Scheme 4. The plausible mechanism [18] for the formation of substituted 2,6-disubstituted nicotinonitrile.
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1H, ArH), 7.62 (s, 1H, ArH), 7.93 (m, 4H, ArH). 13C NMR
(75 MHz, CDCl3) d ¼ 24.2, 26.1, 52.0, 96.8, 106.4, 118.6,
124.7, 128.6, 129.2, 129.6, 130.1, 132.1, 137.7, 138.7, 158.5,

162.9, 163.9. MS (ESI, 70 eV) m/z (%) ¼ 418 (100) [Mþ],
420 (92) [(Mþ2H)þ]. Anal. Calcd. for C23H20BrN3: C, 66.04;
H, 4.82; N, 10.04. Found: C, 66.01; H, 4.77; N, 10.08.

6-(4-Bromophenyl)-4-(morpholin-4-yl)-2-phenylpyridine-3-
carbonitrile (3c). White solid, IR (KBr): 2210 (CBN), 1582

(C¼¼N) cm�1. 1H NMR (300 MHz, CDCl3, 25
�C) d ¼ 3.55 (q,

J ¼ 13.5 Hz, 4H, 2CH2N), 3.94 (q, J ¼ 14 Hz, 4H, 2CH2O),
6.73 (s, 1H, CH), 7.51 (q, J ¼ 9.9 Hz, 3H, ArH), 7.59 (s, 1H,
ArH), 7.63 (s, 1H, ArH), 7.92 (m, 3H, ArH), 7.97 (s, 1H,
ArH). 13C NMR (75 MHz, CDCl3) d ¼ 50.9, 66.8, 97.3,

106.3, 118.2, 125.1, 128.6, 129.2, 129.5, 130.3, 132.2, 137.3,
138.3, 159.1, 162.6, 164.2. MS (ESI, 70 eV) m/z (%) ¼ 420
(28%) [Mþ], 422 (12%) [(Mþ2H)þ], 393 (8). Anal. Calcd. for
C22H18BrN3O: C, 62.87; H, 4.32; N, 10.00. Found: C, 62.82;
H, 4.37; N, 10.11.

6-(4-Chlorophenyl)-4-(morpholin-4-yl)-2-phenylpyridine-3-
carbonitrile (3d). White solid, IR (KBr): 2216 (CBN), 1583
(C¼¼N) cm�1. 1H NMR (300 MHz, CDCl3, 25

�C) d ¼ 3.54 (q,

J ¼ 14.1 Hz, 4H, 2CH2N), 3.94 (q, J ¼ 13.9 Hz, 4H, 2CH2O),
7.14 (s, 1H, CH), 7.51 (m, 5H, ArH), 7.89 (m, 2H, ArH), 8.00
(s, 1H, ArH), 8.04 (s, 1H, ArH). 13C NMR (75 MHz, CDCl3)

d ¼ 50.9, 66.8, 97.2, 106.3, 118.2, 128.6, 128.9, 129.3, 129.5,
130.3, 136.7, 136.9, 138.3, 159.0, 162.7, 164.2. MS (ESI, 70
eV) m/z (%): 376 (100) [Mþ], 378 (33) [(Mþ2H)þ]. Anal.
Calcd. for C22H18ClN3O: C, 70.30; H, 4.83; N, 11.18. Found:
C, 70.34; H, 4.94; N, 11.23.

2,6-Bis(4-bromophenyl)-4-(piperidin-1-yl)pyridine-3-car-
bonitrile (3e). White solid, IR (KBr): 2214 (CBN), 1580
(C¼¼N) cm�1. 1H NMR (300 MHz, CDCl3, 25

�C) d ¼ 1.79
(m, 6H, 3CH2), 3.53 (t, J ¼ 15 Hz, 4H, 2CH2N), 7.12 (s, 1H,
CH), 7.62 (m, 4H, ArH), 7.77 (d, J ¼ 4.7 Hz, 1H, ArH), 7.81

(d, J ¼ 3 Hz, 1H, ArH), 7.89 (d, J ¼ 3 Hz, 1H, ArH), 7.93 (s,
1H, ArH). MS (ESI, 70 eV) m/z (%) ¼ 497.8 (25) [Mþ], 499
(12) [(Mþ2H)þ]. Anal. Calcd. for C23H19Br2N3: C, 55.56; H,
3.85; N, 8.45. Found: C, 55.59; H, 3.81; N, 8.48.

6-(4-Chlorophenyl)-2-phenyl-4-(piperidin-1-yl)pyridine-3-
carbonitrile (3f). White solid, IR (KBr): 2214 (CBN), 1568
(C¼¼N) cm�1. 1H NMR (300 MHz, CDCl3, 25

�C) d ¼ 1.73 (d,
J ¼ 532 Hz, 2H, CH2), 1.82 (d, J ¼ 5.0 Hz, 4H, 2CH2), 3.55

Table 1

Preparation of 2,6-diaryl-4-secondary aminonicotinonitriles 3a from 2H-pyran-2-one 1 and N-aryl amidine 2
b.

Entry Ar Ar0 Ar00 Yieldsc (%) m.p.

3a C6H5 Piperidine C6H5 4-F-C6H4 48% 160�C
3a C6H5 Piperidine C6H5 C6H5 48% 161�C
3b 4-Br-C6H4 Piperidine C6H5 C6H5 48% 173�C
3b 4-Br-C6H4 Piperidine C6H5 4-F-C6H4 42% 173�C
3c 4-Br-C6H4 Morpholine C6H5 4-F-C6H4 46% 172�C
3c 4-Br-C6H4 Morpholine C6H5 C6H5 44% 172�C
3d 4-Cl-C6H4 Morpholine C6H5 4-F-C6H4 39% 198�C

aAll products were characterized by using I.R., 1H, 13C NMR, mass spectroscopy, and elemental analysis.
b 2H-pyran-2-one 1 (1.0 mmol), N-aryl amidine 2 (1.0 mmol), KOH (2.0 mmol), and DMF (5 mL), room temperature.
c Isolated yield.

Table 2

Reaction conditions with yields and m.p. for productsa 3.

Entry Ar Ar0 R Yieldsb (%) m.p.

3a C6H5 Piperidine C6H5 H 13% 160�C
3b 4-Br-C6H4 Piperidine C6H5 H 26% 173�C
3c 4-Br-C6H4 Morpholine C6H5 H 24% 172�C
3d 4-Cl-C6H4 Morpholine C6H5 H 24% 198�C
3e 4-Br-C6H4 Piperidine 4-Br-C6H4 H 22% 168�C
3f 4-Cl-C6H4 Piperidine C6H5 H 16% 172�C
3g 4-Cl-C6H4 Pyrolidine C6H5 H 19% 156�C
3g 4-Cl-C6H4 Pyrolidine C6H5 4-Br 22% 156�C
3h 4-CH3O-C6H4 Piperidine C6H5 H 38% 166�C
3i 4-Cl-C6H4 Pyrolidine 4-Br-C6H4 H 44% 122�C

aAll products were characterized by using I.R., 1H, 13C NMR, mass spectroscopy, and elemental analysis.
b Isolated yield.
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(t, J ¼ 10.6 Hz, 4H, 2CH2N), 7.13 (s, 1H, CH), 7.44 (m, 5H,
ArH), 7.93 (q, J ¼ 9.68 Hz, 2H, ArH), 8.00 (s, 1H, ArH), 8.03
(s, 1H, ArH). MS (ESI, 70 eV) m/z (%) ¼ 374 (100) [Mþ],
376 (35) [(MþH)þ]. Anal. Calcd. for C23H20ClN3: C, 73.89;
H, 5.39; N, 11.24. Found: C, 73.97; H, 5.35; N, 11.36.

6-(4-Chlorophenyl)-2-phenyl-4-(pyrrolidin-1-yl)pyridine-3-
carbonitrile (3g). White solid, IR (KBr): 2199 (CBN), 1590

(C¼¼N) cm�1. 1H NMR (300 MHz, CDCl3, 25
�C) d 2.09 (m,

4H, 2CH2), 3.81 (t, J ¼ 13.2 Hz, 4H, 2CH2N), 6.85 (s, 1H,
CH), 7.48 (m, 5H, ArH), 7.86 (q, J ¼ 9.6 Hz, 2H, ArH), 7.98
(d, J ¼ 8.66 Hz, 2H, ArH). 13C NMR (75 MHz, CDCl3) d ¼
25.9, 50.5, 96.1, 106.5, 118.6, 128.4, 128.6, 129.0, 129.6,

129.8, 135.9, 137.5, 139.3, 158.6, 162.8, 163.1. MS (ESI, 70
eV) m/z (%) ¼ 360 (100) [Mþ], 362 (32) [(Mþ2H)þ]. Anal.
Calcd. for C22H18ClN3: C, 73.43; H, 5.04; N, 11.68. Found: C,
73.42; H, 5.04; N, 11.03.

6-(4-Methoxyphenyl)-2-phenyl-4-(piperidin-1-yl)pyridine-3-
carbonitrile (3h). White solid, IR (KBr): 2209 (CBN), 1607
(C¼¼N) cm�1. 1H NMR (300 MHz, CDCl3, 25

�C) d ¼ 1.72 (d,
J ¼ 5.1 Hz, 2H, CH2), 1.83 (d, J ¼ 4.6 Hz, 4H, 2CH2), 3.52
(t, J ¼ 10.5 Hz, 4H, 2CH2N), 3.88 (s, 3H, CH3O), 6.98 (s, 1H,
CH), 7.01 (s, 1H, ArH), 7.12 (s, 1H, ArH), 7.50 (m, 3H, ArH),

7.94 (q, J ¼ 9.6 Hz, 2H, ArH), 8.04 (s, 1H, ArH), 8.06 (s, 1H,
ArH). 13C NMR (75 MHz, CDCl3) d ¼ 24.3, 25.1, 52.1, 55.6,
95.9, 105.7, 114.3, 124.7, 124.9, 129.1, 131.2, 131.8, 131.8,
132.2, 137.5, 159.4, 161.5, 163.0. MS (ESI, 70 eV) m/z (%) ¼
370 (100) [Mþ], 371 (32) [(Mþ2H)þ]. Anal. Calcd. for
C24H23N3O: C, 78.02; H, 6.27; N, 11.37. Found: C, 78.06; H,
6.29; N, 11.34.

2-(4-Bromophenyl)-6-(4-chlorophenyl)-4-(pyrrolidin-1-yl)
pyridine-3-carbonitrile (3i). White solid, IR (KBr): 2115

(CBN), 1590 (C¼¼N) cm�1. 1H NMR (300 MHz, CDCl3,
25�C) d ¼ 2.08 (brs, 4H), 3.79 (brs, 4H), 6.84 (s, 1H), 7.43 (s,
2H), 7.63 (s, 2H), 7.73 (s, 2H), 7.96 (s, 2H). 13C NMR (75
MHz, CDCl3) d ¼ 25.2, 50.1, 88.5, 103.6, 119.5, 123.2, 128.6,
128.9, 131.1, 131.3, 134.3, 134.6, 136.7, 138.1, 155.1, 155.4,

162.7. MS (ESI, 70 eV) m/z (%) ¼ 438 [Mþ, 43%], 440

[(Mþ2H)þ, 55%]. Anal. Calcd. for C22H17BrClN3: C 60.22; H
3.91; N 9.58. Found: C, 60.42; H, 3.83; N, 9.42.

6-(4-Bromophenyl)-2-(pyridine-2-yl)-4-(pyrrolidin-1-yl)pyri-
dine-3-carbonitrile (3j). Yellowish red solid, IR (KBr): 2190
(CBN), 1566 (C¼¼N) cm�1. 1H NMR (300 MHz, CDCl3, 25

�C)
d ¼ 2.07 (bs, 4H, CH2), 3.82 (bs, 4H, 2NCH2), 6.91 (s, 1H,
CH), 7.39 (s, 1H, ArH), 7.59 (s, 2H, ArH), 7.91 (bs, 3H, ArH),

8.02 (bs, 1H, ArH), 8.77 (bs, 1H, ArH). 13C NMR (125 MHz,
CDCl3) d ¼ 25.7, 50.4, 94.4, 103.9, 116.4, 123.9, 124.3, 128.8,
131.8, 136.7, 137.6, 146.7, 148.7, 158.3. MS (ESI, 70 eV) m/z
(%) ¼ 405 (100) [Mþ]. Anal. Calcd. for C21H17BrN4: C, 62.23;
H, 4.23; N, 13.82. Found: C, 62.43; H, 4.364; N, 13.87.

6-(4-Chlorophenyl)-4-morpholino-2-(pyridine-2-yl)pyridine-
3-carbonitrile (3k). Yellowish red solid, IR (KBr): 2225 (CBN),
1566 (C¼¼N) cm�1. 1H NMR (300 MHz, CDCl3, 25�C) d ¼
3.55–3.58 (t, 4H, 2NCH2), 3.94–3.97 (t, 4H, 2OCH2), 7.21 (s, 1H,
CH), 7.41–7.49 (m, 3H, ArH), 7.85–7.91 (m, 1H, ArH), 8.02–8.05

(q, 2H, ArH), 8.17–8.19 (d, J ¼ 7.8 Hz, 1H, ArH), 8.78–8.79 (dd,
1H, ArH). 13C NMR (125 MHz, CDCl3) d ¼ 50.8, 66.6, 97.4,
107.3, 117.5, 123.7, 124.8, 128.8, 129.2, 136.7, 148.8, 155.4,
158.3, 162.8. MS (ESI, 70 eV) m/z (%) ¼ 377 [Mþ, 100%], 379
[(Mþ2H)þ, 35%]. Anal. Calcd. for C21H17ClN4O: C, 66.93; H,

4.55; N, 14.87. Found: C, 66.83; H, 4.64; N, 14.94.
4-Morpholino-6-phenyl-2-(pyridin-2-yl)pyridine-3-carboni-

trile (3l). Yellowish red solid, IR (KBr): 2215 (CBN), 1574,
1538 (C¼¼N) cm�1. 1H NMR (300 MHz, CDCl3, 25

�C) d ¼
3.55–3.58 (t, 4H, 2NCH2), 3.94–3.97 (t, 4H, 2OCH2), 7.25 (s,
1H, CH), 7.40–7.51 (m, 4H, ArH), 7.85–7.91 (m, 1H, ArH),
8.07–8.09 (t, 2H, ArH), 8.20–8.23 (d, J ¼ 7.8 Hz, 1H, ArH),
8.77–8.79 (d, J ¼ 4.2 Hz, 1H, ArH). 13C NMR (125 MHz,
CDCl3) d ¼ 50.7, 66.6, 97.3, 107.5, 117.6, 123.7, 124.7,

127.4, 128.8, 130.2, 136.8, 138.1, 148.6, 155.5, 159.5, 161.3,
162.7, 165.3. MS (ESI, 70 eV) m/z (%) ¼ 343 [(MþH)þ,
78%]. Anal. Calcd. for C21H18N4O: C, 73.67; H, 5.30; N,
16.36. Found: C, 73.88; H, 5.42; N, 16.44.
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New classes of a,b-unsaturated caprolactams containing variable heteroatoms in d-position were syn-
thesized from heterocyclic imines as a starting material. The synthetic route is based on an acid chloride

addition followed by a ring-closing metathesis using a ruthenium catalyst.
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INTRODUCTION

a,b-Unsaturated lactams are categorized as interesting

structures because of their high bioactivity depending on

their functionalities as lactams and Michael acceptors.

Derivatives of a,b-unsaturated caprolactams, for exam-

ple, show central nervous system activity by causing

convulsions and loss of muscle control [1]. Furthermore,

anticancer activity was reported [2]. Saturated caprolac-

tam derivatives, for example, were effective as anti-

inflammatory agent [3] or growth-inhibiting activity on

plants [4].

In the recent past, we were able to report the first syn-

thesis of a,b-unsaturated d-oxacaprolactams. This new

substance class was synthesized by using heterocyclic

imines as precursors [5]. The reaction of imines with

unsaturated acid chlorides followed by treatment with

allyl alcohol led to acryl amides, which were used as a

starting material in ring-closing metathesis (RCM).

This synthetic route shows potential for further inves-

tigations (Fig. 1). Our aim to expand the application

range of this technology was realized by inserting differ-

ent heteroatoms in the lactam structure. In addition to

sulfur and nitrogen, the insertion of selenium was shown

in one example. Thus, the design of two new substance

classes was achieved in case of nitrogen and selenium

containing seven-membered lactam structures shown in

Figure 1. A few derivatives of a,b-unsaturated d-thia-
caprolactams were yet known, but synthesized in a pho-

tochemical reaction [6].

RESULTS AND DISCUSSION

We focused our attention on different heterocyclic

imines serving as a starting material in the intended syn-

thetic route. The monocyclic five-membered 2,5-dihy-

drothiazole 1a [7] and 2,5-dihydrooxazole 1b [8] were

synthesized by a modified Asinger protocol [9] starting

from the a-halogen aldehyde 2-chloro-2-methylpropanal.

In the first step of the synthesis, the heterocyclic

imines 2,5-dihydrothiazole 1a and 2,5-dihydrooxazole

1b were used as precursors in the addition of unsatu-

rated acid chloride. This type of reaction is based on

Leuchs’, Wulkow’s, and Gerland’s work [10], which

described the addition of different acid chlorides to 3H-
indole derivatives followed by addition of the nucleo-

philes, water, methanol, and ammonia. The insertion of

thiols was published by Schwarze et al. [11]. Thus, the
chosen acryloyl chloride and 2-methylacryloyl chloride

were added to the heterocyclic imines 1 (Scheme 1).

Without isolation of the a-chloro amides, allyl mercap-

tan or N-allylmethylamine was added in the presence of

triethylamine to obtain the acryl amides 2 in yields up

to 63% (Table 1).

The introduction of selenium into acryl amides is a

demanding task because of the synthesis of allyl selenol.

Because of exotic reagents used in known synthesis [12]

of allyl selenol, we considered other procedures. The

reaction of alkyl halogenides and sodium hydrogen sele-

nide, formed in aqueous or ethanolic solution, leads to

aliphatic selenols [13]. To prepare aromatic selenols,

VC 2010 HeteroCorporation
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elementary selenium reacts with aryl magnesium halo-

genides (Grignard reagent) by inserting between magne-

sium and aryl moiety [14]. The first called option was

not considered because water, respectively, ethanol in

excess would act as nucleophile rather than the selenol.

So, a selenium-Grignard reagent was formed and

directly added to an a-chloro amide synthesized simulta-

neously of imine 1a (Scheme 2). The acryl amide 2g

was obtained in small yield of only 6%.

Finally, the desired a,b-unsaturated caprolactams 3

were prepared from acryl amides 2 via RCM (Scheme

3). In the literature, only a few examples of RCM start-

ing from acryl amides are described [5,15].

The optimized reaction conditions tested in the syn-

thesis of a,b-unsaturated d-oxacaprolactams [5] were

transferred to the present reactions. The used ruthenium

catalyst I is comparable to a Grubbs catalyst of the sec-

ond generation (Fig. 2). The RCM was performed in tol-

uene, starting at room temperature and slowly increasing

the temperature up to 70�C. The lactams 3 were

obtained in good yields up to 90% (Table 2). Accord-

ingly, the catalyst shows a high tolerance to several

functional groups.

CONCLUSION

In conclusion, we synthesized new a,b-unsaturated
caprolactams 3 containing sulfur, nitrogen, or selenium

in d-position. Starting from heterocyclic imines 1, an

addition of unsaturated acid chlorides followed by

Figure 1. Retrosynthetical consideration of the target structure.

Scheme 1. Synthesis of acryl amides 2 starting from imines 1.

Reagents and conditions: (a) (CH3)2CO, NH3, NaSH or H2O, CH2Cl2,

0–5�C, (ii) r.t., 18 h; (b) (i) H2C¼¼CRCOCl, CH2Cl2, 0–5
�C, (ii) r.t., 3

h; (c) (i) H2C¼¼CHCH2YH, Et3N, CH2Cl2, 0–5
�C, (ii) 2d–f: reflux, 5

h, 7–63%.

Table 1

Acryl amides 2.

Imine Acryl amide X Y R Yield (%)

1a 2a S S H 44

1b 2b O S H 15

1b 2c O S Me 18

1a 2d S NMe H 63

1b 2e O NMe H 14

1b 2f O NMe Me 7a

a The product was not obtained pure.

Scheme 2. Preparation of selenium containing acryl amide 2g.

Reagents and conditions: (a) (i) Mg, Et2O, (ii) Se, reflux, 1 h; (b) (i)

H2C¼¼CHCOCl, Et2O, 0–5
�C, (ii) r.t., 3 h; (c) r.t., 18 h, 6%.

Scheme 3. Ring-closing metathesis to form lactams 3. Reagents and

conditions: (a) 5 mol% catalyst I, toluene, r.t. up to 70�C, 2–6 h, 36–

90%.

Figure 2. Used ruthenium catalyst I.
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substituting the chloride with unsaturated nucleophiles

and subsequent RCM led to lactams 3 offering opportu-

nities for further functionalizations.

EXPERIMENTAL

Synthetic procedures were performed on a vacuum line
using standard Schlenk techniques under argon. All reagents

and solvents were commercial grade and purified before use
when necessary. The ruthenium catalyst I, catME-
TiumVR IMesPCy [CAS 254972-49-1], is available at Strem
Chemicals. Preparative column chromatography was carried
out using Grace SiO2 (0.040–0.063 mm, type KG 60). TLC

was performed on Merck SiO2 F254 plates on aluminum
sheets. 1H and 13C NMR spectra were recorded with Bruker
AMX R 500 and AM 300 spectrometers. NMR chemical shifts
are reported in ppm using TMS as an internal standard.
Assignments of the signals in the 13C NMR spectrum were

supported by measurements applying COSY and J modulated
techniques. CI-MS and HRMS spectra were recorded on a Fin-
nigan MAT 212 spectrometer. IR spectra were recorded on a
Bruker Tensor 27 spectrometer equipped with a GoldenGate
diamond-ATR unit.

General procedure for the preparation of acryl amides 2

(GP A).. Under argon atmosphere, the respective imine 1 (1
equiv) dissolved in anhydrous dichloromethane (10 mL) was
cooled down to 0–5�C before acid chloride (1.1 equiv) in an-

hydrous dichloromethane (15 mL) was added dropwise. After
stirring for 3 h at room temperature, a mixture of allyl mercap-
tan or N-allylmethylamine (2 equiv) and anhydrous triethyl-
amine (1.75 equiv) in anhydrous dichloromethane (10 mL)
was added dropwise at 0–5 C. If N-allylmethylamine was

used, the reaction mixture was refluxed for 5 h. After stirring
overnight at room temperature, the solution was poured into
ice-water (20 mL). The phases were separated and the aqueous
phase was extracted with dichloromethane (3 � 20 mL). The
combined organic phases were washed with saturated aqueous

sodium hydrogen carbonate (20 mL), water (2 � 20 mL) and
dried over magnesium sulfate. The solvent was removed under
reduced pressure and the product was purified as described
later.

(RS)-1-(4-Allylsulfanyl-2,2,5,5-tetramethylthiazolidin-3-yl)-

propenone (2a).. Following GP A, 2,5-dihydrothiazole 1a

(0.20 g, 1.4 mmol), acryloyl chloride (0.14 g, 1.5 mmol), allyl
mercaptan (70%) (0.30 g, 2.8 mmol), and triethylamine (0.25
g, 2.4 mmol) were used. The product was purified by column

chromatography (silica gel; n-hexane–EtOAc, 7:3); yield: 0.17

g (0.6 mmol, 44%); colorless solid; mp 33�C; Rf ¼ 0.53 (n-
hexane–EtOAc, 7:3); IR: 3078, 2982, 2960, 2933, 1650, 1631,
1607, 1464, 1404, 1376, 1346, 957, 918 cm�1; 1H NMR (500
MHz, CDCl3): d ¼ 1.51 [s, 3 H, SC(CH3)2CH], 1.60 [s, 3 H,
SC(CH3)2CH], 1.88 [s, 3 H, SC(CH3)2N], 1.96 [s, 3 H,

SC(CH3)2N], 3.24 (dd, 2J ¼ 13.4 Hz, 3J ¼ 7.5 Hz, 1 H,
SCH2CHCH2), 3.32 (dd, 2J ¼ 13.4 Hz, 3J ¼ 6.8 Hz, 1 H,
SCH2CHCH2), 5.08 (br s, 1 H, NCH), 5.16–5.19 (m, 2 H,
SCH2CHCH2), 5.69 (d, 3J ¼ 10.4 Hz, 1 H, COCHCH2), 5.80–
5.89 (m, 1 H, SCH2CHCH2), 6.32 (d, 3J ¼ 16.6 Hz, 1 H,

COCHCH2), 6.55 (dd, 3J ¼ 10.4 Hz, 3J ¼ 16.6 Hz, 1 H,
COCHCH2);

13C NMR (125 MHz, CDCl3): d ¼ 25.2
[SC(CH3)2CH], 31.7 [SC(CH3)2N], 35.9 (SCH2CHCH2), 53.7
[SC(CH3)2CH], 72.3 [SC(CH3)2N], 78.0 (NCH), 117.9
(SCH2CHCH2), 127.9 (COCHCH2), 130.6 (COCHCH2), 133.8

(SCH2CHCH2), 165.0 (CO); MS (CI, isobutane): m/z (%):
272.1 (28) [M þ H]þ, 198.1 (100) [MH � CH3SH]

þ; HRMS
(CI, isobutane): m/z calcd for [C13H22NOS2]

þ: 272.1143;
found: 272.1143.

(RS)-1-(4-Allylsulfanyl-2,2,5,5-tetramethyloxazolidin-3-yl)-

propenone (2b).. Following GP A, 2,5-dihydrooxazole 1b

(0.64 g, 5.0 mmol), acryloyl chloride (0.50 g, 5.5 mmol), allyl
mercaptan (70%) (1.06 g, 10.0 mmol), and triethylamine (0.89
g, 8.75 mmol) were used. The product was purified by column

chromatography (silica gel; n-hexane–EtOAc, 7:3); yield: 0.19
g (0.7 mmol, 15%); yellow oil; Rf ¼ 0.58 (n-hexane–EtOAc,
7:3); IR: 2980, 2937, 1655, 1614, 1411, 1356 cm�1; 1H NMR
(500 MHz, CDCl3): d ¼ 1.38 [s, 3 H, OC(CH3)2CH], 1.50 [s,
3 H, OC(CH3)2CH], 1.60 [s, 3 H, OC(CH3)2N], 1.70 [s, 3 H,

OC(CH3)2N], 3.15–3.27 (m, 2 H, SCH2CHCH2), 4.70 (br s, 1
H, NCH), 5.09–5.22 (m, 2 H, SCH2CHCH2), 5.72 (dd, 2J ¼
1.8 Hz, 3J ¼ 10.3 Hz, 1 H, COCHCH2), 5.82–5.91 (m, 1 H,
SCH2CHCH2), 6.39 (dd, 2J ¼ 1.8 Hz, 3J ¼ 16.6 Hz, 1 H,
COCHCH2), 6.56 (dd, 3J ¼ 10.3 Hz, 3J ¼ 16.6 Hz, 1 H,

COCHCH2);
13C NMR (125 MHz, CDCl3): d ¼ 25.2

[OC(CH3)2CH], 27.6 [OC(CH3)2N], 27.8 [OC(CH3)2N], 28.7
[OC(CH3)2CH], 35.6 (SCH2CHCH2), 69.7 (NCH), 82.0
[OC(CH3)2CH], 95.3 [OC(CH3)2N], 118.0 (SCH2CHCH2),

128.0 (COCHCH2), 129.5 (COCHCH2), 133.1 (SCH2CHCH2),
163.3 (CO); MS (CI, isobutane): m/z (%): 256.1 (100) [M þ
H]þ, 182.2 (55) [M � SCH2CHCH2]

þ; HRMS (CI, isobutane):
m/z calcd for [C13H22NO2S]

þ: 256.1371; found: 256.1369.
(RS)-1-(4-Allylsulfanyl-2,2,5,5-tetramethyloxazolidin-3-yl)-

2-methylpropenone (2c).. Following GP A, 2,5-dihydrooxa-
zole 1b (0.32 g, 2.5 mmol), 2-methylacryloyl chloride (0.29 g,
2.75 mmol), allyl mercaptan (70%) (0.53 g, 5.0 mmol), and
triethylamine (0.45 g, 4.4 mmol) were used. The product was
purified by column chromatography (silica gel; n-hexane–
EtOAc, 7:3); yield: 0.12 g (0.4 mmol, 18%); light yellow
solid; mp 54–56 C; Rf ¼ 0.60 (n-hexane–EtOAc, 7:3); IR:
2979, 2936, 1652, 1630, 1410, 1391, 1368 cm�1; 1H NMR
(500 MHz, CDCl3): d ¼ 1.39 [s, 3 H, OC(CH3)2CH], 1.45 [s,
3 H, OC(CH3)2CH], 1.60 [s, 3 H, OC(CH3)2N], 1.65 [s, 3 H,

OC(CH3)2N], 2.04–2.05 [m, 3 H, COC(CH3)CH2], 3.15 (dd, 2J
¼ 13.5 Hz, 3J ¼ 7.5 Hz, 1 H, SCH2CHCH2), 3.20 (dd, 2J ¼
13.5 Hz, 3J ¼ 7.1 Hz, 1 H, SCH2CHCH2), 4.96 (br s, 1 H,
NCH), 5.05–5.11 (m, 2 H, SCH2CHCH2), 5.14–5.15 [m, 1 H,

COC(CH3)CH2], 5.24–5.25 [m, 1 H, COC(CH3)CH2], 5.72–
5.80 (m, 1 H, SCH2CHCH2);

13C NMR (125 MHz, CDCl3): d
¼ 20.3 [COC(CH3)CH2], 25.5 [OC(CH3)2CH], 27.6
[OC(CH3)2N], 28.0 [OC(CH3)2N], 28.6 [OC(CH3)2CH], 36.3

Table 2

a,b-Unsaturated caprolactams 3.

Acryl amide Lactam X Y R Yield (%)

2a 3a S S H 74

2b 3b O S H 45

2c 3c O S Me 88

2d 3d S NMe H 90

2e 3e O NMe H 74

2f 3f O NMe Me 50

2g 3g S Se H 36
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(SCH2CHCH2), 72.0 (NCH), 81.5 [OC(CH3)2CH], 94.8
[OC(CH3)2N], 115.4 (COC(CH3)CH2), 117.4 (SCH2CHCH2),
133.7 (SCH2CHCH2), 142.2 (COC(CH3)CH2), 170.5 (CO);
MS (CI, isobutane): m/z (%): 270.1 (100) [M þ H]þ, 196.1
(72) [M � SCH2CHCH2]

þ; HRMS (CI, isobutane): m/z calcd

for [C14H24NO2S]
þ: 270.1528; found: 270.1529.

(RS)-1-[4-(Allylmethylamino)-2,2,5,5-tetramethylthiazolidin-

3-yl]-propenone (2d).. Following GP A, 2,5-dihydrothiazole
1a (0.20 g, 1.4 mmol), acryloyl chloride (0.14 g, 1.5 mmol),
N-allylmethylamine (0.20 g, 2.8 mmol), and triethylamine

(0.25 g, 2.4 mmol) were used. The product was purified by
column chromatography (silica gel; n-hexane–EtOAc, 7:3);
yield: 0.24 g (0.9 mmol, 63%); colorless oil; Rf ¼ 0.67 (n-hex-
ane–EtOAc, 7:3); IR: 3077, 2982, 2932, 1652, 1612, 1468,
1406, 1338, 972, 918 cm�1; 1H NMR (500 MHz, CDCl3): d ¼
1.38 [s, 3 H, SC(CH3)2CH], 1.54 [s, 3 H, SC(CH3)2CH], 1.93
[s, 3 H, SC(CH3)2N], 1.94 [s, 3 H, SC(CH3)2N], 2.57 (s, 3 H,
NCH3), 3.42 (dd, 2J ¼ 14.8 Hz, 3J ¼ 6.0 Hz, 1 H,
NCH2CHCH2), 3.73 (d, 2J ¼ 14.8 Hz, 1 H, NCH2CHCH2),

4.68 (br s, 1 H, NCH), 5.06 (dd, 2J ¼ 1.5 Hz, 3J ¼ 10.0 Hz, 1
H, NCH2CHCH2), 5.13 (dd, 2J ¼ 1.5 Hz, 3J ¼ 17.1 Hz, 1 H,
NCH2CHCH2), 5.62 (dd, 2J ¼ 1.6 Hz, 3J ¼ 10.4 Hz, 1 H,
COCHCH2), 5.64–5.71 (m, 1 H, NCH2CHCH2), 6.32 (dd, 2J
¼ 1.6 Hz, 3J ¼ 16.3 Hz, 1 H, COCHCH2), 6.50 (dd, 3J ¼
10.4 Hz, 3J ¼ 16.3 Hz, 1 H, COCHCH2);

13C NMR (125
MHz, CDCl3): d ¼ 24.6 [SC(CH3)2CH], 33.8 [SC(CH3)2CH],
28.9 [SC(CH3)2N], 32.1 [SC(CH3)2N], 37.2 (NCH3), 53.1
[SC(CH3)2CH], 55.5 (NCH2CHCH2), 71.7 [SC(CH3)2N], 91.0
(NCH), 116.3 (NCH2CHCH2), 126.9 (COCHCH2), 131.3

(COCHCH2), 136.3 (NCH2CHCH2), 166.2 (CO); MS (CI, iso-
butane): m/z (%): 269.2 (100) [M þ H]þ, 198.1 (50) [MH �
C4H9N]

þ; HRMS (CI, isobutane): m/z calcd for
[C14H25N2OS]

þ: 269.1688; found: 269.1688.
(RS)-1-[4-(Allylmethylamino)-2,2,5,5-tetramethyloxazolidin-

3-yl]-propenone (2e).. Following GP A, 2,5-dihydrooxazole
1b (0.32 g, 2.5 mmol), acryloyl chloride (0.25 g, 2.75 mmol),
N-allylmethylamine (0.36 g, 5.0 mmol), and triethylamine
(0.45 g, 4.4 mmol) were used. The product was purified by

column chromatography (silica gel; n-hexane–EtOAc, 1:1);
yield: 0.09 g (0.4 mmol, 14%); light yellow oil; Rf ¼ 0.83 (n-
hexane–EtOAc, 1:1); IR: 2980, 2941, 1651, 1613, 1414, 1353
cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 1.33 [s, 3 H,
OC(CH3)2CH], 1.34 [s, 3 H, OC(CH3)2CH], 1.67 [s, 3 H,

OC(CH3)2N], 1.72 [s, 3 H, OC(CH3)2N], 2.44 (s, 3 H, NCH3),
3.31 (dd, 2J ¼ 14.6 Hz, 3J ¼ 6.0 Hz, 1 H, NCH2CHCH2),
3.43 (dd, 2J ¼ 14.6 Hz, 3J ¼ 5.8 Hz, 1 H, NCH2CHCH2),
4.50 (s, 1 H, NCH), 5.08 (dd, 2J ¼ 1.0 Hz, 3J ¼ 10.2 Hz, 1 H,
NCH2CHCH2), 5.15 (dd, 2J ¼ 1.0 Hz, 3J ¼ 17.1 Hz, 1 H,

NCH2CHCH2), 5.65 (dd, 2J ¼ 1.7 Hz, 3J ¼ 10.2 Hz, 1 H,
COCHCH2), 5.67–5.73 (m, 1 H, NCH2CHCH2), 6.38 (dd, 2J
¼ 1.7 Hz, 3J ¼ 16.7 Hz, 1 H, COCHCH2), 6.53 (dd, 3J ¼
10.2 Hz, 3J ¼ 16.7 Hz, 1 H, COCHCH2);

13C NMR (125
MHz, CDCl3): d ¼ 24.3 [OC(CH3)2CH], 27.2 [OC(CH3)2N],

28.1 [OC(CH3)2N], 30.0 [OC(CH3)2CH], 36.8 (NCH3), 56.0
(NCH2CHCH2), 82.5 [OC(CH3)2CH], 83.9 (NCH), 94.5
[OC(CH3)2N], 116.6 (NCH2CHCH2), 127.3 (COCHCH2),
130.2 (COCHCH2), 136.2 (NCH2CHCH2), 164.6 (CO); MS

(CI, isobutane): m/z (%): 253.2 (20) [M þ H]þ, 182.1 (52) [M
� N(CH3)CH2CHCH2]

þ, 142.1 (100) [C7H14N2O]
þ; HRMS

(CI, isobutane): m/z calcd for [C14H25N2O2]
þ: 253.1916;

found: 253.1916.

(RS)-1-[4-(Allylmethylamino)-2,2,5,5-tetramethyloxazolidin-

3-yl]-2-methylpropenone (2f).. Following GP A, 2,5-dihy-
drooxazole 1b (0.32 g, 2.5 mmol), 2-methylacryloyl chloride

(0.29 g, 2.75 mmol), N-allylmethylamine (0.36 g, 5.0 mmol),
and triethylamine (0.45 g, 4.4 mmol) were used. The product
was purified by column chromatography (silica gel; n-hexane–
EtOAc, 1:1); yield: 0.05 g (0.2 mmol, 7%); yellow oil; Rf ¼
0.83 (n-hexane–EtOAc, 1:1). The product was not obtained

pure, but its structure was verified by MS, HRMS and further
reaction to analytically pure (RS)-1,4,7,7,9,9-hexamethyl-9,9a-
dihydro-2H-oxazolo[4,3-b][1,3]diazepin-5-one 3f; MS (CI, iso-
butane): m/z (%): 267.4 (12) [M þ H]þ, 196.3 (60) [M �
N(CH3)CH2CHCH2]

þ, 142.1 (100) [C7H14N2O]
þ; HRMS (CI,

isobutane): m/z calcd for [C15H27N2O2]
þ: 267.2073; found:

267.2068.
(RS)-1-(4-Allylselanyl-2,2,5,5-tetramethylthiazolidin-3-yl)-

propenone (2g).. Under argon atmosphere, 2,5-dihydrothiazole
1a (0.30 g, 2.1 mmol) was dissolved in anhydrous diethyl ether

(5 mL) and cooled to 0–5�C before acryloyl chloride (0.19 g,
2.1 mmol) dissolved in anhydrous diethyl ether (1 mL) was
added dropwise. The solution was stirred for 3 h at room tem-
perature. Simultaneously, in another flask magnesium turnings

(0.08 g, 3.1 mmol) were covered with anhydrous diethyl ether
(5 mL) under argon atmosphere. Under continuous boiling,
allyl bromide (0.38 g, 3.1 mmol) was added dropwise. After
finishing addition, selenium (0.25 g, 3.1 mmol) was added and
the reaction mixture was refluxed for 1 h. At room temperature,

the first prepared solution of a-chloro amide was added to sele-
nium-Grignard reagent dropwise. After stirring overnight, water
(10 mL) was added and the phases were separated. The aque-
ous phase was extracted with dichloromethane (2 � 10 mL).
The combined organic phases were dried over magnesium sul-

fate. The solvent was removed under reduced pressure and the
product was purified by column chromatography (silica gel; n-
hexane–EtOAc, 7:3); yield: 43 mg (0.14 mmol, 6%); light yel-
low oil; Rf ¼ 0.53 (n-hexane–EtOAc, 7:3); the product was not
obtained pure, but its structure was verified by further reaction

to analytically pure (RS)-7,7,9,9-tetramethyl-9,9a-dihydro-2H-
thiazolo[4,3-b][1,3]selenazepin-5-one 3g; 1H NMR (500 MHz,
CDCl3): d ¼ 1.53 [s, 3 H, SC(CH3)2CH], 1.65 [s, 3 H,
SC(CH3)2CH], 1.87 [s, 3 H, SC(CH3)2N], 1.99 [s, 3 H,
SC(CH3)2N], 3.32–3.43 (m, 2 H, SeCH2CHCH2), 5.09–5.12

(m, 2 H, SeCH2CHCH2), 5.30 (s, 1 H, NCH), 5.70 (dd, 2J ¼
1.6 Hz, 3J ¼ 10.4 Hz, 1 H, COCHCH2), 5.96 (dddd, 3J ¼ 7.8
Hz, 3J ¼ 7.8 Hz, 3J ¼ 9.6 Hz, 3J ¼ 17.3 Hz, 1 H,
SeCH2CHCH2), 6.33 (dd, 2J ¼ 1.6 Hz, 3J ¼ 16.6 Hz, 1 H,

COCHCH2), 6.57 (dd, 3J ¼ 10.4 Hz, 3J ¼ 16.6 Hz, 1 H,
COCHCH2); MS (CI, isobutane): m/z (%): 320.1 (18) [M þ
H]þ, 198.1 (100) [MH � C3H6Se]

þ; HRMS (CI, isobutane): m/
z calcd for [C13H22NOSSe]

þ: 320.0587; found: 320.0587.
General procedure for the preparation of lactams 3 (GP

B).. Acryl amide 2 (1 equiv) and the ruthenium catalyst I

(0.05 equiv) were dissolved in toluene (8 mL) and heated to
30�C. Following the solution was slowly heated to at most
70�C over a period of 2-6 h (heating rate: about 10�C /h) until
the reaction was complete as continuously controlled by TLC.

The solvent was removed under reduced pressure and the
product was purified as described later.

(RS)-7,7,9,9-Tetramethyl-9,9a-dihydro-2H-thiazolo[4,3-b]
[1,3]thiazepin-5-one (3a).. Following GP B, the acryl amide
2a (41 mg, 0.15 mmol) and ruthenium catalyst I (7.2 mg, 8
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lmol) were used. The product was purified by column chroma-
tography (silica gel; n-hexane–EtOAc, 1:1); yield: 27 mg (0.11
mmol, 74%); colorless solid; mp 120�C; Rf ¼ 0.47 (n-hexane–
EtOAc, 1:1); IR: 2964, 2932, 1643, 1609, 1467, 1437, 1375,
1338, 808 cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 1.46 [s, 3

H, SC(CH3)2CH], 1.67 [s, 3 H, SC(CH3)2CH], 1.95 [s, 3 H,
SC(CH3)2N], 2.09 [s, 3 H, SC(CH3)2N], 3.14 (ddd, 2J ¼ 13.3
Hz, 3J ¼ 7.4 Hz, 4J ¼ 1.8 Hz, 1 H, CH2), 3.40 (ddd, 2J ¼
13.3 Hz, 3J ¼ 6.4 Hz, 4J ¼ 0.9 Hz, 1 H, CH2), 5.10 (s, 1 H,
NCH), 6.04–6.12 (m, 2 H, COCHCH); 13C NMR (125 MHz,

CDCl3): d ¼ 25.0 [SC(CH3)2CH], 30.2 [SC(CH3)2CH], 25.6
(CH2), 32.6 [SC(CH3)2N], 32.9 [SC(CH3)2N], 51.7
[SC(CH3)2CH], 73.4 [SC(CH3)2N], 78.1 (NCH), 126.9
(COCHCH), 129.7 (COCHCH), 166.3 (CO); MS (CI, isobu-
tane): m/z (%): 244.1 (100) [M þ H]þ; HRMS (CI, isobutane):

m/z calcd for [C11H18NOS2]
þ: 244.0830; found: 244.0832.

(RS)-7,7,9,9-Tetramethyl-9,9a-dihydro-2H-oxazolo[4,3-b]
[1,3]thiazepin-5-one (3b).. Following GP B, the acryl amide
2b (40 mg, 0.16 mmol) and ruthenium catalyst I (7.4 mg, 8

lmol) were used. The product was purified by column chroma-
tography (silica gel; n-hexane–EtOAc, 7:3); yield: 16 mg (0.07
mmol, 45%); colorless solid; mp 79–80�C; Rf ¼ 0.23 (n-hex-
ane–EtOAc, 7:3); IR: 2984, 2935, 1656, 1605, 1393, 1370,
1195 cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 1.42 [s, 3 H,

OC(CH3)2CH], 1.45 [s, 3 H, OC(CH3)2CH], 1.73 [s, 3 H,
OC(CH3)2N], 1.79 [s, 3 H, OC(CH3)2N], 3.16 (dd, 2J ¼ 13.9
Hz, 3J ¼ 7.6 Hz, 1 H, CH2), 3.35 (ddd, 2J ¼ 13.9 Hz, 3J ¼
6.8 Hz, 4J ¼ 1.0 Hz, 1 H, CH2), 4.88 (s, 1 H, NCH), 6.08 (dd,
3J ¼ 10.9 Hz, 4J ¼ 1.0 Hz, 1 H, COCHCH), 6.20 (ddd, 3J ¼
6.8 Hz, 3J ¼ 7.6 Hz, 3J ¼ 10.9 Hz, 1 H, COCHCH); 13C
NMR (125 MHz, CDCl3): d ¼ 25.2 [OC(CH3)2CH], 26.2
(CH2), 28.0 [OC(CH3)2N], 28.4 [OC(CH3)2N], 29.4
[OC(CH3)2CH], 69.7 (NCH), 80.6 [OC(CH3)2CH], 95.9
[OC(CH3)2N], 129.2 (COCHCH), 129.6 (COCHCH), 164.5

(CO); MS (ESI): m/z (%): 250.0 (100) [M þ Na]þ; HRMS
(CI, isobutane): m/z calcd for [C11H18NO2S]

þ: 228.1058;
found: 228.1058.

(RS)-4,7,7,9,9-Pentamethyl-9,9a-dihydro-2H-oxazolo[4,3-b]
[1,3]thiazepin-5-one (3c).. Following GP B, the acryl amide
2c (40 mg, 0.15 mmol) and ruthenium catalyst I (7.0 mg, 7
lmol) were used. The product was purified by column chroma-
tography (silica gel; n-hexane–EtOAc, 7:3); yield: 31 mg (0.13
mmol, 88%); light yellow solid; mp 75–78�C; Rf ¼ 0.51 (n-
hexane–EtOAc, 7:3); IR: 2991, 2929, 1650, 1627, 1402, 1374,
1203 cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 1.40 [s, 3 H,
OC(CH3)2CH], 1.43 [s, 3 H, OC(CH3)2CH], 1.73 [s, 3 H,
OC(CH3)2N], 1.80 [s, 3 H, OC(CH3)2N], 1.96 [dd, 4J ¼ 1.6
Hz, 5J ¼ 1.0 Hz, 3 H, COC(CH3)CH], 2.97 (dd, 2J ¼ 13.2 Hz,
3J ¼ 8.4 Hz, 1 H, CH2), 3.28 (ddd, 2J ¼ 13.2 Hz, 3J ¼ 7.7
Hz, 5J ¼ 1.0 Hz, 1 H, CH2), 4.81 (s, 1 H, NCH), 5.83 [ddq, 3J
¼ 7.7 Hz, 3J ¼ 8.4 Hz, 4J ¼ 1.6 Hz, 1 H, COC(CH3)CH];

13C
NMR (125 MHz, CDCl3): d ¼ 18.1 [COC(CH3)CH], 24.8
[OC(CH3)2CH], 25.3 (CH2), 28.2 [OC(CH3)2N], 28.4

[OC(CH3)2N], 29.3 [OC(CH3)2CH], 69.5 (NCH), 80.5
[OC(CH3)2CH], 95.7 [OC(CH3)2N], 122.3 [COC(CH3)CH],
137.9 [COC(CH3)CH], 167.2 (CO); MS (CI, isobutane): m/
z(%): 242.2 (100) [M þ H]þ; HRMS (CI, isobutane): m/z
calcd for [C12H20NO2S]

þ: 242.1215; found: 242.1213.
(RS)-1,7,7,9,9-Pentamethyl-9,9a-dihydro-2H-thiazolo[4,3-b]

[1,3]diazepin-5-one (3d).. Following GP B, the acryl amide
2d (36 mg, 0.15 mmol) and ruthenium catalyst I (7.0 mg, 7

lmol) were used. The product was purified by column chroma-
tography (silica gel; n-hexane–EtOAc, 1:1); yield: 32 mg (0.13
mmol, 90%); colorless solid; mp 67�C; Rf ¼ 0.40 (n-hexane–
EtOAc, 1:1); IR: 2986, 2953, 2859, 1655, 1604, 1469, 1440,
1416, 1398, 1365, 1344, 815 cm�1; 1H NMR (500 MHz,

CDCl3): d ¼ 1.31 [s, 3 H, SC(CH3)2CH], 1.57 [s, 3 H,
SC(CH3)2CH], 1.89 [s, 3 H, SC(CH3)2N], 1.94 [s, 3 H,
SC(CH3)2N], 2.54 (s, 3 H, NCH3), 3.19–3.23 (m, 1 H, CH2),
3.85 (ddd, 2J ¼ 20.7 Hz, 3J ¼ 2.8 Hz, 4J ¼ 2.6 Hz, 1 H,
CH2), 4.72 (s, 1 H, NCH), 5.91 (ddd, 3J ¼ 12.9 Hz, 4J ¼ 2.6

Hz, 4J ¼ 1.7 Hz, 1 H, COCHCH), 6.02 (ddd, 3J ¼ 2.8 Hz, 3J
¼ 2.9 Hz, 3J ¼ 12.9 Hz, 1 H, COCHCH); 13C NMR (125
MHz, CDCl3): d ¼ 25.3 [SC(CH3)2CH], 34.7 [SC(CH3)2CH],
38.0 [SC(CH3)2N], 31.6 [SC(CH3)2N], 36.5 (NCH3), 50.0
[SC(CH3)2CH], 59.2 (CH2), 70.8 [SC(CH3)2N], 88.8 (NCH),

128.0 (COCHCH), 140.4 (COCHCH), 165.6 (CO); MS (CI,
isobutane): m/z (%): 241.2 (100) [M þ H]þ; HRMS (CI, iso-
butane): m/z calcd for [C12H21N2OS]

þ: 241.1375; found:
241.1376.

(RS)-1,7,7,9,9-Pentamethyl-9,9a-dihydro-2H-oxazolo[4,3-b]
[1,3]diazepin-5-one (3e).. Following GP B, the acryl amide 2e

(37 mg, 0.15 mmol) and ruthenium catalyst I (6.9 mg, 7 lmol)
were used. The product was purified by column chromatogra-
phy (silica gel; n-hexane–EtOAc, 7:3); yield: 24 mg (0.11

mmol, 74%); colorless solid; mp 83–86�C, Rf ¼ 0.09 (n-hex-
ane–EtOAc, 7:3); IR: 2956, 2936, 2871, 1651, 1604, 1428,
1405, 1369, 1198 cm�1; 1H NMR (500 MHz, CDCl3): d ¼
1.31 [s, 3 H, OC(CH3)2CH], 1.38 [s, 3 H, OC(CH3)2CH], 1.67
[s, 3 H, OC(CH3)2N], 1.69 [s, 3 H, OC(CH3)2N], 2.37 (s, 3 H,

NCH3), 3.25 (ddd, 2J ¼ 20.4 Hz, 3J ¼ 3.3 Hz, 4J ¼ 1.6 Hz, 1
H, CH2), 3.83 (ddd, 2J ¼ 20.4 Hz, 3J ¼ 2.6 Hz, 4J ¼ 2.6 Hz,
1 H, CH2), 4.53 (s, 1 H, NCH), 5.92 (ddd, 3J ¼ 13.1 Hz, 4J ¼
1.6 Hz, 4J ¼ 2.6 Hz, 1 H, COCHCH), 6.05 (ddd, 3J ¼ 2.6 Hz,
3J ¼ 3.3 Hz, 3J ¼ 13.1 Hz, 1 H, COCHCH); 13C NMR (125

MHz, CDCl3): d ¼ 24.2 [OC(CH3)2CH], 26.6 [OC(CH3)2N],
27.7 [OC(CH3)2N], 30.9 [OC(CH3)2CH], 36.5 (NCH3), 58.8
(CH2), 80.6 [OC(CH3)2CH], 82.2 (NCH), 93.9 [OC(CH3)2N],
127.5 (COCHCH), 140.3 (COCHCH), 164.4 (CO); MS (CI,

isobutane): m/z (%): 225.2 (100) [M þ H]þ; HRMS (CI, iso-
butane): m/z calcd for [C12H21N2O2]

þ: 225.1603; found:
225.1602.

(RS)-1,4,7,7,9,9-Hexamethyl-9,9a-dihydro-2H-oxazolo[4,3-

b][1,3]diazepin-5-one (3f).. Following GP B, the acryl amide

2f (47 mg, 0.18 mmol) and ruthenium catalyst I (8.4 mg, 9
lmol) were used. The product was purified by column chroma-
tography (silica gel; n-hexane–EtOAc, 7:3); yield: 21 mg (0.09
mmol, 50%); colorless solid; mp 39–43�C; Rf ¼ 0.26 (n-hex-
ane–EtOAc, 7:3); IR: 2987, 2936, 1649, 1592, 1423, 1367,

1198 cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 1.34 [s, 3 H,
OC(CH3)2CH], 1.37 [s, 3 H, OC(CH3)2CH], 1.68 [s, 3 H,
OC(CH3)2N], 1.71 [s, 3 H, OC(CH3)2N], 1.97–1.98 [m, 3 H,
COC(CH3)CH], 2.31 (s, 3 H, NCH3), 3.29 (dd, 2J ¼ 18.9 Hz,
3J ¼ 2.2 Hz, 1 H, CH2), 3.63 (d, 2J ¼ 18.9 Hz, 1 H, CH2),

4.24 (s, 1 H, NCH), 6.00–6.02 [m, 1 H, COC(CH3)CH];
13C

NMR (125 MHz, CDCl3): d ¼ 21.7 [COC(CH3)CH], 24.3
[OC(CH3)2CH], 27.0 [OC(CH3)2N], 28.0 [OC(CH3)2N], 30.5
[OC(CH3)2N], 37.7 (NCH3), 56.7 (CH2), 81.0 [OC(CH3)2CH],

82.1 (NCH), 94.5 [OC(CH3)2N], 133.6 [COC(CH3)CH], 133.7
[COC(CH3)CH], 166.2 (CO); MS (CI, isobutane): m/z (%):
239.2 (100) [M þ H]þ; HRMS (CI, isobutane): m/z calcd for
[C13H23N2O2]

þ: 239.1760; found: 239.1760.

May 2010 701Synthesis of a,b-Unsaturated Caprolactams Starting from Heterocyclic Imines

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



(RS)-7,7,9,9-Tetramethyl-9,9a-dihydro-2H-thiazolo[4,3-

b][1,3]selenazepin-5-one (3g).. Following GP B, the acryl am-
ide 2g (15 mg, 0.05 mmol) and ruthenium catalyst I (2.4 mg,

3 lmol) were used. The product was purified by column chro-
matography (silica gel; n-hexane–EtOAc, 1:1); yield: 5 mg
(0.02 mmol, 36%); colorless solid; Rf ¼ 0.50 (n-hexane–
EtOAc, 1:1); IR: 2964, 2925, 2855, 1655, 1612, 1465, 1377,
795 cm�1; 1H NMR (500 MHz, CDCl3): d ¼ 1.50 [s, 3 H,

SC(CH3)2CH], 1.69 [s, 3 H, SC(CH3)2CH], 2.01 [s, 3 H,
SC(CH3)2N], 2.10 [s, 3 H, SC(CH3)2N], 3.12 (ddd, 2J ¼ 11.8
Hz, 3J ¼ 7.6 Hz, 4J ¼ 1.9 Hz, 1 H, CH2), 3.47 (dd, 2J ¼ 11.8
Hz, 3J ¼ 7.1 Hz, 1 H, CH2), 5.31 (s, 1 H, NCH), 5.99–6.07
(m, 2 H, COCHCH); 13C NMR (125 MHz, CDCl3): d ¼ 26.4

[SC(CH3)2CH], 39.9 [SC(CH3)2CH], 29.7 (CH2), 32.2
[SC(CH3)2N], 33.2 [SC(CH3)2N], 52.5 [SC(CH3)2CH], 73.7
[SC(CH3)2N], 75.0 (NCH), 127.1 (COCHCH), 128.0
(COCHCH), 166.1 (CO); MS (CI, isobutane): m/z (%): 292.0
(100) [M þ H]þ; HRMS (CI, isobutane): m/z calcd for

[C11H18NOSSe]
þ: 292.0274; found: 292.0276.
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A series of quinoxaline derivatives have been synthesized in excellent yields by the condensation of

1,2-diketones and 1,2-phenylenediamines in the presence of a catalytic amount of NbCl5 at room tem-
perature in short times.

J. Heterocyclic Chem., 47, 703 (2010).

INTRODUCTION

The quinoxaline derivatives are important heterocyclic

compounds, which exhibit a diverse range of biological

properties, such as antitumor [1], cytotoxic [2], antiviral,

antibacterial, anti-inflammatory, and kinase inhibitor

properties [3]. They have also been used as dyes, efficient

electron luminescent material, organic semiconductors,

DNA cleaving agents [4], photoinitiators in UV-cured

coatings [5], and donor materials [6]. In addition, the qui-

noxaline ring is a part of a number of antibiotics, such as

echinomycin, levomycin, and actinomycin that are

known to inhibit the growth of gram-positive bacteria

and are active against various transplantable tumors [7].

Therefore, the synthesis of this type of compounds

has attracted considerable attention. Synthetic routes that

are common to the preparation of these heterocycles

typically involve the reaction of 1,2-diamine and 1,2-

dicarbonyl compounds in refluxing ethanol or acetic

acid. Various catalysts, such as bismuth(III) triflate [8],

metal hydrogen sulfates [9], gallium(III) triflate [10],

molecular iodine [11], cerium (IV) ammonium nitrate

[12], stannous chloride [7], zirconium tetrakis(dodecyl

sulfate) [13], amidosulfonic acid [14], montmorillonite

K-10 [15], binary metal oxides supported on Si-MCM-

41 mesoporous molecular sieves [4], polyaniline-sulfate

salt [16], Wells-Dawson heteropoly acid [17], and ionic

liquid 1-n-butylimidazolium tetrafluoroborate [18] have

been used to promote this transformation. Alternative

approaches, such as oxidative cyclization of a-hydroxy-
ketones with o-phenylenediamines [19], reaction of o-
phenylenediamine with a-bromoketonethe [20,21], reac-

tion of a-keto oximes and 1,2-diamines [3], oxidative

coupling of epoxides and ene-1,2-diamines [22], the

coupling of a-diazoketones with aryl 1,2-diamines [23],

reductive cyclization of 1,2-dicarbonyl compounds with

2-nitroanilines [7], heteroannulation of nitroketene N,S-
aryliminoacetals with POCl3 [24], intramolecular cycli-

zations of dialdimines [25], the reaction of aryl-1,2-dia-

mines and diethyl bromomalonate [26], the reaction of

o-phenylenediamines and ketones [27], reaction of o-
phenylenediamines and vicinal-diols [28], and palla-

dium-catalyzed reductive N-heteroannulation of enam-

ines [29] have been also developed to prepare function-

alized quinoxalines. However, the long reaction time

[15], costly catalysts, such as bismuth(III) triflate [8]

and gallium(III) triflate [10], requirement of special

effect for catalyst preparation [4,16] and a special

instrumentation, such as microwave [30], harsh reaction

conditions, such as heating at 70�C [21] can not be

avoided. Because of the importance of quinoxaline

derivatives in organic synthesis, the development of a

convenient, efficient and practically useful process for

synthesis quinoxaline derivatives is in demand.

In recent years, niobium pentachloride has been con-

sidered as mild Lewis acid catalyst for a variety of or-

ganic transformations [31], such as one-pot Mannich-

type reaction [32], alkoxide rearrangements [33], the

intramolecular Friedel–Crafts acylation reaction [34],

conversion of aldehydes and ketones to allylic halides

[35], cyanosilylation of aldehydes [36], synthesis of a-
aminonitriles [37], 1,1-diacetates [38], bis(indol)alkanes

[39], and 1,5-benzodiazepine derivatives [40]. However,

to the best of our knowledge, there is no report on the

synthesis of quinoxaline derivatives using niobium pen-

tachloride as a reagent. As part of our continuing inter-

est in the development of new synthetic methodologies

[41–46], we report herein an efficient and convenient
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procedure for the synthesis of quinoxaline derivatives by

the condensation of 1,2-diketones and 1,2-phenylenedi-

amines in the presence of a catalytic amount of niobium

pentachloride at room temperature (Scheme 1).

RESULTS AND DISCUSSION

At the onset of the research, we investigated the

model reaction between 1,2-phenylenediamines and ben-

zil in EtOH in the presence of a catalytic amount of

NbCl5 (3 mol%) at room temperature. To our delight,

the product 3a was formed and the complete conversion

with 95% isolated yield was observed after 2 min. Fur-

ther studies showed that EtOH was the best solvent

among the solvents (MeOH, MeCN, THF, DMF,

DMSO, CH2Cl2, and CHCl3). Next, the amount of the

catalyst was examined and we found that 3 mol%

NbCl5 was sufficient to drive the reaction completely in

95% yield. The less amount gave low yield even after a

prolonged reaction time, and the more amount could not

cause the obvious increase for the yield of product and

could not shorten the reaction time. It is noteworthy to

mention that the reaction gave only a 60% yield in the

absence of NbCl5 after 4 h.

To evaluate the generality of this method, we next

investigated the scope and limitation of this reaction

under optimized conditions (EtOH, 3 mol% of NbCl5,

RT) and the results are illustrated in Table 1. As shown

in Table 1, a variety of structurally diverse 1,2-phenyle-

nediamines and a wide of 1,2-diketones underwent the

condensation reaction smoothly to afford the corre-

sponding quinoxaline derivatives in excellent yields.

The electronic property of the substituents on the aro-

matic ring of 1,2-phenylenediamines had an obvious

effect on reaction time under the above optimal reaction

conditions. It was observed that electron-withdrawing

groups (Table 1, entries i–o) associated with 1,2-phenyl-

enediamines decreased the reactivity of the substrate

and long reaction times were required. It is worth noting

that the reaction of 4-nitrobenzene-1,2-diamine with

benzil failed to give the desired product. On the other

hand, the effect of electronic factors associated with aro-

matic 1,2-diketons is opposite. For example, 4,40-dibro-
molbenzil could react with 4-nitrobenzene-1,2-diamine

to afford the corresponding product (3o) in 92% yield.

Besides this, when 2,20-furil and acenaphthylenequinone

were subjected for condensation reaction, the corre-

sponding products were obtained with excellent yields.

All of the quinoxaline derivatives have been character-

ized by 1H NMR, 13C NMR, and IR spectra, and the

known compounds were confirmed by comparison of

their spectral data and melting points with those

reported in the literature.

In conclusion, we have developed a simple, rapid,

and efficient methodology for the synthesis of quinoxa-

line derivatives by the condensation 1,2-diketones and

1,2-phenylenediamines at room temperature using NbCl5
as a novel catalyst. Simplicity of operation, high yields,

short reaction time, and good substrate generality are

the key advantages of this method.

EXPERIMENTAL

Melting points were determined using an X-4 apparatus and
are uncorrected. IR spectra were obtained using a Bruker-

Scheme 1

Table 1

Synthesis of quinoxaline derivatives catalyzed by NbCl5.

Entry 1,2-Diketones R Time (min) Yield (%)a Mp (�C) Lit. Mp (�C)

a Benzil H 2 95 120–121 124–125 [14]

b 4,40-Dimethylbenzil H 3 93 141–142 142–143 [7]

c 4,40-Dibromolbenzil H 1.5 94 190–192 190–191 [7]

d Acenaphthylenequinone H 2 93 243–244 242–245 [8]

e 2,20-Furil H 2 94 130–131 129–130 [12]

f Benzil 4-Me 2 95 113–114 112–113 [7]

g 4,40-Dibromolbenzil 4-Me 2 94 183–184 184–185 [18]

h Acenaphthylenequinone 4-Me 2 93 234–236

i Benzil 4-Cl 4 92 116–117 118–119 [7]

j 4,40-Dibromolbenzil 4-Cl 3 93 167–168 166–167 [7]

k Acenaphthylenequinone 4-Cl 4 95 227–228

l Benzil 4-PhC¼¼O 20 93 152–153 140–142 [10]

m 4,40-Dibromolbenzil 4-PhC¼¼O 5 94 203–204

n Acenaphthylenequinone 4-PhC¼¼O 4 95 255–256

o 4,40-Dibromolbenzil 4-NO2 20 92 187–189 188–190 [18]

a Isolated yields after column chromatography.
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TENSOR 27 spectrometer instrument. NMR spectra were
taken with a Bruker DRX-500 spectrometer using TMS as in-
ternal standard. Elemental analyses were carried out on a
Vario EL III CHNOS elemental analyzer.

General procedure for the synthesis of quinoxaline deriv-

atives (3). A mixture of 1,2-phenylenediamine (1 mmol), 1,2-
diketone (1.0 mmol), and NbCl5 (0.03 mmol) in EtOH (3 mL)
was stirred at room temperature. The progress of reaction was
monitored by TLC. After completion, water was added and the
product was extracted with ethyl acetate. The organic layer

was separated, dried over anhydrous sodium sulphate and the
solvent evaporated under reduced pressure to afford the crude
product. The crude product was subjected to column chroma-
tography over silica gel using hexane/ethyl acetate as eluent to
obtain pure product.

9-Methylacenaphtho[1,2-b]quinoxaline (3h). This compound
was obtained as yellow needles; IR: 3053, 1635, 1616, 1483,
1434, 1419, 1299, 1212, 1099, 983, 829, 781 cm�1; 1H NMR
(500 MHz, CDCl3): d 2.63 (s, 3H), 7.59 (dd, J ¼ 8.5, 2.0 Hz,

1H), 7.83 (td, J ¼ 8.5, 2.0 Hz, 2H), 7.99 (s, 1H), 8.08–8.10
(m, 3H), 8.41 (t, J ¼7.0 Hz, 2H); Anal. Calcd. for C19H12N2:
C, 85.05; H, 4.51; N, 10.44. Found: C, 84.89; H, 4.70; N,
10.62.

9-Chloroacenaphtho[1,2-b]quinoxaline (3k). This compound

was obtained as yellow platelets; IR: 1635, 1616, 1419, 1298,
1101, 983, 781 cm�1; 1H NMR (500 MHz, CDCl3): d 7.71
(dd, J ¼ 8.0, 2.5 Hz, 1H), 7.86 (td, J ¼ 8.0, 2.5 Hz, 2H),
8.13–8.16 (m, 3H), 8.21 (d, J ¼ 2.5 Hz, 1H), 8.42–8.45 (m,
2H); 13C NMR (125 MHz, CDCl3) d 122.1, 122.3, 128.6,

128.7, 129.7, 129.9, 130.0, 130.1, 130.6, 131.4, 131.5, 134.8,
136.7, 139.7, 141.6, 154.2, 154.8; Anal. Calcd. for C18H9ClN2:
C, 74.88; H, 3.14; N, 9.70. Found: C, 75.02; H, 3.32; N, 9.55.

(2,3-Diphenyl-quinoxalin-6-yl)phenylmethanone (3l). This
compound was obtained as brown solid; IR: 1660, 1639, 1616,

1598, 1446, 1402, 1346, 1265, 1197, 1056, 1022, 891, 715
cm�1; 1H NMR (500 MHz, CDCl3): d 7.33–7.42 (m, 6H),
7.51–7.57 (m, 6H), 7.64 (t, J ¼ 7.5 Hz, 1H), 7.91 (d, J ¼ 7.5
Hz, 2H), 8.27 (dd, J ¼ 8.5, 2.0 Hz, 1H), 8.29 (d, J ¼ 9.0 Hz,

1H), 8.54 (d, J ¼ 2.0 Hz, 1H); Anal. Calcd. for C27H18N2O:
C, 83.92; H, 4.69; N, 7.25. Found: C, 84.10; H, 4.50; N, 7.08.

[2,3-Bis(4-bromo-phenyl)-quinoxalin-6-yl]phenyl-methanone
(3m). This compound was obtained as pale yellow solid; IR:
1683, 1652, 1616, 1598, 1334, 1074, 1010, 977, 719 cm�1; 1H

NMR (500 MHz, CDCl3): d 7.41 (d, J ¼ 8.0 Hz, 2H), 7.44 (d,
J ¼ 8.0 Hz, 2H), 7.51–7.55 (m, 6H), 7.66 (dd, J ¼ 8.5, 2.5
Hz, 1H), 7.90 (d, J ¼ 7.5 Hz, 2H), 8.27 (t, J ¼ 8.5 Hz, 2H),
8.51 (s, 1H); 13C NMR (125 MHz, CDCl3) d 124.1, 124.3,
128.5, 129.7, 130.1, 130.3, 131.3, 131.4, 131.8, 132.3, 132.5,

132.9, 137.0, 137.2, 137.3, 138.7, 140.2, 142.9, 153.0, 153.6,
195.6; Anal. Calcd. for C27H16Br2N2O: C, 59.59; H, 2.96; N,
5.15. Found: C, 59.75; H, 3.16; N, 4.98.

Acenaphtho[1,2-b]quinoxalin-9-yl-phenyl-methanone (3n). This
compound was obtained as pale brown needles; IR: 1683,

1647, 1616, 1596, 1436, 1317, 1301, 1263, 1101, 983, 713
cm�1; 1H NMR (500 MHz, CDCl3): d 7.56 (t, J ¼ 7.5 Hz,
2H), 7.66 (t, J ¼ 7.5 Hz, 1H), 7.87–7.95 (m, 4H), 8.18 (t, J ¼
7.5 Hz, 2H), 8.27 (dd, J ¼ 7.5, 1.5 Hz, 1H), 8.34 (d, J ¼ 8.5

Hz, 1H), 8.45 (d, J ¼ 7.0 Hz, 1H), 8.51 (d, J ¼ 7.0 Hz, 1H),
8.60 (d, J ¼ 1.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) d
122.2, 122.5, 128.5, 128.8, 129.3, 129.8, 130.0, 130.1, 130.2,
131.3, 131.4, 132.7, 132.8, 136.9, 137.4, 137.6, 140.3, 143.7,

155.0, 155.6, 195.8; Anal. Calcd. for C25H14N2O C, 83.78; H,
3.94; N, 7.82. Found: C, 83.95; H, 4.13; N, 7.68.
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1-Acylamino-2,5-dimethylpyrroles were prepared in the exploration of heterocyclic structures useful
for their antitubercular activity. The pyrroles were conveniently formed from the reaction of aromatic
acid hydrazides with hexane-2,5-dione in water or ethanol, without resorting to acid catalysis. In each
case, the procedure provided a single pyrrole in pure form, and the product was identified without diffi-

culty on the basis of highly characteristic spectrometric features. Some members of this class have sig-
nificant activities against drug-resistant tuberculosis in vitro and offer substantial protection in a
rigorous mouse model of the disease.

J. Heterocyclic Chem., 47, 707 (2010).

INTRODUCTION

Worldwide, tuberculosis ranks first among the causes

of death from a communicable disease [1]. This killer’s

designation as an international public health threat by

the World Health Organization more than a decade ago

[2] was followed by the mobilization of considerable

resources from governments, pharmaceutical companies,

philanthropic foundations, and public–private partner-

ships [3]. Even so, advances thus far against the disease

have been hard-won, and fully one-third of the earth’s

population remains infected with the causative bacillus,

Mycobacterium tuberculosis [4]. In industrialized coun-

tries, the unexpected reemergence of tuberculosis has

come with substantial costs to the public health infra-

structure. Among the populations of developing nations,

the disease has persisted, and millions of deaths result

each year from such infection [5]. Although tuberculosis

can strike persons of any age, the sinister natural history

of the disease makes it particularly devastating to those

of middle years, during the most productive period of

their lives. For those who do not themselves succumb,

there is social and economic hardship as individuals,

families, and communities struggle to deal with the col-

lateral burdens of widespread infection. Progress in the

development of strong new treatment regimens for tu-

berculosis has now been made both more difficult and

more necessary by the emergence of strains of M. tuber-
culosis that are drug resistant or exceptionally virulent

[6–9]. In the case of the most widely prescribed tubercu-

losis medication, isoniazid (isonicotinic acid hydrazide,

INH), resistant strains have appeared that require drug

concentrations 1000 times greater than those for suscep-

tible bacteria. This renders the drug ineffective as a ther-

apeutic mainstay for patients infected with those strains.

Against the urgency and seeming intransigence of this
situation, there is increasing evidence that heterocyclic

compounds will serve as significant leads for the discov-

ery of robust new antitubercular medications and as val-
uable probes for gaining a better understanding of the

life cycle of the pathogen [10–13]. Much, however,

remains to be learned about the scope of heterocyclic

structures that will possess this valuable antimicrobial
activity [14,15]. As early as 1953, it had been reported

that some pyrroles had antimycobacterial activity in
vitro [16–20], but this perceptive observation was not

given concerted follow-up at the time. More recently,
significant work has resumed on antitubercular drug

design using pyrroles as templates for synthesis [21–23],

including elegant molecular modeling studies in con-
junction with laboratory experiments [24,25]. Although

much ground is still to be covered, it seems clear that

the chemistry of pyrroles will provide both important

lead compounds in the search for new antitubercular
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medications and tools for probing the complex interac-

tions among pathogen, mammalian host, and drugs in
tuberculosis treatment modalities.

Within this context, we wished to explore, using up-

to-date methods, both the preparative chemistry and the

antitubercular behavior of a class of acylaminopyrroles

derived from acid hydrazides and diketones. We now

report on the convenient preparation and useful antimy-

cobacterial properties of a series of these compounds

(III). We have found that the compounds are readily

formed from aromatic carboxylic acid hydrazides (I)

and 2,5-hexanedione (II) in excellent purity as stable

highly crystalline solids (see Scheme 1). The reactions

take place to give a single product without complication,

and the resulting 1-acylamino-2,5-dimethylpyrroles may

be characterized in clear-cut ways by standard spectro-

metric techniques. In a representative example, com-

pound II was treated with INH (I, Ar ¼ 4-C5H4N, 1.00

equivalent) in refluxing water for 2 h. After cooling and

standing over night, the needles that formed were fil-

tered off to give III (Ar ¼ 4-C5H4N) in analytically

pure form, with the distinguishing spectrometric features

of the acylaminopyrrole. Notably, the features included:

(1) the NAH band appropriate for the amide link near

3225 wavenumbers in the infrared spectrum; (2) the am-

ide I and amide II peaks at 1673 and 1537 wavenum-

bers; (3) the NAH signal at d 11.5 ppm in the hydrogen

NMR spectrum, integrating for one hydrogen, quenched

by the addition of D2O; (4) the peak at d 5.7, a singlet

integrating for two hydrogens for the pyrrole ring pro-

tons; and (5) a signal at d 11.3 ppm in the carbon nmr

spectrum for the methyl groups at the 2- and 5-posi-

tions. The overall yield of the product was 67%. Our

results on the preparation of these pyrroles III are sum-

marized in Table 1.

In general, the preparation of a pyrrole by the reaction

of a 2,5-dione with an amine, the Paal-Knorr synthesis

[26], is sensitive to both the nucleophilicity of the amine

and the specific reaction conditions employed. These

issues have raised considerable interest within the syn-

thesis community [27], and some trends have become

apparent. Among aliphatic amines, for example, the

steric environment of the carbon bearing the nitrogen

appears to be crucial, with yields falling drastically as

the carbon becomes more highly substituted [28].

Among substituted anilines, low reactivity is observed

for those amines in which the aromatic ring is substi-

tuted with electron-withdrawing groups; thus 2,5-

dichloroaniline fails to react with hexane-2,5-dione,

whereas o-phenylenediamine is highly nucleophilic and

reacts rapidly with two equivalents of the hexane-2,5-

dione to produce a 1,2-dipyrrolyl benzene [28]. With

respect to reaction conditions, some researchers have

pointed out the accelerating role of acid catalysis [29],

while others have noted that the amount of acid used, if

any, should be adequate to allow for activation of the

carbonyl functions of the dione but not enough to fully

protonate the amine function and thereby render it non-

nucleophilic [30]. In the present work, we found that in

each case the terminal nitrogen of the hydrazide moiety

was sufficiently nucleophilic to permit reaction in water

or ethanol, without resorting to acid catalysis. This was

true even for examples in which a strongly electron-with-

drawing group was present, such as IIIf. The ability to

carry out the reaction under neutral conditions consider-

ably simplified the work-up and isolation of the products.

Scheme 1

Table 1

Pyrroles III.

Entry Compound Ar % yield mp (�C) mmax NAH (cm�1) 1H NMR, d 13C NMR, d

1 IIIa 4-C5H4N 67 151–153 3224 11.5 165

2 IIIb C6H5 89 175–177 3261 11.3 166

3 IIIc 4-ClC6H4 69 185 3274 11.3 165

4 IIId 4-CH3C6H4 91 187–189 3281 11.2 166

5 IIIe 4-BrC6H4 77 207–210 3246 11.3 165

6 IIIf 4-NO2C6H4 75 218–221 3278 11.3 165

7 IIIg 2-OH-4-NH2C6H3 30 173–174 3270 10.9 162
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With respect to biological assessment, the pyrroles

displayed a range of activities against both laboratory

strains and drug-resistant clinical isolates of M. tubercu-
losis. Activities in vitro were initially determined for the

pyrroles as minimum inhibitory concentration (MIC)

values against M. tuberculosis strain Erdman (Mtb Erd-

man). The MIC represents the minimum concentration

of the compound necessary to inhibit growth. Mtb Erd-

man is a fully drug-susceptible laboratory strain, often

used in primary antimycobacterial assays. The determi-

nations were referred to the known antitubercular INH

as a standard control. Individual MIC values are

reported in Table 2. The geometric mean of the MICs

for the pyrroles tested was 12 lg/mL. For comparison

purposes, tuberculosis drugs currently used in the clinic

have MIC values typically ranging from 0.015 lg/mL

(rifabutin) to 50 lg/mL (pyrazinamide) [31]. Of particu-

lar interest were compounds IIIa and IIIg with the low-

est MICs of 3.2 and 2.6 lg/mL, respectively. These

highly effective pyrroles were selected for further evalu-

ation in a panel of three clinical strains isolated from

patients showing significant drug resistance to INH, and

the results are shown in Table 3. Compound IIIa was

slightly more effective than INH itself, and compound

IIIg clearly maintained its strong potency in the drug-re-

sistant bacteria, demonstrating essentially the same ac-

tivity in vitro for both INH-susceptible and INH-resist-

ant strains.

For testing of compounds IIIa and IIIg in vivo, we
used a short-course therapy model in mice, which has

previously been described in detail [32]. This method

provides an exacting test of the activities in vivo of

investigational drugs and has the benefit of cutting in

half the time required to produce data in animal studies,

compared to the more traditional murine models. Our

results are given in Table 4, in which the data are pre-

sented as the logarithms of bacterial colony-forming

units (log CFU) per mouse lung, with and without

administration of the candidate drugs. No overt toxicity

or ill effects were observed when the drugs were admin-

istered at the therapeutic doses (see Experimental). For

reference purposes, highly active drugs known to be

tuberculocidal, such as INH, generally display a drop of

one or more log CFU versus untreated controls when

examined in the model. On the other hand, less-active

drugs that have been characterized as tuberculostatic, as

opposed to tuberculocidal, such as p-aminosalicylic acid

(PAS), typically lead to a lowering of one-half log CFU

versus untreated controls (see Experimental). In compar-

ing the data for IIIa and IIIg with the untreated con-

trols, there has been a reduction of 1.00 log CFU or

more in each case, suggesting that both compounds IIIa

and IIIg are bactericidal in tuberculosis-infected mice.

Overall, the results in vitro and in vivo warrant further

development of the antitubercular properties of pyrroles

derived from aromatic acid hydrazides.

In conclusion, we have found that 1-acylamino-2,5-

dimethylpyrroles, of interest in the investigation of het-

erocyclic structures for their antitubercular activity, can

be conveniently prepared from the reaction of acid

hydrazides with hexane-2,5-dione in water or ethanol

without an acid catalyst. In each case, the process leads

to a single pyrrole in pure form, product isolation is

straightforward, and the resulting compound is readily

identified on the basis of highly characteristic spectro-

metric features. Some members of this class have useful

activities against drug-resistant tuberculosis in vitro and

offer excellent protection in an animal model of the

disease.

Table 2

In vitro activities: Minimum inhibitory concentrations in fully

susceptible Mtb Erdman.

Entry Compound MIC (lg/mL)a

1 IIIa 3.2b

2 IIIb 16

3 IIIc 32

4 IIId >8

5 IIIe 32

6 IIIf 32

7 IIIg 2.6c

a INH standard control MIC 0.06 lg/mL.
b Geometric mean of three determinations.
c Geometric mean of five determinations.

Table 3

In vitro activities: Minimum inhibitory concentrations in

drug-resistant clinical isolates.

Entry Compound

Clinical isolates

303 1889 35829

1 IIIa 4 4 8

INH control 8 4 >8

2 IIIg 2 1 2

INH control 64 8 >64

Table 4

In vivo activities of pyrroles.

Group Log CFU/Lung

Untreated controls 6.53 6 0.16a

INH controls 5.34 6 0.22a

IIIa 5.01 6 0.73a

IIIg 5.53 6 0.16b

a Six mice/group.
b Four mice/group.
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EXPERIMENTAL

General methods. Elemental analyses were carried out by
Galbraith Laboratories, Knoxville, TN. Melting points (mp;
�C) were taken in open capillary tubes using a Mel-Temp ap-

paratus (Laboratory Devices, Cambridge, MA) and are cor-
rected. Infrared (IR) spectra were recorded on a Perkin-Elmer
1600 Fourier transform spectrometer as KBr pellets or Nujol
mulls or on a Perkin-Elmer Spectrum One Fourier transform
spectrophotometer fitted with a universal attenuated total re-

flectance sampling accessory, reported in wavenumbers (m,
cm–1). Most reactants, reagents, and solvents were obtained
from Aldrich Chemical Company (Milwaukee, WI) and Lan-
caster Synthesis (Windham, NH) and were used as received.
Methyl 4-aminosalicylate was purchased from Nantong Chang

Chemicals, Peking, China. Nuclear magnetic resonance (NMR)
spectra were taken on a Bruker 300 Fourier transform instru-
ment as dilute solutions in dimethyl sulfoxide-d6 (DMSO-d6)
or chloroform-d, recorded at 300 MHz (1H NMR) or 75 MHz
(13C NMR) and are reported in parts per million delta (d)
downfield from internal tetramethylsilane as reference, with
coupling constants given in cycles per second (cps). In some
proton spectra, only signals in the region 0–10 ppm are reported.
Appropriate solvent blanks were recorded to account for water

and DMSO. Gas chromatography (GC) and low-resolution mass
spectrometry (LR-MS) analyses were recorded with an HP 5890
Series II Plus gas chromatograph, using a crosslinked 5% di-
phenyl- 95% dimethylsiloxane column from Hewlett Packard,
and an HP 5972 electrical ionization mass detector. High-resolu-

tion mass spectroscopy (HR-MS) data were obtained using the
JEOL HX-110 double focusing mass spectrometer of the Michi-
gan State University Mass Spectrometry Facility, courtesy of Pro-
fessor D. Gage and Ms. B. Chamberlin. This magnetic sector
instrument is equipped with a fast atom bombardment (FAB) ion-

ization source. It is capable of performing high-resolution (peak
matching) and tandem mass spectrometry. Safety notes: gloves
were worn during the chemical syntheses, and the reactions were
carried out in the hood. In general, any scale up of preparations
of compounds with relatively high proportions of nitrogen and

oxygen was done with due caution. No specific safety problems

were encountered with the methods given below. No attempt was

made to optimize yields. To monitor the progress of the pyrrole-

forming reactions, a thin-layer chromatography (TLC) system

was devised. In general, we used plastic sheets coated with silica

gel (Merck-Darmstadt), eluted with absolute ethanol, with starting

materials the subjects of parallel reference runs. Details are given

in individual procedures, where applicable, but typical Rf values
were 0.5 for the acid hydrazide and 0.8 for the acylaminopyr-

roles. The dione was not observed in these runs.

Biological assessments. M. tuberculosis ATCC 35801
(strain Erdman) was obtained from the American Type Culture
Collection (ATCC, Manassas, VA). Drug-resistant clinical iso-

lates of M. tuberculosis (isolates 303, 1889, and 35829) were
kindly provided by Dr. Sheldon Morris, United States Food
and Drug Administration. The mutational origins of the drug
resistance of these organisms have been characterized and data

are available from the authors upon request. PAS was a gift of
Jacobus Pharmaceutical Company. INH was purchased from
Sigma Chemical Company (St. Louis, MO). For testing, a
given investigational compound was dissolved in dimethyl
sulfoxide and subsequently diluted in distilled water. INH and

PAS were dissolved in distilled water. Stock solutions were fil-
ter-sterilized by passage through a membrane filter 0.22-lm
pore size and stored at -20�C until use. The drugs were pre-
pared each morning, before experimentation. With respect to
testing against these isolates, the MICs of all antimicrobial

agents were determined in modified 7H10 broth (7H10 agar
formulation with agar and malachite green omitted; pH 6.6)
supplemented with 10% Middlebrook oleic acid-albumin-dex-
trose-catalase (OADC) enrichment (Difco Laboratories,
Detroit, MI) and 0.05% Tween 80 [33]. The activities of the

antimicrobial agents were determined by a broth dilution
method [34]. The organism was grown in the modified 7H10
broth with 10% OADC enrichment and 0.05% Tween 80 on a
rotary shaker at 37�C for 5 days. The culture suspension was
diluted in modified 7H10 broth to yield 100 Klett units/mL

(Photoelectric Colorimeter, Manostat Corporation, New York,
NY), or approximately 5 � 107 CFU/mL. The size of the inoc-
ulum was determined by titration and counting from triplicate
7H10 agar plates (BBL Microbiology Systems, Cockeysville,

MD) supplemented with 10% OADC enrichment. The plates
were incubated at 37�C in ambient air for 4 weeks before
counting of the colonies. MIC values are reproducible to
within 1–2 dilutions. Results in vitro (strain H37Rv) were also
determined according to the fully-documented protocols of the

Tuberculosis Antimicrobial Acquisition and Coordinating Fa-
cility, of the National Institutes of Health [35].

In brief, for the short-course therapy studies in vivo, 4-
week-old female C57BL/6 mice (Charles River, Wilmington,
MA) were infected intranasally with approximately one million

viable M. tuberculosis organisms. As a negative control,
groups of infected but untreated mice were sacrificed at the
initiation of therapy. The known antitubercular drug INH was
used as a positive control. Treatment began 1 day post-infec-
tion and was administered for 2 days. The agents were intro-

duced by gavage: the INH control and a given pyrrole were
dosed daily at 25 and 100 mg/kg of body weight, respectively.
No overt toxicity or ill effects were noted at these doses. Mice
were sacrificed by carbon dioxide inhalation 3 days post-infec-

tion. Their right lungs were removed aseptically and were
ground in a tissue homogenizer (IdeaWorks! Laboratory Devi-
ces, Syracuse, NY). The number of viable organisms was
determined by titration on 7H10 agar plates. The plates were
incubated at 37�C in ambient air for 4 weeks before counting

of the bacterial colonies. Data are presented as the logarithms
of colony-forming units. The complete procedure for the short-
course therapy model has been reported [32] in detail. As
standards of reference, such tuberculocidal drugs as INH gen-
erally display a drop of one or more log CFU versus untreated

controls in the model. By way of contrast, PAS is tuberculo-
static, as distinct from tuberculocidal, typically leading to a
falling-off of one-half log CFU versus untreated controls. A
typical data set for PAS is as follows: dose 500 mg PAS/kg/
day, six mice per group, untreated controls 5.78 6 0.38 log

CFU, PAS 5.32 6 0.22 log CFU, positive control (INH) 4.44
6 0.62 log CFU. The use of experimental animals complied
with institutional policies and federal guidelines.

1-(4-Pyridoyl)amino-2,5-dimethylpyrrole (IIIa). Isonicotinic

acid hydrazide (0.82 g, 6 mmol) was dissolved in deionized
distilled water (25 mL). 2,5-Hexanedione (0.68 g, 6 mmol)
was added and the mixture was heated at a gentle boil with
reflux for 2 h. The mixture was then allowed to cool
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overnight, after which time crystals of IIIa formed in solution
and were collected by vacuum filtration. The mother liquor
was allowed to evaporate on a watch glass and the resulting
crystals were collected separately. The total yield was 67%,
mp 151–153�C; IR 3224, 3041, 2923, 1673, 1595, 1537, 1490,

1410, 1322, 1289; 1H NMR (DMSO-d6) d 11.5 (s, 1 H, disap-
peared after D2O shake), 8.8 (d, J ¼ 6 cps, 2 H), 7.9 (d, J ¼ 6
cps, 2 H), 5.7 (s, 2 H), 2.0 (s, 6 H); 13C NMR (DMSO-d6) d
165, 151, 139, 127, 122, 104, 11.

Anal. Calcd. for C12H13N3O: C, 66.96; H, 6.09. Found: C,

66.84; H, 6.18.
1-Benzoylamino-2,5-dimethylpyrrole (IIIb). Benzoic acid

hydrazide (0.82 g, 6 mmol) was heated to boiling in 35 mL
deionized, distilled water with reflux. 2,5-Hexanedione (0.82 g,
7.2 mmol) was dissolved in 10 mL deionized, distilled water and

added drop wise to the reflux flask without ever halting boiling.
Reflux continued for 23 h. After cooling, crystals of IIIb

appeared in solution and were collected by vacuum filtration
(89%). A second crop of crystals was harvested by evaporation

of the mother liquor (combined yield 97%). After recrystalliza-
tion in a mixed system of ethanol/water, crystals were clean,
very fine, and just slightly off-white in color, mp 175–177�C; IR
3261, 3061, 2919, 1684, 1602, 1580, 1536, 1488, 1440, 1282;
1H NMR (DMSO-d6) d 11.3 (s, 1 H, quenched by D2O), 8.0 (d,

second peak split, J ¼ 6, 2 cps, 2 H), 7.7 (tt, J ¼ 6, 2 cps, 1 H),
7.5 (t, J ¼ 6 cps, 2 H), 5.7 (s, 2 H), 2.1 (s, 6 H); 13C NMR
(DMSO-d6) d 166, 133, 132, 129, 128, 127, 103, 11; major frag-
ments in LR-MS m/z 105, 94; HR-MS (fast atom bombardment,
MHþ) calculated for C13H15N2O 215.1184, found 215.1174.

Anal. Calcd. for C13H14N2O: C, 72.87; H, 6.59. Found: C,
72.69; H, 6.61.

1-(4-Chlorobenzoyl)amino-2,5-dimethylpyrrole (IIIc). 4-
Chlorobenzoic hydrazide (1.02 g, 6 mmol) was dissolved in
absolute ethanol (100 mL) and heated to a gentle boil with reflux.

2,5-Hexanedione (0.82 g, 7.2 mmol) was dissolved in absolute
ethanol (10 mL) and added dropwise to the hydrazide solution.
Reflux was continued for 50 h, during which time no solid pre-
cipitated from solution. TLC was used to monitor reaction pro-

gress and showed gradual progression from 4-chlorobenzoic hy-
drazide (Rf 0.5) to IIIc (Rf 0.8). The mixture was cooled to room
temperature and kept over night. Excess ethanol was boiled off
and cold water added, causing the precipitation of white solid
IIIc. After vacuum filtration and drying, this solid dissolved eas-

ily and cleanly in DMSO, yield 69%, consistently isolated as the
hemihydrate and analyzed as such, mp 185�C with decomposi-
tion; IR 3449, 3274, 2998, 2961, 1656, 1623, 1594, 1521, 1483,
1448, 1299, 1272; 1H NMR (DMSO-d6) d 11.3 (s, 1 H, quenched
with D2O), 8.0 (dd, J ¼ 6, 2 cps, 2 H), 7.6 (dd, J ¼ 6, 2 cps, 2

H), 5.7 (s, 2 H), 2.0 (s, 6 H); 13C NMR (DMSO-d6) d 165, 137,
131, 130, 129, 128, 127, 104, 11; major fragments in LR-MS m/z
139, 94; HR-MS (fast atom bombardment MHþ) calculated for
C12H14N2OCl: 249.0795, found 249.0801.

Anal. Calcd. for C12H13N2OCl x 0.5H2O: C, 60.58; H, 5.48.

Found: C, 60.29; H, 5.19.
1-(4-Toluoyl)amino-2,5-dimethylpyrrole (IIId). 4-Toluic

acid hydrazide (0.90 g, 6 mmol) was reacted with 2,5-hexane-
dione (0.82 g, 7.2 mmol), in a manner similar to that for IIIc.

Reflux continued for 70 h, during which TLC was used to
track reaction progress and no solid appeared in solution. After
70 h, TLC (silica gel, absolute ethanol) showed no remaining
traces of the 4-toluic hydrazide. The reaction mixture was

allowed to cool and placed on ice. To the reaction mixture on
ice was added 50 mL of cold water, provoking the gradual
precipitation of IIId. An additional 100 mL of cold water was
necessary to keep the solution thin enough to pour into the fil-
ter. Vacuum filtration of the precipitate yielded tiny, fluffy,

off-white crystals, 1.25 g (91%); mp 187–189�C; IR 3281,
2980, 2935, 1665, 1610, 1531, 1491, 1324, 1301, 1276; 1H
NMR (DMSO-d6) d 11.2 (s, 1 H, quenched with D2O), 7.9 (d,
J ¼ 6 cps, 2 H), 7.4 (d, J ¼ 6 cps, 2 H), 5.7 (s, 2 H), 2.4 (s, 3
H), 2.0 (s, 6 H); 13C NMR (DMSO- d6) d 166, 143, 130, 129,

128, 127, 103, 22, 11; major fragments in LR-MS m/z 119, 94;
HR-MS (fast atom bombardment MHþ) calculated for
C14H17N2O 229.1341, found 229.1337.

Anal. Calcd for C14H16N2O: C, 73.65; H, 7.06. Found: C,
73.76; H, 7.13.

1-(4-Bromobenzoyl)amino-2,5-dimethylpyrrole (IIIe). 4-Bro-
mobenzoic hydrazide (1.29 g, 6 mmol) was reacted with 2,5-
hexanedione (0.82 g, 7.2 mmol) in the manner described for
the synthesis of IIIc. After 1 h of reflux, a fine suspended solid

clouded the mixture, which the addition of 100 mL ethanol did
not clear. The solid was not filterable from the reaction mix-
ture. TLC analysis (silica gel, absolute ethanol) revealed a
mixture of three species: 4-bromobenzoic hydrazide (Rf 0.5),
IIIe (Rf 0.8), and a third compound (Rf 0.7) postulated to be a

reactive intermediate, as suggested in the work of Amarnath
et al. [36] for a different family of pyrroles. After 27 h of
reflux, the solid had disappeared, and TLC monitoring began
to show a preponderance of IIIe, with small amounts of the
other two compounds still present. Reflux was stopped after 47

h, no solid having reappeared in the intervening day. Crystals
were precipitated from solution by the addition of cold water
to the reaction mixture on ice, with a total yield of 1.34 g
(77%); mp 207–210�C; IR 3246, 1660, 1588, 1534, 1521,
1465, 1377, 1322, 1300, 1268; 1H NMR (DMSO-d6) d 11.3 (s,

1 H, quenched with D2O), 7.9 (dd, J ¼ 6, 2 cps, 2 H), 7.8 (dd,
J ¼ 6, 2 cps, 2 H), 5.7 (s, 2 H), 2.0 (s, 6 H); 13C NMR
(DMSO-d6) 165, 132, 131, 130, 127, 126, 104, 11; major frag-
ment in LR-MS m/z 94; HR-MS (fast atom bombardment

MHþ) calculated for C13H14N2OBr 293.0290, found 293.0281.
Anal. Calculated for C13H13N2OBr: C, 53.26; H, 4.47.

Found: C, 53.36; H, 4.57.
1-(4-Nitrobenzoyl)amino-2,5-dimethylpyrrole (IIIf). 4-Nitro-

benzoic hydrazide (1.09 g, 6 mmol) was reacted with 2,5-hex-

anedione (0.82 g, 7.2 mmol) following the procedure for the
synthesis of (IIIc). Solid clouded the reflux solution after 1 h;
addition of 100 mL ethanol did not improve homogeneity. Af-
ter 66 h, cloudiness persisted but TLC analysis revealed the
material present to be entirely IIIf, with no traces of starting

material or an intermediate. Reflux was stopped, and the solu-
tion was filtered while hot. After cooling, cold water was used
to provoke the precipitation of IIIf from the mother liquor,
with a yield of 1.16 g (75%); mp 218–221�C (recrystallization
from ethanol and water); IR 3278, 1674, 1604, 1523, 1468,

1343, 1270; 1H NMR (DMSO-d6) d 11.3 (s, 1 H, quenched
with D2O), 8.4 (dd, J ¼ 6, 2 cps, 2 H), 8.2 (dd, J ¼ 6, 2 cps,
2 H), 5.7 (s, 2 H), 2.1 (s, 6 H); 13C NMR (DMSO-d6) d 165,
150, 138, 129, 127, 124, 104, 11; major fragment in LR-MS

m/z 94; HR-MS (fast atom bombardment MHþ) calculated for
C13H14N3O3 258.0879, found 258.0876.

Anal. Calculated for C13H13N3O3: C, 60.23; H, 5.05. Found:
C, 60.30; H, 5.17.
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1-(4-Aminosalicyloyl)amino-2,5-dimethylpyrrole (IIIg). 4-
Aminosalicylic acid hydrazide (ASAH) was obtained (58%) in
pure form from the hydrazinolysis of methyl 4-aminosalicylate

by a method that we have previously described in detail [37].
ASAH thus obtained (1.67 g, 10.0 mmoles) was weighed into a
100 mL round-bottom flask fitted for reflux with a temperature-
controlled heating mantle, reflux condenser, and magnetic stir-
rer. Deionized distilled water (25 mL) was added, and the mix-

ture was brought to the boil. Just below the boiling point, the
mixture was heterogeneous, but a clear solution was obtained at
the boiling point. 2,5-Hexanedione (1.14 g, 10.0 mmoles) was
added and the mixture was refluxed for 2 h. Heating was
stopped, and stirring was continued for an hour as the mixture

slowly cooled. The resulting white solid was filtered off to pro-
vide the title compound IIIg (0.722 g, 30%), mp 173–174�C;
IR 3371, 3270, 1612, 1494, 1385, 1334, 1312, 1270, 1200,
1161, 1012, 967, 833, 786, 757, 692; 1H NMR (DMSO-d6) d
12.1 (s, 1H), 10.9 (s, 1H), 7.6 (d, J ¼ 7 cps, 1H), 6.2 (d, J ¼ 7

cps, 1H), 6.1–6.0 (overlapping s, 3H), 5.7 (s, 2H), 2.0 (s, 6H);
13C NMR (DMSO-d6) d 169, 162, 155, 129, 127, 106, 103,
101, 99, 11; HR-MS (fast atom bombardment MHþ) calculated
for C13H16N3O2 246.1243, found 246.1244.

Anal. Calcd. for C13H15N3O2: C, 63.66; H, 6.16. Found: C,
63.48; H, 6.28.
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Synthesis of alkyl/aryl [2-(1,2,4,5-tetrahydro-3-sulfanylene/selenylene naphtha[1,8-f,g][1,5,3]diaza-
phosphocin-3-yl) methyl amino acid esters] (6–15) was accomplished in three steps. 1, 8-diamino naph-
thalene (2) was reacted with tris (bromomethyl) phosphine (1) in the presence of triethylamine in dry
tetrahydrofuran (THF) under N2 atmosphere to form a PIII intermediate (3). It was converted to the cor-
responding sulfide (4) and selenide (5) by reacting with sulfur and selenium, respectively. The inter-
mediates 4 and 5 were further reacted with amino acid esters to obtain the title compounds (6–15). The

structures of the title compounds were established by elemental analysis and spectral data (IR, 1H, 13C,
31P NMR, and FAB mass). The antimicrobial activity of these compounds was evaluated and they
exhibited significant activity.

J. Heterocyclic Chem., 47, 713 (2010).

INTRODUCTION

Organophosphate moiety is an important pharmaco-

phore in agricultural and pharmaceutical chemistry [1].

Phosphocin/phosphepin and their related derivatives

containing this group represent an important class of

pesticides, antibiotics, herbicides, and antiviral agents

[2]. Some of them are well known for their insecticidal

activities [3] and are known to degrade hydrolytically

and enzymatically to nontoxic residues. Discovery of

their fungicidal properties also promotes interest in this

research area. New chiral phosphorus ligands play vital

role in asymmetric synthesis [4–8]. Synthesis of eight-

membered phosphorus heterocyclic compounds,

phosphocins have currently gained considerable interest

in the polymer and oil industry because of their poten-

tial use as antioxidants and stabilizers, considerable

research work is going on in the chemistry of the phos-

phocins [9,10]. Keeping in view the importance of

eight-membered organophosphorus heterocyclic com-

pounds, we herein report the synthesis, spectral charac-

terization, and antimicrobial activity of the title

compounds.

RESULTS AND DISCUSSION

Preparation of a few eight-membered phosphorus

heterocyclic compounds such as alkyl/aryl [2-(1,2,4,5-

tetrahydro-3-sulfanylene/selenylene naphtha[1,8-f,g]
[1,5,3]diazaphosphocin-3-yl) methyl amino acid esters]

(6–15) was accomplished in three steps. The synthetic

VC 2010 HeteroCorporation
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route (Scheme 1) involves the cyclization of equimolar

quantities of 1,8-diamino naphthalene (2) with tris

(bromomethyl) phosphine (1) in the presence of

triethylamine in dry tetrahydrofuran (THF) under N2

atmosphere to form the corresponding PIII intermediate,

3-(bromomethyl)-1,2,4,5,-tetrahydro-1H-naphtho[1,8-

Scheme 1
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f,g][1,5,3]diazaphosphocine (3). It was converted to the

corresponding sulfide (4) and selenide (5) by reacting

with sulfur and selenium, respectively. The compounds

4 and 5 were further reacted with amino acid esters in

the presence of triethylamine in dry THF to obtain the

title compounds (6–15) (Scheme 1) and mass fragments

of compound 7 are given (Scheme 2).

The physical, elemental analyses, IR, and 31P NMR

data of the compounds 6–15 are given in the Table 1.

Compounds 6–15 exhibited characteristic P¼¼S/Se

stretching frequencies in the region 759–776 (P¼¼S)

and 625-637 (P¼¼Se) cm�1 [11]. Characteristic absorp-

tion bands for PAC (aliphatic) and NAH stretching

vibrations were observed in the regions 717–758 and

3395–3429 cm�1, respectively [12]. In the 1H NMR

spectra, aromatic protons of the naphthyl ring of the

6–15 gave complex multiplets [13] in the region

6.53–7.17 ppm. The NAH proton resonated as a

broad singlet at d 4.02–4.18. The other aliphatic pro-

tons of 6–15 were observed in the expected region

(Table 2). 13C NMR chemical shifts for aromatic car-

bons were observed in the expected region (Table 3).

C-2 and C-4 which are directly linked to phosphorus

experienced coupling with it and appeared as doublet

in the region d 54.21–55.26 (J ¼ 126–132 Hz). The

carbons of amino acid esters resonated in the expected

region [13].

The 31P NMR chemical shifts of 3-sulfides (6–10)

appeared in the region 41.07–42.18 and the correspond-

ing 3-selenides (11–15) were observed in the region

Table 2

1H NMR spectral dataa of the compounds 6–15.

Compd. ArAH NH PACH2AR

6 6.54–7.17

(m, 11H)

4.07

(br s)

2.60–3.10 (m, 6H, CH2-P(S)), 4.74 (d, 1H, CH Ar) (J ¼ 8.1 Hz), 4.12 (q, 2H, OACH2ACH3),

1.30(t, 3H, OACH2ACH3)(J ¼ 6.2 Hz)

7 6.54–7.10

(m, 6H)

4.04

(br s)

2.68–3.12 (m, 6H, CH2AP(S)), 3.44 (t, 1H NHACH), (J ¼ 6.1 Hz), 2.70 (m, 1H, ACHA (CH3)2),

1.01(d, 6H, CHACH3) (J ¼ 8.1Hz), 3.67(s, 3H, COOACH3)

8 6.56–7.12

(m, 11H)

4.09

(br s)

2.61–3.15 (m, 6H, CH2-P(S)), 2.60 (t, 2H, NACH2ACH2 ) (J ¼ 6.2 Hz ), 2.60 (t, 2H N-CH2ACH2 )

(J ¼ 6.1 Hz), 3.28 (t, 1H, NACHACOA 2.60 (t, 2H NACHACH2 ) (J ¼ 6.3 Hz). 3.67(s, 2H, Ar-CH2)

9 6.55–7.14

(m, 11H)

4.02

(br s)

2.65-3.40 (m, 6H, CH2-P(S)), 3.45 ( d, 2H CH2-CH) (J ¼ 8.0 Hz ) 3.26 (d, 1H CH2ACH)
(J ¼ 8.2 Hz), 4.12 (s, 3H COOCH3).

10 6.54–7.13

(m, 10H)

4.12

(br s)

3.10–3.40 (m, 6H, CH2AP(S)), 3.26 (t, 1H CHACO) (J ¼ 6.2 Hz), 3.84 (d, 2H, CHACH2)

(J ¼ 8.1 Hz), 4.12(q, 2H, CH2ACH3), 1.30(t, 3H, CH2ACH3) (J ¼ 6.1 Hz).

11 6.54–7.14

(m, 11H)

4.11

(br s)

2.61–3.12 (m, 6H, CH2-P(S)), 4.76 (d, 1H CHAr) (J ¼ 8.2 Hz), 4.14 (q, 2H, O-CH2ACH3),

1.31(t, 3H, OACH2ACH3) (J ¼ 6.3 Hz)

12 6.53–7.10

(m, 6H))

4.05

(br s)

2.60–3.10 (m, 6H, CH2AP(S)), 3.46 (t, 1H, NHACH) (J ¼ 6.1 Hz), 2.72 (m, 1H, OACHA (CH3)2).

1.03 (d, 6H, CHACH3) (J ¼ 8.3 Hz), 3.68(s, 3H, COOACH3)

13 6.56–7.10

(m, 11H)

4.18

(br s)

2.64–3.14 (m, 6H, CH2AP(S)), 2.62 (t, 2H, NACH2ACH2 ) (J ¼ 6.2Hz ), 2.61 (t, 2H NACH2ACH2 )

(J ¼ 6.1 Hz), 3.25 (t, 1H, NACHACOA 2.62 (t, 2H NACHACH2 ) (J ¼ 6.2 Hz), 3.69 (s, 2H, ArACH2)

14 6.52–7.14

(m, 11H)

4.02

(br s)

2.64–3.42 (m, 6H, CH2AP(S)), 3.46( d, 2H, CH2ACH) (J ¼ 8.1 Hz ), 3.24 (d, 1H CH2ACH) (J ¼ 8.2 Hz),

4.13 (s, 3H COOCH3)

15 6.55–7.13

(m, 10H)

4.07

(br s)

3.12–3.42 (m, 6H, CH2AP(S)), 3.25 (t, 1H, CHACO) (J ¼ 6.1 Hz), 3.83 (d, 2H, CHACH2) (J ¼ 8.2 Hz),

4.14(q, 2H, CH2ACH3), 1.32 (t, 3H, CH2ACH3) (J ¼ 6.2 Hz)

a Recorded in DMSO d6, and J (Hz) given in parentheses.

Table 1

Physical, IR, and 31P NMR spectral data of the compounds 6–15.

Compd. Molecular formula MP (�C) Yield %

Elemental analysis % Found (Calcd.) IR cm�1

31P NMRC H N NH P¼¼S/Se PACalip

6 C23H26N3O2PS 182–184 72 62.75 (62.84) 5.90 (5.96) 9.53 (9.56) 3425 759 738 41.10

7 C19H26N3O2PS 187–189 69 58.20 (58.28) 6.65 (6.69) 10.69 (10.74) 3402 776 735 41.07

8 C25H28N3O2PS 193–195 73 64.44 (64.49) 6.04 (6.06) 8.97 (9.03) 3409 764 737 41.13

9 C25H27N4O2PS 186–188 71 62.71 (62.75) 5.67 (5.69) 11.68 (11.71) 3429 769 743 41.17

10 C24H26N3O2PS 177–179 72 63.75 (63.83) 5.75 (5.80) 9.28 (9.31) 3417 772 717 42.18

11 C23H26N3O2PSe 192–194 64 56.60 (56.66) 5.34 (5.37) 8.58 (8.62) 3410 625 719 83.19

12 C19H26N3O2PSe 189–191 61 51.84 (51.92) 5.92 (5.96) 9.51 (9.56) 3412 637 729 83.17

13 C25H28N3O2PSe 187–189 69 58.40 (58.46) 5.44 (5.49) 8.13 (8.18) 3404 629 752 82.45

14 C25H27N4O2PSe 182–185 65 57.11 (57.15) 5.15 (5.18) 10.62 (10.66) 3395 634 758 86.17

15 C24H26N3O2PSe 179–181 66 57.63 (57.70) 5.27 (5.25) 8.35 (8.41) 3405 627 753 86.14
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82.45–86.17 ppm as expected [14]. Mass spectral data

of compounds 7 and 11 are given (Table 4).

ANTIMICROIBIAL ACTIVITY

The compounds 6–15 were screened by disc diffusion

method [15,16] for their antimicrobial activity against

the fungi, Aspergillus niger and Helminthosporium ory-
zae and bacteria, Escherichia coli and Staphylococcus
aureus by comparing with standard fungicide Griseoful-

vin and standard bactericide Penicillin at three different

concentrations (100, 75, 50 ppm). The results are pre-

sented in Table 5.

EXPERIMENTAL

Melting points were determined in open capillary tubes on a
Mel-temp apparatus and were uncorrected. Microanalysis was
performed at the Indian Institute of Science, Bangalore and
Central Drug Research Institute, Lucknow. IR Spectra were
recorded in Environmental Engineering Lab, S.V.University,

Tirupati as KBr discs on a Nicolet 380 FTIR spectrophotome-
ter. 1H and 13C NMR spectra were recorded on a Bruker
AMX 400 MHz spectrometer operating at 400 MHz for 1H,
100 MHz for 13C and 161.9 MHz for 31P. The compounds

were dissolved in DMSO-d6. The
1H and 13C NMR chemical

shifts were referenced to tetramethylsilane and 31P chemical

shifts to 85% H3PO4. Mass spectra were recorded on a Jeol
SX 102 DA/600 mass spectrometer using Argon/Xenon (6
keV, 10 mA) as the FAB gas.

Preparation of tris (bromomethyl) phosphine

(1). Because of the sensitivity of the reagents and products to

moisture and oxygen, all manipulations were performed in an
anhydrous inert nitrogen atmosphere. In a dry 100 mL three-
necked round bottomed flask fitted with dropping funnel, a
reflux condenser attached to a calcium chloride tube, an inlet
for dry nitrogen and a thermometer reaching close to the bot-

tom in the flask were placed magnesium turnings (0.12 g,
0.005 mole) and dry THF (5.0 mL). The reaction mixture was
kept under stirring and dibromo methane (0.78 g, 0.005 moles)
in 10 mL of dry THF was added drop wise at 10–15�C. When
the reaction started the temperature increased to 40–50�C. The
mixture was cooled to room temperature and stirring was

Table 4

Mass spectral data of compounds 7 and 11.

Compd. m/z (% relative abundance)

7 391[Mþ�, 20], 277 (53),

261 (100), 219 (35), 184 (09),

155 (25), 126 (45), 73 (36)

11 487[Mþ�, 19], 327 (26),

311 (56), 269 (100), 184 (13),

155 (29), 126 (81), 79 (19)

Table 3

13C NMR spectral dataaof compounds 6, 7, 13, and 14.

6 7 13 14

C7 and C13 110.3 111.3 111.2 111.3

C8 and C12 128.9 124.9 131.5 130.8

C9 and C11 115.9 115.8 130.6 130.3

C-10 132.8 132.8 129.9 129.8

C-15 111.9 112.1 106.2 106.2

C-6 and C-14 144.2 144.2 142.9 142.9

C2 and C4 46.4 (J ¼ 128 Hz) 47.1 (J ¼ 126 Hz) 46.8 (J ¼ 132 Hz) 46.7 (J ¼ 130 Hz)

(S)PACH2ANH 54.9 (J ¼ 120 Hz) 54.6 (J ¼ 122 Hz) 54.3 (J ¼ 121 Hz) 54.3 (J ¼ 124 Hz)

OACH2CH3/OACH3/OACH2-Ph 62.9 56.9 65.8 54.1

OACH2CH3 14.6 – – –

C1
1 135.8 – 139.5 140.3

C1
2 and C1

6 128.8 – 127.7 122.8

C1
3 and C1

5 129.8 – 129.1 149.7

C1
4 127.5 – 127.5 120.7

NHACHACO 70.2 70.9 – 62.2

CH(CH3)2 30.7 – – –

CH(CH3)2 17.8 – – –

COOCH3 171.6 – – –

COOCH3 51.9 – – –

NACH2ACH2 – – 56.5 –

NACH2ACH2 – – 22.8 –

NACHACH2 – – 29.1 –

NACHACH2 – – 65.8 –

NHACHACO – – 171.6 172.8

NHACHACO – – – 63.1

OACH2AAr – – 68.5 –

ANHACHAC – – – 122.9

ANHACHAC – – – 112.1

a Recorded in DMSO d6, and J (Hz) given in parentheses
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continued until the magnesium metal was dissolved to form
bromo methyl magnesium bromide. It is further reacted with
PBr3 to form tris (bromo methyl) phosphine and magnesium

bromide salt. The magnesium bromide salt was separated by
filtration under nitrogen atmosphere and the solvent was dis-
tilled off to get tris (bromo methyl) phosphine (1).

Scheme 2

Table 5

Antimicrobial activity of the compounds 6–15.

Zone of inhibition (%)

Escherichia coli Staphylococcus aureus Aspergillus niger
Helminthosporium

oryzae

Compound 100 75 50 100 75 50 100 75 50 100 75 50

6 23 11 6 24 11 7 15 10 7 14 9 5

7 23 10 4 23 11 6 19 9 6 15 7 3

8 23 12 5 21 10 6 19 10 5 14 6 6

9 22 10 5 22 9 5 20 12 4 14 9 5

10 22 11 6 21 12 6 18 11 6 13 7 4

11 21 13 7 21 10 5 21 11 6 19 10 7

12 23 10 5 20 10 6 20 10 5 20 11 6

13 20 12 6 22 12 7 19 9 4 18 10 5

14 21 10 5 23 13 6 20 11 7 13 8 4

15 23 11 6 22 10 5 18 12 6 19 12 8

Penicillin 20 12 8 20 12 8

Griseofulvin 20 10 5 20 10 5
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3-(Bromomethyl)-2,3,4,5-tetrahydro-1H-naphtho [1, 8-f,
g][1,5,3]diazaphosphocine (3). To a cooled (10�C) and
stirred solution of 1,8-diaminonaphthalene (2, 0.69 g, 0.005

mole) and triethyl amine (1.01g, 0.01 mole) in 10 mL of dry
THF under nitrogen gas, a solution of tris (bromo methyl)
phosphine(1, 1.35 g, 0.005 mole) in 10 mL of dry THF was
added over a period of 20 min. After completion of the addi-
tion, the temperature of the reaction mixture was raised to

room temperature and stirred for 1 h to form the intermediate
(3).The progress of the reaction was judged by the TLC analy-
sis. After completion of the reaction, it was filtered
under nitrogen atmosphere and removed triethylamine
hydrobromide.

3-(Bromomethyl)-1,2,4,5-tetrahydro-3-sulfanylene/seleny-

lene-1H-naphtho[1,8- f,g][1,5,3]diazaphosphocine (4/5). The
intermediate (3) in dry THF was cooled to 5�C, sulfur powder/
selenium metal was added to it and heated slowly up to
gentle reflux with stirring and continued for 2 h for the com-

pletion of the reaction as indicated by TLC analysis. The sol-
vent was removed in a rota-evaporator and the residue was
extracted with ethyl acetate. The extract after drying over an-
hydrous MgSO4 was removed in a rota- evaporator. The

obtained crude products (4 and 5) were purified by column
chromatography (hexane-ethylacetate 2:1) to yield 1.20 and
1.30 g (59, 70%) of 4 and 5, m.p. 180–182�C, 156–158�C,
respectively.

General procedure for the preparation of 6–15. To the

intermediate (4) in dry THF, phenyl glycine ethyl ester in dry
THF (10 mL) was added in the presence of tri ethylamine at
10–15�C over a period of 30 min. After the addition, tempera-
ture of the reaction mixture was slowly raised to 30–35�C and
continued stirring. The progress of the reaction was monitored

by the TLC analysis. After completion of the reaction,
Et3N.HBr was separated by filtration and the solvent was
removed from the filtrate in a rota-evaporator. The resulting
crude product was recrystallized from 2-propanol to obtain
pure compound of 6. The same procedure was adopted for the

preparation of other compounds 7–15.

Acknowledgment. The authors thank Prof. C. Devendranath
Reddy and Dr. C. Suresh Reddy, Associate Professor, Dept. of

Chemistry, Tirupati, India for encouragement and helpful discus-
sion and the Directors, IISc, Bangalore and CDRI, Lucknow,
India, for the analytical and spectral data.

REFERENCES AND NOTES

[1] Demir, A. S.; Tanyeli, C.; Sesenoglu, O.; Demic, S.; Evin,

O. Tetrahedron Lett 1996, 37, 404.

[2] Vasu Goverdhana Reddy, P.; Hari Babu, Y.; Suresh Reddy,

C.; Srinivasulu, D. Heteroatom Chem 2002, 13, 340.

[3] Schrader, G. Die insektiziden Angew Chem 1957, 69, 86.

[4] Chi, Y.; Zhang, X. Tetrahedron Lett 2002, 43, 4849.

[5] Reetz, M. T.; Mehler, G. Angew Chem. Int Ed 2000, 39, 3889.

[6] Ojima, I., Ed. Catalytic Asymmetric Synthesis; VCH: New

York, 2000.

[7] Nayori, R. Asymmetric Catalysis in Organic Synthesis;

Wiley: New York, 1994.

[8] Li, G. Y.; Fagan, P. J.; Watson, P.-L. Angew Chem. Int Ed

2001, 40, 1106.

[9] (a) Spivack, J. D. Brit Pat 1984, 2087399; (b) Chem Abstr

1982, 97, 198374.

[10] Odorisio, P. A.; Paster, S. D.; Spivack, J. D. Phosphorus

Sulfur,1984, 20, 273.

[11] Thomas, L. C.; Chittenden, R. A. Chem Ind (London) 1961,

1913.

[12] Thomas, L. C. Interpretation of the Infrared Spectra of

Organophosphorus Compounds; Heydon; London, 1974.

[13] Silverstein, R. M.; Webster, F. X. Spectrometric Identifica-

tion of Organic Compounds, 6th ed.; Wiley: New York, 1998.

[14] Quin, L. D.; Verkade, J. G. Phosphorus-31 NMR Spectral

Properties in Compound Characterization and Structural Analysis;

VCH: New York, 1994.

[15] Umamaheswari Devi, P.; Srinivasa Reddy, P.; Usha Rani,

N. R.; Reddanna, P. Eur J Plant Path 2000, 106, 857.

[16] Colle, J. G.; Duguid, J. P.; Firaser, A. G.; Mannion, B. P.

Mackie and Mecartney Practical Medicinal Microbiology, 13th ed.;

Churchill: Edinburgh, 1989; Vol. 2.

Journal of Heterocyclic Chemistry DOI 10.1002/jhet

718 Vol 47S. Subba Reddy, V. K. Rao, A. U. Ravi Sankar, and C. N. Raju



Bis-8-hydroxyquinoline and Bis-8-hydroxyquinaldine
N-Substituted Amines: A Single Methyl Group Structural

Difference between the Two Heterocycles, Which Modulates the
Antiproliferative Effects
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Bruxelles, Campus de la Plaine, Boulevard du Triomphe, Bruxelles 1050, Belgique
cLaboratoire de Chimie Analytique, Toxicologie et Chimie Physique Appliquée, Université Libre
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The synthesis of a series of bis-8-hydroxyquinoline- and bis-8-hydroxyquinaldine-substituted N-benzyl
or thiophenyl amines and their corresponding bis-8-hydroxyquinoline is reported. In vitro growth inhibi-
tory effects of both series have been evaluated. It has been observed that analogs from the bis-8-hydrox-
yquinoline series exert nanomolar range activity, whereas the antiproliferative activity of the

corresponding analogs from the bis-8-hydroxyquinaldine series was found to be drastically lower. Mo-
lecular docking and chemical–physical properties account for these observed growth inhibitory differen-
ces between the two series of analogs, which differ only by the presence of a methyl group at the 2
position of the heterocyclic ring.

J. Heterocyclic Chem., 47, 719 (2010).

INTRODUCTION

Hydroxyquinoline is a privileged structural moiety

observed in many biologically active natural products; it

is used as the source for many drugs diversely pre-

scribed among a wide range of pathologies, including

neurodegenerative [1], parasitic amoebic dysentery [2],

and herpes viral diseases [3]. More specifically, 8-

hydroxyquinoline (8-HQ) moiety has been mostly used

for its capacity to strongly chelate metal ions, particu-

larly Cuþþ and Znþþ [4].

We have reported preliminary results on the antitumor
activity of two analogs JLK1486 and JLK1472, which
belong to the family of bis-8-hydroxyquinoline-substi-
tuted benzylamines [5]. From this work, we discover
that a single methyl subtituent at the position 2 of the
quinoline ring lead to what is called quinaldine series
drastically that diminish the antiproliferative effect of
the resulting compounds. For this purpose, we synthe-
sized a new series of bis-8-hydroxyquinaldine N-substi-
tuted analogs, and we studied their anticancer activities
in comparison with that of the corresponding bis-8-
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hydroxyquinoline N-substituted series. Molecular dock-
ing techniques and physicochemical studies were carried
out to account for the observed differences in antitumor
activity between the two families of 8-HQ and 8-
hydroxyquinaldine (8-HQD) analogs.

CHEMISTRY

Starting from 8-HQ (1a) or 8-HQD (1b), commer-

cially available compounds, the corresponding 5-chloro-

methyl derivatives (2a and 2b) were obtained in good

yields by direct reaction with 37% formaldehyde in

strong acidic conditions [6,7]. The solid compounds

were directly collected by simple filtration and used

without purification. The next step consisted in an addi-

tion on 2a and 2b of an excess of selected N-substituted
primary amines that preferentially led to the formation

of the desired bis-8-hydroxyquinoline or bis-8-hydroxy-

quinaldine benzyl or thiophenyl amines (Scheme 1).

Under these experimental conditions, the desired bis-8-

hydroxyquinoline and quinaldine derivatives (3a, 3b, 4a,

4b, 5a, 5b) were obtained with moderate yields (40–

50%), whereas mono-8-hydroxyquinoline or mono-8-

hydroxyquinaldine by-products were only present as

traces. The desired compounds were purified by column

chromatography and fully identified by conventional

spectral and centesimal analysis.

RESULTS AND DISCUSSION

Compounds from the bis-8-hydroxyquinoline and bis-

8-hydroxyquinaldine series were evaluated for their anti-

proliferative effect on a panel of 15 cancer cell lines [8–

11].

The data in Table 1 clearly show that bis-8-hydroxy-

quinoline derivatives display higher in vitro antitumor

activity than bis-8-hydroxyquinaldine derivatives.

Indeed, in contrast to these bis-8-hydroxyquinoline

derivatives for some of which antiproliferative effect

could be observed in two digit nM range, the corre-

sponding bis-8-hydroxyquinaldine analogs (3b, 4b, 5b)

displayed antitumor effects higher than 5 lM, and thus,

revealing themselves 100–1000-fold weaker antiprolifer-

ative compounds when compared with 8-HQ derivatives.

In addition, it must also be highlighted that the large

variations observed in terms of antitumor activity for

various bis-8-hydroxyquinoline derivative series on a

given cancer cell line, say for example the BxPC3 pan-

creas cancer and the VM-47 melanoma cell lines.

These data prompted us to envisage preliminary struc-

ture–activity relationship analysis. Compounds (2a) and

(2b), which are mono-8-hydroxyquinoline analogs and

which include a chloromethyl moiety at the position 4

of the 8-HQ or 8-HQD nucleus, are found totally inac-

tive in comparison with the N-substituted benzyl or thio-

phenylamine derivatives, a feature that reveals that the

presence of a N-substituted amine moiety is essential for

anticancer activity and also confirm that bis-8-hydroxy-

quinoline analogs are more potent antiproliferative com-

pounds than the corresponding mono-8-hydroxyquino-

line analog [5]. These observations led us, therefore, to

try to understand why bis-8-hydroxyquinoline and bis-8-

hydroxyquinaldine derivatives display such marked dif-

ferences in terms of antiproliferative effect. Such obser-

vation that bis-8-hydroxyquinoline analogs are more

potent bioactive molecules than their corresponding

mono-8-hyroxy analog has been reported in the case of

neurodegenerative diseases [12]. We have, thus, consid-

ered the possible electronic effects induced by the elec-

tron pair of the amine group in the 8-HQ or quinaldine

system in terms of chemical reactivity, and the possible

physical–chemical properties differences between the

two scaffolds mainly in terms of nucleophilicity,

Scheme 1. Reagents and conditions: (i) HCHO, 37% HCl in H2O, HCl (gas), r.t., overnight, 80%; (ii) corresponding primary amine K2CO3,

CH3CN, r.t., overnight.
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basicity, and hydrophobicity. There is a conceptual rela-

tionship between nucleophilicity and basicity. Both

properties are involved in the formation of a new bond

by donation of an electron pair to an electrophilic spe-

cies. Basicity in the Brønsted sense involves formation

of a bond to hydrogen, while generally nucleophilicity

refers to the effect of a Lewis base on the rate of nucle-

ophilic substitution reaction. The relative nucleophilic-

ities may differ from reaction to reaction, and several

parameters have significant influence on nucleophilic-

ities. From literature reports [13], it can be seen that the

presence of a methyl group in 8-HQD makes the nitro-

gen donor more basic in comparison with 8-HQ (Fig.

1).

Considering the possible biological mode of action of

the compounds under study in which the proton of the

hydroxyl group in the ground state could be involved in

their antitumor mechanism(s) of action, the observed

differences in pKa values (Fig. 1) could account for the

observed differences in antiproliferative effects. Differ-

ences in the pKA values between the two systems could

induce variations in the electronic driving force from

the exocyclic nitrogen lone pair electron to the hydroxy

group through the aromatic ring. Electronic effects

induced by the presence of the methyl substituent at the

2 position of the quinoline ring influence the acidity of

the OH proton and consequently, the conjugation

between the nitrogen atom lone pair electron from the

benzylamine moiety and the phenol group through the

aromatic system.

Next, we considered the differences in terms of

hydrophobicity between the two scaffolds as a possible

parameter which could influence cell permeation and

consequently, the observed anticancer activities. The

calculated clogP values determined for analogs 3a

(quinoline series) and 3b (quinaldine series) were,

respectively, 6.16 and 7.64 (calculated from ACD Labs/

LogP dB 3.5 and ChemSketch 3.5). As expected, 8-

HQD derivatives were slightly more hydrophobic than

their corresponding analogs from the bis-8-hydroxyqui-

noline series, but these rather small differences in hydro-

phobicity cannot account alone for the observed drastic

differences in antiproliferative effect.

As steric effects of substituted quinolines on lithium

coordination geometry have been reported [14], we next

examined the possible influence of steric hindrance

induced by the methyl group at position 2 of the quino-

line heterocycle. For this purpose, compounds 3a and

3b were selected as representative compounds for mini-

mal energy conformational search. Minimal energy con-

formations for both analogs were generated and super-

imposed after a Monte Carlo Conformational Search

(Macromodel version 6.5 was used for molecular

mechanics calculations) [15].

After calculations, both lowest energy conformations

for 3a (132.8 kcal/mol) and 3b (134.5 kcal/mol) were

Table 1

Determination of the IC50 (nM) in vitro growth inhibitory in 5 carcinoma, 5 glioma, and 5 melanoma.

N�

Carcinoma Glioma Melanoma

A549 BxPC3 LoVo MCF7 PC3 HS683 T98G U373 U138 GL19 VM-21 VM-48 VM-47 SKMEL-28 B16F10

3a 8 4299 10 34 66 10 99 44 49 1241 81 1584 97 >10 lM 92

4a 9 79 10 38 71 181 72 96 46 2143 47 98 146 >10 lM 76

5a 27 89 40 35 44 35 88 85 44 3451 79 1757 1726 4826 86

3b >10 lM nd 5565 nd 9605 >10 lM nd 7209 nd >10 lM nd nd nd nd nd

4b 9713 nd 7954 nd 8787 >10 lM nd 8695 nd >10 lM nd nd nd nd nd

5b >10 lM nd >10 lM nd >10 lM >10 lM nd >10 lM nd >10 lM nd nd nd nd nd

Compound in vitro antiproliferative effect has been performed in 5 carcinoma, 5 glioma, and 5 melanoma cell lines. The cancer cells have been

cultured in the presence of the drugs for 3 days. The IC50 values were determined by means of the MTT colorimetric assay as detailed previously

[6,8]. The values reported in this table are means obtained on six distinct values. The standard errors are not reported for the sake of clarity,

because they are <5% as compared with the mean values.

IC50 are expressed in nM unless in lM when specified in the table.

Cell lines: A549, human alveolar epithelial; BxPC3, pancreatic cancer; LoVo, colon cancer; MCF7, breast cancer; PC3, humanprozstate cancer;

HS683, human glioma; T98G, human glioblastoma; U373, human glioblastoma-astrocytoma epithelial; U318, human glioma; GL19, glioblastoma

multiform; VM-21 and VM-47 are mutant melanoma; SKMEL-28 and B16F10 are human melanoma.

nd: not determined.

Figure 1. pKa values: 8-hydroxyquinoline [pKA1 ¼ 5.13 (NH4þ/NH2),

pKA2 ¼ 9.89 (OH/O�)] and 8-hydroxyquinaldine [pKA1 ¼ 5.67

(NH4þ/NH2), pKA2 ¼ 9.97 (OH/O�)].
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identical. They exhibit an energetic difference inferior

to 2 kcal/mol between the two analogs, which could not

account for the drastic drop in biological activity of the

methylated compounds. Further, superimposition of the

successively obtained conformations within a 3 kcal/mol

span (from the lowest representative conformation)

between these analogs revealed no differences between

both analogs, which displayed similar poses with a simi-

lar energy difference in favor of the quinoline scaffold

(Fig. 2).

From these results, steric effects induced by the pres-

ence of a methyl group at the position 2 appear to be

too weak to entirely abolish the anticancer activity of all

the 8-HQD analogs irrespective of the cancer cell lines

(carcinoma, glioma, or melanoma) used in the assay.

CONCLUSIONS

In conclusion, a series of bis-8-hydroxyquinolines N-
benzyl or thiophenyl amines and their corresponding

bis-8-hydroxyquinaldine derivatives have been prepared.

We found that compounds that belong to the bis-8-

hydroxyquinoline series have an in vitro potent antipro-

liferative effect on a large panel of cancer cell lines at

lower nanomolar IC50 values, while their corresponding

8-HQD counterparts display only weak (in the lM
range), if any, antiproliferative effect. Molecular dock-

ing studies and physico-chemical properties suggest that

the presence of a methyl group in position 2 vicinal to

the endocyclic nitrogen atom induces electronic factors

(pKa values) that greatly influence the driving electronic

force all along the aromatic system, including the exo-

cyclic nitrogen. In contrast, Monte Carlo studies reveal

only a small energy difference with less than 2 kcal/mol

having been observed between the two series differing

in the 2-methyl group only. The steric effect of a methyl

group at the 2 position of the heterocycle and the differ-

ence in clogP values appeared to be too weak to

account for the observed drastic antiproliferative differ-

ences between both series of analogs. Investigations on

the mechanism of action and on the possible biological

targets of those are underway.

EXPERIMENTAL

Compounds 2a and 3a have been already reported [5]. Start-

ing quinaldin-8-ol intermediate 2b has been synthesized as
follows:

5-(Chloromethyl)-2-methylquinolin-8-ol hydrochloride

(2b). A mixture of 7.3 g (0.045 mol) of quinaldin-8-ol
(Aldrich), 8 mL of concentrated hydrochloric acid, and 8 mL

(0.05 mol) of 37% formaldehyde was treated with hydrogen
chloride gas for 90 min. The yellow solid was collected on a
filter and dried to give 8.5 g of compound (70% yield) mp
280�C 1NMR (250 MHz, DMSO): 9.14 (d, 1H, J ¼ 8.75 Hz),

8.05 (d, 1H, J ¼ 8.75 Hz), 7.83 (d, 1H, J ¼ 8 Hz), 7.56 (d,
1H, J ¼ 8 Hz), 5.233 (s, 2H), 2.5 (s, 3H). Anal. Calcd. for
C11H11NOCl2: C, 54.09; H, 4.51; N, 5.73. Found: C, 54.19; H,
4.45; N, 5.81.

General procedure for the reaction of 5-chloromethyl 8-

hydroxyquinaldine (2a) and (2b) with primary amines for

the synthesis of analogs 4a, 5a, 3b, 4b, and 5b. All of these
reactions were carried out under a nitrogen atmosphere. To a
solution of 5-chloromethyl quinolin-8-ol dihydrochloride (2a)
or 5-chloromethylquinaldin-8-ol dihydrochloride (2b) (1.3

mmol) at 50�C in ethyl acetate (10 mL) was added appropriate
primary amines (3.91 mmol). Stirring is maintained overnight.
Then, the solution is cooled down to 0�C and filtrated; the fil-
ter cake is washed with cold ethyl acetate (5 mL). The filtrate
is concentrated in vaccuo, diluted in diethyl ether (5 mL), and

centrifuged. The ethereal phase is removed, and the obtained
solid is washed two more time by centrifugation with diethyl
ether at 0�C to give the desired products.

5,50-(4-(Trifluoromethyl)benzylazanediyl)bis(methylene)bis
(2-methylquinolin-8-ol) (3b). This compound was obtained as
colorless solid. (42%), mp ¼ 205�C 1NMR (250 MHz,
CDCl3): 7.64 (d, 2H, J ¼ 7.75 Hz), 7.41–7.39 (m, 2H), 7.22–
7.06 (m, 4H), 6.95–6.8 (m, 4H), 3.61 (s, 4H), 3.44 (s, 2H),
2.61 (s, 6H). MS, m/z (C30H26F3N3O2): calcd. 518, [M þ H]þ;
found 518. Anal. Calcd. for C30H26F3N3O2: C, 69.50; H, 5.02;
N, 8.11. Found: C, 69.37; H, 5.04; N, 8.14.

5,500-(3,5-Bis(trifluorométhyl)benzylazanediyl)bis(methylene)
diquinoline-8ol (4a). This compound was obtained as a yellow
solid. (50%), mp ¼ 193�C 1NMR (250 MHz, CDCl3): 9.8 (m,

2H), 6.7–8.05 (m, 13H aromatic) 3.6–3.8 (m 6H, CH2). MS,
m/z (C29H21F6N3O2): calcd. MW 558; found 558. Anal. Calcd.
for C29H21F6N3O2: C, 62.48; H, 3.80; N, 7.54. Found: C,
62.10; H, 3.89; N, 7.33.

5,50-(3,5-Bis(trifluorométhyl)benzylazanediyl)bis(methylene)
diquinaldine-8-ol (4b). This compound was obtained as brown
solid. (38%), mp ¼ 207�C H1NMR (250 MHz, CDCl3): 8.76–
8.74 (m, 2H), 7.96–7.92 (m, 2H), 7.64 (s, 1H), 7.43–7.38 (m,
4H), 724, (m, 5H) 7.19–7.13 (m, 4H), 7.08–7.05 (m, 2H), 3.89

(br s, 4H), 3.61 (s, 2H). 2,8 (3H). MS, m/z (C31H25F6N3O2):
calcd. 586, [M þ H]þ; found 587. Anal. Calcd. for

Figure 2. Superimposition of compounds 3a (green) and 3b (yel-

low)—best conformations obtained through a Monte Carlo conforma-

tional search. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]
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C31H25F6N3O2: C, 63.59; H, 4.30; N, 7.18. Found: C, 64.12;
H, 4.26; N, 7.11.

5,50-(Thiophen-2-ylmethylazanediyl)bis(methylene)diquinolin-
8-ol (5a). This compound was obtained as a brown solid.
(48%), mp ¼ 167 (decomp) 1NMR (250 MHz, MeOD): 8.79

(m, 2H), 8.13 (m, 2H), 7.43 (m, 3H), 7.23 (m, 2H), 7.01 (m,
4H), 3.86 (br s, 4H), 3.76 (s, 2H). MS, m/z (C25H21N3O2S):
calcd. 428.1, [M þ H]þ; found 428.1. Anal. Calcd. for
C25H21N3O2S: C, 72.24; H, 9.83; N, 4.95. Found: C, 71.98; H,
9.86; N, 4.93.

5,50-(Thiophen-2-ylmethylazanediyl)bis(methylene)diquinal-
dine-8-ol (5b). This compound was obtained as a gray solid.
(36%), mp ¼ 205�C (decomp) 1NMR (250 MHz, MeOD):
9.83 (m, 2H), 6.8–8.05 (m, 8H), 6.74–7.06 (m, 3H thiophenyl
ring), 3.5–3.6 (m 6H), 2.55 (s, 6H). MS, m/z (C27H25N3O2S):

calcd. 455, [MþH]þ; found 55. Anal. Calcd. for
C27H25N3O2S: C, 71.21; H, 5.50; N, 9.23. Found: C, 71.35; H,
5.38; N, 9.19.

Acknowledgments. IBDML-CNRS (Institut de Biologie du

Developpement de Marseille Luminy, France) and canceropôle
PACA are greatly acknowledged for financial support.

REFERENCES AND NOTES

[1] Adlard, P. A.; Cherny, R. A.; Finkelstein, D. I.; Gautier, E.;

Robb, E.; Cortes, M.; Volitakis, I.; Liu, X.; Smith, J. P.; Perez, K.;

Laughton, K.; Li, Q. X.; Charman, S. A.; Nicolazzo, J. A.; Wilkins, S.;

Deleva, K.; Lynch, T.; Kok, G.; Ritchie, C. W.; Tanzi, R. E.; Cappai,

R.; Masters, C. L.; Barnham, K. J.; Bush, A. I. Neuron 2008, 59, 43.

[2] Thompson, P. E.; Reinertson, J. W. Am J Trop Med Hyg

1951, 31, 707.

[3] Oien, N. L.; Brideau, R. J.; Hopkins, T. A.; Wieber, J. L.;

Knechtel, M. L.; Shelly, J. A.; Anstadt, R. A.; Wells, P. A.; Poorman,

R. A.; Huang, A.; Vaillancourt, V. A.; Clayton, T. L.; Tucker, J. A.;

Wathen, M. W. Antimicrob Agents Chemother 2002, 46, 724.

[4] Ji, H. F.; Zhang, H. Y. Bioorg Med Chem Lett 2005, 15,

21.

[5] Moret, V.; Laras, Y.; Cresteil, T.; Aubert, G.; Ping, D. Q.;

Di, C.; Barthelemy-Requin, M.; Beclin, C.; Peyrot, V.; Allegro, D.;

Rolland, A.; De Angelis, F.; Gatti, E.; Pierre, P.; Pasquini, L.; Pet-

rucci, E.; Testa, U.; Kraus, J. L. Eur J Med Chem 2009, 44, 558.

[6] Burckhalter, J. H.; Leib, R. J Org Chem 1961, 26, 4078.

[7] Zhao, K.-Q.; Hu, P.; Zhou, Y.-Q.; Xu, H.-B. Molecules

2001, 6, M208.

[8] Van Quaquebeke, E.; Mahieu, T.; Dumont, P.; Dewelle, J.;

Ribaucour, F.; Simon, G.; Sauvage, S.; Gaussin, J. F.; Tuti, J.; El

Yazidi, M.; Van Vynckt, F.; Mijatovic, T.; Lefranc, F.; Darro, F.;

Kiss, R. J Med Chem 2007, 50, 4122.

[9] Ingrassia, L.; Nshimyumukiza, P.; Dewelle, J.; Lefranc, F.;

Wlodarczak, L.; Thomas, S.; Dielie, G.; Chiron, C.; Zedde, C.; Tisnes,

P.; van Soest, R.; Braekman, J. C.; Darro, F.; Kiss, R. J Med Chem

2006, 49, 1800.

[10] Lefranc, F.; Sauvage, S.; Van Goietsenoven, G.; Mégalizzi,
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A simple, efficient, and general method has been developed for the synthesis of various 4-substituted
2-amino-6,6-diphenyl-8-aryl-6,8-dihydroimidazo[1,2-a] [1,3,5] triazine-7(4-H)ones 3a–3v. This involved

condensation of 1-(5-oxo-4,4-diphenyl-1-aryl-4,5-dihydro-1H-imidazol-2-yl)guanidines 2a and 2b, them-
selves obtained from the reaction of aryl biguanides 1a/b with benzil, with the requisite carbonyl com-
pounds. Both steps were performed using microwave heating in sealed vessels.

J. Heterocyclic Chem., 47, 724 (2010).

INTRODUCTION

Microwave-assisted organic synthesis (MAOS) has

emerged over the past decade as a valuable technology

for synthetic organic and medicinal chemistry. Replac-

ing the conventional oil bath as a heat source by a

microwave reactor results in a marked reduction in reac-

tion time and an increase in reaction yield for many im-

portant transformations [1,2]. In particular, the need for

rapid construction and modification of biologically

active heterocyclic compounds, a major concern in drug

development, has stimulated intense development of

microwave synthesis technology. This is reflected in the

exponential increase in the number of scientific papers,

books, and reviews related to the use of this technology

[3,4].

In this work, we report a simple and convenient

method for the synthesis of 6,8-dihydroimidazo[1,2-a]

[1,3,5] triazines under microwave irradiation conditions.

The 6,8-dihydroimidazo[1,2-a] [1,3,5] triazine system is

a core structure element in a number of molecules with

potential application as antitumor, antibacterial, and

antiparasitic agents, and as herbicide antagonists [5–21].

RESULTS AND DISCUSSION

Imidazoltriazines with structure 3 have been obtained

by a two-step procedure (Scheme 1) involving the heating

of 1-substitued biguanides with benzil to give 1-(5-oxo-

4,4-diphenyl-1-aryl-4,5-dihydro-1H-imidazol-2-yl)guani-

dine intermediates 2 as a mixture of tautomers, and subse-

quent ring closure of these mixtures to the target com-

pounds on further heating [5,22–25].

Transposing this process to microwave conditions, it

was found that the reaction of benzil (1 equiv) with the

1-substituted biguanides 1a and 1b (1 equiv) in ethanol

in a sealed tube (pressure-rated reaction vial) at 100�C
in a self-tuning single-mode microwave cavity (5CEM

Discovery apparatus) was complete after only 2–5 min.

On cooling, the precipitated material was isolated by

simple filtration, washing with cold ethanol, and

VC 2010 HeteroCorporation
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recrystallization to give the known 1-(5-oxo-4,4-di-

phenyl-1-aryl-4,5-dihydro-1H-imidazol-2-yl)guanidines

2a and 2b (73% and 85%, respectively) [22]. These

intermediates were, in turn, reacted with a series of

aldehydes and ketones using microwave irradiation to

construct a 22 member library containing the novel 6,8-

dihydroimidazo[1,2-a] [1,3,5] triazines 3a–3v (Table 1).

In the experiment, compounds 2a or 2b in acetone con-

taining a catalytic amount of acetyl chloride (see Exper-

imental) were place in a sealed vessel and reacted in the

microwave cavity at 100�C. The reaction time was var-

ied from 5 to 20 min in increments of 5 min. However,

in general, the reactions were complete after heating for

10 min, as judged by TLC. When a temperature above

100�C was used a complex reaction mixture was

obtained from which the product was obtained in lower

yield. The mass, IR, and NMR spectra unambiguously

confirmed the structures 3a–3w.

Scheme 1

Table 1

Microwave-assisted synthesis of 6,8-dihydroimidazo [1,2-a] [1,3,5] triazines 3a–3v.

Compound Carbonyl Compound R1 R2 R3 Time (min) Yield (%)

3aa Acetone 4-CH3-C6H5 CH3 CH3 10 65

3b
a 2-Butanone 4-CH3-C6H5 CH3 CH3CH2 15 68

3c
a Cyclopentanone 4-CH3-C6H5 R2 ¼ R3 ¼ C5H8 20 50

3d
b Anizaldehyde 4-CH3-C6H5 H 4-OCH3-C6H5 10 72

3e
b 2-Chlorobenzaldehyde 4-CH3-C6H5 H 2-Cl-C6H5 15 67

3fb 2,4-Dichlorobenzaldehyde 4-CH3-C6H5 H 2,4-Cl2-C6H5 5 72

3g
b o-Tolyl aldehyde 4-CH3-C6H5 H 2-CH3-C6H5 15 65

3hb m-Tolyl aldehyde 4-CH3-C6H5 H 3-CH3-C6H5 10 68

3i
b 4-Biphenylaldehyde 4-CH3-C6H5 H C6H5-C6H4 20 69

3j
b 3-Nitrobenzaldehyde 4-CH3-C6H5 H 3-NO2-C6H5 15 71

3k
b 3-(2-Nitrophenyl) propenal 4-CH3-C6H5 H 2-NO2-C6H5CHCH 5 68

3I
b 4-Chlorobenzaldehyde 4-CH3-C6H5 H 2-Cl-C6H5 20 54

3ma Acetone 3,5-Cl2-C6H5 CH3 CH3 15 66

3n
a 2-Pentanone 3,5-Cl2-C6H5 CH3 CH3CH2CH2 20 71

3oa 2-Butanone 3,5-Cl2-C6H5 CH3 CH3CH2 15 67

3p
a Cyclopentanone 3,5-Cl2-C6H5 R2 ¼ R3 ¼ C5H8 20 52

3q
b o-Tolyl aldehyde 3,5-Cl2-C6H5 H 2-CH3-C6H5 10 63

3r
b m-Totyl aldehyde 3,5-Cl2-C6H5 H 3-CH3-C6H5 10 58

3s
b 2-Chlorobenzaldehyde 3,5-Cl2-C6H5 H 2-Cl-C6H5 10 61

3tb 2,4-Dichlorobenzaldehyde 3,5-Cl2-C6H5 H 2,4-Cl2-C6H5 10 64

3u
b 3-Nitrobenzaldehyde 3,5-Cl2-C6H5 H 3-NO2-C6H5 10 63

3vb 3-(Nitrophenyl) propenal 3,5-Cl2-C6H5 H 2-NO2-C6H5CHCH 10 65

aMethod A in the Experimental section.
bMethod B in the Experimental section.
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CONCLUSIONS

An efficient, rapid, and clean method for the prepara-

tion of a 22-membered library of 6,8-dihydroimi-

dazo[1,2-a] [1,3,5] triazines has been developed using

microwave-assisted synthesis.

EXPERIMENTAL

Materials. All commercially available reagents were used
without further purification. Commercial solvents were dis-

tilled from an appropriate drying agent before use according to
standard procedures.

Analysis. TLC analysis was performed on aluminum-pre-
coated silica gel 60 plates. 1H NMR spectra were recorded on
a Varian Unity Inova 400 MHz spectrometer using DMSO-d6
as a solvent. Chemical shifts (d) are expressed in ppm down-
field from TMS as internal standard. The letters s, d, t, q, and
m are used to indicate singlet, doublet, triplet, quadruplet, and
multiplet, respectively. IR spectra were taken on a Perkin-
Elmer FT-IR 2000 spectrometer. Low-resolution mass spectra
were obtained in the atmospheric pressure chemical ionization
(positive or negative APCI) mode. All melting points (uncor-
rected) were recorded on a SMP2 apparatus.

Equipment. Microwave syntheses were carried out on a
CEM Corp. Discover laboratory microwave with Explorer

unit. Reaction times refer to hold times at the temperatures
indicated and not to total irradiation time.

General procedure for synthesis of 1-(5-Oxo-4,4-di-

phenyl-1-aryl-4,5-dihydro-1H-imidazol-2-yl)guanidines 2a

and 2b. Arylbiguanide hydrochloride (1a and correspondingly

1b, 5 mmol) was added to the solution of sodium (0.11 g, 5
mmol) in absolute ethanol (25 mL). Precipitated sodium chlo-
ride is filtered off and benzil (1.05 g, 5 mmol) dissolved in
absolute ethanol (6 mL) was added to the filtrate in a 30 mL
microwave vial equipped with a pressure and temperature sen-

sor, as well as a magnetic stirrer. The sealed tube was placed
in a homogeneous microwave synthesis system. After irradia-
tion at 100�C, measured by an internal fiber-optic temperature
sensor immersed in the reaction mixture, for 2 (2a) and 5 (2b)

min, respectively, the reaction mixture was cooled, and the
precipitate was collected, washed with cold ethanol, and
recrystallized from ethanol to give highly pure title.

2-[1-(4-Methylphenyl)-5-oxo-4,4-diphenyl-2-imidazolline-2-
yl]-guanidines (2a). 1H NMR (400 MHz, DMSO) d 2.34 (s,

3H), 7.53–7.90 (m, 14H); IR (KBr) tmax/cm
�1: 3115, 3166,

3061, 1593, 1537; UV–vis (MeOH) kmax/nm 204 (0.406).
2-[1-(3,5-Dichlorophenyl)-5-oxo-4,4-diphenyl-2-imidazolline-

2-yl]-guanidines (2b). 1H NMR (400 MHz, DMSO) d 7.21–
7.98 (m, 13H); IR (KBr) tmax/cm

�1: 3430, 3176, 3084, 1709,

1640, 1611, 1597, 1536, 798, 747, 697; UV–vis (MeOH) kmax/
nm 206 (0.688).

Method A: General procedure for synthesis of 6,8-dihy-

droimidazo[1,2-a] [1,3,5] triazines (3a–3c and 3m–3p) (car-

bonyl compounds with low boiling point). To a suspension

of 1 equiv arylbiguanide (2a or 2b) (0.1 mmol, 38.3 mg or

43.8 mg) in 3 mL of ketone or aldehyde in a microwave vial,

5 equiv acetyl chloride (0.5 mmol, 57.5 mg) was added. The

vial was sealed and irradiated in a microwave reactor at 100�C
for 10–20 min. The precipitates were collected by filtration

and recrystallized from ethanol to give corresponding com-

pound 3.

Method B: General procedure for synthesis of 6,8-dihy-

droimidazo[1,2-a] [1,3,5] triazines (3d–3l and 3q–3v) (car-

bonyl compounds with high boiling point). To a suspension

of 1 equiv arylbiguanide (2a or 2b) (0.1 mmol, 38.3 mg or

43.8 mg) and 5 equiv of the ketone or aldehyde (0.5 mmol) in

ethanol (3mL) in a microwave vial, 5 equiv acetyl chloride

(0.5 mmol, 57.5 mg) was added. The vial was sealed and irra-

diated in a microwave reactor at 100�C for 10–20 min. The

precipitates were collected by filtration and recrystallized from

ethanol to give corresponding compound 3.
2-Imino-4,4-dimethyl-8-(4-methylpheyl)-6,6-diphenyl-2,3-

dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl (3a). mp:

255–257�C; 1H NMR (400 MHz, DMSO) d 1.10 (s, 6H), 2.36
(s, 3H), 7.33–7.64 (m, 14H), 7.98 (s, 1H), 8.85 (s, 1H), 9.74
(s, 1H); IR (KBr) tmax/cm

�1: 3467, 3273, 3091, 2797, 1772,
1658, 1630, 1576, 1534, 1495, 1452, 1192, 967, 698; MS (pos-
itive APCI, m/z): 424 [35, (M þ 1)], 423 (100, M); UV–vis

(MeOH) kmax/nm 207 (0.510).
2-Imino-4-methyl-4-ethyl-8-(4-methylpheyl)-6,6-diphenyl-2,

3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl (3b). mp:

255–257�C; 1H NMR (400 MHz, DMSO) d 0.66 (t, J ¼ 7.2

Hz, 3H), 0.78–0.84 (m, 1H), 1.04–1.11 (m, 1H), 1.37 (s, 3H),

2.35 (s, 3H), 7.32–7.66 (m, 14H), 8.21 (s, 1H), 8.89 (s, 1H),

10.29 (s, 1H); IR (KBr) tmax/cm
�1: 3374, 3073, 2970, 2726,

1766, 1678, 1611, 1569, 1513, 1491, 724; MS (positive APCI,

m/z): 438 [23, (M þ 1)], 437 (100, M); UV–vis (MeOH) kmax/

nm 259 (0.179), 249 (0.159), 204 (0.603).

2-Imino-8-(4-methylpheyl)-6,6-diphenyl-4-spirocyclopentanon-
2,3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl
(3c). mp: 270–272�C (dec.); 1H NMR (400 MHz, DMSO) d
1.02–1.86 (m, 8H), 2.10 (s, 3H), 7.34–7.58 (m, 14H), 8.03 (s,
1H), 8.94 (s, 1H), 10.06 (s, 1H); IR (KBr) tmax/cm

�1: 3359,
3036, 2962, 2739, 1767, 1681, 1610, 1567, 1490, 1450, 1193,
727, 703; MS (positive APCI, m/z): 450 [25, (M þ 1)], 449

(100, M); UV–vis (MeOH) kmax/nm 205 (0.610).
2-Imino-4-(4-methoxyphenyl)-8-(4-methylpheyl)-6,6-diphenyl-

2,3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl
(3d). mp: 274–276�C; 1H NMR (400 MHz, DMSO) d 0.66 (t,
J ¼ 7.2 Hz, 3H), 1.08 (m, 2H), 1.37 (s, 3H), 7.54–7.86 (m,

13H), 8.23 (s, 1H), 8.95 (s, 1H), 10.01 (s, 1H), IR (KBr) tmax/
cm�1: 3353, 3053, 2795, 1777, 1674, 1611, 1588, 1487, 728,
712; MS (positive APCI, m/z): 502 [37, (M þ 1)], 501 (100,
M); UV–vis (MeOH) kmax/nm 207 (0.554).

2-Imino-4-(2-chlorophenyl)-8-(4-methylpheyl)-6,6-diphenyl-
2,3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl
(3e). mp: 277–279�C; 1H NMR (400 MHz, DMSO) d 238 (s,

3H), 6.52 (s, 1H), 7.05–7.64 (m, 18H), 8.33 (s, 1H), 9.03 (s,

1H), 10.18 (s, 1H); IR (KBr) tmax/cm
�1: 3366, 3000, 2670,

1770, 1677, 1616, 1573, 1488, 1195, 760, 728; MS (positive

APCI, m/z): 507 [40, (M þ 2)], 506 [47, (M þ 1)], 505 (100,

M); UV–vis (MeOH) kmax/nm 205 (0.569).

2-Imino-4-(2,4-dichlorophenyl)-8-(4-methylpheyl)-6,6-diphenyl-
2,3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl
(3f). mp: 278–280�C; 1H NMR (400 MHz, DMSO) d 2.38 (s,

3H), 6.55 (s, 1H), 7.11–7.63 (m, 17H), 8.23 (s, 1H), 9.04 (s,

1H), 10.21 (s, 1H); IR (KBr) tmax/cm
�1: 3356, 3036, 2623,

1766, 1679, 1616, 1579, 1492, 1191, 762, 733, 693; MS (posi-

tive APCI, m/z): 541 [70, (M þ 2)], 539 (100, M); UV–vis

(MeOH) kmax/nm 206 (0.531).
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2-Imino-4-(2-methylpheyl)-8-(4-methylpheyl)-6,6-diphenyl-2,
3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl (3g). mp:
278–280�C; 1H NMR (400 MHz, DMSO) d 2.15 (s, 3H), 2.39
(s, 3H), 6.38 (s, 1H), 6.85–7.60 (m, 18H), 8.23 (s, 1H), 8.95
(s, 1H), 10.15 (s, 1H); IR (KBr) tmax/cm

�1: 3360, 3021, 2702,
1769, 1677, 1616, 1573, 1486, 1192, 725; MS (positive APCI,
m/z): 486 [27, (M þ 1)], 485 (100, M); UV–vis (MeOH) kmax/
nm 206 (0.720).

2-Imino-4-(3-methylpheyl)-8-(4-methylpheyl)-6,6-diphenyl-2,
3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl (3h). mp:
220–222�C; 1H NMR (400 MHz, DMSO) d 2.28 (s, 3H), 2.39
(s,3H), 6.33 (s,1H), 6.66–7.61 (m, 18H), 8.16 (s, 1H), 8.98 (s,
1H), 10.07 (s, 1H); IR (KBr) tmax/cm

�1: 3423, 3108, 2951,
1767, 1650, 1610, 1581, 1498, 1180, 696, 486; MS (positive
APCI, m/z): 486 [25, (M þ 1)], 485 (100, M); UV–vis
(MeOH) kmax/nm 207 (0.529).

2-Imino-4-(biphenyl-4-yl)-8-(4-methylpheyl)-6,6-diphenyl-2,
3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl (3i). mp:

257–259�C; 1H NMR (400 MHz, DMSO) d 2.39 (s, 3H), 6.48
(s, 1H), 7.04–7.62 (m, 23H), 8.54 (s, 1H), 9.03 (s, 1H), 10.17
(s, 1H); IR (KBr) tmax/cm

�1: 3352, 3060, 2747, 1768, 1665,
1615, 1579, 1495, 1193, 764, 732, 697; MS (positive APCI,
m/z): 548 [47, (M þ 1)], 547 (100, M); UV–vis (MeOH) kmax/

nm 260 (0.179), 243 (0.155), 205 (0.433).
2-Imino-4-(3-nitrophenyl)-8-(4-methylpheyl)-6,6-diphenyl-2,

3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl (3j). mp:
276–279�C; 1H NMR (400 MHz, DMSO) d 2.39 (s, 3H),
6.69–7.99 (m, 18H), 8.46 (s, 1H), 9.10 (s, 1H), 10.27 (s, 1H);
IR (KBr) tmax/cm

�1: 3187, 3096, 2960, 1771, 1675, 1650,
1606, 1493, 1193, 690; MS (positive APCI, m/z): 518 [17, (M
þ 2)], 516 (100, M); UV–vis (MeOH) kmax/nm 206 (0.606).

2-Imino-4-(2-nitrostyryl)-8-(4-methylpheyl)-6,6-diphenyl-2,3-
dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl (3k). mp:

279–281�C (dec.); 1H NMR (400 MHz, DMSO) d 2.36 (s,

3H), 5.95 (d, J ¼ 8.4 Hz, 1H), 6.11 (dd, J1 ¼ 15.6 Hz, J2 ¼
8.4 Hz, 1H) 6.49 (d, J ¼ 14.2 Hz, 1H), 7.07–7.86 (m, 16H),

7.85 (d, J ¼ 7.8 Hz, 1H), 8.26 (s, 1H), 9.00 (s, 1H), 9.71 (s,

1H); IR (KBr) tmax/cm
�1: 3424, 3115, 2363, 1773, 1675,

1660, 1612, 1518, 1198, 768, 695; MS (positive APCI, m/z):
543 [37, (M þ 1)], 542 (100, M); UV–vis (MeOH) kmax/nm

205 (0.466).
2-Imino-4-(4-chlorophenyl)-8-(4-methylpheyl)-6,6-diphenyl-

2,3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl
(3l). mp: 283–285�C; 1H NMR (400 MHz, DMSO) d 2.38 (s,
3H), 6.47 (s, 1H), 7.08–7.61 (m, 18H), 8.43 (s, 1H), 9.02 (s,
1H), 10.13 (s, 1H); IR (KBr) tmax/cm

�1: 3368, 3086, 2682,
1779, 1672, 1613, 1578, 1494, 1192, 728, 697; MS (positive
APCI, m/z): 506 [55, (M þ 1)], 505 (100, M); UV–vis

(MeOH) kmax/nm 206 (0.456).
2-Imino-4,4-dimethyl-8-(3,5-dichlorophenyl)-6,6-diphenyl-2,

3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl (3m). mp:
271–273�C; 1H NMR (400 MHz, DMSO) d 1.10 (s, 6H),
7.55–7.86 (m, 13H), 8.04 (s, 1H), 8.92 (s, 1H), 9.80 (s, 1H);
IR (KBr) tmax/cm

�1: 3361, 3022, 2755, 1780, 1678, 1614,
1588, 1491, 1454, 1427, 1174, 1029, 728; MS (positive APCI,
m/z): 479 [95, (M þ 2)], 478 [35, (M þ 1)], 477 (100, M);
UV–vis (MeOH) kmax/nm 208 (0.469).

2-Imino-4-methyl-4-propyl-8-(3,5-dichlorophenyl)-6,6-diphenyl-
2,3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl
(3n). mp: 248–252�C; 1H NMR (400 MHz, DMSO) d 0.50–

0.53 (t, J ¼ 7.2 Hz, 3H), 0.66–0.75 (m, 2H), 1.03–1.19

(m, 1H), 1.19–1.23 (M, 1H), 1.43 (s, 3H), 7.34–7.87 (m,

17H), 8.03 (s, 1H), 8.88 (s, 1H), 9.76 (s, 1H); IR (KBr) tmax/

cm�1: 3360, 3026, 2778, 1777, 1675, 1613, 1589, 1492, 1197,

759, 727; MS (positive APCI, m/z): 507 [50, (M þ 2)], 506

[27, (M þ 1)], 505 (100, M); UV–vis (MeOH) kmax/nm 206

(0.887).

2-Imino-4-methyl-4-ethyl-8-(3,5-dichlorophenyl)-6,6-diphenyl-2,
3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl (3o). mp:

265–267�C; 1H NMR (400 MHz, DMSO) d 0.66 (t, J ¼ 7.2

Hz, 3H), 1.08 (m, 2H), 1.37 (s, 3H), 7.54–7.86 (m, 13H), 8.23

(s, 1H), 8.95 (s, 1H), 10.01 (s, 1H); IR (KBr) tmax/cm
�1:

3353, 3053, 2795, 1777, 1674, 1611, 1588, 1487, 728, 712;

MS (positive APCI, m/z): 492 [60, (M þ 1)], 491 (85, M), 437

[80, (M-54)]; UV–vis (MeOH) kmax/nm 207 (0.554).

2-Imino-8-(3,5-dichlorophenyl)-6,6-diphenyl-4-spirocyclopenta-
non-2,3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl
(3p). mp: 267–269�C (dec.); 1H NMR (400 MHz, DMSO) d
1.01–2.06 (m, 8H), 7.54–7.89 (m, 13H), 8.07 (s, 1H), 9.00 (s,

1H), 10.08 (s, 1H); IR (KBr) tmax/cm
�1: 3360, 3021, 2800,

1778, 1676, 1611, 1588, 1486, 1186, 727, 710; MS (positive
APCI, m/z): 505 [75, (M þ 2)], 504 [35, (M þ 1)], 503 (100,
M); UV–vis (MeOH) kmax/nm 207 (0.452).

2-Imino-4-(2-methylpheyl)-8-(3,5-dichlorophenyl)-6,6-diphenyl-2,
3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl (3q). mp:
273–275�C; 1H NMR (400 MHz, DMSO) d 2.19 (s, 3H), 6.38
(s, 1H), 8.00–6.38 (m, 17H), 8.47 (s, 1H), 9.04 (s, 1H), 10.24
(s, 1H); IR (KBr) tmax/cm

�1: 3368, 3046, 2695, 1773, 1675,

1617, 1590, 1482, 759, 729, 706; MS (positive APCI, m/z):
541 [70, (M þ 1)], 539 (100, M); UV–vis (MeOH) kmax/nm,
207 (0.425).

2-Imino-4-(3-methylpheyl)-8-(3,5-dichlorophenyl)-6,6-diphenyl-
2,3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl
(3r). mp: 269–271�C; 1H NMR (400 MHz, DMSO) d 2.49 (s,

3H), 6.30 (s, 1H), 6.67–7.96 (m, 17H), 8.39 (s, 1H), 9.00 (s, 1H),

9.98 (s, 1H); IR (KBr) tmax/cm
�1: 3358, 3059, 2696, 1776, 1677,

1659, 1619, 1575, 1490, 1187, 751, 697; MS (positive APCI, m/
z): 541 [83, (M þ 2)], 539 (100, M), 538 [55, (M-1)]; UV–vis

(MeOH) kmax/nm 207 (0.383).

2-Imino-4-(2-chlorophenyl)-8-(3,5-dichlorophenyl)-6,6-diphenyl-
2,3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl
(3s). mp: 280–282�C; 1H NMR (400 MHz, DMSO) d 6.51 (s,
1H), 7.05–7.61 (m, 17H), 8.24 (s, 1H), 9.10 (s, 1H), 10.15 (s,
1H); IR (KBr) tmax/cm

�1: 3355, 3021, 2688, 1774, 1673, 1613,

1481, 1197, 758, 706; MS (positive APCI, m/z): 561 [100, (M
þ 2)], 560 [40, (M þ 1)], 559 (55, M); UV–vis (MeOH) kmax/
nm 208 (0.419).

2-Imino-4-(2,4-dichlorophenyl)-8-(3,5-dichlorophenyl)-6,6-
diphenyl-2,3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.
HCl (3t). mp: 270–272�C; 1H NMR (400 MHz, DMSO) d 6.54

(s, 1H), 7.07–7.95 (m, 16H), 8.51 (s, 1H), 9.15 (s, 1H), 10.40 (s,

1H); IR (KBr) tmax/cm
�1: 3355, 3062, 2680, 1781, 1673, 1617,

1587, 1494, 1449, 1186, 752, 698; MS (positive APCI, m/z): 597
[30, (M þ 1)], 595 (M, 100), 593 [60, (M-2)]; UV–vis (MeOH)

kmax/nm 208 (0.325).

2-Imino-4-(3-nitrophenyl)-8-(3,5-dichlorophenyl)-6,6-diphenyl-
2,3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl
(3u). mp: 274–276�C; 1H NMR (400 MHz, DMSO) d 6,70 (s,

1H), 7.00–7.98 (m, 17H), 8.51 (s, 1H), 9.11 (s, 1H), 10.31 (s,

1H); IR (KBr) tmax/cm
�1: 3349, 3065, 2667, 1787, 1680,

1620, 1527, 1493, 1187, 753, 693, 680; MS (positive APCI,

m/z): 572 [55, (M þ 2)], 570 (100, M); UV–vis (MeOH) kmax/

nm 206 (0.497).
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2-Imino-4-(2-nitrostyryl)-8-(3,5-dichlorophenyl)-6,6-diphenyl-2,
3-dihydro-4H-imidazo[2,3-d]-1,3,5-triazin-7(6H)one.HCl (3v). mp:
280–282�C (dec.); 1H NMR (400 MHz, DMSO) d 5.98–6.07

(m, 2H), 6.51 (d, J ¼ 14.2 Hz, 1H), 7.06–7.92 (m, 16H), 8.39
(s, 1H), 9.07 (s, 1H), 9.83 (s, 1H); IR (KBr) tmax/cm

�1: 334,
3028, 2787, 1773, 1679, 1664, 1612, 1523, 1487, 1185, 734,
699; MS (positive APCI, m/z): 598 [97, (M þ 2)], 597 [70, (M
þ 1)], 596 (100, M); UV–vis (MeOH) kmax/nm 207 (0.614).
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A new series of 3-acyl-6,7,8-substituted coumarin derivatives has been synthesized in high yields

(79–99%) and characterized by means of elemental analysis, mass spectrometry, IR, and 1H NMR spec-
troscopy. We examined with particular attention the presence of an acyl group at position 3 (ethyl ester,
carboxylic acid, and acyl chloride), and of a hydroxyl group at position 7 or a functionalized one like
benzyloxy or phthalimido. The hydroxyl group has been modified by an etherification in presence of
crown ether with substituted benzyl bromide or chloride to evaluate the influence on chemical character-

istics and lipophilicity of coumarin nucleus. Halogens (Cl, Br) and methyl group were introduced in
position 6 and 8 of the coumarin ring, respectively, in order to study their effect on reaction feasibility.
Some of these 3-acyl derivatives have been recently assayed as MAO inhibitors and as intermediates
(i.e. reactive chloride derivative) to design new anti-Helicobacter pylori agents.

J. Heterocyclic Chem., 47, 729 (2010).

INTRODUCTION

Coumarins, (2H)-1-benzopyran-2-ones, represent a

common type of phytochemicals, frequently encountered

in plants of the Apiaceae, Rutaceae, Fabaceae, and

Hyppocastanaceae [1]. Interest in this scaffold arose from

the identification of both natural or synthetic pharmaco-

logically active derivatives, which have been found to be

useful in photochemotherapy, antitumor [2], and anti-HIV

[3] therapy, and as stimulants for central nervous system,

antibacterials, antioxidants [4], anti-inflammatory [5], anti-

coagulants, and dyes according to the nature and the sub-

stitution pattern. In particular we recently demonstrated

that 3-acyl and 3-carboxyamido coumarins could be con-

sidered good lead compounds as reversible and effective

human monoamine oxidase (hMAO) inhibitors [6,7].

The interesting biological properties of coumarins made

these compounds very attractive for organic synthesis. There

are many developed methods of coumarins synthesis, e.g.

Pechman reaction, Perkin reaction, Knoevenagel condensa-

tion, and many others [1]. However, it is important to high-

light that all the reported procedures have some disadvan-

tages, as they lack generality and efficiencymaking the devel-

opment of new reliable high-yielding methods for the synthe-

sis of coumarins an important matter. For these reasons, we

synthesized many molecules based on the coumarin ring sys-

tem by utilizing classic and innovative synthetic techniques

such as carbon suboxide [8] andmicrowave [9].

In particular, microwave irradiation usually acceler-

ates some chemical transformations and offers numerous

benefits for performing solventless procedures (green

chemistry) and improving reaction yields, especially in

heterocyclic chemistry [10].

Hence, in this article, we report on synthesis and

characterization by spectral data, such as IR, 1H NMR,

and mass spectroscopy of coumarin analogues bearing

an acyl function (ethyl ester, carboxylic acid, and acyl

chloride) at position 3, halogens (Cl, Br) at position 6,

different unsubstituted or substituted benzyloxy moieties

at position 7, and methyl group at position 8 (Table 1).

RESULTS AND DISCUSSION

Coumarin derivatives were synthesized starting from

substituted salicylic aldehydes according to the pathway

reported in Scheme 1.
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The corresponding salicylic aldehydes were obtained

by a Gattermann aromatic formylation starting from 2-

or 4-substituted resorcinol in a strongly acidic environ-

ment (1a–1c). Ethyl esters of (2H)-1-benzopyran-2-one-
3-carboxylic acids (2a–2c), were easily obtained by a

Knoevenagel cyclization in 15–20 min (80�C) under

microwave irradiation with an automatic single-mode re-

actor. All reactions were performed solventless in vials

of 10 mL, confirming that the focused microwave irradi-

ation was a very effective technique for accelerating

thermal organic reactions and limiting solvent wasting,

not being affected by substituents. These compounds,

bearing a hydroxyl group at position 7, were subse-

quently functionalized by benzylation in the presence of

N,N0-dicyclohexyl-18-crown-6-ether, which by chelating

potassium ion facilitated the nucleophilic attack to

improve the yields of the related compounds (3a–3h).

Alkaline hydrolysis with 10% sodium hydroxide gave

carboxylic acid compounds (4a–4c and 5a–5f), which

were treated with thionyl chloride at reflux to yield the

desired and reactive acyl chloride derivatives (6a–6c

and 7a–7g). In general this synthetic procedure allowed

us to obtain the desired compounds in high yields and

simplify reaction work up, limiting the presence of by-

products.

The compounds, correctly analyzed for their molecu-

lar formula, showed in the IR spectrum strong bands at

1695–1720 cm�1 due to the presence of a d-lactone
C¼¼O and eventually a carbonyl group, and characteris-

tic bands at 1655, 1615, 1575, and 1500 cm�1 (double

bonds in the aromatic ring).

The lipophilicity (ClogP) of this coumarin scaffold

has been calculated with the suitable algorithm for each

molecule by using ChemDraw Ultra 8.0. because of its

importance in modulating biological activity and phar-

macodynamic profile of the molecules [11]. As

expected, the introduction of a benzyloxy group at posi-

tion 7 of the coumarin ring deeply affects this parame-

ter. All compounds, and above all compound 5g, which

was insoluble in common organic solvents (dimethyl

Table 1

Structure and CLogP (ChemDraw Ultra 8.0) of synthesized coumarin derivatives.

Comp R R1 R2 X ClogP m/z

3a Cl CH2Ph H OEt 4.52 358.77

3b Br OCH2Ph H OEt 4.67 403.22

3c H OCH2Ph CH3 OEt 4.53 338.35

3d H OCH2(2-Cl-Ph) H OEt 4.74 358.77

3e H OCH2(4-F-Ph) H OEt 4.17 342.31

3f H OCH2(4-Cl-Ph) H OEt 4.74 358.77

3g H OCH2(4-NO2-Ph) H OEt 3.77 369.32

3h H OCH2phtalimido H OEt 3.15 393.35

5a Cl OCH2Ph H OH 3.80 330.71

5b Br OCH2Ph H OH 3.95 375.17

5c H OCH2Ph CH3 OH 3.81 310.30

5d H OCH2(2-Cl-Ph) H OH 4.02 330.72

5e H OCH2(4-F-Ph) H OH 3.45 314.26

5f H OCH2(4-Cl-Ph) H OH 4.02 330.72

5g H OCH2(4-NO2-Ph) H OH 3.05 341.27

6a Cl OH H Cl 1.46 259.04

6b Br OH H Cl 1.66 303.49

6c H OH CH3 Cl 1.49 238.32

7a Cl OCH2Ph H Cl 3.43 349.16

7b Br OCH2Ph H Cl 3.58 393.61

7c H OCH2Ph CH3 Cl 3.43 328.74

7d H OCH2(2-Cl-Ph) H Cl 3.65 349.16

7e H OCH2(4-F-Ph) H Cl 3.08 332.71

7f H OCH2(4-Cl-Ph) H Cl 3.65 349.16

7g H OCH2(4-NO2-Ph) H Cl 2.68 359.72
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sulfoxide, chloroform, and acetone), have been charac-

terized by mass spectral studies. In the mass spectra the

fragment ion at m/z (%) ¼ 173 (90) corresponding to

the 3-acyl coumarin structure was always the most

abundant observed. The fragmentation pattern of deriva-

tive 5g was described in Figure 1. This compound

showed the fragment at m/z (%) 341 (10), which likely

represented the molecular ion. In fact, the base peak,

referred to the 40-nitro-benzyl fragment, was always

present at 134 (100). In addition the mass spectrum

revealed ion suggestive at m/z 297 (5), 250 (5), and 205

(20) because of the loss of COOH, CO2, and NO2.

In this article, we have synthesized, by using readily

available and inexpensive reagents, and fully character-

ized a new series of heterocyclic derivatives (3-acyl-

6,7,8-substituted coumarins), which could reveal their

potentials as versatile biodynamic agents. The most im-

portant results of our approach are the optimization of

the yields and of the reaction times using microwave

irradiation. In addition, lower amount of solvent was

used and a better workup was obtained. The introduction

of a substituted benzyloxy group at position 7 could

influence not only the physical–chemical properties, but

also their biological activity. Halogens (Cl, Br) and

methyl group were introduced in position 6 and 8 of the

coumarin ring, respectively, to study their effect on

reaction feasibility.

EXPERIMENTAL

Starting materials and reagents were obtained from commer-

cial suppliers and were used without purification. Melting
points (mp) were determined by the capillary method on an
FP62 apparatus (Mettler-Toledo) and are uncorrected. 1H
NMR spectra were recorded at 400 MHz on a Bruker spec-

trometer using DMSO-d6 as solvent. Chemical shifts are
expressed as d units (ppm) relative to TMS. Coupling con-
stants J are expressed in hertz (Hz). Elemental analyses for C,
H, and N were determined with a PerkinElmer 240 B micro-
analyzer and the analytical results were within 60.4% of the

theoretical values for all compounds. All reactions were moni-
tored by TLC performed on 0.2 mm thick silica gel plates (60
F254 Merck). Preparative flash column chromatography was
carried out on silica gel (230–400 mesh, G60 Merck). Organic
solutions were dried over anhydrous sodium sulphate. Concen-

tration and evaporation of the solvent after reaction or extrac-
tion was carried out on a rotary evaporator (Büchi Rotavapor)
operating at reduced pressure. IR spectra were registered on a
PerkinElmer FTIR Spectrometer Spectrum 1000 in potassium
bromide. Mass spectra (EI) were obtained with a Fisons QMD

1000 mass spectrometer (70 ev, 200 lA, ion source tempera-
ture 200�C). The samples were introduced directly into the ion
source. Compounds 2a–2c, synthesized with the microwave
method, were obtained with a Biotage InitiatorTM 2.0.

The synthesis of some compounds (1a–1c, 2a–2c, and 4a–

4c) has been previously described and was performed with
slight changes. Their analytical and spectral data were in full
agreement with those reported in the literature.

Scheme 1. General synthetic pattern of coumarin derivatives.

Figure 1. The fragmentation pattern of derivative 5g.
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General procedure for the synthesis of coumarin deriva-

tives 1a–1c. The substituted salicylic aldehydes were prepared

in a 500 mL bottle, fitted with a mechanical stirrer, a reflux

water condenser and an inlet tube, with wide mouth to prevent

clogging from the precipitate. Resorcinol derivatives (1 mmol),

zinc cyanide (2 mmol), and potassium chloride (0.3 mmol)

were suspended in anhydrous diethyl ether (40 mL). Gaseous

HCl was bubbled inside the bottle and then water was added

to hydrolyze the immine product into aldehyde. The zinc chlo-

ride, which was produced at the same time, acted as an effec-

tive condensing agent.

General procedure for the synthesis of coumarin deriva-

tives 2a–2c. The starting ethyl ester of coumarin-3-carboxylic

acid was prepared by Knoevenagel reaction between diethyl

malonate (1 mmol) and the appropriate salicylic aldehyde

(1 mmol) with catalytic amounts of piperidine (0.5 mL) in a

10 mL vial suitable for an automatic single-mode microwave

reactor (2.45 GHz high-frequency microwaves, power range 0–

300 W). The mixture was prestirred for 30 sec and then heated

by microwave irradiation for 15–20 min at 80�C (irradiation

power reaches its maximum at the beginning of reaction, then

it decreases to lower and quite constant values). The internal

vial temperature was controlled by an IR sensor. After cooling

with pressurized air, the reaction mixture was poured onto ice,

filtered, and dried under vacuum.

General procedure for the synthesis of coumarin deriva-

tives 3a–3h. The etherification at position 7 was performed

by adding suitable benzyl bromide (1 mmol) and potassium

carbonate (1 mmol) in dry acetone (50 mL) for 48 h at room

temperature, using N,N0-dicyclohexyl-18-crown-6-ether (1

mmol) as a chelating agent. The resulting reaction mixture

was filtered and the crude product was purified by

chromatography.

Ethyl 7-(benzyloxy)-6-chloro-2-oxo-2H-chromene-3-carbox-
ylate (3a). 85% yield; mp 211–212�C; 1H NMR (DMSO-d6) d
1.27–1.29 (t, 3H, CH3), 4.29–4.31 (q, 2H, CH2), 5.31 (s, 2H,
OCH2Ar), 7.30 (s, 1H, C8H-chrom.), 7.31–7.50 (m, 5H, Ar),

8.18 (s, 1H, C5H-chrom.), 8.68 (s, 1H, C4H-chrom.). Anal.
Calcd. for C19H15ClO5: C, 63.61; H, 4.21. Found: C, 63.63; H,
4.22.

Ethyl 7-(benzyloxy)-6-bromo-2-oxo-2H-chromene-3-carbox-
ylate (3b). 87% yield; mp 215–216�C; 1H NMR (DMSO-d6) d
1.30–1.32 (t, 3H, CH3), 4.32–4.34 (q, 2H, CH2), 5.40 (s, 2H,

OCH2Ar), 7.19 (s, 1H, C8H-chrom.), 7.21–7.49 (m, 5H, Ar),

8.10 (s, 1H, C5H-chrom.), 8.60 (s, 1H, C4H-chrom.). Anal.
Calcd. for C19H15BrO5: C, 56.59; H, 3.75. Found: C, 56.57; H,

3.76.

Ethyl 7-(benzyloxy)-8-methyl-2-oxo-2H-chromene-3-car-
boxylate (3c). 89% yield; mp 154–155�C; 1H NMR (DMSO-

d6) d 1.27–1.29 (t, 3H, CH3), 2.20 (s, 3H, ArCH3), 4.22–4.27

(q, 2H, CH2), 5.31 (s, 2H, OCH2Ar), 7.39 (s, 1H, C8H-

chrom.), 7.40–7.45 (m, 5H, Ar), 7.46 (s, 1H, C5H-chrom.),

8.72 (s, 1H, C4H-chrom.). Anal. Calcd. for C20H18O5: C,

70.99; H, 5.36. Found: C, 71.01; H, 5.37.

Ethyl 7-(2-chlorobenzyloxy)-2-oxo-2H-chromene-3-carbox-
ylate (3d). 79% yield; mp 126–127�C; 1H NMR (DMSO-d6)
1.28–1.30 (t, 3H, CH3), 4.29–4.31 (q, 2H, CH2), 5.44 (s, 2H,
OCH2Ar), 7.19 (s, 1H, C8H-chrom.), 7.21–7.22 (m, 1H, C6H-
chrom.), 7.23–7.27 (m, 4H, Ar), 7.28–7.29 (m, 1H, C5H-

chrom.), 8.70 (s, 1H, C4H-chrom.). Anal. Calcd. for
C19H15ClO5: C, 63.61; H, 4.21. Found: C, 63.63; H, 4.22.

Ethyl 7-(4-fluorobenzyloxy)-2-oxo-2H-chromene-3-carboxy-
late (3e). 87% yield; mp 159–160 �C; 1H NMR (DMSO-d6)
1.29 (t, 3H, CH3), 4.33 (q, 2H, CH2), 5.23 (s, 2H, OCH2Ar),

7.15 (s, 1H, C8H-chrom.), 7.26–7.28 (m, 1H, C6H-chrom.),
7.61–7.65 (m, 2H, C3H-Ar and C5H-Ar), 7.72–7.74 (m, 1H,
C5H-chrom.), 7.89–7.92 (m, 2H, C2H-Ar and C6H-Ar), 8.85 (s,
1H, C4H-chrom.). Anal. Calcd. for C19H15FO5: C, 66.66; H,
4.42. Found: C, 66.68; H, 4.43.

Ethyl 7-(4-chlorobenzyloxy)-2-oxo-2H-chromene-3-carbox-
ylate (3f). 79% yield; mp 160–161�C; 1H NMR (DMSO-d6)
1.28 (t, 3H, CH3), 4.23 (q, 2H, CH2), 5.26 (s, 2H, OCH2Ar),
7.19 (s, 1H, C8H-chrom.), 7.25–7.28 (m, 1H, C6H-chrom.),
7.31–7.36 (m, 2H, C3H-Ar and C5H-Ar), 7.41–7.43 (m, 1H,

C5H-chrom.), 7.54–7.58 (m, 2H, C2H-Ar and C6H-Ar), 8.80 (s,
1H, C4H-chrom.). Anal. Calcd. for C19H15ClO5: C, 63.61; H,
4.21. Found: C, 63.63; H, 4.22.

Ethyl 7-(4-nitrobenzyloxy)-2-oxo-2H-chromene-3-carboxy-
late (3g). 87% yield; mp 210–211�C; 1H NMR (DMSO-d6)

1.29 (t, 3H, CH3), 4.33 (q, 2H, CH2), 5.45 (s, 2H, OCH2Ar),

7.26 (s, 1H, C8H-chrom.), 7.30–7.32 (m, 1H, C6H-chrom.),

7.41–7.44 (m, 2H, C2H-Ar and C6H-Ar), 7.51–7.53 (m, 1H,

C5H-chrom.), 8.26–8.30 (m, 2H, C3H-Ar and C5H-Ar), 8.83 (s,

1H, C4H-chrom.). Anal. Calcd. for C19H15NO7: C, 61.79; H,

4.09; N, 3.79. Found: C, 61.77; H, 4.10; N, 3.80.

Ethyl 7-[(1,3-dioxoisoindolin-2-yl)methoxy]-2-oxo-2H-chro-
mene-3-carboxylate (3h). 98% yield; mp 284–285�C; 1H

NMR (DMSO-d6) 1.27–1.31 (t, 3H, CH3), 4.26-4.28 (q, 2H,

CH2), 5.73 (s, 2H, OCH2Ar), 7.29 (s, 1H, C8H-chrom.), 7.33–

7.35 (m, 1H, C6H-chrom.), 7.49–7.51 (m, 1H, C5H-chrom.),

7.86–7.92 (m, 4H, Ar), 8.73 (s, 1H, C4H-chrom.). Anal. Calcd.
for C21H15NO7: C, 64.12; H, 3.84; N, 3.56. Found: C, 64.10;

H, 3.83; N, 3.57.

General procedure for the synthesis of coumarin deriva-

tives 4a–4c and 5a–5g. All ethyl ester derivatives were dis-

solved in NaOH 10% (50 mL) and added of HCl 3N (50 mL).

The resulting suspension was filtered and dried under vacuum.

7-(Benzyloxy)-6-chloro-2-oxo-2H-chromen-3-carboxylic acid
(5a). 87% yield; mp 233–234�C; 1H NMR (DMSO-d6) d 5.34

(s, 2H, OCH2Ar), 7.41 (s, 1H, C8H-chrom.), 7.43–7.48 (m,

5H, Ar), 8.18 (s, 1H, C5H-chrom.), 8.43 (s, 1H, C4H-chrom.),

13.24 (bs, 1H, COOH, D2O exch.). Anal. Calcd. for

C17H11ClO5: C, 61.74; H, 3.35. Found: C, 61.76; H, 3.36.

7-(Benzyloxy)-6-bromo-2-oxo-2H-chromene-3-carboxylic acid
(5b). 92% yield; mp 255–256�C; 1H NMR (DMSO-d6) d 5.30
(s, 2H, OCH2Ar), 7.30 (s, 1H, C8H-chrom.), 7.41–7.47 (m,

5H, Ar), 8.20 (s, 1H, C5H-chrom.), 8.59 (s, 1H, C4H-chrom.),
13.15 (bs, 1H, COOH, D2O exch.). Anal. Calcd. for
C17H11BrO5: C, 54.42; H, 2.96. Found: C, 54.44; H, 2.95.

7-(Benzyloxy)-8-methyl-2-oxo-2H-chromene-3-carboxylic acid
(5c). 90% yield; mp 204–205�C; 1H NMR (DMSO-d6) d 2.23

(s, 3H, ArCH3), 5.28 (s, 2H, OCH2Ar), 7.21 (s, 1H, C8H-
chrom.), 7.47–7.53 (m, 5H, Ar), 7.77 (s, 1H, C5H-chrom.),
8.70 (s, 1H, C4H-chrom.), 12.98 (bs, 1H, COOH, D2O exch.).
Anal. Calcd. for C18H14O5: C, 69.67; H, 4.55. Found: C,
69.69; H, 4.54.

7-(2-Chlorobenzyloxy)-2-oxo-2H-chromene-3-carboxylic acid
(5d). 92% yield; mp 218–219�C; 1H NMR (DMSO-d6) 5.32 (s,
2H, OCH2Ar), 7.12 (s, 1H, C8H-chrom.), 7.13–7.15 (m, 1H,
Ar) 7.40–7.41 (m, 1H, C6H-chrom.), 7.42–7.44 (m, 1H, Ar),

7.65–7.67 (m, 1H, Ar), 7.77–7.79 (m, 1H, Ar), 7.85–7.86 (m,
1H, C5H-chrom.), 8.72 (s, 1H, C4H-chrom.), 13.12 (bs, 1H,
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COOH, D2O exch.). Anal. Calcd. for C17H11ClO5: C, 61.74;
H, 3.35. Found: C, 61.72; H, 3.36.

7-(4-Fluorobenzyloxy)-2-oxo-2H-chromene-3-carboxylic acid
(5e). 91% yield; mp 228–229�C; 1H NMR (DMSO-d6) 5.33 (s,
2H, OCH2Ar), 7.12 (s, 1H, C8H-chrom.), 7.25–7.27 (m, 1H,

C6H-chrom.), 7.37–7.40 (m, 2H, C3H-Ar and C5H-Ar), 7.53–
7.56 (m, 2H, C2H-Ar and C6H-Ar), 7.82–7.84 (m, 1H, C5H-
chrom.), 8.85 (s, 1H, C4H-chrom.), 13.02 (s, 1H, COOH, D2O
exch.). Anal. Calcd. for C17H11FO5: C, 64.97; H, 3.53. Found:
C, 64.98; H, 3.54.

7-(4-Chlorobenzyloxy)-2-oxo-2H-chromene-3-carboxylic acid
(5f). 93% yield; mp 251–252�C; 1H NMR (DMSO-d6) 5.26 (s,
2H, OCH2Ar), 7.07 (s, 1H, C8H-chrom.), 7.09–7.12 (m, 1H,
C6H-chrom.), 7.47–7.53 (m, 4H, Ar), 7.84–7.86 (m, 1H, C5H-
chrom.), 8.72 (s, 1H, C4H-chrom.), 13.12 (bs, 1H, COOH,

D2O exch.). Anal. Calcd. for C17H11ClO5: C, 61.74; H, 3.35.
Found: C, 61.75; H, 3.34.

7-(4-Nitrobenzyloxy)-2-oxo-2H-chromene-3-carboxylic acid
(5g). 89% yield; mp 281–282�C. Insoluble in DMSO, chloro-

form, and acetone. ms: m/z 134 (100), 205 (20), 250 (5), 297
(5), 341 (10). Anal. Calcd. for C17H11NO7: C, 59.83; H, 3.25;
N, 4.10. Found: C, 59.84; H, 3.26; N, 4.09.

General procedure for the synthesis of coumarin deriva-

tives 6a–6c and 7a–7g. Carboxylic acid derivatives were

refluxed under magnetic stirring with thionyl chloride (40 mL)
for 3 h to give the desired compound. The obtained solutions
were added with hexane and the resulting suspensions were
then filtered and dried under vacuum.

6-Chloro-7-hydroxy-2-oxo-2H-chromene-3-carbonyl chlo-
ride (6a). 95% yield; mp >300�C; 1H NMR (DMSO-d6) d 6.92
(s, 1H, C8H-chrom.), 7.99 (s, 1H, C5H-chrom.), 8.62 (s, 1H,
C4H-chrom.), 11.96 (bs, 1H, OH, D2O exch.). Anal. Calcd. for
C10H4Cl2O4: C, 46.37; H, 1.56. Found: C, 46.39; H, 1.57.

6-Bromo-7-hydroxy-2-oxo-2H-chromene-3-carbonyl chlo-
ride (6b). 91% yield; mp >300�C; 1H NMR (DMSO-d6) d 6.87
(s, 1H, C8H-chrom.), 8.11 (s, 1H, C5H-chrom.), 8.63 (s, 1H,
C4H-chrom.), 11.92 (bs, 1H, OH, D2O exch.). Anal. Calcd. for
C10H4BrClO4: C, 39.57; H, 1.33. Found: C, 39.55; H, 1.32.

7-Hydroxy-8-methyl-2-oxo-2H-chromene-3-carbonyl chlo-
ride (6c). 87% yield; mp >300 �C; 1H NMR (DMSO-d6) d 2.16
(s, 3H, ArCH3), 6.96–6.98 (m, 1H, C6H-chrom.), 7.58–7.60 (m,
1H, C5H-chrom.), 8.69 (s, 1H, C8H-chrom.). Anal. Calcd. for
C11H7ClO4: C, 55.37; H, 2.96. Found: C, 55.39; H, 2.95.

7-(Benzyloxy)-6-chloro-2-oxo-2H-chromene-3-carbonyl chlo-
ride (7a). 95% yield; mp 214–215�C; 1H NMR (DMSO-d6) d
5.34 (s, 2H, OCH2Ar), 7.41 (s, 1H, C8H-chrom.), 7.43–7.48
(m, 5H, Ar), 8.18 (s, 1H, C5H-chrom.), 8.43 (s, 1H, C4H-
chrom.). Anal. Calcd. for C17H10Cl2O4: C, 58.48; H, 2.89.

Found: C, 58.50; H, 2.90.
7-(Benzyloxy)-6-bromo-2-oxo-2H-chromene-3-carbonyl chlo-

ride (7b). 85% yield; mp 214–215�C; 1H NMR (DMSO-d6) d

5.30 (s, 2H, OCH2Ar), 7.30 (s, 1H, C8H-chrom.), 7.41–7.47
(m, 5H, Ar), 8.20 (s, 1H, C5H-chrom.), 8.60 (s, 1H, C4H-
chrom.). Anal. Calcd. for C17H10BrClO4: C, 51.87; H, 2.56.
Found: C, 51.89; H, 2.57.

7-(2-Chlorobenzyloxy)-2-oxo-2H-chromene-3-carbonyl chlo-
ride (7d). 91% yield; mp 171–172�C; 1H NMR (DMSO-d6) d
5.29 (s, 2H, ArCH2), 7.18 (s, 1H, C8H-chrom.), 7.19–7.21 (m,
1H, Ar), 7.40–7.41 (m, 1H, C6H-chrom.), 7.42–7.44 (m, 1H,
Ar), 7.50–7.53 (m, 1H, Ar), 7.59–7.61 (m, 1H, Ar), 7.85–7.86
(m, 1H, C5H-chrom.), 8.73 (s, 1H, C4H-chrom.). Anal. Calcd.
for C17H10Cl2O4: C, 58.48; H, 2.89. Found: C, 58.50; H, 2.90.

7-(4-Nitrobenzyloxy)-2-oxo-2H-chromene-3-carbonyl chlo-
ride (7g). 79% yield; mp 220–221�C; 1H NMR (DMSO-d6) d
5.45 (s, 2H, ArCH2), 7.20 (s, 1H, C8H-chrom.), 7.33–7.35 (m,
1H, C6H-chrom.), 7.49–7.52 (m, 2H, C2H-Ar and C6H-Ar),

7.95–7.97 (m, 1H, C5H-chrom.), 8.25–8.29 (m, 2H, C3H-Ar
and C5H-Ar), 8.81 (s, 1H, C4H-chrom.). Anal. Calcd. for
C17H10ClNO6: C, 56.76; H, 2.80. Found: C, 56.74; H, 2.79.
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An efficient methodology for the synthesis of 5-methyl-3-aryl-2-thiooxazolidin-4-ones from aryl iso-
thiocyanates has been developed. Aryl isothiocyanates, synthesized from various anilines, were con-
verted to the desired compounds by treating with ethyl lactate in presence of DIPEA and catalytic
amount of lithium perchlorate. This method provides a convenient and cost-effective strategy, with no

specific purification protocol.

J. Heterocyclic Chem., 47, 734 (2010).

INTRODUCTION

Oxazolidinones and thiooxazolidinones form an inte-

gral part of many drugs/intermediates [1,2]. They are

well known as chiral directing agents in asymmetric

synthesis [3,4]. Thiooxazolidinones were reported for

various activities such as potassium channel openers [5],

antidiabetics [2], and anticonvulsants [6]. A perusal of

the literature shows that there is no report on the synthe-

sis of 3-aryl-2-thiooxazolidin-4-ones having an a-proton,
and the available methods in the case of 5,5-dimethyl-3-

aryl-2-thiooxazolidin-4-ones, which lack a-protons are

poor yielding (Scheme 1) [7–10]. Above all, the

reported strategies relied on the kind of isothiocyanates

used, and an extrapolation of the methodology to some

of the substrates discussed in this article failed primarily

due to the harsh reaction conditions [7,8] and the strong

base employed [9], leading to the formation of very lit-

tle of the desired product [10] together with unwanted

side-products. The tight legislation on the maintenance

of greenness in synthetic pathways and processes

demands to prevent waste and minimize energy require-

ments which unfortunately could not be met in uneco-

nomical low yielding reactions [11].

RESULTS AND DISCUSSION

Various aryl isothiocyanates 2(a–j) were prepared by

previously reported method [12] from corresponding

anilines 1(a–j). A model reaction of 4-chlorophenyl iso-

thiocyanate with ethyl lactate was experimented under

various reaction conditions like sodium hydride, potas-

sium-tert-butoxide, sodium metal, potassium hydroxide,

1,8-diazabicyclo[5,4,0]undec-7-ene (DBU), and N,N-dii-
sopropylethylamine (DIPEA) (Experiments 1–6; Table

1), but the yields obtained were quite disappointing.

This prompted us to employ an alternate strategy based

on the assumption that the condensation between the

reactants would become more facile if their reactivity

could be enhanced by adequate co-ordination. Quite

interestingly, as in agreement with our notion, a stirring

solution of 4-chlorophenyl isothiocyanate and ethyl lac-

tate in dichloroethane (DCE) when refluxed in presence

of DIPEA and lithium perchlorate (Scheme 2) showed a

drastic improvement in the yields (Experiments 8–10;

Table 1); though the product was not formed when ei-

ther of these was solely employed (Experiments 6 and

7; Table 1).

From the results obtained a plausible reaction mecha-

nism could be depicted as shown in Figure 1. Lithium

co-ordinates with the hydroxyl group of ethyl lactate

forming the OALi bond and simultaneously generates

perchloric acid which reacts with DIPEA to produce the

protonated base and perchlorate anion. Further, the alk-

oxide attacks the thiocarbonyl carbon of the aryl isothio-

cyanate resulting in an intramolecular cyclization

followed by the protonation of the ethoxy group

thereby expelling it as a good leaving group to afford

VC 2010 HeteroCorporation
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5-methyl-3-aryl-2-thiooxazolidin-4-ones with the regen-

eration of lithium perchlorate in the final step.

Since lithium shows diagonal relationship with mag-

nesium; magnesium perchlorate was also tested, but the

reaction afforded poor results and so was the case with

zinc perchlorate (Experiments 12 and 13; Table 1). Sur-

prisingly, comparative results could not be obtained

when lithium perchlorate was used with triethylamine

(TEA) instead of DIPEA (Experiment 11; Table 1). The

reason could be attributed to DIPEA having more basic

character over TEA. Also the higher boiling point of

DIPEA is advantageous under the reflux conditions. The

Lewis acid catalyst lithium perchlorate was chosen

based on the well known fact that lithium possess better

co-ordination power due to its least ionic radius

(0.76 Å) than other alkali metals and therefore the

higher charge:size ratio increases its covalent character.

Also lithium perchlorate is cheap, commercially avail-

able and soluble in various organic solvents. The effi-

ciency of lithium perchlorate is well established in vari-

ous reactions like Diels-Alder reaction [13,14], Friedel-

Crafts acylation [15], aminophosphonation of aldehydes

[16], Baylis-Hillman reaction [17], aromatic and heter-

oatom acylation [18], and Nazarov cyclization [19].

Further studies were carried out to determine the stoi-

chiometric quantity of the functional group activator.

Based on percentage conversion calculated from GC-MS

traces at various concentrations of 0.1, 0.2, 0.6, and 1.2

equivalent of LiClO4 (Fig. 2); it was ascertained that 0.2

equivalent of the Lewis acid would suffice the purpose.

We also observed that solvents have a profound influ-

ence over the course of the reaction (Table 2). The reac-

tion failed in polar protic medium. Aprotic solvents like

toluene and benzene afforded the product in good yields

while 1,2-dichloroethane turned out to be the best.

To generalize the methodology the standardized con-

dition was employed on various substituted aryl isothio-

cyanates, and the respective products were obtained in

good yields though the nature of the substituents was

found to affect the course of the reaction.

Electron withdrawing functional groups which gener-

ally increase the electrophilicity of aryl isothiocyanate

provided better yields (Entries 1–7; Table 3), where as

electron donating groups led to longer reaction time

Scheme 1. Reported strategy for the synthesis of 5,5-dimethyl-3-aryl-2-thiooxazolidin-4-ones lacking a-proton.

Table 1

Effect of reagent/catalyst in the synthesis of 5-methyl-3-aryl-2-thiooxazolidin-4-one.a

Experiment

Reaction condition

Solvent % conv. (GC-MS) Isolated yield (%)bReagentc Catalystd

1 NaH – DMF 15 10

2 KOtBu – DMF 15 12

3 Nad – Toluene 24 23

4 KOH – DMF 15 10

5 DBU – DCE 20 10

6 DIPEA – DCE 0 0

7 – LiClO4 DCE 0 0

8 DIPEA LiClO4
c DCE 89 88

9 DIPEA LiClO4
e DCE 88 87

10 DIPEA LiClO4 DCE 92 90

11 TEA LiClO4 DCE 71 70

12 DIPEA Mg(ClO4)2 DCE 25 20

13 DIPEA Zn(ClO4)2. 6H2O DCE 40 30

a The reaction was carried out by stirring a mixture of 4-chlorophenyl isothiocyanate (1.18 mmol, 1.0 equiv) and ethyl lactate (1.42 mmol, 1.2

equiv) in presence of reagent and/or catalyst and solvent (10 mL) at room temperature for 10 min and then refluxing for 1 h.
b The product was characterized by NMR and mass spectroscopic methods.
c 1.2 equiv was used.
d 0.2 equiv was used.
e 0.6 equiv was used.
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with lesser yields (Entries 8–10; Table 3). The reaction

conditions were also compatible with disubstituted aryl

isothiocyanates (Entries 6–7 and 9–10; Table 3).

In conclusion, an efficient and viable synthetic strat-

egy for synthesis of 5-methyl-3-aryl-2-thiooxazolidin-4-

ones has been developed.

EXPERIMENTAL

The 1H and 13C NMR spectra were recorded at 400 MHz
and 100 MHz, respectively on a Bruker Avance DPX 400 (400
MHz) spectrometer in CDCl3 using TMS as an internal stand-

ard. The chemical shifts (d) for 1H and 13C are given in ppm
relative to residual signals of the solvent (CHCl3). Coupling
constants are given in Hz. The following abbreviations are
used to indicate the multiplicity: s, singlet; d, doublet; m, mul-
tiplet; bs, broad signal. The IR spectra were recorded on a

Nicolet Impact 400 spectrometer as KBr pellets for solid sam-
ples. Mass spectra were recorded on POLARIS Q (Thermo
Scientific) GC-MSMS spectrometer and elemental analyses
were done by Varion-EL elemental analyzer. The reactions
were monitored by TLC (Merck). Evaporation of solvents was

performed under reduced pressure using a Buchi rotary evapo-
rator. Melting points are uncorrected.

Commercial grade reagents and solvents were used without
further purification; ethyl lactate, lithium perchlorate, zinc per-
chlorate hexahydrate, magnesium perchlorate, 4-fluoro-3-chlor-

oaniline, 4-chloro-3-trifluoromethylaniline (Aldrich), N,N-diiso-
propylethylamine, triethylamine, 4-bromoaniline, 4-fluoroani-
line, 4-aminobenzonitrile, 4-methylaniline, 3,4-dimethylaniline,
3,4-dimethoxyaniline, thiophosgene, sodium metal, sodium
hydride (60% suspension in mineral oil), potassium tert-butox-
ide, DBU, 1,4-dioxane, (Spectrochem); 4-chloroaniline
(Merck); sodium hydrogen carbonate, THF, toluene (CDH);
DCE (Loba Chemie), DME (Sigma), benzene, DMF (SISCO),
3-nitroaniline (S.D. Fine chemicals), potassium hydroxide

(Qualigens).
General procedure for the synthesis of aryl

isothiocyanates. In a 100 mL RB flask, a solution of sodium
hydrogen carbonate (5.5 g, 65.7 mmol) in 20 mL water was
stirred for 10 min and to it dichloromethane (20 mL) was

added followed by 4-chloroaniline (2.0 mL, 21.9 mmol). The
reaction mixture was cooled to 0�C, thiophosgene (2.5 mL,
32.85 mmol) was introduced dropwise over a period of 30 min
and continuously stirred at room temperature for 1 h. The
workup of the reaction mixture was carried out in dichlorome-

thane and dried over anhydrous sodium sulphate. The organic
layer upon concentration afforded a crude gummy compound,

Scheme 2. Synthesis of 5-methyl-3-aryl-2-thiooxazolidin-4-ones.

Figure 1. A plausible reaction mechanism for the formation of

5-methyl-3-aryl-2-thiooxazolidin-4-ones.

Figure 2. GC-MS study of model reaction at various concentrations of

LiClO4.
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which was recrystallized in hexane under cold condition. The

precipitate was filtered and dried to get the desired compound
(Yield: 3.0 g, 81%, white solid). The formation of the product
was confirmed by analytical and spectral methods.

4-Chlorophenyl isothiocyanate (2a). Yield: 81%, white
solid; NMR (1H, 400 MHz, CDCl3) d 7.16 (d, J ¼ 8.8 Hz,

2H), 7.33 (d, J ¼ 8.8 Hz, 2H); MS (m/z): 169.03 (Mþ).
4-Bromophenyl isothiocyanate (2b). Yield: 82%, white

solid; NMR (1H, 400 MHz, CDCl3) d 7.10 (d, J ¼ 8.8 Hz, 2H),
7.48 (d, J ¼ 8.8 Hz, 2H); MS (m/z): 213.03 (Mþ), 215.03 (Mþ2).

4-Fluorophenyl isothiocyanate (2c). Yield: 81%, colourless
oil; NMR (1H, 400 MHz, CDCl3) d 7.00–7.09 (m, 2H), 7.19–
7.24 (m, 2H); MS (m/z): 153.14 (Mþ).

4-Cyanophenyl isothiocyanate (2d). Yield: 79%, white
solid; NMR (1H, 400 MHz, CDCl3) d 7.31 (d, J ¼ 8.8 Hz,

2H), 7.66 (d, J ¼ 8.8 Hz, 2H); MS (m/z): 160.07 (Mþ).

3-Nitrophenyl isothiocyanate (2e). Yield: 75%, yellow
solid; NMR (1H, 400 MHz, CDCl3) d 7.56 (d, J ¼ 8.8 Hz,
2H), 8.06 (s, 1H), 8.10–8.15 (m, 1H); MS (m/z): 180.09 (Mþ).

3-Chloro-4-fluorophenyl isothiocyanate (2f). Yield: 75%,

colourless oil; NMR (1H, 400 MHz, CDCl3) d 7.09–7.16 (m,
2H), 7.29–7.37 (m, 1H); MS (m/z): 187.01 (Mþ).

4-Chloro-3-trifluoromethylphenyl isothiocyanate (2g). Yield:
70%, colourless oil; NMR (1H, 400 MHz, CDCl3) d 7.31–
7.34 (m, 1H), 7.42–7.54 (m, 2H); MS (m/z): 237.07 (Mþ).

4-Methylphenyl isothiocyanate (2h). Yield: 90%, brownish
solid; NMR (1H, 400 MHz, CDCl3) d 2.36 (s, 3H), 7.11–7.16
(m, 4H); MS (m/z): 149.08 (Mþ).

3,4-Dimethylphenyl isothiocyanate (2i). Yield: 92%, brown

oil; NMR (1H, 400 MHz, CDCl3) d 2.26 (s, 6H), 6.97 (d, J ¼
8.0 Hz, 1H), 7.02 (s, 1H), 7.09 (d, J ¼ 8.0 Hz, 1H); MS (m/z):
163.09 (Mþ).

Table 2

Effect of solvent in the synthesis of 5-methyl-3-aryl-2-thiooxazolidin-4-one.a

Experiment Reagentb Catalystc Solvent % conv. (GC-MS) Isolated yield (%)d

1 DIPEA LiClO4 Neat (80�C) 10 10

2 DIPEA LiClO4 Toluene 85 81

3 DIPEA LiClO4 Benzene 86 83

4 DIPEA LiClO4 DME 70 66

5 DIPEA LiClO4 DCE 92 90

6 DIPEA LiClO4 Dioxane 85 81

7 DIPEA LiClO4 THF 36 33

8 DIPEA LiClO4 DMF 0 0

9 DIPEA LiClO4 DMSO 0 0

10 DIPEA LiClO4 Ethanol 0 0

11 DIPEA LiClO4 Methanol 0 0

a The reaction was carried out by stirring a mixture of 4-chlorophenyl isothiocyanate (1.18 mmol, 1.0 equiv) and ethyl lactate (1.42 mmol, 1.2

equiv) in presence of reagent and/or catalyst and solvent (10 mL) at room temperature for 10 min and then refluxing for 1 h.
b 1.2 equiv was used.
c 0.2 equiv was used.
d The product was characterized by NMR and mass spectroscopic methods.

Table 3

Synthesis of 5-methyl-3-aryl-2-thiooxazolidin-4-ones.a

Entry Aryl isothiocyanate R1 R2 Reaction time (h) Product % conv. (GC-MS) Isolated yield (%)b

1 2a Cl H 1.0 3a 92 90

2 2b Br H 1.5 3b 77 75

3 2c F H 1.0 3c 87 85

4 2d CN H 1.5 3d 82 80

5 2e H NO2 1.5 3e 79 75

6 2f F Cl 2.0 3f 70 69

7 2g Cl CF3 2.0 3g 74 72

8 2h Me H 1.0 3h 70 65

9 2i Me Me 1.5 3i 78 70

10 2j MeO MeO 1.5 3j 71 70

a The reaction was carried out by stirring a mixture of aryl isothiocyanate (1.18 mmol, 1.0 equiv) and ethyl lactate (1.42 mmol, 1.2 equiv) in pres-

ence of DIPEA (1.42 mmol, 1.2 equiv) and LiClO4 (0.24 mmol, 0.2 equiv) in DCE (10 mL) at room temperature for 10 min and then refluxing for

1–2 h.
b The product was characterized by NMR and mass spectroscopic methods.
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3,4-Dimethoxyphenyl isothiocyanate (2j). Yield: 88%,
white solid; NMR (1H, 400 MHz, CDCl3) d 3.37 (s, 6H), 6.65
(s, 1H), 6.69–6.75 (m, 2H); MS (m/z): 195.14 (Mþ).

General procedure for the synthesis of 5-methyl-3-aryl-2-

thiooxazolidin-4-one. To a solution of 4-chlorophenyl isothio-
cyanate (0.2 g, 1.18 mmol, 1.0 equiv) in 1,2-dichloroethane
(10 mL), ethyl lactate (0.17 mL, 1.42 mmol, 1.2 equiv), N,N-
diisopropylethylamine (0.24 mL, 1.42 mmol, 1.2 equiv), and

lithium perchlorate (0.026 g, 0.24 mmol, 0.2 equiv) were
added. It was refluxed for 1 h, and the reaction mixture was
cooled, washed with water, and concentrated. The crude prod-
uct was dissolved in minimum amount of dichloromethane,
precipitated with excess of hexane, filtered, and dried (Yield:

0.26 g, 90%, white solid). The compound was identified by
spectral and analytical methods.

5-Methyl-3-(4-chlorophenyl)-2-thiooxazolidin-4-one (3a). Yield:
90%, white solid; mp 111–114�C; FTIR (KBr) m: 1763 cm�1;
NMR (1H, 400 MHz, CDCl3) d 1.77 (d, J ¼ 6.8 Hz, 3H),

5.11–5.17 (m, 1H), 7.30 (d, J ¼ 8.8 Hz, 2H), 7.51 (d, J ¼ 8.8
Hz, 2H); NMR (13C, 100 MHz, CDCl3) d 16.66, 78.71,
128.86, 129.78, 130.64, 135.84, 172.91, 188.79; MS (m/z):
241.00 (Mþ); C10H8ClNO2S Calcd: C, 49.69; H, 3.34; N,

5.80; S, 13.27; Found: C, 49.72; H, 3.38; N, 5.85; S, 13.33.
5-Methyl-3-(4-bromophenyl)-2-thiooxazolidin-4-one

(3b). Yield: 75%, white solid; mp 144–147�C; FTIR (KBr) m:
1771 cm�1; NMR (1H, 400 MHz, CDCl3) d 1.78 (d, J ¼ 7.2
Hz, 3H), 5.12–5.17 (m, 1H), 7.24 (d, J ¼ 8.8 Hz, 2H), 7.67 (d,

J ¼ 8.8 Hz. 2H); NMR (13C, 100 MHz, CDCl3) d 16.67, 78.74,
123.96, 129.12, 131.16, 132.77, 172.86, 188.71; MS (m/z):
285.01(Mþ), 287.01(Mþ2); C10H8BrNO2S Calcd: C, 41.97; H,
2.82; N, 4.89; S, 11.21; Found: C, 41.95; H, 2.80; N, 4.94; S,
11.23.

5-Methyl-3-(4-fluorophenyl)-2-thiooxazolidin-4-one
(3c). Yield: 85%, white solid; mp 93–96�C; FTIR (KBr) m:
1771 cm�1; NMR (1H, 400 MHz, CDCl3) d 1.76 (d, J ¼ 6.8

Hz, 3H), 5.11–5.16 (m, 1H), 7.19–7.25 (m, 2H), 7.30–7.35 (m,

2H); NMR (13C, 100 MHz, CDCl3) d 16.63, 78.69, 116.51,

116.74, 129.49, 129.58, 161.66, 164.15, 173.08, 189.16; MS

m/z: 225.10 (Mþ); C10H8FNO2S Calcd: C, 53.32; H, 3.58; N,

6.22; S, 14.24; Found: C, 53.35; H, 3.55; N, 6.27; S, 14.26.

5-Methyl-3-(4-cyanophenyl)-2-thiooxazolidin-4-one
(3d). Yield: 80%, white solid; mp 202–205�C; FTIR (KBr) m:
1774, 2231 cm�1; NMR (1H, 400 MHz, CDCl3) d 1.73 (d, J
¼ 6.8 Hz, 3H), 5.14–5.20 (m, 1H), 7.53 (d, J ¼ 8.8 Hz, 2H),

7.83 (d, J ¼ 8.8 Hz, 2H); NMR (13C, 100 MHz, CDCl3) d
16.65, 78.83, 113.69, 117.64, 128.49, 133.32, 135.98, 172.46,

187.77; MS (m/z): 232.10 (Mþ); C11H8N2O2S Calcd: C, 56.88;

H, 3.47; N, 12.06; S, 13.81; Found: C, 56.92; H, 3.51; N,

12.10; S, 13.86.

5-Methyl-3-(3-nitrophenyl)-2-thiooxazolidin-4-one (3e). Yield:
75%, light yellow solid; mp 151–154�C; FTIR (KBr) m: 1769
cm�1; NMR (1H, 400 MHz, CDCl3) d 1.80 (d, J ¼ 7.2 Hz,
3H), 5.19–5.24 (m, 1H), 7.75 (d, J ¼ 8.0 Hz, 2H), 8.30 (s,
1H), 8.34–8.37 (m, 1H); NMR (13C, 100 MHz, CDCl3) d
16.67, 78.96, 123.22, 124.51, 130.32, 133.19, 133.70, 148.61,
172.52, 187.93; MS (m/z): 252.08 (Mþ1); C10H8N2O4S Calcd:
C, 47.61; H, 3.20; N, 11.11; S, 12.71; Found: C, 47.67; H,
3.16; N, 11.09; S, 12.68.

5-Methyl-3-(3-chloro-4-fluorophenyl)-2-thiooxazolidin-4-
one (3f). Yield: 69%, white solid; mp 98–100�C; FTIR (KBr)
m: 1770 cm�1; NMR (1H, 400 MHz, CDCl3) d 1.77 (d, J ¼

7.2 Hz, 3H), 5.12–5.17 (m, 1H), 7.24–7.33 (m, 2H), 7.43–7.46
(m, 1H); NMR (13C, 100 MHz, CDCl3) d 16.62, 78.78,
117.27, 117.50, 127.71, 127.79, 130.18, 157.28, 159.80,
172.74, 188.51; MS (m/z): 259.05 (Mþ); C10H7ClFN2O2S
Calcd: C, 46.25; H, 2.72; N, 5.39; S, 12.35; Found: C, 46.27;

H, 2.75; N, 5.43; S, 12.39.
5-Methyl-3-(4-chloro-3-trifluoromethylphenyl)-2-thiooxazo-

lidin-4-one (3g). Yield: 72%, white solid; mp 178–181�C;
FTIR (KBr) m: 1781 cm�1; NMR (1H, 400 MHz, CDCl3) d
1.80 (d, J ¼ 7.2 Hz, 3H), 5.15–5.20 (m, 1H), 7.52 (d, J ¼ 8.8

Hz, 1H), 7.69 (d, J ¼ 8.8 Hz, 1H), 7.72 (s, 1H); NMR (13C,
100 MHz, CDCl3) d 16.65, 78.87, 123.42, 127.00, 127.06,
129.92, 130.81, 131.93, 132.61, 172.53, 187.98; MS (m/z):
309.01 (Mþ); C11H7ClF3NO2S Calcd: C, 42.66; H, 2.28; N,
4.52; S, 10.35; Found: C, 42.70; H, 2.31; N, 4.55; S, 10.34.

5-Methyl-3-(4-methylphenyl)-2-thiooxazolidin-4-one
(3h). Yield: 65%, white solid; mp 109–111�C; FTIR (KBr) m:
1769 cm�1; NMR (1H, 400 MHz, CDCl3) d 1.76 (d, J ¼ 7.2
Hz, 3H), 2.43 (s, 3H), 5.11–5.16 (m, 1H), 7.21 (d, J ¼ 8.0 Hz,

2H), 7.34 (d, J ¼ 8.0 Hz, 2H); NMR (13C, 100 MHz, CDCl3)
d 16.69, 21.34, 78.67, 127.23, 129.60, 130.22, 140.09, 173.35,
189.63; MS (m/z): 222.09 (Mþ1); C11H11NO2S Calcd: C,
59.71; H, 5.01; N, 6.33; S, 14.49; Found: C, 59.68; H, 5.04;
N, 6.28; S, 14.51.

5-Methyl-3-(3,4-dimethylphenyl)-2-thiooxazolidin-4-
one (3i). Yield: 70%, white solid; mp 113–115�C; FTIR
(KBr) m: 1769 cm�1; NMR (1H, 400 MHz, CDCl3) d 1.73 (d,
J ¼ 7.2 Hz, 3H), 2.30 (s, 6H), 5.07–5.12 (m, 1H), 7.02 (s,
1H), 7.04 (d, J ¼ 7.6 Hz, 1H), 7.25 (d, J ¼ 7.6 Hz, 1H);

NMR (13C, 100 MHz, CDCl3) d 16.69, 19.69, 19.89, 78.70,
124.76, 128.24, 129.79, 130.69, 138.28, 138.85, 173.46,
189.81; MS (m/z): 235.09 (Mþ); C12H13NO2S Calcd: C, 61.25;
H, 5.57; N, 5.95; S, 13.63; Found: C, 61.21; H, 5.61; N, 5.99;
S, 13.65.

5-Methyl-3-(3,4-dimethoxyphenyl)-2-thiooxazolidin-4-
one (3j). Yield: 70%, white solid, mp 145–147�C; FTIR (KBr)
m: 1768 cm�1; NMR (1H, 400 MHz, CDCl3) d 1.76 (d, J ¼
6.8 Hz, 3H), 3.89 (s, 3H), 3.92 (s, 3H), 5.09–5.14 (m, 1H),

6.80 (s, 1H), 6.87 (d, J ¼ 8.8 Hz, 1H), 6.97 (d, J ¼ 8.8 Hz,
1H); NMR (13C, 100 MHz, CDCl3) d 16.64, 56.05, 56.13,
78.62, 110.73, 111.20, 120.04, 124.80, 149.55, 150.02, 173.39,
189.76; MS (m/z): 267.08 (Mþ); C12H13NO4S Calcd: C, 53.92;
H, 4.90; N, 5.24; S, 12.00; Found: C, 53.94; H, 4.89; N, 5.30;

S, 11.95.
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4-Alkyl or aryl-1,4-dihydropyrimidines were readily oxidized by (diacetoxyiodo)benzene under mild

reaction conditions to the corresponding pyrimidine derivatives in good to excellent yields.

J. Heterocyclic Chem., 47, 740 (2010).

INTRODUCTION

4-Aryl-3,4-dihydropyrimidin-2(1H)-ones (Biginelli

compounds, DHPMs) represent an azaheterocyclic sys-

tem of remarkable pharmacological profile [1]. It was

investigated during 1980s and 1990s that DHPMs ex-

hibit a similar pharmacological profile to the Hantzsch’s

1,4-dihydropyridine calcium channel modulators of the

nifedipine type drugs [2]. In particular, the 2-heterosub-

stituted 4-aryl-1,4-dihydro-6-methyl-5-pyrimidinecarbox-

ylic acid esters were investigated by Atwal and co-

workers as potent mimics of 1,4-dihydropyridine [3].

The metabolism of these drugs involves an oxidative

dehydrogenation of 1,4-dihydro ring nucleus to the cor-

responding aromatic derivatives, which is catalyzed in

the liver by cytochrome P-450 [4]. The chemical oxida-

tion of 4-substituted-1,4-dihydropyrimidine also provides

an easy access to multi-substituted pyrimidine deriva-

tives, which are further known to exhibit anti-anoxic

and anti-lipid peroxidation activities [5]. Recently, the

S-alkylation of 4-aryl-3,4-dihydropyrimidin-2(1H)-thione
followed by oxidative aromatization has been demon-

strated for the generation of a variety of 2-substituted

pyrimidines via displacement of the reactive sulfonyl

group with nitrogen, oxygen, sulfur, and carbon nucleo-

philes [6]. In contrast to Hantzsch 1,4-dihydropyridine

[7], the chemical oxidative aromatization of 1,4-dihydro-

pyrimidine is relatively less investigated reaction. All

the reported methods for the chemical oxidation of 4-

substituted-1,4-dihydropyrimidine utilize mainly transi-

tion metal based oxidizing agents such as Mn(OAc)3
[8], MnO2 [6], (NH4)2Ce(NO3)6 [6], and CuCl2/Na2CO3/
tert-BuOOH [9]. The optimized conditions for the oxida-
tive aromatization of 2-methylthio-1,4-dihydropyrimi-
dine requires four or five equivalents of Mn(OAc)3 or
MnO2 respectively under different reaction conditions.
Thus, there is a need for the development of an efficient
and general method for the oxidative aromatization of
4-aryl or alkyl-1,4-dihydropyrimidine.

Hypervalent iodine reagents are used extensively in

organic synthesis as a mild, safe, and economical alter-

native to heavy metal reagents [10]. A literature survey

showed that phenyliodine(III) bis(trifluoroacetate)

[PhI(OCOCF3)2] can be used for the solid state oxida-

tion of Hantzsch’s 1,4-dihydropyridines under micro-

wave irradiation conditions [11]. Similarly, (diacetoxyio-

do)benzene has been reported for the oxidative aromati-

zation of 1,3,5-trisubstituted pyrazolines [12] and 2-imi-

dazolines [13]. Recently, we have reported a clean and

efficient oxidative dehydrogenation of 3,4-dihydropyri-

midin-2(1H)-ones to 1,2-dihydropyrimidines using a

combination of (diacetoxyiodo)benzene and tert-butylhy-
droperoxide in CH2Cl2 [14]. The application of hyperva-

lent iodine reagents for the oxidative aromatization of

1,4-dihydropyrimidines is hitherto unknown in the litera-

ture. Herein, we wish to report a simple and highly effi-

cient oxidative dehydrogenation of 4-substituted-1,4-

dihydropyrimidine to afford the multi-substituted pyrim-

idine derivatives by using (diacetoxyiodo)benzene (DIB)

as the mild oxidizing agent (Scheme 1).
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RESULTS AND DISCUSSION

Variously substituted 4-aryl or alkyl-1,4-dihydropyri-

midines precursor were prepared via two steps: (a) the

Biginelli reaction involving three component condensa-

tion of ethyl acetoacetate, aldehyde and thiourea under

reflux conditions in ethanol using a catalytic quantity of

HCl to afford 3,4-dihydropyrimidin-2(1H)-thiones and

(b) the S-methylation reaction of the resulting 3,4-dihy-

dropyrimidin-2(1H)-thiones using MeI/K2CO3/acetone

system (Scheme 2). The structures of 4-aryl or alkyl-

1,4-dihydropyrimidines were confirmed by IR, 1H NMR,

and LCMS spectra.

The oxidative aromatization of 1a (R ¼ C6H5) was

selected as a model reaction using different iodine based

oxidizing agents such as I2, I2/K2CO3, KIO3, PhI(OAc)2,

and Dess-Martin periodinane and the results are sum-

marized in Table 1. The oxidative aromatization using

molecular iodine in MeOH was previously reported for

the oxidative aromatization of Hantzsch’s 1,4-dihydro-

pyridine [15]. It is interesting to mention that molecular

iodine and I2/K2CO3 (Table 1, entry 1 and 2) did not

produce oxidative aromatization of 1a in satisfactory

yields. The oxidation of 1a to 2a took place in 63%

yield using the pentavalent hypervalent iodine reagent,

Dess-Martin periodinane (DMP) but with a relatively

long reaction time of 12 h. The trivalent hypervalent io-

dine reagent, PhI(OAc)2 was found to be the most effec-

tive reagent to produce the aromatized product 2a in

89% yield within 1 h.

With optimal conditions in hand, the reaction of dif-

ferent 4-substituted-1,4-dihydropyrimidines with DIB

was examined to explore the scope of the reaction (Ta-

ble 2). In all the cases, the expected products 2a–l were

obtained in excellent yields. All the reactions were car-

ried out at room temperature using stochiometric use of

DIB. 4-Aryl-1,4-dihydropyrimidine containing either an

electron-withdrawing group or an electron-donating

group all afforded the corresponding products smoothly

(Table 2, entries 2a–h). The oxidative aromatization of

4-alkyl-1,4-dihydropyridine is most frequently accompa-

nied by the dealkylation reaction. The side product for-

mation due to the dealkylation reaction was also

observed in the DIB mediated oxidative aromatization

of 4-alkyl-1,4-dihydropyrimidine (Table 2). Dealkylation

was a major pathway in the case of i-propyl at 4-posi-
tion of 1,4-dihydropyrimidine. The aromatized products

2a–k except 2a are new compounds in the literature and

the structures of these products were confirmed from IR,
1H, and C13 NMR spectroscopy and LCMS analysis.

The 1H NMR of the precursor 4-aryl-1,4-dihydropyrimi-

dine showed characteristic peak around d 5.82 due to C-

4 proton and a broad peak around d 6.36 due to N-H

proton. These two signals were found to be absent in

the 1H NMR spectra of the aromatized product 2. The

methyl group at 6-position of 4-aryl-1,4-dihydropyrimi-

dine appears at d 2.37 which is shifted downfield to d
2.55 in the case of aromatized product.

A tentative reaction mechanism is shown in Scheme

3. The oxidative aromatization takes place around the

coordination sphere of trivalent iodine, DIB 3. The

ligand exchange reaction between 1,4-dihydropyrimidine

1 and DIB 3 forms a resonance stabilized carbocation 4

which is subsequently deprotonated to form 5. The con-

comitant reductive elimination of iodobenzene from 5

leads to form aromatized product 2.

Scheme 1 Scheme 2. Preparation of 1,4-dihydropyrimidine.

Table 1

Optimization of the reaction conditions.

Entry

Oxidizing

agent Solvent

Reaction time

and conditions

Yield of

2a (%)a

1 I2 MeOH 12 h, reflux 09

2 I2/K2CO3 MeOH 12 h, reflux 22

3 KIO3 MeOH 12 h, reflux 00

4 DMP CH2Cl2 12 h, r.t. 63

5 PhI(OAc)2 MeOH 12 h, r.t. 73

6 PhI(OAc)2 CH2Cl2 1 h, r.t. 89

a Isolated yields.
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CONCLUSION

In summary we have developed a general and practi-

cal route for the oxidative aromatization of 4-substi-

tuted-1,4-dihydropyrimidine using (diacetoxyiodo)ben-

zene as the safe oxidizing agent. The salient features of

this methodology are: (a) mild reaction conditions, (b)

transition metal-free protocol, (c) no excessive use of

the oxidant, (d) short reaction time, and (e) an easy ex-

perimental procedure.

EXPERIMENTAL

General. All melting points are uncorrected. The glassware
was routinely oven-dried at 110�C for a minimum of 4 h. Col-
umn chromatography was performed on silica gel 70–230
mesh. 1H and 13C NMR spectra were recorded on a Bruker
Advance 400 DPX spectrometer (1H at 400 MHz and 13 C at

100 MHz) in CDCl3 with TMS as the internal standard. FTIR
spectra were determined on a PerkinElmer 100 FTIR
spectrometer.

General procedure for the preparation of 4-substituted-3,
4-dihydropyrimidin-2(1H)-thione. A mixture of appropriate

aldehyde (20 mmol), ethyl acetoacetate (20 mmol), thiourea
(22 mmol), and HCl (2 mL) in EtOH (40 mL) was refluxed
for 24 h. The reaction was monitored by TLC. After comple-
tion of reaction, the mixture was slowly poured to crushed ice

and the resulting solid was filtered off. The crude Biginelli
compound was recrystallized from ethanol to afford the prod-

uct in excellent purity. The products were characterized by the

comparison of melting points with the literature value.
General procedure for the preparation of 4-substituted-1,

4-dihydropyrimidines. A suspension of 4-substituted-3,4-dihy-
dropyrimidin-2(1H)-thione (3 mmol) in acetone (15 mL) was

treated with finely ground potassium carbonate (1.0 g, 7.25
mmol) and methyl iodide (3.5 mmol). The reaction was
allowed to stir at room temperature overnight and was diluted
with ethyl acetate. It was filtered and the filtrate was washed
with water and brine and dried over magnesium sulfate. The

solvent was evaporated and the residue was crystallized from
ether-hexanes to provide 4-substituted-1,4-dihydropyrimidine
as a colorless solid.

General procedure for the oxidation/aromatization of
4-substituted-1,4-dihydro-(2-methylthio)-pyrimidines. To a

stirred solution of appropriate 4-substituted-1,4-dihydro-(2-
methylthio)-pyrimidine (2 mmol) in CH2Cl2 (10 mL) was
added (diacetoxyiodo)benzene (0.644 g, 2 mmol) at room tem-
perature. The reaction mixture was allowed to stir at room
temperature for 1 h. The progress of the reaction was moni-

tored by TLC. After the completion of reaction, the solvent
was removed under vacuum and the crude product was puri-
fied using column chromatography (silica gel, petroleum ether-
ethyl acetate) to give the corresponding aromatized product in

good yield.
Ethyl 4-methyl-2-(methylthio)-6-phenylpyrimidine-5-carboxy-

late (2a). IR (KBr): mmax ¼ 2926, 1722, 1582, 1534, 1225,
1080, 753, 698 cm�1. 1H NMR (400 MHz, CDCl3): d 1.04 (t,
J ¼ 9.2 Hz, 3H), 2.57 (s, 3H), 2.62 (s, 3H), 4.18 (q, J ¼ 9.2

Hz, 2H), 7.46 (m, 3H), 7.62 (m, 2H). 13C NMR (100
MHz,CDCl3): d 13.55, 14.13, 22.57, 61.64, 120.89, 128.27,

Table 2

Oxidative aromatization of 4-substituted-1,4-dihydropyrimidine using (diacetoxyiodo)benzene.

Entry Substrate, 1 R

Yield (%)a,b

2 3

a C6H5 81 –

b 4ACH3C6H4 75 –

c 3ACH3OC6H4 78 –

d 4ACH3OC6H4 79 –

e 3,4A(CH3O)2C6H3 74 –

f 3,4,5A(CH3O)3C6H2 77 –

g 4AClC6H4 76 –

h 3ANO2C6H4 73 –

i iAC3H7 – 69

j (CH3)2CHCH2 66 –

k CH3(CH2)5 63 –

a Isolated yields after chromatography.
b All the reactions were carried out at room temperature stirring of 1 h.
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128.39, 130.03, 137.72, 163.54, 165.42, 168.09, 172.45.
LCMS (Mþ1) ¼ 289.

Ethyl 4-methyl-2-(methylthio)-6-p-tolylpyrimidine-5-carboxy-
late (2b). IR (KBr): mmax ¼ 2925, 2853, 1722, 1613, 1574,
1532, 1224, 1078, 864, 793 cm�1. 1H NMR (400 MHz,
CDCl3): d 1.09 (t, J ¼ 7.00 Hz, 3H), 2.35 (s, 3H), 2.54 (s,
3H), 2.60 (s, 3H), 4.18 (q, J ¼ 7.00 Hz, 2H), 7.23 (d, J ¼
8.04 Hz, 2H), 7.56 (d, J ¼ 8.28 Hz, 2H). 13C NMR (100
MHz,CDCl3): d 13.72, 14.20, 21.44, 22.62, 61.74, 120.77,
128.34, 129.21, 134.83, 140.49, 163.39, 165.28, 168.40,
172.35. LCMS (Mþ1) ¼ 303.

Ethyl 4-(3-methoxyphenyl)-6-methyl-2-(methylthio)pyrimi-
dine-5-carboxylate (2c). IR (KBr): mmax ¼ 2928, 2851, 1723,
1601, 1536, 1429, 1223, 1122, 1046, 783, 703 cm�1. 1H NMR
(400 MHz, CDCl3): d 1.07 (t, J ¼ 7.08 Hz, 3H), 2.55 (s, 3H),
2.61 (s, 3H), 3.84 (s, 3H), 4.19 (q, J ¼ 7.08 Hz, 2H), 7.01 (m,

1H), 7.19 (m, 2H), 7.33 (t, J ¼ 7.88 Hz, 1H). 13C NMR (100
MHz,CDCl3): d 13.67, 14.21, 22.63, 55.38, 61.77, 113.55,
116.08, 120.68, 121.06, 129.53, 139.03, 159.65, 163.37,
165.43, 168.15, 172.48. LCMS (Mþ1) ¼ 319.

Ethyl 4-(4-methoxyphenyl)-6-methyl-2-(methylthio)pyrimi-
dine-5-carboxylate (2d). IR (KBr): mmax ¼ 2928, 1721, 1608,
1580, 1531, 1509, 1402, 1255, 1224, 1079, 865, 797 cm�1. 1H
NMR (400 MHz, CDCl3): d 1.13 (t, J ¼ 9.6 Hz, 3H), 2.54 (s,
3H), 2.61 (s, 3H), 3.86 (s, 3H), 4.24 (q, J ¼ 9.6 Hz, 2H), 6.96 (d,
J ¼ 9.2 Hz, 2H), 7.65 (d, J ¼ 9.2 Hz, 2H). 13C NMR (100

MHz,CDCl3): d 13.72, 14.07, 22.47, 55.31, 61.63, 113.83,
114.15, 129.98, 161.33, 162.59, 165.09, 168.48, 172.11. LCMS
(Mþ1) ¼ 319.

Ethyl 4-(3,4-dimethoxyphenyl)-6-methyl-2-(methylthio)pyri-
midine-5-carboxylate (2e). IR (KBr): mmax ¼ 2931, 2836,

1696, 1603, 1513, 1260, 1233, 1141, 1095, 795 cm�1. 1H
NMR (400 MHz, CDCl3): d ¼ 1.15 (t, J ¼ 7.08 Hz, 3H), 2.54

(s, 3H), 2.62 (s, 3H), 3.88 (s, 3H), 3.94 (s, 3H), 4.21 (q, J ¼
7.08 Hz, 2H), 6.91 (d, J ¼ 8.32 Hz, 1H) 7.27 (m, 2H). 13C

NMR (100 MHz,CDCl3): d 13.49, 14.21, 19.99, 55.74, 59.77,
109.81, 110.35, 110.86, 118.72, 137.42, 148.15, 148.64,
166.77. LCMS (Mþ1) ¼ 349.

Ethyl 4-(3,4,5-trimethoxyphenyl)-6-methyl-2-(methylthio)pyr-
imidine-5-carboxylate (2f). IR (KBr): mmax ¼ 2935, 2841,

1722, 1587, 1536, 1504, 1415, 1225, 1127, 1006, 797, 710
cm�1. 1H NMR (400 MHz, CDCl3): d 1.11 (t, J ¼ 7.2 Hz,
3H), 2.55 (s, 3H), 2.71 (s, 3H), 3.89 (s, 9H), 4.19 (q, J ¼ 7.2
Hz, 2H), 6.90 (s, 2H). 13C NMR (100 MHz,CDCl3): d 13.78,
14.17, 22.50, 29.68, 56.19, 60.94, 61.83, 105.67, 120.94,

133.00, 139.81, 153.26, 163.06, 165.26, 168.37, 172.37.
LCMS (Mþ1) ¼ 379.

Ethyl 4-methyl-2-(methylthio)-6-(3-nitrophenyl)pyrimidine-
5-carboxylate (2h). 1H NMR (400 MHz, CDCl3): d 1.13 (t, J
¼ 7.2 Hz, 3H), 2.60 (s, 3H), 2.62 (s, 3H), 4.25 (q, J ¼ 7.2 Hz,
2H), 7.65 (t, J ¼ 7.92 Hz, 1H), 7.19 (m, 1H), 8.34 (m, 1H),
8.53 (s, 1H). 13C NMR (100 MHz, CDCl3):d 13.75, 14.24,
22.85, 29.69, 62.12, 120.92, 123.46, 124.69, 129.58, 134.33,
139.28, 148.23, 161.00, 166.21, 167.40, 173.19. LCMS (Mþ1)

¼ 334.
Ethyl 4-methyl-2-(methylthio)pyrimidine-5-carboxylate

(2i). IR (KBr): mmax ¼ 2925, 1724, 1641, 1564, 1528, 1403,
1326, 1281, 1200, 1091, 1045 cm�1. 1H NMR (400 MHz,
CDCl3): d 1.41 (t, J ¼ 7.12 Hz, 3H), 2.59 (s, 3H), 2.84 (s,

3H), 4.39 (q, J ¼ 7.24 Hz, 2H), 8.94 (s, 1H). LCMS (Mþ1) ¼
255.

Ethyl 4-isobutyl-6-methyl-2-(methylthio)pyrimidine-5-carbox-
ylate (2j). IR (KBr): mmax ¼ 2958, 2928, 2869, 1725, 1542,
1430, 1274, 1240, 1184, 1100 cm�1. 1H NMR (400 MHz,

CDCl3): d 0.93 (d, J ¼ 5.96 Hz, 6H), 1.39 (t, J ¼ 7.1 Hz,
3H), 2.17 (m, 1H), 2.46 (s, 3H), 2.56 (s, 3H), 2.62 (d, J ¼

Scheme 3. Reaction mechanism.
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7.12 Hz, 3H), 4.41 (q, J ¼ 7.1 Hz, 2H). 13C NMR (100
MHz,CDCl3): d 14.05, 14.16, 22.48, 22.87, 28.33, 44.23,
61.62, 122.22, 164.52, 167.19, 167.77, 171.97. LCMS (Mþ1)
¼ 269.

Ethyl 4-hexyl-6-methyl-2-(methylthio)pyrimidine-5-carboxy-
late (2k). IR (KBr): mmax ¼ 2956, 2928, 2856, 1725, 1652,
1541, 1402, 1228, 1102, 1078 cm�1. 1H NMR (400 MHz,
CDCl3): d 0.90 (t, 3H), 1.29 (m, 8H), 1.36 (t, J ¼ 7.16 Hz, 3H),
2.46 (s, 3H), 2.56 (s, 3H), 2.71 (t, J ¼ 6.4 Hz, 2H), 4.37 (q, J ¼
7.16 Hz, 2H). LCMS (Mþ1) ¼ 297.
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1. INTRODUCTION

Hydrazide compounds, such as indole-2-carbohydrazide

derivatives have been shown to inhibit monoamine oxidase

A activity [1]. Furan carbohydrazide, thiophene carbohy-

drazide, and isonicotinic acid hydrazide react with a series

of 4-alkoxy-4-alkyl(aryl)-1,1,1-trifluoro-3-alken-2-ones to

give 3-alkyl(aryl)-5-trifluoro-methyl substituted pyrazoles

[1]. One-pot reactions between carboxylic hydrazides and

2-isothiocyanato-benzonitrile afforded pharmacologically

relevant 1,2,4-triazolo[1,5-c]quinazoline-5-thiones [2].

Hydrazide compounds were also converted to triazole-3-

thiols [3], imidazopyrazolopyrimidine [3], 1,3,4-oxadia-

zole [4], 1,3,4-oxadiazine [4], pyrazolotriazolopyrimidine

[5,6], and pyrazolotriazoloquinoline derivatives [7]. Bis

(pyridinyl-2,3-dihydrooxadiazolyl)benzenes were obtained

by heating the corresponding bis(hydrazides) with benzal-

dehyde [7]. Such compounds have attracted attention not

only as model compounds for polymers but also because

many biologically active natural and synthetic products

have molecular symmetry [7].

The condensation of an acyl hydrazide and an ami-

dine to afford acylamidrazone, followed by thermal cy-

clization, provides a convenient method for preparing

3,5-disubstituted-1,2,4-triazoles [8].

1,2,4-Triazines were formed via the condensation of

1,2-diketones with acylhydrazides in the presence of

ammonium acetate under both traditional heating and

dry media microwave assisted reaction conditions [9].
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Carbohydrazides and their derivatives occupy a specific

place among the other N,O-containing compounds used

in the synthesis of heterocyclic systems because of their

accessibility and ability to act as nucleophiles.

Accordingly, it is important to shed more light on the

recent literatures dealing with that chemistry, especially

in the field of heterocycles. Therefore, the present

review was aimed at summarizing and systematizing

available published data on the reactions of carbohydra-

zides with activated ethylenes, ethynes, benzo- and

naphthoquinones, compounds containing C¼¼N and

CBN moiety. Several types of reactions involving

nucleophilic addition, condensation followed by hetero-

cyclization were observed. Various heterocyclic and

fused heterocyclic as well as spiro-heterocyclic com-

pounds have been synthesized from carbohydrazides.

2. METHODS OF PREPARATION

Carbohydrazides 1 can be prepared by refluxing aro-

matic carboxylic acid methyl or ethyl ester 2 with hy-

drazine hydrate in neat or in methanol. After cooling to

room temperature, the resulting colorless solids were

collected by filtration and dried in vacuo [10,11].

2-Thiophenecarbohydrazide 1 refluxed for 5 h [12], 2-

pyridincarbohydrazide 1 refluxed for 4 h [13,14], 2-

indolecarbohydrazide 1 refluxed for 15 h [4,15–18], and

2-furancarbohydrazide 1 refluxed for 2 h [19]. Some

derivatives of carbohydrazide can be prepared like pico-

linic-N-oxidehydrazide [20] and 2-pyrrolecarbo-hydra-

zide [21]. Carbohydrazides have been prepared by

hydrazinolysis of diethyl carbonate [22] and diphenyl

carbonate [23] in satisfactory yields. The interaction of

phosgene and hydrazine hydrate in refluxing benzene

afforded carbohydrazides as dihydrochloride [24]. Also,

hydrazinolysis of carbazic acid [25] and cyanuric acid

[26] gave carbohydrazides.

3 REACTIONS OF CARBOHYDRAZIDES

3.1. Synthesis of linear compounds. N-(2,4-Dinitro-
phenyl)pyridinium chloride 3 reacted with carbohydrazides

1 in methanol containing triethylamine at room temperature

for 12 h to furnish 2,4-dinitroanilino derivatives 4. Hydro-

lysis of 4 with water/p-1,4-dioxane mixture, at reflux tem-

perature for 2 h, produced substituted carbonyliminopyridi-

nium compounds 5. Reduction of 5 with sodium borohy-

dride in ethanol at 0�C for 4 h afforded alkyl substituted

carbonylamino-1,2,3,6-tetrahydropyridines 6 [27–29].

A solution of chloroacetyl chloride was added dropwise

to a solution of 2-indole carbohydrazide 1 in dry dioxane.

After stirring at room temperature for 6 h, N2-(2-chloroa-

cetyl)indole-2-carbohydrazide 7 was formed [4].

Substituted carbohydrazides 1 reacted with cyclohex-

ane-1,1-dicarbonylchloride 8 in chloroform/triethylamine

to yield cyclohexane-1,1-dicarboxylic acid-N,N0-di(2-
octyloxybenzoyl)hydrazide 9 [30].

Condensation of carbohydrazides 1 with 2-acetyl-imi-

dazo[4,5-b]pyridine 10 in absolute ethanol containing a
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catalytic amount of piperidine afforded the correspond-

ing hydrazones 11 [31].

Benzenesulfonyl chloride 12 reacted with 2-pyridine-

carbohydrazide 1 to give 1-isonicotinyl-2-benzene-sul-

fonyl hydrazine 13 [32].

Allylic substitution of carbohydrazide was prepared

by reaction of sodium derivative 14 with 1,3-diphenyl-

prop-2-enylacetate 15 to give N0-1,3-diphenylallylbenzo-
hydrazide 16 [33].

Hydrazone 17 was formed when 2-indole carbohydra-

zide 1 was dissolved in ethanol for 3 h at room tempera-

ture. On other hand, compound 17 was also obtained by

condensing 1 with the aldehyde 18 [34].

Refluxing equimolar amounts of di-2-pyridyl ketone

20 and carbohydrazid 1 in ethanol for 3 h afforded di-2-

pyridyl ketone 2-furoylhydrazone 21 [35].

Refluxing an ethanolic solution of salicylaldehyde 22

and 2-furancarbohydrazide 1 for 30 min gave salicylal-
dehyde-2-furoic acid hydrazone 23 [36].

Condensation of 2-pyridine carbohydrazide 1 with
some aldehydes or ketones 24 in ethanol gave the corre-

sponding hydrazones 25 [37].

To a stirred solution of ethenetetracarbonitrile (TCNE)
(26) in dimethylformamide (DMF), carbohydrazides 1

was added to give diaroylhydrazines 30 and 1,1,2,2-tetra-
cyanoethane (TCNE-H2) 28 [38]. Formation of these
products may be rationalized via the following steps [38].

N,N0-Diaroylhydrazines 30 were formed by using penta-

fluorophenyl ester to activate arylcarboxylate 31 with car-
bohydrazides 1, mild conditions which avoid intermediate
were subjected; both symmetrical and unsymmetrical dia-

roylhydrazines 30 were formed in a high yields [39].
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Carbohydrazides 1 reacted rapidly with dinitrogen tet-
raoxide (N2O4) [40] in acetonitrile at low temperature
(�20 to �40�C) to give the corresponding azides 32 in
mostly quantitative yields [41].

Mixtures of carbohydrazides 1 with 3-(4-acetyl-
phenyl)-sydnone 33 were heated under reflux to produce

hydrazone derivatives 34 [42].

Reaction of carbohydrazides 1 with DL-alanine 35

under papain catalysis gave 36; this represented an
example of the power of papain to exert stereochemical
preference during catalyzed reaction [43,44].

[(4-L)-2,2-Bis(trifluoromethyl)-5-oxo-1,3-oxazolidin-4-yl]
acetic acid 37 reacted with carbohydrazides 1 in ethyl
acetate at room temperature to give 38 [45].

Reaction of carbohydrazides 1 with 4-chloro-2-phenyl-
2H-pyrazolo[4,3-c]quinoline 40 in ethanol and in the
presence of triethylamine afforded 4-chloro-N0-(2-phenyl-
2H-pyrazolo[4,3-c]quinolin-4-yl)benzohydrazide 41 [46].

Reaction of phthalaldehyde 42 with carbohydrazides 1

in refluxing ethanol for 2–3 h afforded the correspond-

ing bis(hydrazones) 43 [7].

Reaction between an isothiocyanates 44 and carbohy-

drazides 1 in benzene gave acylthiosemicarbazides 45 in

yields ranging from 88 to 95% [47–52].

Substituted benzaldehyde 46 reacted with phenyl carbo-

hydrazide 1 in ball-milled for 1 h to give N-substituted
benzoylhydrazones 47 in spectroscopically pure form [53].

Condensation of isatin 48 with phenyl carbohydrazide

1 required 3 h ball-milling for complete reaction to give

isatin-3-benzoylhydrazone 49 [53].
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Heating methyl-2-chloroisonicotinate 50 with

N2H4.H2O at 150�C in sealed tube gave the substituted

carbohydrazide 51 [49]. Treatment of 51 with sodium

nitrite in the presence of hydrochloric acid yielded car-

bonyl azide 52, which was heated in toluene at 90–

100�C for 1 h, sole product to form isocyanate 53 (Cur-
tius rearrangement). The later was further reacted in situ
with aniline at room temperature to give the expected

urea derivative 54 [54].

3.2. Synthesis of pyrrole derivatives. Reaction of

carbohydrazide 1 with acid anhydride 55 to produce

pyrrole derivative 57 was carried out via thermal cyclo-

dehydration of the dicarboxylic acid 56 at 150�C or dur-

ing heating with thionyl chloride [55].

3.3. Synthesis of pyrazole derivatives. A mixture of

substituted 2-phenylazo-1,3-diphenyl-propane-1,3-dione

(58) and carbohydrazide 1 in glacial acetic acid was

heated under reflux to form N0-picolinyl-3-phenyl-5-
aryl-4-(substituted phenylazo)pyrazoles 59 [56].

2-Pyridine carbohydrazides 1 reacted with sulpha-sub-

stituted phenylhydrazomethyl-2,3-dioxobutyrate in glacial

acetic acid to form N0-(2-pyridinecarbonyl)-3-methyl-4-

(substituted)hydrazono-2-pyrazoline-5-one 60 [57].

When aroylphenylacetylenes 61 was refluxed with

carbohydrazides 1 in ethanol for 5 h, the reaction mix-

ture afforded 5-aryl-4,5-dihydro-5-hydroxy-3-phenyl-1H-
pyrazole derivatives 64 [58] rather than open chain com-

pounds 63 [59–61].

Cyclocondensation reaction of carbohydrazides 1 with

a series of 4-methoxy-4-alkyl(aryl)-1,1,1-trifluoro-3-

alken-2-one derivatives 65 in refluxing methanol

afforded 3-alkyl(aryl)-5-hydroxy-5-trifluoromethyl-4,5-

dihydro-1H-1(2-aryl) pyrazoles 66 [62].

July 2010 749Chemistry and Heterocyclization of Carbohydrazides

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



Condensation of 2-indole carbohydrazide 1 with ace-
tyl acetone 67 in ethanol containing a catalytic amount
of acetic acid resulted in the formation of the corre-
sponding pyrazole derivative 68 [1]. Carbohydrazides 1

reacted with ethylacetoacetate 69 in the absence of sol-
vent to give the ester derivative 70, which could be
cyclized to pyrazolone derivative 71 by heating above
its melting point for 10 min followed by refluxing in
methanol for further 2 h. Compound 71 was also
obtained independently via direct refluxing of 1 with
ethylacetoacetate 69 in ethanol/acetic acid mixture for 5
h [1].

Addition of substituted carbohydrazides 1 to 1,4-
dibenzoylacetylene 72 afforded the 4,5-dibenzoyl-3-
substituted-1H-pyrazole 74 via the intermediate 73
[63].

On the other hand, the reaction of substituted carbo-

hydrazides 1 with 1,4-diphenylbut-2-ene-1,4-dione 75 in

refluxing acetic acid gave 4-benzoyl-3-substituted pyra-

zoles 78 [63].

Reaction of substituted carbohydrazides 1 with 26 in

DMF afforded 5-amino-1(substituted)-1H-pyrazole-
3,3,4(2H)-tricarbonitriles 79 [38].

Mixing equimolar amount of carbohydrazides 1 with

diethyl(E) 2,3-dicyanobutenedioate 80 in ethyl acetate

under reflux led to the formation of pyrazole derivatives

83 [38].
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3.4. Synthesis of fused pyrazole derivatives. When

phenyl carbohydrazide 1 in tetrahydrofuran (THF) was

treated with n-butyl-lithium 84 in hexane under nitrogen

atmosphere at �78�C for 1.5 h and allowed to reach the

room temperature overnight, indazol-3(2H)-one 88 was

isolated [64].

The reaction of (1,3-dioxo-2,3-dihydro-1H-inden-2-
ylidene)propanedinitrile 89 and 1 in DMF with admis-
sion of air afforded 4-oxo-1-substituted-1,4-dihydro-

indeno[1,2-c]pyrazole-3-carbonitrile 91 [65].

3.5. Synthesis of indazole derivatives. In a different

manner, 1,4-naphthoquinone-2,3-dicarbonitrile 92

reacted with 1 to give substituted benzo[f]indazoledione
96 [66].

Carbohydrazides 1 reacted with 3-(dicyanomethylene)-2-

indolone 97 in the presence of pipridine to give substituted

carbonylpyrazolo[3,4-b]-indole-3-carbonitrile 98 [65].

3.6. Synthesis of thiazolidine derivatives. Refluxing

carbohydrazides 1 with 48 in methanol afforded isatin-

b-arylhydrazones 99, which reacted with 2-mercapto

acetic acid in dioxane to furnish the interesting spi-

ro[3H-indole-3,2 0-thiazolidine] derivatives 100 [67].

3.7. Synthesis of 1,2,4-triazole derivatives. Reaction

of carbohydrazides 1 with carbon disulfide in ethanolic

July 2010 751Chemistry and Heterocyclization of Carbohydrazides

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



potassium hydroxide gave dithiocarbazate 101, which

reacted with hydrazine hydrate to form 4-amino-5-aryl-

4H-1,2,4-triazole-3-thiol 102 [51].

Ring closer acylthiosemicarbazides 45, prepared by

reacting 1 with 44, in an alkaline medium, led to the

formation of 1,2,4-triazole-3-thione derivatives 103 [51]

and 1,2,4-triazolethiol derivatives 104 [47,48,68–70].

1,2,4-Triazole derivatives 106 were also obtained via
the reaction of thiocarbamides 105 with carbohydrazides 1

[71].

The reaction of carbohydrazide 1 with imidate hydro-
chloride 107 gave compound 108, which was converted
into 1,2,4-triazole derivative 109 upon heating with 4-
nitrobenzylamine [72].

2-Furan carbohydrazide 1 reacted with S-methyl-iso-

thiourea 110 to give the corresponding guanidine 111.

Upon heating 111, 3-amino-1,2,4-triazole derivative 112

was formed [73,74].

Most of 3,5-disubstituted-1,2,4-triazoles 106 were readily
synthesized from imidates 113 and carbohydrazides 1. For
example, condensation of imidates 113 with carbohydrazides
1 gave acylamidrazones 114, which underwent thermal cycli-
zation to give 3,5-disubstituted-1,2,4-triazoles 106 [75–79].
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Also, reaction of carbohydrazides 1 with acetamidine

or benzamidine 115 afforded 1,2,4-triazole derivatives

106 [80–82].

Substituted 1,2,4-triazoles 118 were synthesized by

thermal cyclization of N3-substiuted-N1-acylamidrazone

derivatives 117, prepared by the reaction of carbohydra-

zides 1 with thioamides 116 in ethanol at room tempera-

ture [83–85].

1,2,4-Triazole derivatives 106 were prepared via the

reaction of 2-pyridine carbohydrazide benzenesulphonate

119 with substituted nitriles 120 [86] according to Pott’s

method [87–90].

Reaction of pyrazole derivatives 121 with carbohydra-

zide 1 afforded 1,2,4-triazole derivatives 122 [91]. Also,

the reaction of 121 with carbohydrazides 1 in refluxing

diphenyl ether gave the 1,2,4-triazole derivatives 122

[3].

3.8. Synthesis of fused triazole compounds. 4-

Chloro-2-phenyl-2H-pyrazolo[4,3-c]quinoline 40 reacted

with carbohydrazides 1 in ethanol to form 2-phenyl-6-

(furan-2-yl or 4-chlorophenyl)-2H-pyrazolo[4,3-c]-1,2,4-
triazolo[4,3-a]quinolines 123 [46].

The reaction of carbohydrazides 1 with 2-chloro-3-

[5-(acetoxymethyl)-1-phenylpyrazol-3-yl]quinoxaline 124

in boiling n-butanol resulted in the formation of the

corresponding 1-aryl-4-[5-(hydroxymethyl-1-phenyl-pyr-

azol-3-yl]-1,2,4-triazolo[4,3-a]quinoxalines 125 [92].

3-(2-Chlorobenzyl)-7-chloro-1,2,3-triazolo[4,5-d]-py-
rimidine 126 reacted with carbohydrazides 1 in boil-

ing ethanol to give hydrazo derivatives 127, which

underwent intramolecular thermal cyclization to form

3-(2-chlorobenzyl)-7-substituted-1,2,3-triazolo [4,5-e]-
1,2,4-triazolo[4,3-c]-pyrimidine derivatives 128 [93].
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The reaction of carbohydrazide 1 with 5-chloro-2-iso-

cyanatobenzonitrile 129 in presence of tripropylamine

and 2-methoxyethanol afforded 9-chloro-2-(2-furyl)-

1,2,4-triazolo[1,5-c]quinazolin-5-(6H)-one 130 [94,2].

Also, the reaction of N,N-dimethyl-N 0-(4-chloro-2-
cyanophenyl)urea 131 with 2-furan carbohydrazide 1 in

2-methoxyethanol gave triazoloquinazolinone derivatives

130 [94].

On the other hand, compound 130 was synthesized by

the reaction of 5-chloro-2-[(methoxycarbonyl)-amino]-

benzonitrile 132 with 2-furan carbohydrazide 1 in tripro-

pylamine and 2-methoxyethanol [94].

One-pot reaction between carbohydrazides 1 and 5-

chloro-2-isothiocyanatobenzonitrile 133 afforded 1,2,4-

triazolo[1,5-c]quinazoline-5(6H)-thiones 136, in good

yields [95].

Refluxing alkyl-N-[4-cyano-1H-imidazol-5-yl]alkyl-

imidate 137 with carbohydrazides 1 in DMF gave sub-

stituted 3H-1,2,4-triazolo[5,1-i]purines 138 [96].

Reaction of 2-furan carbohydrazide 1 with imidate

139 in refluxing 2-methoxyethanol gave pyrazolo[4,3-e]-
pyrimidine derivatives 140, the non-isolable which con-

verted via a thermally induced cyclization in diphenyl

ether into pyrazolo[4,3-e]-1,2,4-triazolo[1,5-c]pyrimidine

derivatives 141 [5, 6, 97–99].

Fusion of E-dimethylaminoethylene derivatives 142 with

carbohydrazide 1 afforded the corresponding 1,2,4- tria-

zolo[1,5-a]pyrido[3 0,4 0-c]coumarin derivative 145 [100].
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3.9. Synthesis of oxadiazole derivatives. Oxadiazole

derivative 146 was obtained from the reaction of

carbohydrazide 1 with cyanogen bromide [101].

Also, compound 1 reacted with triethoxymethane or

potassium o-ethylxanthate to give, 1,3,4-oxadiazole

and 1,3,4-oxadiazolethione 147 and 148 respectively

[47].

Reaction of terephthalaldehyde 149 with carbohydra-

zides 1 in refluxing ethanol afforded the corresponding

bis(carbohydrazone) 150. Heating 150 in acetic acid/

ethanol mixture at reflux temperature afforded bis(dihy-

droxadiazolyl)benzene derivatives 151 [102].

2-(2,3-Dihydro-2-oxo-1,3,4-oxadiazol-5-yl)benzo-het-

erocycles 152 were prepared by treatment of carbohy-

drazides 1 with excess of phosgene in methylene chlo-

ride at room temperature [103].

Carbohydrazides 1 reacted with 153 in refluxing etha-

nol to give 2-cyanomethyl-5-substituted-1,3,4-oxadiazole

154 [103].

Carbohydrazides 1 underwent condensation with ethyl

chloroformate to give N-carbethoxy-5-substituted indole-

2-carbohydrazides 155, which were refluxed in diethyl

ether to give 2-(50-oxo-10,30,40-oxadiazol-20-yl)indole
derivatives 156 [104].

Treatment of carbohydrazides 1 with triphosgene

afforded oxadiazolone derivatives 158 in one step [16].

Journal of Heterocyclic Chemistry DOI 10.1002/jhet

July 2010 755Chemistry and Heterocyclization of Carbohydrazides



Also, 1 was refluxed with appropriate quantities of

KOH and CS2 in ethanol to give oxadiazolethione deriv-

atives 157 [104].

1,3,4-Oxadiazolethiones 159 were generated directly

by treatment of the corresponding carbohydrazides 1

with thiophosgene [4].

Monosubstituted indole-2-cyanoethylhydrazides 160,

prepared by Michael addition of acrylonitrile on the cor-

responding carbohydrazides 1, were used as good pre-

cursors for the synthesis of indolyl-1,3,4-oxadiazole-3-

(2-cyanoethyl)-2-one derivatives 161 and 162, during

the reaction with thiophosgene and triphosgene, respec-

tively [4].

Refluxing carbohydrazides 1 with triethylorthoformate

(TEO) 163 afforded 1,3,4-oxadiazole derivatives 164

[105].

Isothiocyanates 44 reacted with carbohydrazides 1 to

form acylthiosemicarbazides 45. Ring closure of 45 in

acidic medium gave 1,3,4-oxadiazole 165 derivatives

[47,106].

Reaction of 1 with 72 in acetic acid gave the interme-

diate 73 which loss a molecule of PhCHO to form 1-

phenyl-2-(5-substituted-1,3,4-oxadiazol-2-(3H)-ylidene)
ethanone 166 [63].

Carbohydrazides 1 reacted with 3-(dicyanomethylene)-

2-indolone 97 in the presence of pipridine to give substi-

tuted spiro(indoline-3,2 0-1,3,4-oxadiazol)-2-one 167.

Nucleophilic attack of 1 on C¼¼C of 97 followed by loss

of one molecule of malononitrile afforded 167 [65].

Carbohydrazides 1 reacted with (1,3-dioxo-2,3-dihy-

dro-1H-inden-2-ylidene)propanedinitrile 89 in DMF with
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admission of air, to afford 50-substituted-30H-spiro(in-
dene-2,20-1,3,4-oxadiazole)-1,3-dione 169 [65].

On the other hand, reaction of carbohydrazides 1 with

89 gave 2-(5-substituted-1,3,4-oxadiazol-2-(3H)-yli-
dene)-1H-indene-1,3-(2H)-diones 170 via the formation

of the intermediate 90 and elimination of two molecules

of HCN [65].

3.10. Synthesis of thiadiazole

derivatives. Thiadiazole derivatives 171 were obtained

from the reaction of carbohydrazides 1 and thiocarboxa-

mides 105 [71].

3.11. Synthesis of tetrazole derivatives. A mixture

of 1 and diethyl diazene-1,2-dicarboxylate 172 in glacial

acetic acid was heated at reflux temperature for 6-8 h,

during which time tetrazole derivatives 175 were formed

[63].

Nucleophilic attack of 1 to 172 with loss one mole-

cule of H2O followed by elimination of another mole-

cule of ethyl formate afforded tetrazole derivatives 175

rather than the alternative structure 177 [63].

3.12. Synthesis of diazine derivatives.
3.12.1. Synthesis of phthalazine derivatives. Reaction of

o-phthalaldehyde 42 with 4-pyridine carbohydrazide 1 in

refluxing ethanol gave a pure sample of hydrazone 43,

which underwent intramolecular cyclization afford the

phthalazine derivatives 178 [102].
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3.12.2. Synthesis of pyridazine derivatives. Condensation

of indole carbohydrazide 1 with aromatic aldehydes

gave the corresponding hydrazone derivatives 179 were

obtained in varying yields, which heated to reflux in

acetyl chloride to give the interesting tricyclic

indolo[2,3-d]pyridazine derivatives 180 rather than

indenotriazines 181 [64].

Acetylation of 1 by refluxing in acetic acid afforded

2-acetyl-hydrazinocarbonylindole 182, in high yield.

Compound 182 was cyclized directly by refluxing in

dioxane containing POCl3 to the indolo[3,2-b]pyradi-
zines 183 [64]. On the other hand, refluxing 1 in formic

acid for 5 h afforded the N-formyl derivative 184, which

was heated for 10 min in ethanol to afford 2,3-dihydro-

indolo[3,2-b]pyridazin-1-one 185 [64].

3.12.3. Synthesis of pyrimidine derivatives. Carbohydrazides

1 reacted with 4-cyano-5-[(ethoxymethylene)amino]pyr-

azoles 137 to give 5-acyl-amino-4-imino-4,5-dihydropyr-

azolo[3,4-d]pyrimidines 286 [91].

3.12.4. Synthesis of quinazoline derivatives. Refluxing of
carbohydrazides 1 with N-ethoxy-methylene-2-amino-
benzonitrile 187 in ethanol gave 3-acylamino-4-imino-
3,4-dihydroquinazolines 188 [107].

3.13. Synthesis of 1,2,4-triazine derivatives. Benzil
189 reacted with carbohydrazides 1 in the presence am-
monium acetate under microwave irradiation to give
1,2,4-triazine derivatives 190 [9,108–110].

1,2,4-Triazine derivatives 190 were obtained by the
reaction of carbohydrazides 1 with halomethyl ketone
191 [111,112].

Boiling of 2-indole carbohydrazide 1 with triethyl-

orthoformate in DMF, or thermal cyclodehydration of
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184 gave 1,2-dihydro-1-oxo-1,2,4-triazino[4,5-a]indole
195 [113].

Carbohydrazides 1 reacted with 4-chloro-3-nitropyri-

dine 196 in ethanol to form the acyl derivatives of 4-

hydrazino-3-nitropyridine hydrochloride 197. The nitro

group in 197 was rapidly reduced over palladium cata-

lyst to give 198, ring closure of the latter compound

under acidic conditions gave pyrido[3,4-e]-1,2,4-triazine
derivatives 199, which was oxidized by MnO2 in pres-

ence of alkaline solution to form 3-substiuted pyr-

ido[3,4-c]-1,2,4-triazine derivatives 200 [114,115].

Similarly, carbohydrazides 1 reacted with 4-chloro-2-

methyl-3-nitropyridine 201 to give 3,5-disubstituted pyr-

ido[3,4-c]-1,2,4-triazine derivatives 202 [114,115].

The reaction of carbohydrazides 1 with 5-substituted-

4-chloro-2,6-dimethyl-3-nitropyridine 203 afforded pyri-

dotriazine derivatives 204 [114,115].

Reaction of 4-chloro-3-nitroquinoline 205 with carbo-

hydrazides 1 gave 1,2,4-triazino[5,6-c]quinolines 206

[114,115].

Reaction of carbohydrazides 1 with triethylorthofor-

mate 163 in DMF gave 10-benzyl-1,2-dihydro-1-oxo-

1,2,4-triazino[4,5-a]indole derivatives 207 [105].

3.14. Synthesis of 1,3,4-oxadiazine derivatives. 2-

Indolyl-4H-1,3,4-oxadiazine-5(6H)-one derivatives 209

have been synthesized by reaction of Na2CO3 with N2-
(2-bromoacetyl)indole-2-carbohydrazides 208, prepared by
reaction of carbohydrazides 1 with a-bromoacylbromide
[4].
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Reaction of carbohydrazides 1 with 2-bromopropa-

noylbromide gave N2-(2-bromopropanoyl)-indole-2-car-

bohydrazide 210, which cyclized to produce 2-indolyl-

4H-1,3,4-oxadiazine-6-methyl-5-one derivatives 211

[4].

Isatin 48 was refluxed with carbohydrazides 1 in

methanol to furnish isatin-b-aroylhydrazones 99, which
heated to reflux in aq. KOH to afford 2-aryl-1,3,4- oxa-
diazino[5,6-b]indole derivatives 212 [67].

A mixture of 2,3,5,6-tetrachloro-1,4-benzoquinone
213 and 1 in DMF with admission of air afforded sub-
stituted benzo[1,3,4]oxadiazinecarboxamide 218 [66].

A mixture of dimethyl but-2-ynedicarboxylate 219
and substituted carbohydrazides 1 was refluxed in meth-
anol to afford 1,3,4-oxadiazine derivatives 221 [63].

Solutions of diethyl (E) 2,3-dicyanobutenedioate 80

and 1 were refluxed for 4–18 h in ethyl acetate to give

1,3,4-oxadiazinone 223, via elimination of one molecule

of ethanol follwed by HCN [38].
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3.15. Synthesis of oxadiazepine derivatives. A mix-

ture of dimethyl but-2-ynedicarboxylate 219 and substi-

tuted carbohydrazides 1 was heated to reflux in metha-

nol to afford 1,3,4-oxadiazepine derivatives 224. Nucle-

ophilic attack of the NH2 group of 1 to the triple bond

of 219 afforded the adduct 220, followed by elimination

of one molecule of methanol and intramolecular cycliza-

tion to give 224 [63].

The reaction of 2,3,5,6-tetrachloro-1,4-benzoquinone

213 and 1 in DMF, with admission of air, afforded sub-

stituted benzo[1,3,4]oxadiazepine 227 [66].

On the other hand, the reaction of 2,3-dichloro-1,4-

naphthoquinone 228 with 1 in DMF afforded substituted

naphtho[2,3-f]-1,3,4-oxadiazepine-5,6,11-(4H)-trione 230

[66].
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1. INTRODUCTION

In recent years, there has been increasing interest in

the synthesis of heterocyclic compounds by cyclization

of appropriate linear compounds [1–15]. Organosulfur

compounds play an important role in modern organic

synthesis, not only because they constitute a particularly

useful class of synthons [16] but also because they are

of great biological interest [17–23] such as fungicidal

[24], bactericidal [25–27], insecticidal [28], and antitu-

mor agents for thioureidoalkanethiourea [29–32]. Sym-

metrical and unsymmetrical 2,5-dithiobiureas have been

utilized widely in the synthesis of heterocylic com-

pounds and are considered as very good complexing

agents for a variety of materials in the synthesis of com-

plexes [33–39]. Substituted-2,5-dithiobiureas and their

derivatives are versatile compounds, which have been

extensively used in the preparation of heterocyclic ring

systems. Also, oxidation of S-alkylisodithiobiureas

resulted in the formation of thiadiazole derivatives [40],

but oxidation of 1,5-diaryl-2-S-alkylisodithiobiuretes led

to the formation of benzothiazolylisothiouereas [41]. Al-

kylation of 1-substituted-2,5-dithiobiureas by refluxing

with appropriate alkyl halide in ethanol led to the for-

mation of thiadiazole derivatives [42].

On the other hand, symmetrical 2,5-dithiobiureas

underwent cyclization in the presence of alkali to form

the corresponding 1,2,4-triazolidine-3,5-thione [43,44],

and, therefore, the substituted dithiobiureas and their
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derivatives act as a key for the synthesis of many or-

ganic heterocyclic ring systems.

2. SYNTHESIS OF DITHIOBIUREAS AND THEIR

DERIVATIVES

The reaction of aryl isothiocyanates 1 with hydrazine

(2) in great excess and at low temperature in ethanol

readily gave 4-arylthiosemicarbazides 3, which reacted

further with another molecule of 1 to give N,N0-di(aryl-
thioformyl)hydrazines 4 (Scheme 1) [45].

When oxazolone 5 was heated with two equivalents

of appropriate hydrazine derivatives 2 in dioxane for

0.5–2 h, the products 6, 4, and 7–9 were separated

(Scheme 2) [46].

Ammoniumthiocyanate 10 was added to a solution of

dilute H2SO4, and thiosemicarbazide 3 to afford 2,5-

dithiobiurea 4 in 52% yield (Scheme 3) [47].

Egri [48,49] reported the synthesis of substituted

dithiobiureas by treating RNH2 and R’NH2 with CSCl2
and then with hydrazine hydrate (Figure 1).

Heating naphtho[1,2-d]oxazole-2(1H)-thione 12 (which

was prepared by heating a mixture of 1-imino-2-hyrox-

ynaphthalene hydrochloride 11 and phenyl isothiocya-

nate 1 in boiling ethanol) with hydrazine hydrate 2 in

ethanol did not give the expected product, 2-hydrazino-

naphth[1,2-d]oxazole 13, but the obtained product con-

tained sulfur. This indicates that the reaction of 12

with hydrazine hydrate as nucleophile led to cleavage

of the oxazolinethione ring and formation of 3-amino-

1,3-dihydro-2H-naphth[1,2-d]imidazole-2-thione 14 or

4-(2-hydroxy-naphthaien-1-yl)thiosemicarbazide 15. The

spectral data are in agreement with the structure of thi-

osemicarbazide 15, which reacted with the appropriate

aryl isothiocyanate at room temperature to afford the

derivatives of 4 (Scheme 4) [50].

1,2-Bis(thiocarbamoyl)hydrazine 4 was prepared by

treating 4-substituted thiosemicarbazide 3 with allyl iso-

thiocyanate 1 (Scheme 5) [51].

1,1-Bis(b-hydroxyethyl)thiocarbohydrazide 16 was

heated with isothiocyantes 1 in ethanol to give dithio-

biurea derivatives 4 (Scheme 6) [52].

When benzhydryl isothiocyanate was allowed to react

with excess of hydrazine, a good yield of 4-benzhy-

drylthiosemicarbazide was obtained. Equivalent amounts

of these reactants, however, gave a dithiobiurea 4 as the

major product (Figure 2) [53].

Unsaturated 1,6-disbstituted-2,5-dithiobiureas 4 was

obtained from the reaction of substituted isothiocyanates

1 with 4-substituted thiosemicarbazides 3 (Scheme 7)

[54].

The reaction of thiocarbohydrazide 17 with 2M equiv-

alents of benzaldehyde results in the formation of the

monobenzylidene derivatives 18, which further reacted

with isobutyl isothiocyanate and triethylamine in

Scheme 1

Scheme 2

Scheme 3

Figure 1. Substituted dithiobiureas from primary amines.
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dimethylformamide (DMF) to gave 1-benzylidene-5-(N-
isobutylthiocarbamoyl)-thiocarbohydrazide 4 (Scheme 8)

[55].

Refluxing phenyl thiosemocarbazide with appropriate

isothiocyanates in absolute ethanol gave dithiobiurea

derivatives 4 (Figure 3) [56].

The reductive debenzylation of 5-S-benzyliso-1-aryl-
2-thiohydrazodicarbonamides 19 afforded 4 (Scheme 9)

[57,58].

The reduction of 6-substituted amino-3-amino-1,2,4,5-

dithiadiazines 20 under similar conditions of the above

reaction gave 4 in good yields (Scheme 10) [57,58].

Thioureidoalkanethiourea derivatives 21 (n ¼ 2–4, 6,

7) were prepared from the reaction of diamines with iso-

thiocyanates (Figure 4) [59].

When a-mannosyl isothiocyanate 1 was reacted with

diamines 22 (n ¼ 2, 6), 21 was formed after deacetyla-

tion with sodium methanolate in methanol [24] (Scheme

11).

Scheme 4

Scheme 5

Scheme 6

Figure 2. Dithiobiurea from benzhydryl isothiocyanate.

Scheme 7
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Page and Roy [26] reported that, when p-amino-phe-

nyl 2,3,4,6-tetra-o-acetyl-a-D-mannopyranoside 23 was

dissolved in dichloromethane containing diisopropyle-

thylamine (DIPEA) and thiophosgene, compound 1 was

formed, which when added to a solution of diamine in

dichloromethane containing a catalytic amount of

DIPEA, derivatives of compounds 21 were formed

(Scheme 12).

1,6-Bis(allylthioureido)alkanes 21 were prepared by

treating of diamine (1,2-diaminoethane, 1,3-di-amino-

propane, 1,4-diaminobutane, 1,5-diaminopentane, and

1,6-diaminohexane) with allyl isothio-cyanate (Figure 5)

[60].

Disubstituted thioureidothioureas 21 were obtained

from ethylenediamine 22 and isothiocyanates 1 (Scheme

13) [61].

Compound 21 was obtained by refluxing ethylenedia-

mine 22 with EtOH, NaOH, and phenyl isothiocyanate,

while when HCl was added to the solution, NaCl was

precipitated together with imidazoline derivatives 24

(Scheme 14) [62].

Scheme 8

Figure 3. Dithiobiurea derivatives from phenyl thiosemicarbazide.

Scheme 9

Scheme 10

Figure 4. Thioureidoalkanethiourea derivatives from diamines.

Scheme 11
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Ethylenediaryldithiocarboamides 21 were prepared by

the action of 2 mol of isothiocyanates 1 with ethylenedi-

amine 22 and boiling with concentrated HCl or KOH

(Scheme 15) [63].

Ethylene diisothiocyanate 25 gave 21 and imidazoli-

dine derivatives 26 when reacted with a nucleophilie

(aniline or marpholine) (Scheme 16) [64].

Also, trimethylene diisothiocyanate 27 and tetra-

methylene diisothiocyanate 28 gave linear mono-addi-

tion derivatives 29 and bis-adducts 21 when reacted

with aniline or morpholine (Scheme 17) [64].

3. REACTIONS OF DITHIOBIUREAS AND

THIOUREIDOALKYLTHIOUREAS

3.1. Synthesis of imidazolidine derivatives. The

reaction of thioureidoethyl- and propylthioureas 21 with

mercury bis(phenyl acetylide) 30 afforded corresponding

Scheme 12

Figure 5. 1,6-Bis(allylthioureido)alkanes from different diamines.

Scheme 13

Scheme 14

Scheme 15

Scheme 16
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cyclic symmetrical mercaptides 31 and 32. The thermal

decomposition of 31 led to the formation of imidazoli-

dines 35 (Scheme 18) [65].

4-Chloro-N0-(4,5-dihydro-1H-imidazo-2-yl)-benzene-

1,2-diamine 36 was prepared by addition of ethylenedia-
mine 22 to the corresponding 4-chloro-2-nitrophenyliso-

thiocyanate 1 (Figure 6) [66].

Hassan et al. [67] reported that imidazolidine 37 can

be formed on heating or microwave irradiation of thio-

ureidoethylthiourea derivatives 21 (Scheme 19).

3.2. Synthesis of thiazole, thiazolidine, and thiazo-

lium derivatives. 2,5-Dithiobiurea 4 reacted with meth-

ylphenylchloropyruvate exclusively as thiourea

(Hantzsch reaction) forming dimethyl 2,20-(hydrazine-
1,2-diyl)-bis(5-phenylthiazol-4-carboxylate) 38 (Figure

7) [68].

It has been reported that bis(N-phenyl)thiourea 4 was

cyclized to thiazolidine-4-one 39 when reacted with

monochloroacetic acid in the presence of EtOH/AcONa

(Scheme 20) [69].

Symmetrical azines of 3-allylthiazolidine-4-one 39

can be obtained by treating allyldithiourea 4 with acid

derivatives 40 under reflux in alcohol in the presence of

AcOK (Scheme 21) [70].

Trisubstituted thiazoles 42 can be obtained by heating

a mixture of 4 and 41 (Scheme 22) [71].

Reaction of ethylenediamine 22 with allyl isothiocya-

nate 1 followed by treating by aq. HCl gave bisthiazo-

line 43 (Figure 8) [72].

Scheme 17

Scheme 18

Figure 6. Substituted imidazoylbenzendiamine from ethylenediamine.

Scheme 19

Figure 7. (Hydrazine-1,2-diyl)-bis(5-phenylthiazol-4-carboxylate) from

dithiobiurea.
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Symmetrical bisthiazolidine 44 was obtained by heat-

ing N,N0-ethane-1,2-diylbis(thiourea) 21 with a-chloro-
acetic acid in butanol (Scheme 23) [73].

3.3. Synthesis of thiadiazole derivatives. 2-Amino-

5-mercapto-1,3,4-thiadiazole 45 was obtained via cycli-

zation of 2,5-dithiobiurea 4 in refluxing HCl (Scheme

24) [74].

Also, oxidation of 1-substituted-4-S-alkyl(aryl)-2,4-
isodithiobiuretes 46 afforded 3-alkylmercapto-5-aryla-

mino-1,2,4-thiadiazoles 47 (Scheme 25) [40].

On heating 1-substituted-5-S-alkyl(aryl)isodi-thiobiur-
eas 48 in ethanol or water in the presence of hydrochlo-

ric acid, 5-alkylmercapto-2-substituted amino-1,3,4-thia-

diazoles 49 were obtained (Scheme 26) [42].

On the other hand, alkylation of 1-substituted-2,5-

dithiobiureas 4 with alkyl halide in ethanol gave substi-

tuted-1,3,4-thiadiazoles 49 (Scheme 27) [42].

Scheme 21

Scheme 22

Scheme 20

Figure 8. Bisthiazoline from ethylenediamine.

Scheme 23

Scheme 24
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Oxidation of substituted-2,5-biueras 4 with either

hydrogen peroxide or iodine in warm ethanolic medium

afforded 2-amino-5-substituted amino-1,3,4-thiadiazoles

50 (Scheme 28) [42].

Thiadiazole derivatives 50 can be obtained by cycli-

zation of compounds 4 in an alkaline medium with evo-

lution of hydrogen sulfide (Scheme 29) [75].

2,4-Disubstituted thiosemicarbazide 51 was allowed

to react with phenyl isothiocyanate 1 to give dithio-

biurea 4 as an intermediate, followed by cyclization

with elimination of hydrogen sulfide to give 5-anilino-3-

methyl-2-phenylimino-2,3-dihydro-1,3,4-thiadiazole 52

(Scheme 30) [76].

Alkali-catalyzed thermal cyclization of 1-alkyl and

1,6-dialkyl-2,5-dithiobiureas 4 gave 2-alkyl amino-D2-

1,3,4-thiadiazoline-5-thiones 53 (Scheme 31) [77].

On the other hand, oxidative cyclization of 1,6-disub-

stituted-2,5-dithiobiueras 4 was occurred in the presence

of Ac2O to produce the corresponding thiadiazoles 50

(Scheme 32) [78,79].

When 2,5-dithiobiurea 4 treated with Me2SO4 and

hypophosphorous acid in H2O; the reaction underwent

formation of 2-amino-5-(methylthio)-1,3,4-thiadiazole

49 (Scheme 33) [80].

Wegner [81] has reported the synthesis of substituted

thiadiazoles 54 by the reaction of substituted amine with

Scheme 25

Scheme 26

Scheme 27

Scheme 28

Scheme 29

Scheme 30

Scheme 31

Scheme 32
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ClCS2Ph, and the resulting product was allowed to react

with hydrazine hydrate to form substituted hydrazinecar-

bothioamide 4, which further reacted with phenyl iso-

thiocyanate dichloride (Figure 9).

The interaction of guanidine derivatives 55 and ethoxy-

carbonyl isothiocyanate under mild conditions afforded

the thiadiazole derivatives 57 (Scheme 34) [82].

Addition of two equivalents of ethenetetracarbonitrile

58 to a solution of 1,6-disubstituted-2,5-dithiobiureas 4

in ethyl acetate at room temperature led to the formation

of thiadiazole derivatives 50 and 53 as side products

(Scheme 35) [83].

A phase transfer catalytic oxidation of hydrazine-

dicarbothioamide leads to a red colored solid 59, the

reduction of 59 with hydrazine or other reductants trans-

formed it into colorless compound, 2,5-diphenylamino-

1,3,4-thiadiazole 50 (Scheme 36) [84].

Cyclization of symmetrical and unsymmetrical 1,6-

bis(substituted)-2,5-dithiobiureas 4 in acid media gave

1,3,4-thiadiazoles 60 (Scheme 37) [85].

On adding tetrahydrofuran (THF) solution of 1,6-dis-

ubstituted-2,5-dithiobiureas 4 to a solution of chloranil

or bromanil 61a,b in the same solvent lead to the forma-

tion of thiadiazole derivatives 50 as a side product

(Scheme 38) [86].

On the other hand, the addition of THF solution of

1-substituted-2,5-dithiobiureas 4 to a solutions of

Scheme 33

Figure 9. Substituted thiazoles from hydrazinecarbothioamide.

Scheme 34

Scheme 35

Scheme 36

Scheme 37
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ethenetetracarbonitrile 58 in the same solvent lead to the

formation of 1,2-bis[5-(substituted amino)-1,3,4-thiadia-

zole-2-yl)hydrazines 62 (Scheme 39) [87].

Scheme 40 showed the mechanism of formation of

thiadiazole and bisthiadiazole derivatives from 4 by

using ethnetetracarbonitrile 58, which reacted as a

mediator.

Diphenylhydrazine-1,2-dicarbothioamide 4 reacted

with mercury bis(phenyl acetylide) 30 to give the inter-

mediate 66, which under thermal decomposition

afforded the thiadiazole derivatives 50 (Scheme 41)

[88].

Microwave (MW) and thermal heterocyclization of

N,N0-disubstituted hydrazinecarbothioamide 4 results in

formation of 2,5-disubstituted amino[1,3,4]thiadi-azoles

50 and 5-substituted amino[1,3,4]thiadi-azole-2-thiones

53 (Scheme 42) [67].

A mechanism for the formation of thermal or MW

irradiation for 1,6-disubstituted hydrazinecarbothio-am-

ide 4 as shown in Scheme 43 [67].

Thiadiazole derivatives 50 was prepared by cycliza-

tion of 1,6-dimethyl-2,5-dithiobiurea 4, which was

obtained by the reaction of methyl isothiocyanate with

methylthiosemicarbazide (Scheme 44) [89].

1,6-Di(2-pyridyl)hydrazodithiocarbonamide 4 can be

obtained from 2-pyridyl isothiocyanate and 2-pyridylth-

iosemicarbazide, which thermally cyclized to 2,5-di(2-

pyridylamino)-1,3,4-thiadiazole 50 (Scheme 45) [90].

Scheme 38

Scheme 39

Scheme 40

Scheme 41

Scheme 42
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In case of the reaction of 4 with methyl iodide in the

absence of the base, 5-acylamino-2-anilinidene-3-

methyl-1,3,4-thiadiazoline 68 and 2-acylamino-5-methyl-

thio-1,3,4-thidiazole 70 were formed (Scheme 46).

This reaction is presumed to be initiated by S- and N-
methylation to form the intermediate 69, followed by

cyclization through the attack of SH group on C¼¼N

with elimination of dimethylaniline to afford 70. On the

other hand, 4 (R2 ¼ CH3) was merely methylated on the

sulfur atom, followed by elimination of CH3SH to give

68 [91].

The reaction of trifluoroacetic acid with dithiobiurea

4 (R ¼ CH3) afforded 1,3,4-thiadi-azolineimine 71 and

1,3,4-thiadiazoline-2-thione 72 with loss of hydrogen

sulfide and methylamine, respectively. On the other

hand, dithiobiurea 4 (R ¼ Ph) underwent ring closure

with elimination of hydrogen sulfide and gave 1,3,4-

thiadiazolineimine 71 as the only product. The different

cyclization behavior of 4 (R ¼ CH3 and R ¼ Ph) under

acidic conditions appears to be caused in the different

basicity of the RANH moiety (Scheme 47) [92].

The reaction of ‘‘nonalkylated’’ carbothiohydrazide

derivatives 73 with substituted isothiocyanates 1 at room

temperature in methanol or (Scheme 48) DMF as a sol-

vent led to the thermally unstable thiocarbamoyl deriva-

tives 74 and not 75 [93]. These were cyclized either in

boiling DMF, or by reaction with dicyclohexyl carbodii-

mide (DCC), or by heating in 10 % sodium hydroxide

to 76 and 78. Compound 76 was changed to 77 after N-
methylation. The alkylation of the ‘‘nonalkylated’’

derivatives 74 with methyl iodide and benzyl bromide in

Scheme 43

Scheme 44

Scheme 45

Scheme 46

Scheme 47
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either methanol or DMF afforded the corresponding 78

[94].

The reaction of 79 with phenyl isothiocyanate 1

afforded the expected phenylthiocarbomoyl derivatives

80 (Scheme 49).

The thermally unstable derivatives 80 could by easily

cyclized probably through their tautomeric form to the

thiadiazoles 81 by their short heating in DMF. It should

be mentioned that the loss of H2S from derivatives 79

may, in principal, also lead to the formation of deriva-

tives 82, thus, the structure of derivatives 81 formed had

to be confirmed [94]. The decision between structure 81,

82 made possible the comparison of the chemical shifts

of the thiadiazole carbon atoms 5 of derivatives 81 (d
C5 ¼ 151.4–152.0 ppm) with those of corresponding

carbon atoms of model compounds A, B (d C5 ¼ 152.1

and 166.4 ppm, respectively) to prove structure 81

unequivocally.

From the reaction of 83 and butyl- or phenyl-isothio-

cyanate instead of the corresponding thiocarbomoyl

derivatives 84, 2,3-dihydro-3-methyl-5-(n-butylamino)-

1,3,4-thiadiazole-2-thione 86 or 2,3,4,5-tetrahydro-3-

methyl-5-phenylimino-1,3,4-thiadiazole-2-thione 87, re-

spectively, were isolated besides 5-amino-3-(methylthio

and merpholine)-1H-1,2,4-triazoles 85 (Scheme 50)

[94].

3.4. Synthesis of triazole, triazoline, and triazoli-

dine derivatives. Symmetrically substituted-2,5-dithio-

biureas 4 lost ammonia or amine in the presence of al-

kali, giving 1,2,4-triazolidine-3,5-dithione derivatives 88

(Scheme 51) [43].

1,6-Dimethyl-2,5-dithiobiurea 4 cyclized under either

strong or weak basic conditions to produce compound

88 as the major product and in minor amount of com-

pound 4-methyl-5-methylamino-1,2,4-triazoline-3-thione

89 was also obtained (Scheme 52) [95].

When 1-alkyl-2,5-dithiobiureas 4 were refluxed with

sodium methoxide in methanol, the reaction directly

Scheme 48 Scheme 49

Scheme 50
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produced 4-alkyl-5-amino-1,2,4-triazoline-3-thiones 89

(Scheme 53) [95].

Similarly, cyclization of substituted-2,5-dithiobiueras

4 in alkaline medium took place with the elimination of

H2S to give the 1,2,4-triazoles 90 (Scheme 54) [95].

On the other hand, 1,6-diphenyl-2,5-dithiobiurea 4

was heated in the presence of alkali afforded 4-phenyl-

3-phenyl amino-D2-1,2,4-triazoline-5-thione 89 (Scheme

55) [44].

In a different manner, alkali-catalyzed thermal cycli-

zation of 1-alkyl-6-aryl-2,5-dithiobiureas 4 led to the

formation of 4-alkyl-1,2,4-triazolidine-3,5-dithiones 88

(Scheme 56) [96,97].

MW and thermal heterocyclization of N,N0-disubsti-
tuted hydrazinecarbothioamide 4 results in formation

of 4-phenyl-5-phenylamino[1,2,4]triazole-3-thione 89

(Scheme 57) [67].

A mechanism for the formation of thermal or MW

irradiation for 1,6-disubstituted hydrazinecarbothio-am-

ide 4 to produce 4-phenyl-5-phenylamino[1,2,4]-tria-

zole-3-thione 89 [67] as shown in Scheme 58.

The action of alkali or hydrazine on 4 produced mod-

erate yields 3-amino-5-mercapto-1,2,3-triazole 92 or 4-

Scheme 51

Scheme 52

Scheme 53

Scheme 54

Scheme 55

Scheme 56

Scheme 57
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amino-3-hydrazino-5-mercapto-1,2,4-triazole 93 (Scheme

59) [82].

Dubenko et al. [98] reported the formation of 4-alkyl/

aryl-1,2,4-triazolidine-3,5-dithiones 94, during alkali-cat-

alyzed thermal cyclization of 1,6-dialkyl/aryl-2,5-dithio-

biureas 4. Treatment of 4 with alcohol/KOH in presence

(CH3)2SO4 gave 95 (Scheme 60).

Triazolidines 88 and 94 can be obtained by cycliza-

tion of 4 with aqueous NaOH (Scheme 61) [99].

Framm and co-workers [44] reported that when 1,6-

diphenyl-2,5-dithiobiurea 4 was heated in the presence

of alkali, the sole product obtained was 4-phenyl-3-phe-

nylamino-D2-1,2,4-triazoline-5-thione 96 (Figure 10).

Alkali catalyzed thermal cyclization of 1,6-dialkyl-

2,5-dithiobiureas 4 (R ¼ R’ ¼ alkyl) results in the

formation of 4-alkyl-1,2,4-triazolidine-3,5-dithiones 88

(alkyl ¼ Me or Et) and 2-alkylamino-D2-1,3,4-thidiazo-

line-5-thione 52 (alkyl ¼ n-Pr or n-Bu) (Scheme 62).

The anions 97 and 98, respectively, formed from 4

carry a negative charge on the nitrogen and sulfur atoms

and these can undergo cyclization by nucleophilic attack

on the carbon atom at the other end, displacing

Scheme 58

Scheme 59

Scheme 60

Scheme 61

Figure 10. Triazolinethione from dithiobiurea.

Scheme 62
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alkylamine. The formation of the different products dur-

ing cyclization can be explained on the basis of the

electronic and steric effects of the alkyl groups. When

the alkyl groups are methyl or ethyl the electronic effect

of the alkyl group is the major factor governing the

mode of cyclization and the attack by the nitrogen atom

carrying the alkyl substituent always occurs resulting in

the formation of 4-ethyl/methyl-1,2,4-triazolidine-3,5-

dithiones 88. While going from methyl, ethyl, n-propyl
to n-butyl, the inductive effect increase in the order

given. However, the steric effect of the alkyl group also

increases and it exerts some influence on the mode of

cyclization as follows [77].

In view of the different modes of cyclization observed

with alkyl substituted derivatives, a few 1-alkyl-6-aryl-

2,5-dithiobiureas 4 (R ¼ alkyl, R’ ¼ aryl) were also

subjected to this cyclization reaction. The aryl groups

chosen were; phenyl, 4-methylphenyl, p-chlorophenyl,
and p-anisyl. When the alkyl group was methyl or ethyl,

two products were obtained; one of the products was

identified as 2-arylamino-D2-1,3,4-thiadiazolidine-5-thio-

nes 53, the other product was identified as 4-ethyl/

Scheme 63

Scheme 64

Scheme 65

Scheme 66
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methyl-1,2,4-triazoline-3,5-dithione 88 [77]. When the

alkyl group was n-propyl or n-butyl, the sole product

obtained was characterized as 2-arylamino-D2-1,3,4-thia-

diazolidine-5-thion 53. It was presumably formed by the

elimination of alkylamine (Scheme 63).

Simiti and Marie [100] studied the behavior of sym-

metrical and asymmetrical p-bromodianilide of N,N0-bis-
thiocarbonic acid 4 toward AOH and CH3I/AOH. The

isomeric triazole 100 and 101 were formed from 4 in

NaOH. Oxidation of 101 by H2O2 gave 102 (Scheme

64).

On the other hand, the action of NaOH on symmetri-

cal 4 gave 103, which oxidized by H2O2 to give 104

(Scheme 65) [100].

Also the action of NaOH and MeI, respectively, on 4

gave 105 and 106. Oxidation of 105 by H2O2 gave 107,

while bromonation of 106 gave 108 (Scheme 66) [100].

2,4-Disubstituted thiosemicarbazides 51 reacted with

acyl isothiocyanates to give dithiobiureas 4, which

cyclized to 1,2,4-triazoline-3-thiones 109 (not 110) and

5-mercapto-1,2,4-triazoline-3-thiones 111 by the action

of sodium ethanolate (Scheme 67).

Scheme 67

Scheme 68

Scheme 69

Scheme 70
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Compound 111 was converted to the more stable S-
benzyl derivatives 113. However, 111 were oxidized by

hydrogen peroxide to disulfide 112 [92].

Cyclization of dithiobiurea and thiobiurea derivatives

involving the usual loss of hydrogen sulfide or H2O and

did not convert compounds of type 4 and 114 into 92

or 116, but occurs in fact with elimination of ethanol

and formation of 1H-(thio)amide-1,2,4-triazoles 115

(Scheme 68) [101–103].

3.5. Synthesis of thiadiazine derivatives. 1-Substi-

tuted hydrazinecarbothioamide 4 reacted with ditheyl

(E)-2,3-dicyanobutenedioate 117 in THF at room tem-

perature to give ethyl (Z)-2-[-2-amino-2-(substituted

amino)-6H-1,3,4-thiadiazine]-2-cyanoacetate 118 and

ethyl 5amino-6-cyano-2-(substituted amino-6H-1,2,4-
thiadiazine-6-carboxylate 119 (Scheme 69) [87].

A rationalization for the formation of thiadiazines

compounds is given in Scheme 70 [87].

The interaction between 1,6-disubstituted hydrazinear-

bothioamides 4 and chloranil 61 in THF led to the for-

mation of 3-substituted amino-6,7-dichloro-1H-ben-
zo[e][1,3,4]thiadiazine-5,8-diones 123 (Scheme 71) [86].

3.6. Synthesis of thiadiazepine and thiadiazepane

derivatives. Addition of two equivalents of ethenetetra-

carbonitrile 58 to 1,6-disubstituted-2,5-dithiobiureas 4 in

ethyl acetate lead to the formation of 7-amino-2-

Scheme 71

Scheme 72

Scheme 73

Scheme 74
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substituted imino-2H-[1,3,4]thiadiazepine-5,5,6-tri-car-
bonitriles 124 (Scheme 72) [83].

1,3,6-Thiadiazepane-2-thione 125 can be obtained on

heating or microwave irradiation of thioureido-thioureas

21 [67]. The formation of 125 can be explained by

nucleophilic attack of SH on C¼¼S with elimination of a

molecule of amine. The alternative structure 126 could

be ruled out on the basis of spectral data of 125

(Scheme 73).

Also, 1,3,6-thiadiazepane-2-thione 125 was formed

via interaction between thioureidothioureas 21 with

chloranile or bromanile 61a,b in boiling THF (Scheme

74) [86].

3.7. Synthesis of thiantherne derivatives. On adding

1,6-disubstituted-2,5-dithiobiureas 4 to chloranil or bro-

manil 61a,b, 2,3,7,8-tetrahalothia-anthrene derivatives

127 were formed (Scheme 75) [86].

3.8. Synthesis of imidazothiadiazole derivatives. 2-

(Substituted amino)imidazo[2,1-b][1,3,4]thiadi-azole-5,6-
dicarbonitriles 128 were formed during the interaction

between 1-substituted-2,5-dithiobiureas 4 with ethenete-

tracarbonitrile 58 (Scheme 76) [87].

On the other hand, the reaction of chloranil 61a with

1-substituted-2,5-dithiobiureas 4, 2-substituted amino-

6,7-dichlorobenzo[4,5]imidazo[2,1-b][1,3,4]-thiadiazole-
5,8-diones 129 and 5,11-dichloro-2,8-disubstituted

Scheme 75

Scheme 76

Scheme 77

Scheme 78
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aminobenzo[21,3-d:6,5-d’]bis(imidazo-[2,1-b][1,3,4]thia-
diazoles) 130 were formed (Scheme 77) [104].

The formation of products 129 and 130 as in Scheme

78 [104]:

Also, the reaction between 1-substituted-2,5-dithio-

biureas 4 and 2,3-dichloro-1,4-naphthoquinone 134 gave

2-substituted aminonaphtho[4,5]imidazo-[2,1-b][1,3,4]
thiadiazole-5,10-diones 135 and 2,11-disubstituted ami-

nonaphtho[1,2-d:4,3-d’]bis-(imidazo[2,1-b][1,3,4]thidia-
zoles) 136 (Scheme 79) [104].

3.9. Synthesis of oxoindenothiazine and oxoindeno-

pyrrole derivatives. (1,3-Dioxo-2,3-dihydro-1H-inden-
2ylidene)-propanedinitrile 137 reacted with 1-substi-

tuted-2,5-dithiobiureas 4 in ethyl acetate to give N-sub-
stituted-2(4,4-dicyano-5-oxoindeno[1,2-d][1,3]thiazin-2-
(1H,4H,5H)-ylidene)hydrazinecarbothioamides 138,

N-substituted-2(4-cyano-5-oxoindeno-[1,2-d][1,3]-thia-
zin-2-(5H)-ylidene)hydrazinecarbothioamides 139 and

N-substituted-2(3-cyano-4-oxoindeno[1,2-b]pyrrol-2-
(4H)-ylidene)hydrazinecarbothioamides 140 (Scheme 80)

[104].

A rationalization for the formation of products 138–

140 is shown in Scheme 81 [104].

3.10. Synthesis of spiro compounds. The reaction of

1-substituted-2,5-dithiobiureas 4 with 7,70,8,80-

Scheme 79

Scheme 80

Scheme 81

Scheme 82
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tetracyanoquinodimethane 143 in dry pyridine lead to

the formation of {5-amino-6-cyano-2-(substituted ami-

no)spiro[1,3,4]thiadiazolo[3,2-a]-pyrimidine-7,10-cyclo-
hexa[2,5]diene-40-ylidene}malononitriles 144 and 1,4-

diamino-5-cyano-9-(dicyanomethylene)-N-substituted-
2,3-diazospiro-[5,50]undeca-1,4,7,10-tetraene-9-thioa-
mides 145 (Scheme 82) [87].

The formation of compounds 144 and 145 can be

rationalized by the following mechanism (Scheme 83)

[87].
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Because of important biological applications of chromones, some synthetic strategies leading to more
complex derivatives have been widely explored in the past years. Thus, the purpose of this review is to
report some recent improvements of the classical synthetic methods and of some nonclassical methods
to obtain simple oxygenated chromones. The strategies for synthesis of heterocycle analogs containing

phosphorus, nitrogen, and sulfur are also summarized.

J. Heterocyclic Chem., 47, 785 (2010).

INTRODUCTION

Heterocycles play an important role in the design and

discovery of new physiological/pharmacologically active

compounds [1]. Chemically, chromones (4H-chromen-4-

ones) are heterocyclic compounds with the benzo-c-py-
rone framework (Fig. 1). Molecules containing the chro-

mone or benzopyranone ring have a wide range of

biological activities. They have been shown to be tyro-

sine and protein kinase inhibitors [2–4], as well as anti-

inflammatory [5], antiviral [6], antioxidant [7,8], and

antihypertensive agents [6]. Chromone derivatives are

also active at benzodiazepine receptors [9], and on li-

poxygenase and cyclooxygenase [10]. In addition to

this, they have been shown to be anticancer agents [11],

possessing antimutagenic properties [12] and the ability

to inhibit electron transport through inhibition at

NADH: ubiquinone oxidoreductase and phorbol ester-

inducedornithinedecarboxylase [13,14]. Chromones may

also have application in cystic fibrosis treatment, as they

activate the cystic fibrosis transmembrane conductance

regulator [15]. Therefore, the vast range of biological

effects associated with this scaffold has resulted in the

chromone ring system being considered as a privileged

structure [16]. The main objectives of chromones syn-

theses are not only for the development of more diverse

and complex bioactive compounds for biological activity

and structure-activity relationship (SAR) studies but also

for other applications in Medicinal Chemistry, such as

preparation of fluorescence probes, due to photochemi-

cal properties of chromones [17].

One of the first methods for the synthesis of chro-

mones was introduced by Heywang and Kostanecki,

which involved the decarboxylation of chromone-2-car-

boxylic acid [18]. Since then, several other routes with

higher yields and less drastic experimental conditions

have been developed.
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Chromones could be synthesized under either acidic

or basic conditions. The classical 2,3-disubstituted ben-

zopyranone (3) synthesis utilized acidic conditions

(Scheme 1) and was by far the most common method

[19]. It proceeded through an intramolecular condensa-

tion of molecules such as 2, which were usually

obtained through a Baker–Venkataraman rearrangement

of compound 1, or via a Claisen ester condensation

(Scheme 1). Most synthesis required harsh acidic condi-

tions as the final step. On the other hand, synthesis uti-

lizing basic conditions typically consisted of piperidine

in refluxing pyridine for several hours to affect ring

closure. This was far less common [19]. Recently,

microwave heating has also been used to affect ring cy-

clization [20]. In this review, our aim is to provide a

comprehensive summary till the March 2009, with spe-

cial emphasis on the synthesis of chromone ring based

on different methods, and the same reactive condition in

chromone ring closure will be cited along with the latest

reported literature.

Acid as catalyst in chromone ring closure. Acid

comprised a major catalyst in chromone ring closure,

and many acids can be used including hydriodic acid,

polyphosphoric acid (PPA), acetic acid, methanesulfo-

nylchloride, hydrochloric acid, para toluene sulfonic

acid (PTS), triflic anhydride, phosphorus oxychloride,

perchloric acid, and sulfuric acid.
Hydriodic acid as a catalyst. In 1952, Wawzonek and

Ready [21] reported the synthesis of chromone using hy-

driodic acid as a catalyst in the ring closure (Scheme 2).

Methyl 1,2-dimethoxy-3-naphthoate (4), which was pre-

pared from 1,2-dihydroxy-3-naphthoic acid by a two-

step methylation process, was condensed with acetone

in the desired fashion to afford 5. Cyclization of the

diketone (5) with hydriodic acid gave products which

depended upon the time of refluxing. A period of 7 h

gave a mixture of 2-methyl-8-hydroxy-6,7-benzochro-

mon (7) and 2-methyl-8-methoxy-6,7-benzochromone

(6). Complete demethylation was achieved only after

24 h of heating. This chromone ring closure using hydri-

odic acid as a catalyst was not common because it

required high temperature and long reaction time, and

sometimes the reactant might decompose under these

conditions.
Polyphosphoric acid as a catalyst. In 1977, Lee and co-

workers [22] took PPA as a catalyst in the chromone

ring closure; in their synthetic route (Scheme 3), they

firstly applied a two-step reduction procedure to the

chalcone 8 with subsequent demethylation provided the

aralkylphenol 9, which, by modification [23] of the pro-

cess described by Ruhemann and Stapleton [24] for the

formation of chromone-2-carboxylic acids from phenols,

was converted to the chromone 11 through PPA as the

catalyst in the last step. This method was more suitable

in the phenolic hydroxyl side chain in a carboxylic acid

of the cyclization.
Acetic acid as a catalyst. In 1990, Harvey et al. [25]

described a new synthesis of chromones and flavones

based on the ortho-directed metalation of methoxy-

methyl aryl ethers with alkyllithium reagents (Scheme

4), and they applied acetic acid as a catalyst in the chro-

mone ring closure. Their synthetic route entailed reac-

tion of the ortho-lithiated intermediates 12 with a conju-

gated unsaturated aldehyde followed by oxidation of the

allylic alcohol product 13 with ‘‘periodinane’’ to yield

an ortho-allylic ketone 14. The latter on heating in ace-

tic acid undergoes loss of the methoxymethyl protecting

group and cyclization to a chromanone (or flavanone, if

a b-phenyl substitutent is present) 15. Dehydrogenation

by treatment with pyrrolidone hydrotribromide in di-

methyl sulfoxide yielded the corresponding chromones

Figure 1. Chromone nucleus and numbering.

Scheme 1

Scheme 2

Scheme 3
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(or flavones) 16. This synthetic approach appeared gen-

eral in its applicability. It has been applied to the syn-

thesis of a series of polycyclic chromone and flavone

compounds containing the naphthalene and pyrene ring

systems that hold promise as agents for the chemopre-

vention of cancer.
Methanesulfonylchloride as a catalyst. In 2001, Ismail

and Abd El Aziem [26] reported the synthesis of the

new 3-substituted-7-methoxy-4H-1-benzopyran-4-ones
(21) starting from 2-hydroxy-4-methoxyacetophenone

(17) according to Scheme 5. The key step in this synthe-

sis involved the alkylation with alkyl halide using potas-

sium tertiary butoxide of 2-(t-butyldimethylsilyloxy)-4-

methoxyacetophenone (18) which was prepared by the

protection of the hydroxyl group of 17 using t-butyldi-
methylsilylchloride. The O-silyl protected alkylacetophe-

none derivatives (19) were, therefore, treated with tetra-

n-butylammonium fluoride to produce the corresponding

20-alkyl-2-hydroxy-4-methoxyacetophenone (20) in good

yield. Cyclization of the alkyl derivatives 20 was

achieved via methanesulfonylchloride using boron tri-

fluoride diethyl etherate at 0�C [27] to give the desired

3-substituted-7-methoxy-4H-1-benzopyran-4-ones (21).

This reaction conditions was relatively mild, and the

reaction yield was also relatively high.
Hydrochloric acid as a catalyst. In 2003, Boumendjel

and coworkers [28] obtained chromone 25 in three steps

starting from 2,6-dihydroxyacetophenone (Scheme 6);

this time they used concentrated hydrochloric acid as a

catalyst in the ring closure. Treatment of the 2,6-dihy-

droxyacetophenone (22) with methyl iodide gave 2-

hydroxy-6-methoxyacetophenone (23). Condensation of

23 with diethyl oxalate in the presence of sodium ethox-

ide in EtOH and then concentrated HCl catalysted cycli-

zation afforded ester 25, and a lot of reactions have

adopted this approach [29–32].
Para toluene sulfonic acid as a catalyst. In 2004, Sabui

and Venkateswaran [33] synthesized the chromone using

PTS as a catalyst in the ring closure (Scheme 7). Con-

densation of the acetophenone 26 [34] with ethyl for-

mate in the presence of sodium hydride followed by

dehydration of the resulting chromanol furnished the 6-

methoxy-7-methyl chromone 28 in an overall yield of

85%. This catalyst was especially suitable in the pheno-

lic hydroxyl and aldehyde condensation cyclization.
Triflic anhydride as a catalyst. In 2005, Griffin et al. [4]

used triflic anhydride as a catalyst to construct the chro-

mone ring (Scheme 8). Reaction of the appropriate 2-

hydroxyarylcarboxylate esters 31, which were prepared

by carboxylation-esterification of the corresponding phe-

nols 30 by standard methods, with N-acetylmorpholine,

N-acetylthiomorpholine, or N-acetylpiperidine afforded

the b-ketoamides 32, and ring closure to the required

chromones 33 was readily effected with triflic anhy-

dride. Although the effect of this catalyst was better, but

higher prices due to trifluoroacetic anhydride, making its

practical application being limited.
Phosphorus oxychloride as a catalyst. This catalyst is

most widely used in the chromone ring closure, and

there are two ways in construction the chromone ring.

One approach is that phenolic compounds and carbonyl

compounds are refluxed in phosphorus oxychloride,

another approach is that the phenolic compounds with

the acyl side chain is refluxed in phosphorus oxychlor-

ide. In 2005, Balbi and coworkers [35] synthesized the

Scheme 4

Scheme 5

Scheme 6

Scheme 7
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chromone ring via POCl3 as a catalyst (Scheme 9). 36

was obtained by following their well-established method

from substituted phenols and N,N0-(dimethyl)malona-

mide in the presence of phosphorus oxychloride [36,37].

In 2008, Yang and coworkers [38] prepared the 6-

hydroxy-3-carbaldehyde chromone via a Vilsmeier reac-

tion in another way (Scheme 10). 6-hydroxy-4-chro-

mone-3-carbaldehydes 40 were easily prepared by the

reaction of 2,5-dihydroxy-acetophenone 39 with DMF in

POCl3 solution [39–45].
Perchloric acid as a catalyst. In 2006, Langer and co-

workers [46] synthesized chromone using perchloric

acid as a catalyst (Scheme 11). The reaction of 3-for-

mylchromones 41 with Me3SiOTf (42) and 1,3-bis(silyl

enol ether) 43 afforded the 4-(2-hydroxybenzoyl)phenols

44. The formation of the products could be explained by

a domino ‘‘Michael–retro-Michael–Aldol’’ reaction.

Compounds 44 were transformed into the novel chro-

mones 45 by treatment with triethyl orthoformate and

perchloric acid [47–49].
Sulfuric acid as a catalyst. In 2007, Cushman and co-

workers [50] reported the synthesis of chromone using

H2SO4 as a catalyst (Scheme 12). Commercially avail-

able 2-hydroxy-6-methoxyacetophenone (23) was sub-

jected to Elbs oxidation using sodium persulfate and

aqueous sodium hydroxide to yield the substituted aceto-

phenone 46, followed by regioselective methylation

using anhydrous potassium carbonate and dimethyl sul-

fate in acetone to afford 6-hydroxy-2,3-dimethoxyaceto-

phenone (47) in 53% yield in two steps. The generation

of the dilithium dianion 48 of the acetophenone 47 was

ensured by treatment with four equivalents of lithium

hexamethyldisilylazide in THF. Treatment of dilithium

dianion 48 with commercially available 2,6-dimethoxy-

benzoyl chloride, followed by acidification, afforded the

b-diketone intermediate 49, which was used without pu-

rification for cyclization to zapotin (50) with the catalyst

of H2SO4 [51–55]. This H2SO4 as catalyst and HCl as

catalyst means were basically the same.

Base as catalyst in chromone ring closure.

Although base as catalyst in the chromone ring closure

is not common compared with acid, sometimes it can

really bring some satisfactory results.
Sodium formate as a catalyst. In 2001, Wallace and co-

workers [56] reported the synthesis of enantiomerically

pure (S)-2-methylchroman-4-one 53 based on the fol-

lowing procedure (Scheme 13): Treating methyl 5-

methyl-salicylate 51 with an excess of lithium diisopro-

pylamide followed by the lithium derivative of (R)-(þ)-

methyl p-tolyl sulfoxide gave the desired ketosulfoxide

(R)-52 directly and in good yield. Then, the formation

of the chromone 53 was achieved conventionally using

acetic formic anhydride and sodium formate [57,58].

But this method is only applicable to compounds with

ketosulfoxide.
Sodium methoxide as a catalyst. In 2001, Khan and co-

workers [59] synthesized the chromone ring via cycliza-

tion on treating with 0.1M NaOMe solution (Scheme

14). The compounds 54 on bromination with the same

reagent in CH2Cl2 gave the brominated products 55 in

good yields. Various flavones (57) were obtained in

good yields from the brominated products 55 by dehy-

drobromination followed by cyclization on treatment

with 0.1M sodium methoxide solution. The main feature

Scheme 8

Scheme 9

Scheme 10

Scheme 11
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of this reaction was the bromination of the unsaturated

olefinic bond.
Sodium hydride as a catalyst. In 2003, Samat and co-

workers [60] developed the synthesis of a series of new

nine 3-benzoyl-2-benzylchromones through a classical

and an optimized Kostanecki–Robinson method involv-

ing an o-hydroxyphenyl-b-diketone 59 and an acid an-

hydride 61 (Scheme 15). Most of the o-hydroxyphenyl-
b-diketones 59 were obtained using a traditional method

involving a reaction between o-hydroxy acetophenone

58 and acid chloride, followed by a Baker–Venkatara-

man rearrangement. The homoveratric anhydride 61 pre-

pared from the reaction of dicyclohexylcarbodiimide

with the corresponding acid 60 had been used to per-

form the Kostanecki–Robinson reaction. In this last

reaction, Sodium hydride was used also as base to favor

the formation of the expected chromone 62 instead of

byproducts. However, this method had one drawback,

the anhydride was not easy to prepare, especially for the

aromatic acid anhydride.
Pyridine as a catalyst. In 2005, Lee et al. [61] synthe-

sized the chromone using pyridine as a catalyst in the

ring closure (Scheme 16). Dioxane-fused propiophenone

(64) was prepared by Fries rearrangement of compound

63, which was obtained from benzodioxane via two-step

sequence, Friedel-Craft acylation with propionyl chlo-

ride and Bayer–Villiger oxidation. Chromone rings were

constructed by acylation of 2-hydroxyphenones 64 with

ethyl chlorooxoacetate followed by in situ cyclization of

the resulting esters in the presence of pyridine to pro-

vide compounds 65 [62]. This method of using pyridine

as a catalyst was more suitable to acyl phenols and

chloroacetyl carboxylic acid esters in the chromone ring

closure.
Sodium acetate as a catalyst. In 2005, Gabbutt and co-

workers [63] synthesized 3-acylchromones by acylation

of 20-hydroxydibenzoylmethane with acid anhydrides in

the presence of sodium acetate (Scheme 17). The requi-

site starting materials, 20-hydroxydibenzoylmethanes 67,

were easily available by O-acylation of 20-hydroxyaceto-
phenone followed by Baker–Venkataraman (BV) rear-

rangement under standard conditions [64]. Acylation of

the 1,3-diketones 67 with acetic anhydride gave the 2-

alkyl-3-aroylchromones 68 in high yields [65]. This

condensation reaction was not only applicable to acetic

anhydride but also for other acid anhydride such as pro-

pionic anhydride and butyric anhydride.

Scheme 13

Scheme 14

Scheme 15

Scheme 12
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Potassium tert-butoxide as a catalyst. In 2007, Wu and

coworkers [66] prepared the chromone ring using potas-

sium tert-butoxide in the ring closure during their total

synthesis 6-demethoxycapillarisin (Scheme 18). Methyl-

ation of 69 with dimethyl sulfate in the presence of

K2CO3 in CH3COCH3 afforded 70. The intermediate 70

was readily reacted with CS2 in the presence of t-BuOK
in toluene to provide 71. Without purification, the lac-

tone 71 reacted with C2H5Br and K2CO3 in CH3COCH3

to afford the key product 72 [67,68]. This reaction was

very useful, which laid the foundation to expand the

SAR of chromone ring with sulfur atom in the side

chain.
Cs2CO3 as a catalyst. In 2008, Arai et al. [69]

described a practical and useful synthesis of heterocy-

clic-substituted chromones (Scheme 19) and also devel-

oped a one-pot synthesis by Michael aldol reaction of

chromone derivatives bearing heterocycle units. The

2,3-heterocyclic-substituted chromones 75 were obtained

in one step, as shown in scheme 19, 40-benzyloxy-20-
hydroxyacetophenone (73) reacted with heterocyclic

aldehydes 74 to give 2,3-disubstituted chromone 75 in

high yield under Cs2CO3 conditions.
Potassium carbonate as a catalyst. In 2009, Anwar and

Hansen [70] used K2CO3 as a catalyst in the chromone

ring closure during their first total synthesis of the ma-

rine natural product all-(Z)-5,7-dihydroxy-2-(4Z,7Z,10Z,
13Z,16Z-nonadecapentaenyl)chromone (Scheme 20). In

their synthetic route, aldehyde 76 was transformed to

the terminal alkyne 77 in a Colvin rearrangement in

58% yield. Addition of aldehyde 78 in THF to the anion

of 77 at �78�C yielded the secondary alcohol 79 in

60% yield. Oxidation of 79 with MnO2 yielded MOM-

protected ketone 80 in 88% yield. Mild deprotection of

80 with HCl in EtOH at ambient temperature, followed

by intramolecular Michael addition under lenient basic

conditions (K2CO3, acetone), afforded the natural prod-

uct 81 in 49% yield for the latter two steps [71]. This

reaction using phenol hydroxyl addition to the alkyne

bond was relatively classical.

Chromone ring closure under the microwave

irradiation. Recently, microwave irradiation [72,73]

offers a considerable advantage over conventional heat-

ing because it results in substantial rate enhancements in

a wide range of organic reactions. Cleaner reactions are

also commonly achieved, together with improvements in

yield and selectivity [74]. The increasing demand for

clean and ‘‘green’’ chemical syntheses has resulted in

increased use of microwave irradiation, so there have

been several recent reports, describing the application of

microwave irradiation to the synthesis of flavonoids.

In 2005, Seijas et al. [75] reported an eco-friendly

direct solvent-free synthesis of functionalized flavones

84 under microwave irradiation (Scheme 21). This

method was valid for flavones with or without substitu-

tion in the B ring. Thus, the flavonoids were prepared

from the corresponding ethyl benzoyl acetates 83 and

phloroglucinol for 2–12 min of irradiation in 66–96%

yields. The successful use of microwave irradiation in

providing this rapid and direct route to flavones in com-

parison to classical procedures contributes to confirming

the participation of specific effects in some microwave-

assisted organic synthesis.

In 2005, Kabalka and Mereddy [76] reported a facile

microwave synthesis of functionalized flavones and

chromones via the cyclization of 1-(2-hydroxyaryl)-3-

aryl-1,3-propanedione (Scheme 22). In their study, the

intermediate 1,3-propanediones 85 were synthesized in 5

min via dehydrative cyclization to the corresponding fla-

vones and chromones 86 in ethanol, in the presence of

CuCl2 under microwave irradiation.

Scheme 16

Scheme 17

Scheme 18

Scheme 19
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In 2009, Luthman and coworkers. [77] reported a

base-promoted condensation between 2-hydroxyaceto-

phenones 87 and aliphatic aldehydes 88 (Scheme 23);

they optimized the reaction to afford 2-alkyl-substituted

4-chromanones 89 in an efficient manner using micro-

wave heating. Performing the reaction using diisopropyl-

amine in EtOH at 170�C for 1 h gave high yield in

88%. The 4-chromanones could be further converted

into highly functionalized 2,3,6,8-tetrasubstituted chro-

mones in which a 3-substituent (acetate, amine, or bro-

mine) was introduced via straightforward chemical

transformations.

Chromone ring closure via solid-support. In recent

years, solid-phase chemical reaction has appeared many

advantages including good selectivity, high yield, simple

operation, and no pollution, and some researcher has

applied this method in chromone synthesis.
Via solid-support catalysts. In 2002, Blanco and co-

workers [78] studied the catalytic performance of MPA

((H3PMo12O40�nH2O) and TPA (H3PW12O40�nH2O)

(Scheme 24), both bulk or supported on silica (S), to

obtain flavones and substituted chromones 96 from 1-(2-

hydroxyphenyl)-3-aryl-1,3-propanediones 95, using gla-

cial acetic acid as solvent at 90�C. The result showed

that the conversion to flavones and substituted chro-

mones was in general higher in homogeneous phase

than that observed for the supported catalysts. Neverthe-

less, the use of the supported catalysts enabled an easy

separation and recovery of the catalyst for its immediate

reuse without any important decrease of the catalytic ac-

tivity. In addition, the unchanged starting material may

be recycled to the reactor because it was almost quanti-

tatively recovered and secondary products were not

practically formed.

In 2005, van Lier and coworkers [79] explored silica

gel-supported InBr3 or InCl3 (15–20 mol %) as a new

solid-support catalysts for the facile and efficient oxida-

tion, under solvent free conditions (Scheme 25), of 20-
hydroxychalcones 97 to yield the corresponding flavones

98 in >80% yield. The catalysts were easily prepared,

stable, and efficient under mild reaction conditions.

Trifluoromethanesulfonic acid (TFMS) is known to be

a strong acid, and it is used in many organic reactions

such as Friedel Crafts reactions, polymerization, Koch

carbonylation, among others [80]. However, the recov-

ery of the triflic acid from the reaction mixture results

in the formation of large amounts of waste [80]. So, in

2007, Romanelli and coworkers described the synthesis

and characterization of TFMS supported on mesoporous

titania [81] using urea as a low-cost, pore-forming agent

(Scheme 26), via HCl catalyzed sol–gel reactions. The

acidic characteristics of the solids were determined by

potentiometric titration with n-butylamine. The use of

these solid catalysts provided interesting yields in the

cyclization reaction of 1-(2-hydroxyphenyl)-3-aryl-1,3-

Scheme 21
Scheme 22

Scheme 20
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propanediones 99 to flavone 100, also leading to an easy

separation and recovering of the catalysts for further

use.

In 2009, Romanelli and coworkers [82] also prepared

the TFMSC1 and TFMSC2 catalysts by adsorption of

TFMS on two activated carbons with different textural

properties used as supports (Scheme 27). The TFMSC2

catalyst used as solid catalyst provided interesting yields

in the cyclization reaction of 1-(2-hydroxyphenyl)-3-

aryl-1,3-propanediones 101 to flavones and chromones

102, also leading to an easy separation and recovery of

the catalysts for further use. Moreover, as a significant

decrease of the catalytic activity was not observed, they

can be recycled without any activity loss.
Solid-supported synthesis. In 2001, Borrell et al. [83]

developed procedures for the synthesis of the solid-sup-

ported synthetic equivalents of chromones (Scheme 28).

Treatment of the Wang chloro resin in DMA with 3

equiv of o-hydroxyacetophenone 103 and 3 equiv of

NaOMe at 80�C overnight quantitatively afforded 104.

Compound 104 was then treated with DMF and POCl3
under Vilsmeier–Haack reaction conditions affording

chromone 105 as the major product. In this way, hetero-

cyclic libraries could be effectively and rapidly

synthesized.

In 2004, Albericio and coworkers [84] described an

effective solid-phase preparation of the pharmaceutically

interesting 4H-2-(3-hydroxy-4-methoxyphenyl)-naphtho

[1,2-b]pyran-1-one system from an anchored bisarylace-

tylene (Scheme 29). The coupling reaction between the

resin 107 and acetylene 106 with PdCl2(PPh3)2, CuI as

catalyst, Et3N as base, and THF as solvent cleanly

afforded the resin 108. Then O-silylation of the MOM

methoxy group with Me3SiBr followed by demethyla-

tion via nucleophilic attack of bromide gave the O-tri-
methylsilyl derivative. This compound was susceptible

to further electrophilic addition by the triple bond and

trapping of the resulting carbocation intermediate by

atmospheric H2O then generated the keto group. Further

oxidation gave the anchored compound 109. Final cleav-

age with AlCl3 rendered 110. Through this solid-phase

strategy, the quite rare 2-(aryl)naphtho[1,2-b]pyran-1-
one was effectively synthesized. These compounds, like

other polycondensed heterocyclic systems bearing elec-

trondonating substituents, are of undoubted pharmaceuti-

cal interest. This solid-phase synthetic strategy will

facilitate the preparation of libraries with applications in

drug discovery.

Scheme 24

Scheme 25

Scheme 26

Scheme 23

Scheme 27

Scheme 28
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Chromone ring closure through other methods.

Besides the above acid catalyst, base catalyst, micro-

wave irradiation, and solid-supported synthesis in ring

closure, there are many other catalysts and reaction con-

ditions in this chromone construction.
Sodium as a catalyst. In 1993, Davis and Chen [85]

synthesized the chromone through a highly efficient pro-

cedure catalysted by sodium sand (Scheme 30). Heating

2-hydroxy-4-methoxyacetophenone (17) with 3,4-dime-

thoxybenzaldehyde in methanol using 50% aqueous

KOH followed by hydrogenation over 10% palladium

on activated carbon gave 20-hydroxy-40,3,4-trimethoxydi-

hydrochalcone (111) in 89% overall yield. Treatment of

111 in ethyl formate with sodium sand at 0�C afforded

chromone 112 in high yield. However, this reaction was

not practical because the hot sodium sand was very dan-

gerous during the reaction.
Through basic hydrolysis. In 1993, Morris et al. [86]

accomplished the preparation of chromone utilizing a

novel synthesis of 2-aminochromones 117 via the con-

densation of BF2 complexes of 2’-hydroxyacetophe-

nones with phosgeniminium salts [87] (Scheme 31).

Acetylation of 113 followed by treatment with BF3�OEt2
afforded the BF2 complex 114 in 76% overall yield.

Reaction of 114 with 4-(dichloromethylene)morpholi-

nium chloride (115) (65�C, 24 h) produced 116. Libera-

tion of the BF2 complex (H2O, CH3CN) promoted cycli-

zation to afford chromone 117 upon basic hydrolysis of

the acetate protecting group (67% from 114). Through

this method, a side chain containing nitrogen atoms

could be introduced into the chromone ring.
Me3SiCl as a catalyst. In 1999, Pelter et al. [88]

reported the synthesis of chromone ring via Me3SiCl/

DMF/Et3N (Scheme 32). Phloroglucinol 82 was reacted

with 4-methoxybenzyl cyanide 118 by a modified proce-

dure using catalytic ZnCl2 to give 119 in 91% yield.

Methylation of 119 with diazomethane in methanol

readily gave 120 in which only the 2-hydroxyl group

Scheme 29

Scheme 30

Scheme 31

Scheme 32
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was free. Acylation of 120 gave the required esters 121.

A simple modification using Me3SiCl/DMF/Et3N con-

verted 121 to 122 in high yield.
Via intramolecular ester carbonyl olefination. In 2000,

Kumar and Bodas [89] reported a new and simple route

to 4H-chromen-4-ones via intramolecular ester carbonyl

olefination using (trimethylsilyl)methylenetriphenylphos-

phorane (Scheme 33). Salicylic acid or its substituted

derivative 123 was converted into its O-acyl(aroyl)
derivatives 124 by reaction with the corresponding

anhydride. Compound 124 was then treated with

tert-butyldimethylsilyl chloride in the presence of imid-

azole to furnish the corresponding silyl ester 125 in

excellent yields. When a mixture of compound 125 and

Scheme 33

Scheme 34

Scheme 35

Scheme 36
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(trimethylsilyl)methylenetriphenylphosphorane 126 was

heated in refluxing THF, the desired chromones 129 was

obtained in 55–80% yields. This is the first report of

chromone synthesis via intramolecular Wittig ester

carbonyl olefination using (trimethylsilyl) methylenetri-

phenyl-phosphorane.
Via heating. In 2001, Saloutin and coworkers [90]

described the acylation of ethyl acetoacetate by the fluo-

robenzoyl chloride and synthesis of novel flurobenzo-

pyran-2(4)-one (Scheme 34). 2-Dimethoxy-3,4,5,6-tetra-

fluorobenzoyl chloride 131 was obtained by heating the

corresponding acid 130 with an excess of phosphorus

pentachloride. Then, the interaction of fluorobenzoyl

chloride 131 with ethyl acetoacetate in the presence of

magnesium ethoxide resulted in b,b0-dioxaester 132,

which readily cyclized into chromone 133 on heating in

the absence of solvents or in DMSO. The cyclization

proceeded through intramolecular substitution of the o-
fluorine atom in the fluorophenyl substituent.

Iodine as a catalyst. In 2004, Tomé and coworkers [91]

reported the synthesis of chromone through iodine as a

catalyst (Scheme 35). Benzylation of 20,30,40-trihydrox-
yacetophenone 134 with benzyl chloride in the presence

of potassium carbonate afforded the corresponding

20,30,40-tribenzyloxy-acetophenone 135 in 90% yield.

This compound was condensed with terephthalaldehyde

mono(diethyl acetal) to give chalcone 136. Hydrolysis

of the acetal group furnished the formylchalcone 137.

Selective debenzylation of the 2-benzyloxy group was

achieved by the treatment of 137 with a mixture of ace-

tic acid and concentrated hydrochloric acid (10:1) for 1

h at 40�C. Finally, formylflavone 139 was obtained by

oxidative cyclization of 138 in refluxing dimethylsulfox-

ide with a catalytic amount of iodine. This approach

was widely used in chromone ring closure, and many

synthesis have adopted this approach [92–95].
Via ICl-induced cyclization. In 2006, Larock and co-

workers [96] described the ICl-induced cyclization of

heteroatom-substituted alkynones 142 (Scheme 36); this

method provided a simple, highly efficient approach to

various 3-iodochromones 143. The 2-methoxyaryl-con-

taining alkynones required were readily prepared in one

or two steps by two complementary methods: (1) the

palladium/copper-catalyzed Sonogashira coupling of an

acid chloride 140 with a terminal acetylene at room

temperature or 50�C [97] or (2) the addition of a lithium

acetylide to an aldehyde 141, followed by oxidation of

the resulted secondary alcohol by activated MnO2 [98].

This process was run under mild conditions, tolerated

various functional groups, and generally provided chro-

mones in good to excellent yields.

Scheme 37

Scheme 38

Scheme 39
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Under Mannich conditions. In 2007, Luthman and co-

workers [99] developed an efficient synthetic route to

Cbz-protected 3-aminomethyl-2-aryl-8-bromo-6-chloro-

chromones 147 (Scheme 37). In their synthetic route, 3-

Aryl-1-(3-bromo-5-chloro-2-hydroxyphenyl)-2-propen-1-

one 144 was reacted under Mannich conditions yielding

2-aryl-8-bromo-6-chloro-3-methylenechroman-4-one 145,

which was further converted to the target compound 147

via an aza-Michael reaction followed by an SeO2 oxida-

tion [100–103]. This procedure represented a new method

to introduce a primary aminomethyl group at the 3-posi-

tion of a 2-arylchromone scaffold.
Through base-induced elimination. In 2009, Rizzacasa

and coworkers [104] described the synthesis of chro-

mone through Iodination of naringenin followed by

base-induced elimination (Scheme 38). This began with

selective benzylation of naringenin (148) on the more

acidic C7 phenol to afford benzyl ether 149. Iodination

followed by base-induced elimination gave the flavone

150 in a reasonable yield for the two steps.

Synthesis of heterocycle analog of chromone. The

chromones have gained considerable synthetic and phar-

macological interest for a long time because of their

diverse biological activities, and recent studies have

indicated that a lot of natural heterocycle analog con-

taining phosphorus, sulphur, and nitrogen also show the

expected bioactivity, so many synthesis of heterocycle

analog of chromone have been reported with high regio-

selectivity and good yields.
Synthesis of 4H-Chromen-4-ylidenamines. 4H-Chromen-

4-ylidenamines 153 were derivatives of chromones, that

have awakened new interest because the simplest of them

(2-phenyl-4H-chromen-4-imine), has been used [105] for

treatment of cell proliferative diseases and for its antihy-

poxic, hypotensive, and antiallergic properties. So, in

2000, Palmieri’s group [106] described a method to obtain

4H-chromen-4-ylidenamines 153 (Scheme 39). The reac-

tion of o-imidoyl phenol dianions 1510 with aromatic

esters and subsequent acid cyclization of the 3-(2-hydrox-

yphenyl)-3-(amino)-1-phenylprop-2-en-1-ones 152 aff-

orded 4H-chromen-4-ylidenamines 153 in satisfactory

yields, a class of compounds of renewed interest.
Synthesis of phosphachromones. Because there was a re-

markable similarity in reactivity and bioactivities

between the carbon species and their phosphorus coun-

terparts [107,108], one can anticipate that the phos-

phachromone analog of chromone would have potential

bioactivities similar to those of chromones, so in 2008,

Ding and coworkers [109] reported a novel Ag2CO3-cat-

alyzed cyclization reaction of O-hydroxyphenylethynyl-
phosphinates 154 to phosphachromones 155 with high

regioselectivity and good yields (Scheme 40), which

provided an effective approach to synthesize the new

kind of phosphorus heterocycles.
Synthesis of quinolones. In 2006, Dyck and coworkers

[110] reported the synthesis of the quinolone derivatives

(Scheme 41). Bromopyridine 157 was coupled to 40-ben-
zyloxy-20-fluoroacetophenone 156 to provide 158. Amino-

methylenation with dimethylformamide dimethyl acetal

provided the precyclization intermediate which, upon reac-

tion with methylamine, provided the quinolone core (159).

Removal of the benzyl protecting group gave the phenol,

which was converted to the triflate and coupled with aryl

boronic acids to provide the target quinolones 160.

In 2006, Larock and coworkers [96] described the

ICl-induced cyclization of nitrogen-substituted alky-

nones 161 to afford the quinolones 162 in good to

excellent yields (Scheme 42).

Scheme 40

Scheme 41
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In 2008, Nam and coworkers [111] reported the syn-

thesis of quinolinone as they designed and synthesized

the 4-quinolinone 2-carboxamides as calpain inhibitors

(Scheme 43). Diethyl oxalpropionate (163) was con-

densed with aniline in acetic acid to give anilino-male-

ate 164. Compound 164 was heated at 250�C in mineral

oil to form the cyclized product, quinolinone 165.
Synthesis of thioflavones. In 2004, Kataoka et al. [112]

reported the synthesis of thioflavones as they studied the

SARs of thioflavone derivatives as specific inhibitors of

the ERK-MAP kinase signaling pathway (Scheme 44).

Condensation of benzaldehydes 166 with a-benzoyl sulf-
oxide 167 gave a-sulfinyl enones 168 in good yields.

Cyclization of 168 followed by debenzylation was per-

formed by the treatment with formic acid at 5�C to give

3-(methylsulfinyl)-2,3-dihydro-4H-1-benzothiopyran-4-ones
169 as a mixture of diastereoisomers. Refluxing the dia-

stereomer mixtures of 169 in benzene caused the elimina-

tion of methanesulfenic acid to form thioflavones 170.

In 2006, Larock and coworkers [96] described the

ICl-induced cyclization of sulphur-substituted alkynones

171 to give various 3-iodo-thiochromones 172 in good

to excellent yields (Scheme 45).

CONCLUSIONS

Chromone derivatives have high potential in drug

discovery. Synthesis of large compound libraries is a

general trend in a modern drug discovery process. Fur-

thermore, computer-aided drug design can be used to per-

form virtual screening before the compounds are synthe-

sized. Both methodologies require rapid synthesis of the

compounds preferably from a limited number of starting

materials. So, in recent years, a lot of synthetic method

to construct the chromone ring appeared. In this review,

some recent improvements of the classical synthetic

methods and of some nonclassical methods to obtain sim-

ple oxygenated chromones have been reported, which

includes acid as catalyst, base as catalyst, microwave

irradiation assisted synthesis, solid-supported synthesis,

and other methods. Furthermore, recent studies have indi-

cated that a lot of natural heterocycle analog containing

phosphorus, sulphur, and nitrogen also show the expected

bioactivity, so many synthesis of heterocycle analog of

chromone have been reported with high regioselectivity

Scheme 42

Scheme 43

Scheme 44

July 2010 797Synthetic Strategies in the Construction of Chromones

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



and good yields. So, the strategies for synthesis of hetero-

cycle analog containing phosphorus, nitrogen, and sulfur

are also summarized in this review. We hope this review

will stimulate interest in the synthesis of chromone with

biological activities in the near future.
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The interaction of both 2-iminocoumarin-3-carbonitriles and 2-iminocoumarin-3-carbothioamides with
2-aminothiophen-3-carboxamides lead to formation of 3-(4-oxo-3,4-dihydrothieno[2,3-d]pyrimidin-2-yl)-

2-iminocoumarins in two steps. The simplicity of the procedure, as well as the high yields of the target
products make this method to be a good alternative of Knoevenagel condensation for the synthesis of
3-(4-oxo-3,4-dihydrothieno[2,3-d]pyrimidin-2-yl)-2-iminocoumarins.

J. Heterocyclic Chem., 47, 800 (2010).

INTRODUCTION

3-Substituted-2-iminocoumarins are known not only

due to their versatile biological activity, such as anti-

inflammatory [1,2], antimicrobial, antifungal [3,4], and

antitumor [5–9], but also as luminescent indicators [10]

and laser dyes [11–13]. They can also be useful as

effective reagents for 2-substituted 2H-1-benzopyrans
syntheses [14]. Therefore, the development of a simple

methodology for synthesis 2-iminocoumarins substituted

with heterocyclic moiety at position 3 is important prob-

lem of benzopyrans chemisrty.

With regard to the pharmacological potential of

thieno[2,3-d]pyrimidines [15–24] as the part of our

research work on the synthesis of 3-heteryl-2-iminocou-

marins [25,26], we focused our efforts on the synthesis

of 3-(4-oxo-3,4-dihydrothieno[2,3-d]pyrimidin-2-yl)-2-

iminocoumarins.

The most commonly used method for synthesis of 3-

heteryl-2-iminocoumarins is the Knoevenagel condensa-

tion of salicylic aldehydes with nitriles of heterylacetic

acids [27–30]. However, for synthesis of 3-(4-oxo-3,4-

dihydrothieno[2,3-d]pyrimidin-2-yl)-2-iminocoumarins

this approach is not convenient enough due to the diffi-

culties in the starting building-blocks, the corresponding

2-(4-oxo-3,4-dihydrothieno[2,3-d]pyrimidin-2-yl)acetoni-

triles, preparation [31]. With the aim to develop more

suitable method, we tested the alternative route for syn-

thesis of 3-(4-oxo-3,4-dihydrothieno[2,3-d]pyrimidin-2-

yl)-2-iminocoumarins based on intramolecular rearrange-

ment of 2-iminocoumarins, so-called ‘‘recyclization’’

approach.

Recently it was shown that ‘‘recyclization’’ of 2-imino-

coumarin-3-carboxamides under the action of binu-

cleophlic reagents results in various 3-heterylcoumarins

[25,26,32–37]. According to the proposed mechanism of

these reactions the carboxamide group of 2-iminocou-

marin-3-carboxamide serves as precursor of lactone C¼¼O

group of the resulting 3-heterylcoumarin. Thus, it was

worthy to assume that utilization of 2-iminocoumarin-3-

carbonitriles in a similar rearrangement would lead to the

formation of products with the C¼¼NH moiety in the 2

position of benzopyran ring. Therefore, we studied the

interaction between 2-iminocoumarin-3-carbonitriles and

2-aminothiophen-3-carboxamides as the possible conven-

ient approach for synthesis of desired 3-(4-oxo-3,4-dihy-

drothieno[2,3-d]pyrimidin-2-yl)-2-iminocoumarins.

RESULTS AND DISCUSSION

It is known that the interaction of 2-iminocoumarin-3-

carboxamides with arylamines in the glacial acetic acid

leads to formation of 2-N-aryliminocoumarin-3-carboxa-

mides [34–38]. We applied a similar reaction to obtain

the key-intermediates, which apparently were 2-(3-car-

bamoyl-2-thienylimino)-coumarin-3-carbonitriles 3 by

interaction between 2-iminocoumarin-3-carbonitriles 1

VC 2010 HeteroCorporation
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and 2-aminothiophen-3-carboxamides 2. The compounds

3 were isolated from glacial acetic acid as red solids

and used without any additional purification.

The ‘‘recyclization’’ of 2-(3-carbamoyl-2-thienylimi-

no)coumarin-3-carbonitriles 3 was performed by heating

in DMF. The anhydrous solvent was used to avoid hy-

drolysis of the imino group of product 5 formed

(Scheme 1). The proposed mechanism of ‘‘recycliza-

tion’’ reaction is depicted on the Scheme 2.

The compounds 5a–m were obtained in the high

yields (65–89%) (Method A).

In the 1H NMR spectra of the compounds 5a–m, the

signal of proton in the position 4 of coumarin resonate

in the range d 8.66–8.83 ppm, as well as the signal of

imino group proton (d 9.31–9.51 ppm) and aromatic

protons (d 7.20–7.94 ppm) are present. All these spectra

also contain signal of thieno[2,3-d]pyrimidine fragment

NH (14.08–14.50 ppm). Though the LC/MS spectra for

compound 5 show their high purity, in most cases the
1H NMR spectra of derivatives 5 in DMSO-d6 contain

some additional signals, possibly from the open form of

the iminolactone ring.

The IR-spectra (KBr) of the compounds 5a–m have

the strong absorption bands of t C¼¼O and t C¼¼N at

1700–1621 cm�1, the broad band of t NAH (pyrimidine

and imino-group) at 3500–3150 cm�1. In the spectra of

the products 5, the signal of t CN is absent compara-

tively with the spectra of intermediates 3 (2240–2220

cm�1).

Unfortunately the compounds 5 appeared to be slightly

soluble in the suitable solvents to measure 13C NMR

spectra. Thus with the aim to prove the presence of im-

ino-group in the molecule of these derivatives we per-

formed their acidic hydrolysis (HCl) in 2-propanol-water

mixture. The obtained products appeared to be the same

as previously reported 3-(4-oxo-3,4-dihydrothieno[2,3-

d]pyrimidin-2-yl)coumarins 7a–c [34–36] (Table 1).

Also the presence of the imino group in the structure

of 5 allowed us to obtain 2-N-aryliminoproducts 6

(using reaction of 5 with m-anisidine in glacial acetic

acid) as crystalline substances.

In the 1H NMR spectra of the compounds 6a–d the

signals of methoxygroup (3.76–3.78 ppm) and aromatic

protons (6.73–7.53 ppm) of 3-methoxyphenyl substituent

appear.

The crystals of compound 6a appeared to be suitable

for X-ray diffraction analysis after the crystallization

from DMF. In the crystal phase of the compound 6 was

observed as hemisolvate with DMF.

According to X-ray diffraction data the 2-minocou-

marin fragment and 4-oxo-3,4-dihydrothieno[2,3-d]pyri-
midin fragment are coplanar within 0.04 Å (Fig. 1).

Such arrangement of these fragments relatively

each other is stabilized by the formation of the

N(2)AH(2N). . .N(3) intramolecular hydrogen bond

(H. . .N 1.96 Å NAH. . .N 138�) and the H(19). . .N(1)
attractive interaction (2.39 Å when compared with the

van der Waals radii sum [39] 2.67 Å). The

Scheme 1

Scheme 2
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tetrahydrocycle is disordered over two half-chair confor-

mation (A and B) with population 75:25%. Deviations

of the C(4) and C(5) atoms from the mean plane of the

remaining atoms of the ring are �0.50 and 0.19 Å,

respectively for conformer A and 0.31 and �0.47 Å,

respectively for B. The methoxyphenyl substituent is

located in the cis-conformation relatively the C(12)AO(2)

bond [the C(20)AN(3)AC(12)AO(2) torsion angle is

1.7(5)�] and it adopts –sc conformation relatively the

C(12)AN(3) bond [the C(12)AN(3)AC(20)AC(25) tor-

sion angle is -43.4(5)�]. The methoxy group is coplanar

to the plane of the aromatic ring [the

C(26)AO(3)AC(24)AC(25) torsion angle is 2.0(6)�].
The structures of the products 6 have been also con-

firmed using elemental analyses, IR, and LC/MS-

spectra.

Following the mechanism of ‘‘recyclization’’ reaction,

we tested whether the 2-iminocoumarin-3-carbothioa-

mides were suitable precursors for 2-thiocoumarins syn-

thesis. We obtained the intermediate 2-(3-carbamoyl-2-

thienylimino)-coumarin-3-carbothioamides 9 by reaction

of 2-iminocoumarin-3-carbothioamides 8 [40] with 2-

aminothiophen-3-carboxamides 2 in glacial acetic acid.

Further ‘‘recyclization’’ have been performed by heating

compounds 9 in DMF. Though instead of the desired 2-

(2-thiocoumarin-3-yl)thieno[2,3-d]pyrimidin-4-ones 10

3-(4-oxo-3,4-dihydrothieno[2,3-d]pyrimidin-2-yl)-2-imi-

nocoumarins 5 were isolated (Scheme 3). Thus it can be

deduced that in this case the hydrogen sulfide cleavage

is preferable way for recyclization the 2-iminocoumarin-

3-carbothioamides (Scheme 4) (Method B).

CONCLUSION

It was established that interaction of both 2-iminocou-

marin-3-carbonitriles and 2-iminocoumarin-3-carbothio-

amides with 2-aminothiophen-3-carboxamides after the

rearrangement of arylimino intermediates lead to forma-

tion of 3-(4-oxo-3,4-dihydrothieno[2,3-d]pyrimidin-2-

yl)-2-iminocoumarins. The simplicity of the proposed

procedure as well as the high yields of the target prod-

ucts make this method to be a good alternative of Knoe-

venagel condensation for the synthesis of derivatives 5.

The further reaction of 5 with m-anisidine allowed us to

obtain 2-(2-(3-methoxyphenylimino)-coumarin-3-yl)th-

ieno[2,3-d]pyrimidin-4-ones 6.

EXPERIMENTAL

Melting points were measured with a Buchi B-520 melting
point apparatus and were not corrected. Elemental analyses
were within 6 0.4% of the theoretical value. IR spectra were
recorded on Specord M80 spectrometers in KBr. 1H NMR

spectra were recorded on Varian Mercury-200 spectrometer in
DMSO-d6 and CDCl3 using TMS as an internal standard.
Mass spectral analyses were obtained on a PE SCIEX API
150EX mass spectrometer.

X-ray study. The colourless crystals of 6a (C26H20N3O3SCl
0.5 C3H7NO) are triclinic. At 293 K, a ¼ 8.760(1), b ¼
11.321(1), c ¼ 13.895(1) Å, a ¼ 86.85(1)�, b ¼ 83.36(1)�, c
¼ 85.46(1)�, V ¼ 1363.0(3) Å3, Mr ¼ 562.0, Z ¼ 2, space

Table 1

Synthesis of compounds 5a–m, 6a–d, and 7a–c.

No. R Yielda (%)

5a H 74

5b 6-Cl 65

5c 8-OMe 84

5d 8-OEt 88

6a 6-Cl 83

6b 8-OMe 90

6c 8-OEt 92

7a H 90

5e H 66

5f 6-Cl 69

5g 8-OMe 75

5h 8-OEt 78

6d 8-OMe 89

7b H 88

7c 8-OMe 89

5i H 68

5j H 85

5k 6-Cl 65

5l 8-OMe 79

5m 8-OEt 80

a Isolated yields of 5 based on 1 used (Method A); Isolated yields of 6

and 7 based on 5 used.

Figure 1. The molecular structure of the compound 6a according to

X-ray diffraction data.
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group P1, dcalc ¼ 1.282 g/cm3, l(MoKa) ¼ 0.253 mm�1,
F(000) ¼ 547. Intensities of 7751 reflections (4600 independ-
ent, Rint ¼ 0.038) were measured using the ‘‘Xcalibur-3’’ dif-
fractometer (graphite monochromated MoKa radiation, CCD

detector, x-scanning, 2Tmax ¼ 50�). The structure was solved
by direct method using SHELXTL package [41]. The restrains
for bond lengths in the disordered fragment were applied dur-
ing refinement (Csp2ACsp3 1.51 Å, Csp3ACsp3 1.54 Å). Posi-
tions of the hydrogen atoms were located from electron density

difference maps and refined by ‘‘riding’’ model with Uiso ¼
nUeq of the carrier atom (n ¼ 1.5 for methyl group and n ¼ 1.2
for other hydrogen atoms). Full-matrix least-squares refinement
against F2 in anisotropic approximation for nonhydrogen atoms
using 4517 reflections was converged to wR2 ¼ 0.191 (R1 ¼
0.063 for 2815 reflections with F > 4r(F), S ¼ 1.156). The
final atomic coordinates, and crystallographic data for molecule
6a have been deposited to with the Cambridge Crystallographic
Data Centre, 12 Union Road, CB2 1EZ, UK and are available

on request quoting the deposition numbers CCDC 705029.
2-Iminocoumarin-3-carbonitriles. 1a–d were obtained

starting of malononitrile by interaction with corresponding sal-
icylic aldehydes [42]. 2-Iminocoumarin-3-carbothioamides 8a-

c were synthesized by interaction of salicylic aldehydes of 2-

cyanoethanethioamide [40].
2-Iminocoumarin-3-carbonitrile (1a). This compound was

obtained in 65% yield as a yellow solid, mp 160–162�C; IR
(cm�1): 3293, 3038, 2228, 1651, 1601, 1450; 1H NMR
(CDCl3): d 7.12 (m, 2 H), 7.32 (d, J ¼ 6.41 Hz, 1 H), 7.46 (t,

J ¼ 7.63 Hz, 1 H), 7.64 (br.s, 1 H), 7.70 (br.s, 1 H); Anal.
calcd. for C10H6N2O: H, 3.34; C, 55.36; N, 10.33. Found: H,
3.20; C, 55.08; N, 10.14.

6-Chloro-2-Iminocoumarin-3-carbonitrile (1b). This com-
pound was obtained in 72% yield as a yellow solid, mp 172–

174�C; IR (cm�1): 3307, 3046, 2233, 1649, 1599, 1478; 1H
NMR (CDCl3): d 7.09 (d, J ¼ 8.85 Hz, 1 H), 7.37 (d, J ¼
2.14 Hz, 1 H), 7.47 (dd, J ¼ 8.85, 2.44 Hz, 1 H), 7.69 (br.s, 1

H), 7.80 (br.s, 1 H); Anal. calcd. for C10H5ClN2O: H, 3.15; C,
53.66; N, 10.01. Found: H, 3.22; C, 53.33; N, 9.77.

2-Imino-8-methoxy-coumarin-3-carbonitrile (1c). This
compound was obtained in 70% yield as a yellow solid, mp

165–167�C; IR (cm�1): 3287, 3054, 2226, 1651, 1607, 1477;
1H NMR (CDCl3): d 3.84 (s, 3 H), 6.89 (d, J ¼ 6.71 Hz, 1 H),
7.05 (m, 2 H), 7.67 (br.s, 1 H), 7.78 (br.s, 1 H); Anal. calcd.
for C11H8N2O2: H, 3.44; C, 54.95; N, 10.05. Found: H, 3.40;
C, 54.70; N, 9.82.

8-Ethoxy-2-iminocoumarin-3-carbonitrile (1d). This com-
pound was obtained in 78% yield as a yellow solid, mp 161–
163�C; IR (cm�1): 3320, 3036, 2228, 1655, 1604, 1467; 1H
NMR (CDCl3): d 1.36 (t, J ¼ 6.71 Hz, 3 H), 4.03 (q, J ¼ 6.71
Hz, 2 H), 6.84 (m, 1 H), 6.98 (m, 2 H), 7.61 (br.s, 1 H) 7.71

(br.s, 1 H); Anal. calcd. for C12H10N2O2: H, 3.57; C, 55.33;
N, 9.93. Found: H, 3.31; C, 55.25; N, 9.67.

2-Aminothiophene-3-carboxamides. 2a–d were obtained
from cyclohexanone, 4-methyl-cyclohexanone, and N-substi-
tuted piperidin-4-ones according to the Gewald procedure [43–
45].

2-Amino-6-methyl-4,5,6,7-tetrahydro-1-benzothiophene-3-

carboxamide 2(b). This compound was obtained in 62% yield
as a colorless solid, mp 187–189�C; IR (cm�1): 3400, 3259,

3180, 2944, 1632, 1584, 1561, 1499; 1H NMR (DMSO-d6): d
0.97 (t, J ¼ 6.22 Hz, 3 H), 1.25 (m, 1 H), 1.74 (m, 2 H), 2.05 (m,
1 H), 2.58 (m, 2 H), 3.31 (br.s, 1 H), 6.49 (br.s, 2 H), 6.87 (s, 2 H).

6-Acetyl-2-amino-4,5,6,7-tetrahydrothieno[2,3-c]pyridine-
3-carboxamide 2(c). This compound was obtained in 65%

yield as a colorless solid, mp 250–252�C; IR (cm�1): 3497,
3394, 3280, 3159, 1651, 1563, 1480; 1H NMR (DMSO-d6): d
2.01, 2.05 (s, 3 H), 2.63 (br.s, 2 H), 2.73 (br.s, 2 H), 3.57
(br.s, 2 H), 4.35, 4.39 (s, 2 H), 6.56 (br.s, 2 H), 6.92 (s, 1 H),
6.98 (s, 1 H).

Ethyl 2-amino-3-(aminocarbonyl)-4,7-dihydrothieno[2,3-

c] pyridine-6(5H)-carboxylate 2(d). This compound was
obtained in 60% yield as a colorless solid, mp 185–187�C; IR

Scheme 3

Scheme 4
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(cm�1): 3431, 3365, 3319, 3172, 1690, 1638, 1572, 1427; 1H
NMR (DMSO-d6): d 1.18 (t, J ¼ 7.32 Hz, 3 H), 2.68 (t, J ¼
5.49 Hz, 2 H), 3.55 (t, J ¼ 5.49 Hz, 2 H), 4.06 (q, J ¼ 7.32
Hz, 2 H), 4.29 (s, 2 H), 6.48 (s, 2 H), 6.88 (s, 2 H).

General procedure for the preparation of 2-(2-iminocou-

marin-3-yl)thieno[2,3-d]pyrimidin-4-ones 5a–m. To the warm
(40–50�C) solution of 2-aminothiophene-3-carboxamide 2 (2
mmol) in glacial acetic acid (3 mL) the solution of either 2-imi-
nocoumarine-carbonitrile 1 (Method A) or 2-iminocoumarine-3-
carbothioamide 8 (Method B) (2 mmol) in glacial acetic acid (3

mL) was added and the mixture was heated at 70–80�C for 30
min. Then the reaction mixture was cooled. The precipitate that
formed was collected by filtration and dried. The product 3

(Method A) or 9 (Method B) was dissolved in DMF (5 mL) at
140–150�C and heated for 3 h. The precipitate of 5 formed after

cooling was filtered out, washed with 2-propanol and dried.
2-(2-Iminocoumarin-3-yl)-5,6,7,8-tetrahydro-benzo[4,5]-

thieno[2,3-d]pyrimidin-4-one (5a). This compound was ob-
tained in 74% yield (Method A) and 72% (Method B) as a red

solid, mp 280–282�C; IR (cm�1): 3451, 3156, 2932, 2846,
1654, 1615, 1535, 1473; 1H NMR (DMSO-d6): d 1.72 (br.s, 4
H), 2.63 (br.s, 2 H), 2.79 (br.s, 2 H), 7.21 (m, 2 H), 7.53 (t, J
¼ 6.7 Hz, 1 H), 7.79 (d, J ¼ 6.4 Hz, 1 H), 8.71 (s, 1H, H-4),
9.31 (br.s, 1H, ¼NH), 14.17 (br.s, 1H, -NHCO); lcms: m/z

(MHþ) 350. Anal. calcd. for C19H15N3O2S: H, 4.33; C, 65.31;
N, 12.03. Found: H, 4.12; C, 65.55; N, 11.72.

2-(6-Chloro-2-iminocoumarin-3-yl)-5,6,7,8-tetrahydro-benzo

[4,5]thieno[2,3-d]pyrimidin-4-one (5b). This compound was
obtained in 65% yield as a orange solid, mp 294–296�C; IR
(cm�1): 3450, 3232, 2932, 2854, 1679, 1651, 1592, 1554,
1477; 1H NMR (DMSO-d6): d 1.74 (br.s, 4 H), 2.67 (br.s, 2
H), 2.82 (br.s, 2 H), 7.20 (d, J ¼ 8.9 Hz, 1 H), 7.54 (d, J ¼
8.9 Hz, 1 H), 7.89 (s, 1 H), 8.68 (s, 1H, H-4), 9.45 (br.s, 1H,
¼NH), 14.10 (br.s, 1H, -NHCO); lcms: m/z (MHþ) 384. Anal.
calcd. for C19H14ClN3O2S: H, 3.68; C, 59.45; N, 10.95.
Found: H, 3.40; C, 59.28; N, 10.57.

2-(2-Imino-8-methoxycoumarin-3-yl)-5,6,7,8-tetrahydro-

benzo[4,5]thieno[2,3-d]pyrimidin-4-one (5c). This compound

was obtained in 84% yield as a yellow solid, mp 275–277; IR
(cm�1): 3436, 3326, 2925, 2842, 1679, 1660, 1605, 1574,
1533; 1H NMR (DMSO-d6): d 1.76 (br.s, 4 H), 2.74 (br.s, 2
H), 2.88 (br.s, 2 H), 3.89 (s, 3 H), 7.32 (m, 3 H), 8.81 (s, 1H,
H-4), 9.49 (br.s, 1H, ¼NH), 14.32 (br.s, 1H, -NHCO); lcms:

m/z (MHþ) 379. Anal. calcd. for C20H17N3O3S: H, 4.52; C,
63.31; N, 11.07. Found: H, 4.22; C, 63.65; N, 10.73.

2-(8-Ethoxy-2-iminocoumarin-3-yl)-5,6,7,8-tetrahydro-benzo

[4,5]thieno[2,3-d]pyrimidin-4-one (5d). This compound was
obtained in 88% yield as a yellow solid, mp 278–280�C; IR
(cm�1): 3442, 3188, 2985, 2936, 1651, 1603, 1573, 1484; 1H
NMR (DMSO-d6): d 1.37 (t, J ¼ 7.0 Hz, 3 H), 1.75 (br.s, 4
H), 2.69 (br.s, 2 H), 2.83 (br.s, 2 H), 4.17 (q, J ¼ 7.0 Hz, 2
H), 7.26 (m, 3 H), 8.74 (s, 1H, H-4), 9.38 (br.s, 1H, ¼¼NH),
14.25 (br.s, 1H, ANHCO); lcms: m/z (MHþ) 394. Anal. calcd.
for C21H19N3O3S: H, 4.87; C, 64.11; N, 10.68. Found: H,
4.68; C, 64.25; N, 10.30.

2-(2-Iminocoumarin-3-yl)-7-methyl-5,6,7,8-tetrahydro-benzo

[4,5]thieno[2,3-d]pyrimidin-4-one (5e). This compound was

obtained in 66% yield as a yellow solid, mp 282–284�C; IR
(cm�1): 3446, 3165, 2944, 2921, 1654, 1613, 1602, 1535, 1475;
1H NMR (DMSO-d6): d 1.02 (d, J ¼ 6.4 Hz, 3 H), 1.36 (m, 1 H),
1.85 (m, 2 H), 2.31 (m, 1 H), 2.78 (m, 2 H), 3.06 (m, 1 H), 7.26

(m, 2 H), 7.57 (t, J¼ 7.6 Hz, 1 H), 7.85 (d, J¼ 7.3 Hz, 1 H), 8.80
(s, 1H, H-4), 9.35 (br.s, 1H, ¼¼NH), 14.23 (br.s, 1H, ANHCO);
lcms: m/z (MHþ) 364. Anal. calcd. for C20H17N3O2S: H, 4.71; C,
66.10; N, 11.56. Found: H, 4.52; C, 65.84; N, 11.32.

2-(6-Chloro-2-iminocoumarin-3-yl)-7-methyl-5,6,7,8-tetra-

hydro-benzo[4,5]thieno[2,3-d]pyrimidin-4-one (5f). This
compound was obtained in 69% yield (Method A) and 63%
(Method B) as a yellow solid, mp 290–292; IR (cm�1): 3440,
3251, 2931, 2823, 1671, 1595, 1552, 1492, 1446; 1H NMR
(DMSO-d6): d 1.01 (d, J¼ 6.1 Hz, 3 H), 1.31 (m, 1 H), 1.82 (m, 2

H), 2.25 (m, 1 H), 2.72 (m, 2 H), 3.00 (m, 1 H), 7.20 (d, J ¼ 8.9
Hz, 1 H), 7.53 (d, J ¼ 8.9 Hz, 1 H), 7.90 (s, 1 H), 8.66 (s, 1H, H-
4), 9.42 (br.s, 1H, ¼¼NH), 14.08 (br.s, 1H, NHCO); lcms: m/z
(MHþ) 399. Anal. calcd. for C20H16ClN3O2S: H, 4.05; C, 60.37;
N, 10.56. Found: H, 3.91; C, 60.11; N, 10.22.

2-(2-Imino-8-methoxycoumarin-3-yl)-7-methyl-5,6,7,8-tet-

rahydro-benzo[4,5]thieno[2,3-d]pyrimidin-4-one (5g). This
compound was obtained in 75% yield as a yellow solid, mp 268–
270�C; IR (cm�1): 3446, 3328, 2930, 1681, 1658, 1604, 1576,

1479; 1H NMR (DMSO-d6): d 1.03 (d, J¼ 6.4 Hz, 3 H), 1.38 (m,
1 H), 1.86 (m, 2 H), 2.23 (m, 1 H), 2.79 (m, 2 H), 3.07 (m, 1 H),
3.89 (s, 3 H), 7.25 (m, 2 H), 7.42 (dd, J ¼ 7.3 Hz, 1 H), 8.79 (s,
1H, H-4), 9.43 (br.s, 1H,¼¼NH), 14.31 (br.s, 1H,ANHCO); lcms:
m/z (MHþ) 394. Anal. calcd. for C21H19N3O3S: H, 4.87; C,

64.11; N, 10.68. Found: H, 4.68; C, 64.29; N, 10.42.
2-(8-Ethoxy-2-iminocoumarin-3-yl)-7-methyl-5,6,7,8-tetra-

hydro-benzo[4,5]thieno[2,3-d]pyrimidin-4-one (5h). This
compound was obtained in 78% yield as a yellow solid, mp
265–267�C; IR (cm�1): 3445, 3169, 2976, 2950, 1685,

1656,1603, 1573,1467; 1H NMR (DMSO-d6): d 1.01 (d, J ¼
6.4 Hz, 3 H), 1.37 (t, J ¼ 6.7 Hz, 3 H), 1.81 (m, 2 H), 2.24
(m, 1 H), 2.72 (m, 2 H), 3.02 (m, 1 H), 4.14 (q, J ¼ 7.0 Hz, 2
H), 7.25 (m, 3 H), 8.67 (s, 1H, H-4), 9.36 (br.s, 1H, ¼¼NH),
14.24 (br.s, 1H, ANHCO); lcms: m/z (MHþ) 408. Anal. calcd.
for C22H21N3O3S: H, 5.19; C, 64.85; N, 10.31. Found: H,
5.00; C, 64.72; N, 10.04.

7-Acetyl-2-(2-iminocoumarin-3-yl)-3,4,5,6,7,8-hexa-hydro-

pyrido[40,30:4,5]thieno[2,3-d]pyrimidin-4-one (5i). This com-

pound was obtained in 68% yield as a brown solid, mp 284–
286�C; IR (cm�1): 3442, 3317, 3050, 2930, 1650, 1599, 1565,
1453, 1427; 1H NMR (DMSO-d6): d 2.11 (s, 3 H), 2.99 (m, 2
H), 3.73 (s, 2 H), 4.71 (m, 2 H), 7.27 (m, 2 H), 7.58 (t, J ¼
7.3 Hz, 1 H), 7.84 (d, J ¼ 7.3 Hz, 1 H), 8.83 (s, 1H, H-4),

9.32 (br.s, 1H, ¼¼NH), 14.31 (br.s, 1H, ANHCO); lcms: m/z
(M) 392. Anal. calcd. for C20H16N4O3S: H, 4.11; C, 61.21; N,
14.28. Found: H, 4.04; C, 61.39; N, 14.03.

Ethyl 4-oxo-2-(2-iminocoumarin-3-yl)-3,4,5,6,7,8-hexahy-

dropyrido[40,30:4,5]thieno[2,3-d]pyrimidine-7-carboxylate (5j).

This compound was obtained in 85% yield as a yellow solid,
mp 274–276�C; IR (cm�1): 3437, 3261, 2979, 2929, 1673,
1653, 1537, 1693, 1429; 1H NMR (DMSO-d6): d 1.21 (t, J ¼
6.8 Hz, 3 H), 2.88 (s, 2 H), 3.64 (t, J ¼ 5.1 Hz, 2 H), 4.09 (q,
J ¼ 6.8 Hz, 2 H), 4.58 (s, 2 H), 7.23 (m, 2 H), 7.55 (td, J ¼
7.7 Hz, 1 H), 7.81 (d, J ¼ 6.8 Hz, 1 H), 8.78 (s, 1H, H-4),
9.36 (br.s, 1H, ¼¼NH), 14.34 (br.s, 1H, ANHCO); lcms: m/z
(MHþ) 423. Anal. calcd. for C21H18N4O4S: H, 4.29; C, 59.71;
N, 13.26. Found: H, 4.17; C, 59.46; N, 12.96.

Ethyl 4-oxo-2-(6-chloro-2-iminocoumarin-3-yl)-3,4,5,6,7,8-

hexahydropyrido[40,30:4,5]thieno[2,3-d]pyrimidine-7-carboxy-

late (5k). This compound was obtained in 65% yield as a
yellow solid, mp 287–289�C; IR (cm�1): 3440, 3322, 2914,
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2853, 1675, 1649,1592, 1563, 1698, 1452; 1H NMR (DMSO-
d6): d 1.22 (t, J ¼ 7.3 Hz, 3 H), 2.96 (m, 2 H), 3.68 (s, 2 H),
4.10 (q, J ¼ 6.8 Hz, 2 H), 4.64 (s, 2 H), 7.25 (d, J ¼ 9.0 Hz,
1 H), 7.57 (dd, J ¼ 8.5, 2.6 Hz, 1 H), 7.94 (s, 1 H), 8.78 (s,
1H, H-4), 9.43 (br.s, 1H, ¼¼NH), 14.15 (br.s, 1H, ANHCO);

lcms: m/z (M) 457. Anal. calcd. for C21H17ClN4O4S:
H, 3.75; C, 55.20; N, 12.26. Found: H, 3.65; C, 55.52; N,
11.88.

Ethyl 4-oxo-2-(2-imino-8-methoxycoumarin-3-yl)-3,4,5,6,7,8-

hexahydropyrido[40,30:4,5]thieno[2,3-d]pyrimidine-7-carboxy-

late (5l). This compound was obtained in 79% yield (Method
A) and 70% (Method B) as a yellow solid, mp 280–282�C; IR
(cm�1): 3449, 3328, 2974, 2929, 1672, 1653, 1604,
1574,1697, 1472; 1H NMR (DMSO-d6): d 1.19 (t, J ¼ 6.8 Hz,
3 H), 2.94 (s, 2 H), 3.66 (t, J ¼ 5.1 Hz, 2 H), 3.89 (s, 3 H),

4.08 (q, J ¼ 7.3 Hz, 2 H), 4.62 (s, 2 H), 7.25 (m, 2 H), 7.40
(d, J ¼ 7.3 Hz, 1 H), 8.81 (s, 1H, H-4), 9.51 (br.s, 1H, ¼¼NH),
14.44 (br.s, 1H, ANHCO); lcms: m/z (MHþ) 453. Anal. calcd.
for C22H20N4O5S: H, 4.46; C, 58.40; N, 12.38. Found: H,

4.31; C, 58.24; N, 12.17.
Ethyl 4-oxo-2-(2-imino-8-ethoxycoumarin-3-yl)-3,4,5,6,7,8-

hexahydropyrido[40,30:4,5]thieno[2,3-d]pyrimidine-7-carboxy-

late (5m). This compound was obtained in 80% yield as a yel-
low solid, mp 273–275�C; IR (cm�1): 3452, 3159, 2979, 2928,

1651, 1603, 1546, 1698, 1425; 1H NMR (DMSO-d6): d 1.20
(t, J ¼ 7.3 Hz, 3 H), 1.39 (t, J ¼ 6.8 Hz, 3 H), 2.97 (br.s, 2
H), 3.67 (t, J ¼ 6.4 Hz, 2 H), 4.08 (q, J ¼ 7.3 Hz, 2 H), 4.19
(q, J ¼ 6.4 Hz, 2 H), 4.65 (s, 2 H), 7.25 (m, 2 H), 7.42 (dd, J
¼ 7.7 Hz, 1 H), 8.86 (s, 1H, H-4), 9.50 (br.s, 1H, ¼¼NH),

14.50 (br.s, 1H, ANHCO); lcms: m/z (MHþ) 467. Anal. calcd.
for C23H22N4O5S: H, 4.75; C, 59.22; N, 12.01. Found: H,
4.61; C, 59.43; N, 11.66.

General procedure for the preparation of 2-(2-(3-methoxy-

phenylimino)-coumarin-3-yl)thieno[2,3-d]pyrimidin-4-ones

6a-d. To a solution of corresponding 2-(2-iminocoumarin-3-
yl)thieno[2,3-d]pyrimidin-4-ones 5 (2mmol) in glacial acetic
acid (10 mL) 3-methoxy-phenylamine (2 mmol) was added at
40–50�C. The reaction mixture was heated at 70–80�C and

stirred for 30 min. After cooling down to room temperature
the precipitate was filtered out, washed with 2-propanol and
recrystallized form DMF.

2-(6-Chloro-2-(3-methoxyphenylimino)-coumarin-3-yl)-5,6,7,

8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-4-one (6a). This

compound was obtained in 83% yield as a yellow solid, mp
>300�C; IR (cm�1): 3450, 2935, 2835, 1672, 1645, 1587,
1566; 1H NMR (DMSO-d6): d 1.75 (br.s, 4 H), 2.74 (br.s, 2
H), 2.86 (br.s, 2 H), 3.77 (s, 3H, 3-OCH3), 6.74 (d, J ¼ 7.3
Hz, 1 H), 6.84 (m, 2 H), 7.25 (m, 2 H), 7.53 (dd, J ¼ 8.3 Hz,

1 H), 8.00 (s, 1 H), 8.79 (s, 1H, H-4), 13.50 (br.s, 1H,
NHCO). Anal. calcd. for C26H20ClN3O3S: H, 4.11; C, 63.73;
N, 8.58. Found: H, 3.88; C, 63.46; N, 8.33.

2-(2-(3-Methoxyphenylimino)-8-methoxycoumarin-3-yl)-5,6,

7,8-tetrahydro-benzo[4,5]thieno[2,3-d]pyrimidin-4-one (6b).

This compound was obtained in 90% yield as a yellow solid,
mp >300�C; IR (cm�1): 3442, 2925, 2836, 1672, 1647, 1588,
1572; 1H NMR (DMSO-d6): d 1.71 (br.s, 4 H), 2.67 (br.s, 2
H), 2.82 (br.s, 2 H), 3.74 (s, 3 H), 3.76 (s, 3H, 3-OCH3), 6.75

(dd, J ¼ 7.5 Hz, 1 H), 6.98 (d, J ¼ 7.8 Hz, 1 H), 7.26 (m, 5
H), 8.72 (s, 1H, H-4), 13.88 (br.s, 1H, ANHCOA). Anal.
calcd. for C27H23N3O4S: H, 4.77; C, 66.79; N, 8.65. Found: H,
4.65; C, 66.95 N, 8.33.

2-(8-Ethoxy-2-(3-methoxyphenylimino)-coumarin-3-yl)-5,6,

7,8-tetrahydro-benzo[4,5]thieno[2,3-d]pyrimidin-4-one (6c).

This compound was obtained in 92% yield as a yellow solid,

mp >300�C; IR (cm�1): 3440, 2931, 2833, 1667, 1642, 1604,
1587; 1H NMR (DMSO-d6): d 1.30 (t, J ¼ 7.0 Hz, 3 H), 1.73
(br.s, 4 H), 2.68 (br.s, 2 H), 2.83 (br.s, 2 H), 4.04 (q, J ¼ 7.0
Hz, 2 H), 3.78 (s, 3H, 3-OCH3), 6.76 (d, J ¼ 7.4 Hz, 1 H),
7.23 (m, 6 H), 8.72 (s, 1H, H-4), 13.82 (br.s, 1H, ANHCOA).

Anal. calcd. for C28H25N3O4S: H, 5.04; C, 67.32; N, 8.41.
Found: H, 5.80; C, 67.21; N, 8.22.

2-(2-(3-Methoxyphenylimino)-8-methoxycoumarin-3-yl)-7-

methyl-5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidin-

4-one (6d). This compound was obtained in 89% yield as a yel-

low solid, mp>300�C; IR (cm�1): 3426, 2931, 2833, 1676, 1640,
1603, 1526; 1H NMR (DMSO-d6): d 1.00 (d, J ¼ 6.4 Hz, 3 H),
1.31 (m, 1 H), 1.79 (m, 2 H), 2.20 (m, 1 H), 2.71 (m, 2 H), 3.03
(m, 1 H), 3.77 (s, 3 H), 3.77 (s, 3H, 3-OCH3), 6.73 (d, J¼ 7.4 Hz,
1 H), 6.97 (d, J ¼ 7.6 Hz, 1 H), 7.25 (m, 5 H), 8.70 (s, 1H, H-4),

13.83 (br.s, 1H, ANHCOA). Anal. calcd. for C28H25N3O4S: H,
5.04; C, 67.32; N, 8.41. Found: H, 4.82; C, 67.13; N, 8.09.

General procedure for the preparation of 2-(coumarin-3-

yl)thieno[2,3-d]pyrimidin-4-ones 7a–c. Corresponding 2-(2-

iminocoumarin-3-yl)thieno[2,3-d]pyrimidin-4-ones 5a, e, g (2
mmol) was dissolved at 60–70�C in mixture of 2-propanol (10
mL) and concentrated hydrochloric acid (1 mL). The reaction
mixture was heated with reflux for 20 min, then cooled and
the precipitate was collected by filtration and dried.

2-(Coumarin-3-yl)-5,6,7,8-tetrahydro-benzo[4,5]thieno[2,3-d]
pyrimidin-4-one (7a). This compound was obtained in 92%
yield as a yellow solid, mp >300�C.

2-(Coumarin-3-yl)-7-methyl-5,6,7,8-tetrahydro-benzo[4,5]

thieno[2,3-d]pyrimidin-4-one (7b). This compound was ob-

tained in 88% yield as a yellow solid, mp 235–237�C.
2-(8-Methoxy-coumarin-3-yl)-7-methyl-5,6,7,8-tetrahydro-

benzo[4,5]thieno[2,3-d]pyrimidin-4-one (7c). This compound
was obtained in 89% yield as a yellow solid, mp 277–279�C.
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Tetrahydrocarbazoles 4 obtained from phenylhydrazines and cyclohexanones gave by cycloconden-
sation with 2-substituted malonates 5 in all cases 4-hydroxy-8,9,10,11-tetrahydropyrido[3,2,1-jk]carba-
zol-6-ones 6 by attack at the nitrogen and the aromatic ring of tetrahydrocarbazoles 4; the direction
of the cyclization was not dependent on substituents either in the aromatic or the saturated ring; iso-
meric pyridocarbazoles could not be isolated. Electrophilic substitutions of pyridocarbazoles 6 under
mild conditions took place exclusively at the 5-position and gave pyridocarbazolediones 9-11 with 5-

nitro-, 5-hydroxy or 5-chloro-substituents. Exchange of the chloro substituent in 11 gave 5-azido- and
5-amino products 12, 14 or 16. Reactions at the aromatic ring were not observed. Chlorination of 4-
hydroxypyridocarbazoles 6 with phosphoryl chloride by nucleophilic substitution took place exclu-
sively at the 4-position and gave 4-chloropyridocarbazolones 17, which were further reacted to azides
and amines 18, 19.

J. Heterocyclic Chem., 47, 807 (2010).

INTRODUCTION

Tetrahydropyrido[3,2,1-jk]carbazol-6-one A is part of

the heterocyclic skeleton of many natural products (e.g.
strychnos alkaloids such as strychninolones B [1] and

derivatives such as brucinolones [2] and vomicin [3]). It

possesses the biologically interesting combination of an

indole and a 2-pyridone structure. Moreover, some

derivatives have found interest in pharmacological

investigations [4]. Recently, we published the synthesis

and reactions of pyrido[3,2,1-jk]carbazol-6-ones C with

two aromatic rings [5]. In this article, we report about

the synthesis and reactions of tetrahydropyrido [3,2,1-

jk]carbazol-6-ones D having partial structures more sim-

ilar to the natural products (Scheme 1).

RESULTS AND DISCUSSION

Our approach to the tetrahydro-pyridocarbazole sys-

tem started with the synthesis of 2,3,4,5-tetrahydro-1H-
carbazoles 4 with suitable substituents at the desired

positions. Despite numerous reactions and catalysts

described in the literature, such as the cyclization of

cyclohexanone phenylhydrazones [6] or 2-phenylcyclo-

hexanone oxime [7], the reaction of 2-chlorocyclohexa-

none [8] or 2-hydroxycyclohexanone with aniline [9], or

the hydrogenation of carbazole [10], we found that an

adapted version of a long-known procedure from Ref.

[11] gave the best and simplest approach. Our synthetic

approach started from phenylhydrazines 1 and cyclohex-

anones 2 in acetic acid as solvent without isolation of

VC 2010 HeteroCorporation
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phenylhydrazones, and we combined this reaction with a

one-pot release of chloro- and methyl substituted phe-

nylhydrazines 1, which are commercially available only

as hydrochlorides. The cumbersome release of oily and

sensitive free phenylhydrazine bases could be skipped,

when sodium acetate was added to the reaction mixture

which gave in situ the desired phenylhydrazines. Excess

sodium acetate and formed sodium chloride was

removed at the end of the reaction during work-up by

precipitation with diethyl ether.

To study the influence of substituents at the aromatic

ring, chloro- and methyl-phenylhydrazines 1 were

reacted with cyclohexanones 2 to synthesize a series of

Scheme 1

Scheme 2

Scheme 3
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tetrahydrocarbazoles with methyl- and chloro substitu-

ents in the aromatic ring and methyl substituents in the

saturated ring. The structure could be assigned to 4, as

evident from 1H NMR spectra with clear 9-NH signals

ranging between 10.4 and 10.8 ppm, and no hydrogen

signal of a 4a-proton present in the possibly formed iso-

meric structure 3. 2-Methylcyclohexanone (2, R2 ¼ 2-

Me) gives, depending on the reaction conditions, a mix-

ture of both isomers of 3 and 4, 1- or 4a-methyl-tetrahy-

drocarbazole [12]; the work on these topics is in pro-

gress [13]. 3-Methylcyclohexanone (2b) gave 2-methyl-

tetrahydrocarbazoles 4e, h, i, k, n, q, as evident from

the 1H NMR signal of 4-CH2 at �2.6 ppm and of the 2-

CH at �1.4 ppm; the corresponding 4-methyl isomer

could not be isolated. From 3-methylphenylhydrazine

(1c) we isolated both isomers, 7-methyl-tetrahydrocarba-

zoles 4f,h and 5-methyl derivatives 4g,i in a ratio of

about 10:1 (Scheme 2).

The cyclocondensation reaction of 4 was performed

with ethyl 2-alkyl- and 2-phenylmalonates 5a-h. 1H

NMR spectral data revealed that in all cases the ring

closure was directed to the aromatic ring to produce 4-

hydroxy-8,9,10,11-tetrahydropyrido[3,2,1-jk]carbazol-6-
ones 6 as evident from the ratio of aromatic: aliphatic

protons and unaffected CH2 groups in position 8. 6-

Chloro-tetrahydrocarbazoles 4m-o did not show signifi-

cant influence on the synthesis and gave 2-chloro-pyri-

docarbazoles 6n-p. 7-Chloro-tetrahydrocarbazoles 4p-r

gave, probably by deactivation of the aromatic nucleus,

very low yields or unseparable mixtures which did not

allow the isolation of pure 3-chloro-pyridocarbazoles 6;

the isolation of possibly formed isomers 7/8 was not

achieved.

6-Methyl-tetrahydrocarbazoles 4c-e formed in reason-

able yields 2-methyl-pyridocarbazoles 6k-m. 8-Methyl-

tetrahydrocarbazoles 4j-l prevented the formation of pyr-

idocarbazoles 6 by steric hindrance, but gave again no

reaction to isomeric pyridocarbazoles 7/8.

The yields of pyridocarbazoles 6a-j without substitu-

ents in the aromatic carbazole nucleus were ranging

from 20 to 80%. The cyclization reaction proceeds in

two steps via an initial malono-monoamide followed by

formation of a thermally produced ketene derivative

which cyclizes in an electrophilic substitution towards

the aromatic carbazole ring [14]. The differing yields

can be explained by both a competing malono-diamide

formation and side-reactions during the ketene reaction.

There are some other reaction sequences known using

highly reactive malonic acid derivatives, which avoid

the high temperatures of the second ketene forming

step: one of these derivatives is the well established

bis(2,4,6-trichlorophenyl) malonate (active malonate,

magic malonate) [15], another one is (chlorocarbonyl)e-

thylketene (chlorocarbonylketene, in older literature also

named as malonyldichloride) [16]. We compared the

reactions of bis(2,4,6-trichlorophenyl) 2-benzylmalonate

(5i) and 2-benzyl-2-(chlorocarbonyl)ethylketene (5j)

with tetrahydrocarbazole 4a to 5-benzyl-4-hydroxy-

8,9,10,11-tetrahydropyrido[3,2,1:jk]carbazol-6-one (6h).

Both reactions gave the desired product 6h, trichloro-

phenylester 5i in 30% and chlorocarbonylketene 5j in

55% yield, which is better than the yield of the thermal

method, but does not counterbalance the disadvantages

of time-consuming and expensive syntheses of 5i and 5j

(Scheme 3; Table 1).

Tetrahydro-pyridocarbazoles 6 possess besides the

biologically interesting indole structure a 4-hydroxy-pyr-

idone structure element, which is susceptible for many

reactions. It can exist in tautomeric structures: the 4-

hydroxy-6-oxo-structure as drawn in 6 is the predomi-

nant structure as evident in all spectroscopic investiga-

tions (e.g. shown by the hydroxy signal at 10.6–10.9

ppm in the 1H NMR spectra, and a single IR signal for

the amide-CO at position 6 at about 1650 cm�1). A

reversed 4-oxo-6-hydroxy structure can be excluded

because of its missing 4-pyridone signal in IR spectra

[17]. However, during reactions with suitable reagents,

the molecule can react from its 4,6-dioxo tautomer giv-

ing fixed dioxo-derivatives. The carbon at position 5

behaves due to the neighborship of two carbonyl groups

as reactive CH acidic moiety, and electrophilic reactions

such as nitration are directed first to this position. There-

fore, it is possible to nitrate 6a in position 5 by a gentle

reaction with concentrated nitric acid in the presence of

sodium nitrite as catalyst in glacial acetic acid already

Scheme 4
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at room temperature. All other aromatic positions (1,2,

and 3) remain unaffected, and 5-nitro-pyridocarbazole-

dione 9 is obtained in 75% yield. Hydroxylation of 6a

with hydrogenperoxide in buffered slightly alkaline

aqueous solution gives in good yields 5-hydroxy-pyrido-

carbazoledione 10, which contains the 3-hydroxy-2,4-

dioxoquinoline structure element present in contents of

some Pseudomonas bacteria (Scheme 4; Table 2) [18].

Electrophilic chlorination of 6 in position 5 could be

performed with sulfuryl chloride. Because of the reactiv-

ity of this reagent, 2,5-dimethyl- and 2,5,9-trimethyl

derivatives 6a and 6k had to be brought to reaction at

room temperature, otherwise polychlorinated by-products

were formed. The formed 5-chloro-pyridocarbazole-

diones 11, which were obtained in excellent yields, serve

as starting material for further substitution reactions: as

examples an azidation and aminations are shown. The

azidation of 11a proceeds by simple halogen exchange at

the aliphatic C-5 position at 50�C and gives in excellent

yields 5-azido-pyridocarbazoledione 12. Amination was

performed with primary and secondary amines: 11a gave

with benzylamine (13a) the corresponding 5-benzyl-

amino-pyridocarbazoledione 14a in excellent yields;

with aniline (13b) as the amino component, the yield of

the corresponding 5-phenylamino-pyridocarbazoledione

14b was slightly lower. Reaction of 1a with secondary

amines such as morpholine (15a) or piperidine (15b)

gave in excellent yields 5-morpholino- and 5-piperidino-

pyridocarbazolediones 16a,b (Scheme 5).
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In contrast to the electrophilic reactions shown above,

a nucleophilic displacement takes place at the 4-position

of the pyridocarbazolone. The 4-hydroxy group of 6 can

be easily displaced by a chloro function, using phos-

phoryl chloride as reagent, or by substituted amino

groups. Amination of 6a at position 4 can be achieved by

reaction of the reactive 4-hydroxy group with benzyl-

amine (13a) and gives 4-benzylamino-pyridocarbazo-

lones 17a in excellent yield. The amination of 6a with an-

iline (13b) needed the addition of aniline hydrochloride

as acidic catalyst and gave in exellent yields 4-anilino-

pyridocarbazolone 17b. Chlorination with phosphoryl

chloride gave 4-chloropyridocarbazolones 18 in moderate

to excellent yields. The nucleophilic exchange of the

chloro substituent in 4-chloro-5-methylpyridocarbazolone

18a against the azide group gave 4-azidopyrido[3,2,1-

jk]carbazolones 19a in only 15% yield. 4-Chloro-5-phe-

nylpyridocarbazolone 18b gave slightly better yields of

33% of the corresponding 4-azidopyrido[3,2,1-jk]carba-
zolone 19b. To improve the yield, we used our recently

developed one-pot synthesis [5] starting from 4-hydroxy-

pyridocarbazolone 6a, which reacted with a mixture of

sodium azide and phosphoryl chloride (probably via reac-

tive phosphoric esters) in dimethylformamide to obtain in

this one-pot reaction 19a in 58% yield (Scheme 6).

CONCLUSION

Our results show that cyclization reactions of 2,3,4,5-

tetrahydro-1H-carbazoles 1 with malonic acid deriva-

tives give solely the 8,9,10,11-pyrido[3,2,1-jk]carbazole
system 6. Attempts to force a cyclization to 1,2,3,3a-tet-

rahydro-pyrido[3,2,1-jk]carbazole or its tautomeric ring

system (7/8) by deactivation of the aromatic nucleus by

electronic or steric influences failed. Electrophilic and

nucleophilic substitution reactions with suitable reagents

and conditions took place exclusively at the fused pyri-

done ring at position 5 or 4, respectively.

EXPERIMENTAL

General. Melting points were determined using a Stuart
SMP3 Melting Point Apparatus in open capillary tubes. IR
spectra were recorded using a Mattson Galaxy Series FTIR
7020 instrument with potassium bromide discs. NMR spectra

were recorded on a Bruker AMX 360 instrument (360 MHz
1H, 90 MHz 13C) or on a Bruker Avance DRX 500 instrument
(500 MHz 1H, 125 MHz 13C). Chemical shifts are given in
ppm (d) from the internal TMS standard. Elemental analyses

were performed at the Microanalytical Laboratory of the Uni-
versity of Vienna, Austria. Mass spectra were obtained from a
HP 1100 LC/MSD mass spectral instrument (positive or nega-
tive APCI ion source, 50–200 V, nitrogen). Dry column flash
chromatography [19] was carried out on Merck Kieselgel 60 H

(5–40 lm). All reactions were monitored by thin layer chro-
matography on 0.2 mm silica gel F 254 (Merck, Darmstadt,
Germany) plates using UV light (254 and 366 nm) for detec-
tion. Analytical HPLC was performed on a Shimadzu LC 20
system equipped with a diode array detector (215 and 254 nm)

on a Pathfinder AS reversed phase (4.6150 mm, 5 lm) col-
umn, running an acetonitrile/water gradient (30–100% acetoni-
trile). Common reagent-grade chemicals are either commer-
cially available and were used without further purification or
prepared by standard literature procedures.

General methods for the Fischer indole synthesis of
2,3,4,9-tetrahydro-1H-carbazoles (4). Method A (one pot
procedure). To a mixture of anhydrous sodium acetate (2.46 g,
30 mmol) in glacial acetic acid (40 mL) the appropriate cyclo-

hexanone 2 (30 mmol) was added at 90�C, then the corre-
sponding phenylhydrazine hydrochloride 1.HCl (25 mmol)
was added in small portions during 1 h. The reaction mixture
was further heated under reflux for 1 h, cooled to room tem-
perature and diluted with diethyl ether (100 mL). The precipi-

tated solid (inorganic salts) was separated by suction filtration
and washed with diethyl ether. The combined filtrates were
taken to dryness in vacuo, the residue diluted with a mixture
of ethanol/water (7:3, 100 mL) and after standing for 3 h, the
precipitated product isolated by suction filtration. The product

was dried in vacuo at room temperature, then recrystallized
from the appropriate solvent using charcoal.

Method B (2-step procedure). The corresponding phenylhy-
drazine hydrochloride 1.HCl (27 mmol) was suspended in
0.5M aqueous sodium hydroxide (100 mL) and stirred at 70�C
for 30 min. After cooling the precipitated oil was separated
(loss �5–10%) and added without further purification to a so-
lution of the appropriate cyclohexanone 2 (30 mmol) in glacial
acetic acid (70 mL) in small portions during 1 h. The reaction

mixture was then heated under reflux for 1 h and cooled to
room temperature under stirring until a solid precipitated. The

Scheme 6
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mixture was cooled to 5�C, the precipitated solid isolated by
suction filtration and the filtrate cooled again to isolate a sec-
ond crop. The combined solids were washed with water (100
mL) and ethanol/water (7:3, 100 mL), air-dried and then
recrystallized from the appropriate solvent using charcoal.

R-key and data of 4a-r: Table 1.
General Methods for the cyclization of tetrahydrocarba-

zoles 4 to 4-hydroxy-8,9,10,11-tetrahydropyrido[3,2,1-jk]car-
bazol-6-ones (6). Method A (thermal neat method). A mixture
of the appropriate diethyl malonate 5 (30 mmol) and the corre-

sponding tetrahydrocarbazole 4 (25 mmol) was heated for 2–3 h
to 280–300�C in a metal bath using a Vigreux column equipped
with a distillation bridge. During this time the first equivalent of
ethanol (25 mmol, about 0.9 mL) was liberated. When the liber-
ation of ethanol had stopped, the reaction mixture was heated

for about 30 min to a bath temperature of 330–350�C; during
this time the second equivalent of ethanol (0.9 mL, 25 mmol)
was liberated. The reaction mixture was cooled to about 80�C,
methanol (30 mL) was added, the mixture cooled to room tem-

perature and filtered by suction. The solid was taken up in aque-
ous sodium hydroxide solution (0.25M, 100 mL) and extracted
with toluene (100 mL). The aqueous layer was decolorized with
charcoal at 50 to 80�C and filtered. Concentrated hydrochloric
acid was added to the filtrate until pH �3, the precipitate fil-

tered by suction, washed acid-free with water, dried and recrys-
tallized from the appropriate solvent.

Method B (thermal solution method). A solution of the
appropriate diethyl malonate 5 (30 mmol) and the correspond-
ing tetrahydrocarbazole 4 (25 mmol) in diphenylether (25 mL)

was heated under reflux at 250�C in a metal bath using a Vig-
reux column equipped with a distillation bridge for about 12 h.
During this time, 2 equivalents of ethanol were liberated (50
mmol, about 1.8 mL). After cooling to room temperature,
diethyl ether (50 mL) was added, and the solid which precipi-

tated was filtered by suction, washed with diethyl ether and
dried. The collected solid was taken up in aqueous sodium hy-
droxide solution (0.25M, 100 mL) and filtered by suction. Con-
centrated hydrochloric acid was added to the filtrate until pH

�3, the precipitate filtered by suction, washed acid-free with
water, dried and recrystallized from the appropriate solvent.

R-key and data of 6a-p: Table 2.
5-Benzyl-4-hydroxy-8,9,10,11-tetrahydropyrido[3,2,1-jk]car-

bazol-6-one (6h). From tetrahydrocarbazole 4a and bis(2,4,6-
trichlorophenyl) 2-benzylmalonate (5i) (Method C, ‘‘active
malonate’’ method [15]):
Bis(2,4,6-trichlorophenyl) 2-benzylmalonate (5i). A mixture of
dry 2-benzylmalonic acid (5, R3 ¼ CH2Ph, X ¼ OH) (38.8 g,
0.2 mol), 2,4,6-trichlorophenol (63.2 g, 0.32 mol) and phos-

phoryl chloride (64.4 g, 0.42 mol) was heated under reflux
until the evolution of hydrogen chloride gas had stopped
(about 4–6 h). The reaction mixture was then poured onto
crushed ice (600 mL), filtered by suction, the solid washed
with ice-water, dissolved in toluene (400 mL) and washed

with aqueous sodium hydrogencarbonate solution (5%) and
water. The organic layer was dried with sodium sulfate and
the solvent removed under reduced pressure. The residue was
triturated with hexane, filtered and dried at room temperature.

The yield was 44.6 g (50%), light yellowish prisms, mp 104�C
(lit. mp 106–107�C [15a]).

5-Benzyl-4-hydroxy-8,9,10,11-tetrahydropyrido[3,2,1:jk]car-
bazol-6-one (6h). An intimate mixture of tetrahydrocarbazole

4a (3.75 g, 22 mmol) and bis(2,4,6-trichlorophenyl) 2-benzyl-
malonate (5i) (12.1 g, 22 mmol) was heated without solvent
for 60 min to 250�C. The 2,4,6-trichlorophenol vapors were
removed via a funnel into the water pump. After cooling the
dark reaction mixture was washed with hexane until the prod-

uct became semi-solid. Then the product was stirred overnight
with aqueous sodium hydroxide solution (0.5M, 500 mL), fil-
tered, the filtrate extracted with toluene (2 � 100 mL) and the
aqueous phase acidified with concentrated hydrochloric acid.
The precipitate was washed with water, recrystallized from

glacial acetic acid/water and dried. The yield was 2.17 g
(30%).

From tetrahydrocarbazole 4a and 2-benzyl-2-(chlorocarbo-
nyl)ethylketene (5j) (Method D, ‘‘(chlorocarbonyl)ethylke-
tene’’-method [16]). 2-Benzyl-2-(chlorocarbonyl)ethylketene
(5j). To a solution of 2-benzylmalonic acid (5, R3 ¼ CH2Ph,
X ¼ OH) (38.8 g, 0.2 mol) in toluene (50 mL), thionyl chlo-
ride (59.5 g, 0.6 mol) was added dropwise under stirring in a
nitrogen atmosphere. The mixture was heated for 24 h under

reflux, then toluene and excess thionyl chloride were removed
by distillation under reduced pressure (60�C, 130 mm Hg).
The residue was distilled under reduced pressure (134–140�C,
15 mm Hg). The yield was 27.2 g (70%) yellowish oil; lit. bp
110–112�C (1.5 mm Hg) [16b].

5-Benzyl-4-hydroxy-8,9,10,11-tetrahydropyrido[3,2,1:jk]car-
bazol-6-one (6h). To a solution of tetrahydrocarbazole 4a

(5.12 g, 30 mmol) in dry ethyl acetate (150 mL), 2-benzyl-2-
(chlorocarbonyl)ketene (5j) (6.5 g, 33 mmol) and dry triethyl-
amine (4.5 mL) was added at 40–50�C. The yellow reaction

mixture turned red and viscous and a small amount of a dark
solid precipitated. The reaction mixture was kept for 30 min at
room temperature, then the precipitate was filtered off, the fil-
trate taken to dryness under reduced pressure and triturated
with xylene. The resulting precipitate was filtered by suction

and dried. The yield was 5.42 g (55%), yellowish prisms. Data
of 6h: Table 2.

5-Nitro-5-phenyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carba-
zole-4,6-dione (9). A solution of 4-hydroxy-pyridocarbazole

6a (2.00 g, 6.3 mmol) in glacial acetic acid (12 mL) was
treated with concentrated nitric acid (1.2 mL) and sodium ni-
trite (0.03 g). The mixture was stirred for 30 min at room tem-
perature, then diluted with ice/water (45 mL), the formed yel-
low precipitate separated by suction filtration and washed with

water until acid-free. The yield was 1.70 g (75%), yellow
prisms, mp 164�C (methanol). IR: 2960–2860 w, 1730 s (4-
C¼¼O), 1695 s (6-C¼¼O), 1660 sh, 1625 w, 1590 w, 1570 s
cm�1; 1H NMR (CF3COOH): d 1.80–2.10 (m, 4 H, 9-CH2, 10-
CH2), 2.70 (t, J ¼ 7.0 Hz, 2 H, 11-CH2), 3.15 (t, J ¼ 7.0 Hz,

2 H, 8-CH2), 7.25 (t, J ¼ 7.1 Hz, 1 H, 2-H), 7.35–7.50 (m, 3
H, PhH), 7.55–7.60 (m, 2 H, PhH), 7.70 (d, J ¼ 7.1 Hz, 1-H),
7.90 (d, J ¼ 7.1 Hz, 1 H, 8-H). Anal. calcd. for C21H16N2O4

(360.37): C, 69.99; H, 4.48; N, 7.77. Found: C, 70.34; H,
4.71; N, 7.45.

5-Hydroxy-5-methyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]car-
bazol-4,6-dione (10). A solution of 4-hydroxy-pyridocarbazole
6a (0.68 g, 2.7 mmol) in aqueous sodium hydroxide solution
(0.25M, 60 mL) was slowly brought to pH �8 with aqueous

potassium dihydrogenphosphate solution (1M, �10 mL), then
hydrogenperoxide (30%, 20 mL) was added. The reaction mix-
ture was stirred for 6 h at 40�C. After cooling to room temper-
ature, the mixture was poured onto crushed ice/water (100
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mL), the solid filtered by suction and washed with water. The
yield was 0.52 g (72%), yellow prisms, mp 189�C (ethanol).
IR: 3395 s, 2945 m, 1711 s (4-C¼¼O), 1684 s (6-C¼¼O), 1630
w, 1593 m cm�1; 1H NMR (DMSO-d6): d 1.49 (s, 3 H, 5-Me),
1.82–1.88 (m, 4 H, 9-CH2, 10-CH2), 2.68 (t, J ¼ 7.0 Hz, 2 H,

11-CH2), 3.06 (t, J ¼ 7.0 Hz, 2 H, 8-CH2), 6.15 (s, 1 H, 5-
OH), 7.41 (t, J ¼ 7.6 Hz, 1 H, 2-H), 7.69 (d, J ¼ 7.6 Hz, 1 H,
1-H), 7.82 (d, J ¼ 7.6 Hz, 1 H, 3-H); MS [APCI, pos]: m/e
(%) ¼ 271 (11), 270 (M, 100). Anal. calcd. for C16H15NO3

(269.30): C, 71.36; H, 5.61; N, 5.20. Found: C, 71.20; H,

5.86; N, 5.22.
5-Chloro-5-methyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carba-

zol-4,6-dione (11a). To a suspension of 4-hydroxy-pyridocar-
bazole 6a (2.30 g, 9 mmol) in dioxane (50 mL) at 20�C, sul-
furyl chloride (0.8 mL, 10 mmol) was added slowly. The reac-

tion mixture was stirred for 5 h at room temperature and then
poured onto crushed ice/water (200 mL). The solid was filtered
and washed with water. The yield was 2.00 g (76%), yellow
needles, mp 182�C (ethanol). IR: 3432 s, 2936 m, 1722 s (4-

C¼¼O), 1689 s (6-C¼¼O), 1629 w, 1592 w cm�1; 1H NMR
(DMSO-d6): d 1.74–1.82 and 1.86–1.94 (2 m, 4 H, 9-CH2 and
10-CH2), 1.98 (s, 3 H, 5-Me), 2.70 (t, J ¼ 7.0 Hz, 2 H, 11-
CH2), 3.06 (t, J ¼ 7.0 Hz, 2 H, 8-CH2), 7.45 (t, J ¼ 7.6 Hz, 1
H, 2-H), 7.78 (d, J ¼ 7.6 Hz, 1 H, 1-H), 7.81 (d, J ¼ 7.6 Hz,

1 H, 3-H). Anal. calcd. for C16H14ClNO2 (287.75): C, 66.79;
H, 4.90; N, 4.87. Found: C, 66.90; H, 4.92; N, 4.85.

5-Chloro-5-phenyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carba-
zole-4,6-dione (11b). To a suspension of 4-hydroxy-pyridocar-
bazole 6g (1.65 g, 5.2 mmol) in dioxane (25 mL) at 50�C, sul-
furyl chloride (1.70 g �1.01 mL, 12.6 mmol) was added
slowly. The mixture was stirred for 10 min, heated to boiling
for a few min and then poured onto crushed ice/water (50
mL). The oily product was stirred and washed several times
with water until solid. The yellow-orange precipitate was

crushed, filtered by suction and washed with water. The yield
was 1.79 g (97%), yellow prisms, mp 116�C (ethanol). IR:
3430 s, 2935 m, 1720 s (4-C¼¼O), 1690 s (6-C¼¼O), 1630 w
cm�1; 1H NMR (DMSO-d6): d 1.75–1.83 and 1.85–1.93 (2 m,

4 H, 9-CH2 and 10-CH2), 2.71 (t, J ¼ 7.0 Hz, 2 H, 11-CH2),
3.05–3.09 (m, 2 H, 8-CH2), 7.37–7.50 (m, 4 H, 3 PhH, 2-H),
7.55–7.60 (m, 2 H, PhH), 7.75–7.85 (m, 2 H, 1-H, 3-H). Anal.
calcd. for C21H16ClNO2 (349.82): C, 72.10; H, 4.61; N, 4.00.
Found: C, 72.36; H, 4.32; N, 4.25.

5-Chloro-2,5,9-trimethyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]
carbazole-4,6-dione (11c). From 4-hydroxy-pyridocarbazole 6l

(5.06 g, 18 mmol) in dioxane (100 mL) and sulfuryl chloride
(2.7 g �1.61 mL, 20 mmol) as described for 11a. Work-up
was performed as described for 11b. The yield was 4.56 g

(80%) orange-yellow needles, mp 151�C (ethanol). IR: 3435 s,
2949 m, 2923 m, 1719 s (4-C¼¼O), 1690 s (6-C¼¼O), 1630 w,
1604 w cm�1; 1H NMR (DMSO-d6): d 1.12 (d, J ¼ 7.0 Hz, 3
H, 9-Me), 1.46–1.50 (m, 1 H, 9-H), 1.96–1.98 (m, 5 H, 5-Me,
10-CH2), 2.51 (s, 3 H, 2-Me), 2.59–2.70 and 2.72–2.83 (2 m,

4 H, 11-CH2, 8-CH2), 7.58 (s, 1 H, 1-H), 7.67 (s, 1 H, 3-H).
Anal. calcd. for C18H18ClNO2 (315.80): C, 68.46; H, 5.75; N
4.44. Found: C, 68.58; H, 5.59; N 4.39.

2,5-Dichloro-5-phenyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]
carbazole-4,6-dione (11d). From 4-hydroxy-pyridocarbazole
6n (1.50 g, 4.3 mmol) in dioxane (25 mL) and sulfuryl chlo-
ride (0.70 g–0.42 mL, 5.2 mmol) as described for 11b. The
yield was 1.42 g (86%) yellow prisms, mp 100�C (ethanol).

IR: 3430 s, 2950 m, 2920 m, 1720 s (4-C¼¼O), 1690 s (6-
C¼¼O), 1630 w, 1605 w cm�1; 1H NMR (DMSO-d6): d 1.75–
1.82 and 1.85–1.92 (2 m, 4 H, 9-CH2 and 10-CH2), 2.70 (t, J
¼ 7.0 Hz, 2 H, 11-CH2), 3.05–3.08 (m, 2 H, 8-CH2), 7.35–
7.50 (m, 3 H, 3 PhH), 7.55–7.60 (m, 2 H, PhH), 7.80–8.00 (m,

2 H, 1-H, 3-H). Anal. calcd. for C21H15Cl2NO2 (384.27): C,
65.64; H, 3.93; N. 3.65. Found: C, 65.28; H, 3.95; N 3.27.

2,5-Dichloro-10-methyl-5-phenyl-8,9,10,11-tetrahydropyrido
[3,2,1-jk]carbazole- 4,6-dione (11e). From 4-hydroxy-pyrido-
carbazole 6o (1.10 g, 3 mmol) in dioxane (20 mL) and sulfuryl

chloride (0.49 g, 0.30 mL, 3.7 mmol) as described for 11b.
The yield was 1.10 g (91%), yellow prisms, mp 105�C (etha-
nol). IR: 3420 s, 2940 m, 2910 m, 1715 s (4-C¼¼O), 1690 s
(6-C¼¼O), 1625 w, 1605 w cm�1; 1H NMR (DMSO-d6): d
1.06 (d, J ¼ 7.0 Hz, 3 H, 10-Me), 1.30–1.55 (m, 1 H, 10-H),

1.75–2.00 (m, 2 H, 9-CH2), 2.70 (t, J ¼ 7.0 Hz, 2 H, 11-CH2),
3.03–3.08 (m, 2 H, 8-CH2), 7.35–7.50 (m, 3 H, 3 PhH), 7.55–
7.60 (m, 2 H, PhH), 7.81 (d, J ¼ 2.0 Hz, 1 H, 1-H), 8.02 (d, J
¼ 7.0 Hz, 1 H, 3-H). Anal. calcd. for C22H17Cl2NO2 (398.29):

C, 66.34; H, 4.30; N, 3.52; Found: C, 66.25; H, 4.28; N, 3.24.
5-Azido-5-methyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carba-

zole-4,6-dione (12). A suspension of 5-chloropyridocarbazole
11a (1.20 g, 4.2 mmol) and sodium azide (1.00 g, 15.3 mmol)
in dimethylformamide (40 mL) was stirred and heated for 1 h

at 50�C. After cooling to room temperature, the mixture was
poured onto crushed ice/water (100 mL), filtered by suction
and washed with water. The yield was 0.95 g (77 %) yellow
needles, mp 131�C (ethanol). IR: 3432 s, 2929 m, 2144 sh,
2106 s (N3), 1722 s (4-C¼¼O), 1688 s (6-C¼¼O), 1626 w, 1592

m cm�1; 1H NMR (DMSO-d6): d 1.70 (s, 3 H, 5-Me), 1.81–
1.83 and 1.85–1.88 (2 m, 4 H, 9-CH2, 10-CH2), 2.69 (t, J ¼
7.0 Hz, 2 H, 11-CH2), 3.05–3.09 (m, 2 H, 8-CH2), 7.43 (t, J ¼
7.6 Hz, 1 H, 2-H), 7.72 (d, J ¼ 7.5 Hz, 1 H, 1-H), 7.85 (d, J
¼ 7.5 Hz, 1 H, 3-H). Anal. calcd. for C16H14N4O2 (294.32):

C, 65.30; H, 4.79; N, 19.04. Found: C, 65.24; H, 4.78; N,
18.65.

5-Benzylamino-5-methyl-8,9,10,11-tetrahydropyrido[3,2,1-
jk]carbazole-4,6-dione (14a). A solution of 5-chloropyridocar-

bazole 11a (1.20 g, 4.2 mmol) and benzylamine (13a) (0.50
mL, 4.5 mmol) in dimethylformamide (3 mL) was heated and
stirred for 15 h at 50�C. After cooling to room temperature,
the mixture was poured onto ice/water (100 mL), filtered by
suction and washed with water. The yield was 1.22 g (81%),

yellow prisms, mp 73�C (ethanol). IR: 3395 m, 2932 m, 2853
w, 1720 s (4-C¼¼O), 1681 s (6-C¼¼O), 1628 w, 1591 m cm�1;
1H NMR (DMSO-d6): d 1.50 (s, 3 H, 5-Me), 1.79–1.83 and
1.86–2.08 (2 m, 4 H, 9-CH2, 10-CH2), 2.67 (t, J ¼ 7.0 Hz, 2
H, 11-CH2), 3.04–3.14 (m, 2 H, 8-CH2), 3.51 (s, 2 H, benzyl-

CH2), 7.17–7.30 (m, 5 H, PhH), 7.43 (t, J ¼ 7.7 Hz, 1 H, 2-
H), 7.70 (d, J ¼ 7.5 Hz, 1 H, 1-H), 7.81 (d, J ¼ 7.6 Hz, 1 H,
3-H); MS [APCI, pos]: m/e (%) ¼ 360 (11), 359 (100, M).
Anal. calcd. for C23H22N2O2 (358.44): C, 77.07; H, 6.19; N,
7.82. Found: C, 77.35; H, 5.99; N, 7.54.

5-Methyl-5-phenylamino-8,9,10,11-tetrahydropyrido[3,2,1-jk]
carbazole-4,6-dione (14b). From a solution of 5-chloropyrido-
carbazole 11a (1.00 g, 3.4 mmol) and aniline (13b) (0.5 mL,
5.5 mmol) in dimethylformamide (20 mL) as described for

14a. The yield was 0.63 g (54 %), yellow prisms, mp 115�C
(ethanol). IR: 3395 m, 2932 m, 2856 w, 1724 s (4-C¼¼O),
1686 s (6-C¼¼O), 1603 m, 1592 m cm�1; 1H NMR (DMSO-
d6): d 1.65 (s, 3 H, 5-Me), 1.83–1.91 (m, 4 H, 9-CH2, 10-
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CH2), 2.73 (t, J ¼ 7.0 Hz, 2 H, 11-CH2), 3.06 (t, J ¼ 7.0 Hz,
2 H, 8-CH2), 6.12 (d, J ¼ 8.0 Hz, 2 H, PhH), 6.51 (t, J ¼ 7.3
Hz, 1 H, PhH), 6.86 (s, 1 H, NH, D2O-exchangeable), 6.94 (t,
J ¼ 7.8 Hz, 2 H, PhH), 7.51 (t, J ¼ 7.6 Hz, 1 H, 2-H), 7.76
(d, J ¼ 7.6 Hz, 1 H, 1-H), 7.93 (d, J ¼ 7.6 Hz, 1 H, 3-H).

Anal. calcd. for C22H20N2O2 (344.42): C, 76.72; H, 5.85; N,
8.13. Found: C, 76.39; H, 5.67; N, 8.36.

5-Methyl-5-morpholino-8,9,10,11-tetrahydropyrido[3,2,1-jk]
carbazole-4,6-dione (16a). A solution of 5-chloropyridocarba-
zole 11a (1.60 g, 5.5 mmol) and morpholine (15a) (0.5 mL,

5.7 mmol) in dimethylformamide (20 mL) was stirred for 5 h
at 50�C. After cooling to room temperature, the mixture was
poured into water (100 mL), the solid was filtered by suction,
washed with water and dried at room temperature in vacuo.
The yield was 1.40 g (75%), yellow prisms, mp 72�C (etha-

nol). IR: 3425 m, 2936 s, 2853 s, 1713 s (4-C¼¼O), 1681 s (6-
C¼¼O), 1631 w, 1591 m cm�1. 1H NMR (DMSO-d6): d 1.49
(s, 3 H, 5-Me), 1.78–1.81 and 1.86–1.89 (2 m, 4 H, 9-CH2,
10-CH2), 2.55–2.60 (m, 4 H, 2x 5-morpholino-CH2), 2.67 (t, J
¼ 7.0 Hz, 2 H, 11-CH2), 3.09 (s, J ¼ 7.0 Hz, 2 H, 8-CH2),
3.49 (t, J ¼ 4.2 Hz, 4 H, 2x 5-morpholino-CH2), 7.40 (t, J ¼
7.6 Hz, 1 H, 2-H), 7.66 (d, J ¼ 7.6 Hz, 1 H, 1-H), 7.82
(d, J ¼ 7.6 Hz, 1 H, 3-H); MS [APCI, pos]: m/e (%) ¼ 340
(28), 339 (100, M), 337 (12). Anal. calcd. for C20H22N2O3

(338.41): C, 70.99; H, 6.55; N, 8.28. Found: C, 71.24; H,
6.32; N, 8.01.

5-Methyl-5-piperidino-8,9,10,11-tetrahydropyrido[3,2,1-jk]car-
bazole-4,6-dione (16b). From 5-chloropyridocarbazole 11a

(1.50 g, 5.2 mmol) and piperidine (15b) (0.6 mL, 6 mmol) in

dimethylformamide (20 mL) as described for 16a. The yield
was 1.45 g (84%), yellow prisms, mp 87�C (ethanol). IR: 3421
m, 2934 s, 2851 m, 1714 s (4-C¼¼O), 1681 s (6-C¼¼O), 1630
w, 1591 m cm�1: 1H NMR (DMSO-d6): d ¼ 1.31–1.33 and
1.38–1.40 (2 m, 6 H, 3 5-piperidino-CH2), 1.47 (s, 3 H, 5-

Me), 1.77–1.80 and 1.85–1.87 (2 m, 4 H, 9-CH2, 10-CH2),
2.54–2.57 (m, 4 H, 5-piperidine-CH2), 2.67 (t, J ¼ 7.0 Hz, 2
H, 11-CH2), 3.09 (t, J ¼ 7.0 Hz, 2 H, 8-CH2), 7.39 (t, J ¼ 7.6
Hz, 1 H, 2-H), 7.65 (d, J ¼ 7.5 Hz, 1 H, 1-H), 7.80 (d, J ¼
7.6 Hz, 1 H, 3-H); MS [APCI, pos]: m/e (%) ¼ 338 (20%),
337 (M, 100%). Anal. calcd. for C21H24N2O2 (336.44): C,
74.97; H, 7.19; N, 8.33. Found: C, 75.35; H, 7.01; N, 8.04.

4-Benzylamino-5-methyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]
carbazol-6-one (17a). A solution of 4-hydroxy-pyridocarbazole

6a (2.53 g, 10 mmol) and excess benzylamine (13a) (20 mL)
was heated for 6 h at 180�C using an air condenser to remove
water formed during the reaction, cooled and the excess ben-
zylamine removed by distillation in vacuo. To the liquid resi-
due petroleum ether (bp 60–90�C, 50 mL) was added and

stirred. The solid precipitated, was filtered by suction and
washed with petroleum ether (bp 60–90�C). Then toluene (50
mL) was added and the solid was filtered by suction and
washed with ethanol (20 mL). The yield was 2.15 g (63 %),
yellow prisms, mp 128�C (ethanol). IR: 3442 m, 3386 s, 3357

s, 2934 m, 1642 m (6-C¼¼O), 1618 s, 1536 s cm�1; 1H NMR
(CDCl3): d 1.89–1.90 and 1.96–1.97 (2 m, 4 H, 9-CH2, 10-
CH2), 2.18 (s, 3 H, 5-Me), 2.76 (t, J ¼ 6.0 Hz, 2 H, 11-CH2),
3.27 (t, J ¼ 6.0 Hz, 2 H, 8-CH2), 4.43 (s, 1 H, NH), 4.82 (d, J
¼ 3.8 Hz, 2 H, benzyl-CH2), 7.30–7.36 (m, 3 H, PhH, 2-H),
7.38–7.40 (m, 3 H, PhH), 7.61 (d, J ¼ 7.5 Hz, 1 H, 1-H), 7.67
(d, J ¼ 8.0 Hz, 1 H, 3-H). 13C NMR (CDCl3): d 11.2, 21.2
and 22.4 (C9, C10), 23.0 and 24.9 (C11, C8), 52.5 (Me),

108.5, 113.7, 117.4, 118.5, 120.4, 122.4, 127.5, 128.1, 129.9,
131.2 (13 ArC), 137.7, 139.1, 150.2 (3 CAN), 161.6 (C¼¼O);
MS [APCI, pos]: m/e (%) ¼ 344 (25), 343 (100), 341(5), 241
(33), 108 (39). Anal. calcd. for C23H22N2O (342.44): C, 80.67;
H, 6.48; N, 8.18. Found: C, 80.38; H, 6.47; N, 8.27.

5-Methyl-4-phenylamino-8,9,10,11-tetrahydropyrido[3,2,1-jk]
carbazole-6-one (17b). From 4-hydroxy-pyridocarbazole 6a

(2.53 g, 10 mmol), aniline hydrochloride (2.50 g, 19 mmol)
and aniline (13b) (20 mL) as described for 17a. The yield was
2.10 g (64 %), yellowish prisms, mp 167�C (ethanol). IR:

3462 m, 3342 m, 2934 m, 1648 m (6-C¼¼O), 1630 s, 1601 m,
1555 w cm�1; 1H NMR(CDCl3): d 1.89–1.93 and 1.96–2.00 (2
m, 4 H, 9-CH2. 10-CH2), 2.15 (s, 3 H, 5-Me), 2.78 (t, J ¼ 6.0
Hz, 2 H, 11-CH2), 3.31 (t, J ¼ 6.0 Hz, 2 H, 8-CH2), 6.02 (s, 1
H, NH), 6.94 (d, J ¼ 7.6 Hz, 2 H, PhH), 7.01 (t, J ¼ 7.4 Hz,

1 H, 2-H), 7.15–7.29 (m, 3 H, PhH), 7.38 (d, J ¼ 7.8 Hz, 1 H,
1-H), 7.58 (d, J ¼ 7.5 Hz, 1 H, 3-H); 13C NMR (CDCl3): d
12.4, 21.3, 22.4, (C9, C10), 22.9, 24.8 (C8, C11), 42.0 (Me),
114.9, 117.8, 118.4, 118.7, 119.2, 120.5, 127.9, 129.2, 131.3

(12 ArC), 137.6, 143.5, 144.3 (3 CAN), 161.8 (C¼¼O); MS
[APCI, pos]: m/e (%) ¼ 330 (28), 329 (100). Anal. calcd. for
C22H20N2O (328.42): C, 80.46; H, 6.14; N, 8.53. Found: C,
80.20; H, 6.26; N, 8.68.

4-Chloro-5-methyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carba-
zole-6-one (18a). A solution of 4-hydroxy-pyridocarbazole 6a

(2.53g, 10 mmol) in phosphoryl chloride (30 mL) was heated
under reflux for 1 h. The excess phosphoryl chloride was
removed i. vac., the residue cooled to room temperature and
poured onto crushed ice/water (100 mL). Caution: strong exo-

thermic reaction. The product was brought to pH �4 to 6 with
2M aqueous sodium hydroxide solution, the solid filtered by
suction and washed with water. The yield was 1.40 g (51 %),
ash–grey powder, mp 165�C (ethanol). IR: 3453 m, 2930 s,
1659 s (6-C¼¼O), 1628 m, 1597 w cm�1; 1H NMR (CDCl3): d
1.87–2.01 (m, 4 H, 9-CH2, 10-CH2), 2.41 (s, 3 H, 5-Me), 2.76
(t, J ¼ 6.0 Hz, 2 H, 11-CH2), 3.24 (t, J ¼ 6.0 Hz, 2 H, 8-
CH2), 7.42 (t, J ¼ 7.7 Hz, 1 H, 2-H), 7.63 (d, J ¼ 7.6 Hz, 1
H, 1-H), 7.73 (d, J ¼ 7.8 Hz, 1 H, 3-H); MS [APCI, pos]: m/z
(%) ¼ 274 (35), 273 (15), 272 (100, M). Anal. calcd. for
C16H14ClNO (271.75): C, 70.72; H, 5.19; N, 5.00. Found: C,
70.49; H, 5.26; N, 5.15

4-Chloro-5-phenyl-8,9,10,11-tetrahydro-pyrido[3,2,1-jk]carba-
zol-6-one (18b). From 4-hydroxy-pyridocarbazole 6g (3.15 g,

10 mmol) and phosphoryl chloride (30 mL) as described for
18a. The yield was 2.20 g (66%), light brownish needles, mp
154�C (ethanol). IR: 2960–2840 w, 1660 s (6-C¼¼O), 1625 w,
1595 w cm�1; 1H NMR (CDCl3): d 1.85–2.00 (m, 4 H, 9-CH2,
10-CH2), 2.75 (t, J ¼ 6.0 Hz, 2 H, 11-CH2), 3.20–3.25 (m, 2

H, 8-CH2), 7.35–7.50 (m, 4 H, 3 PhH, 2-H), 7.55–7.60 (m, 2
H, PhH), 7.65–7.75 (m, 2 H, 1-H, 3-H). Anal. calcd. for
C21H16ClNO (333.82): C, 75.56; H, 4.83; N, 4.20. Found: C,
75.39; H, 5.06; N, 4.05.

5-Benzyl-4-chloro-8,9,10,11-tetrahydropyrido[3,2,1-jk]carba-
zol-6-one (18c). From 4-hydroxy-pyridocarbazole 6h (3.29 g,
10 mmol) and phosphoryl chloride (30 mL) as described for
18a. The yield was 0.79 g (24%), yellow prisms, mp 106�C
(ligroin). IR: 2950-2850 w, 1655 s (6-C¼¼O), 1615 w, 1590 w;
1H NMR (DMSO-d6): d 1.70–1.90 (m, 4 H, 2 CH2), 2.70 (s, 2
H, 11-CH2), 3.10 (s, 2 H, 8-CH2), 4.00 (s, benzyl-CH2), 7.10–
7.50 (m, 6 H, 5 benzyl-H, 2-H), 7.70 (d, J ¼ 6.0 Hz, 1-H),
8.05 (d, J ¼ 6.0 Hz, 3-H). Anal. calcd. for C22H18ClNO
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(347.85): C, 75.97; H, 5.22; N, 4.03. Found: C, 76.32; H,
4.91; N, 3.65.

2,4-Dichloro-10-methyl-5-phenyl-8,9,10,11-tetrahydro-pyrido
[3,2,1-jk]carbazol-6-one (18d). From 4-hydroxy-pyridocarba-
zole 6o (3.63 g, 10 mmol) and phosphoryl chloride (30 mL) as

described for 18a. The yield was 3.28 g (86%), colorless
prisms, mp 190�C (ethanol). IR: 2930–2800 w, 1660 s, 1610
w, 1590 w cm�1; 1H NMR (CDCl3): d 1.85–2.05 (m, 4 H, 9-
CH2, 10-CH2), 2.73 (t, J ¼ 6.0 Hz, 2 H, 11-CH2), 3.20–3.25
(m, 2 H, 8-CH2), 7.35–7.45 (m, 3 H, 3 PhH), 7.55–7.60 (m, 2

H, PhH), 7.65–7.75 (m, 2 H, 1-H, 3-H). Anal. calcd. for
C22H17Cl2NO (382.29): C, 69.12; H, 4.48; N, 3.66. Found: C
69.18; H, 4.81; N 3.80.

4-Chloro-2,5,9-trimethyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]
carbazol-6-one (18e). From 4-hydroxy-pyridocarbazole 6l

(2.81 g, 10 mmol) and phosphoryl chloride (30 mL) as
described for 18a. The yield was 1.85 g (62%), colorless
prisms, mp 157�C (ethanol). IR: 3450 m, 2922 m, 1662 s (6-
C¼¼O), 1627 m, 1588 w cm�1. 1H NMR (CDCl3): 1.15 (d, 3

H, 9-Me), 1.41–1.46 (m, 1 H, 9-H), 1.89–2.19 (m, 2 H, 10-
CH2), 2.41 (s, 3 H, 5-Me) 2.58 (s, 3 H, 2-CH3), 2.68–2.84 (m,
4 H, 8-CH2, 11-CH2), 7.46 (d, J ¼ 6.5 Hz, 1 H, 1-H), 7.55 (d,
J ¼ 6.5 Hz, 1 H, 3-H). Anal. calcd. for C18H18ClNO (299.80):
C, 72.11; H, 6.05; N, 4.67. Found: C, 71,81; H, 5,94; N, 4,51.

4-Azido-5-methyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carba-
zole-6-one (19a). Method A. A mixture of 4-chloro-pyridocar-
bazole 18a (1.36 g, 5 mmol) and sodium azide (0.98 g, 15
mmol) in dimethylformamide (30 mL) was intensively stirred
and heated for 36 h at 50�C. After cooling to room tempera-

ture, the mixture was poured onto crushed ice/water (250 mL).
This solution was kept for 3 h at room temperature, filtered by
suction and dried in vacuum with phosphorouspentoxide. Tlc
check showed a mixture of starting 18a and azide 19a, which
were separated by dry column flash chromatography (hexane/

ethyl acetate as gradients). The yield of 19a was 0.33 g (15%).
Method B. A mixture of 4-hydroxy-pyridocarbazole 6a (0.50
g, 2 mmol) and sodium azide (0.65 g, 10 mmol) in excess
phosphoryl chloride (3 mL �5 g, 30 mmol) was intensively

stirred and heated for 12 h at 60�C. The excess phosphoryl
chloride was removed by vacuum distillation. After cooling to
room temperature, the solid was poured into crushed ice/water
(50 mL), and filtered by suction. The yield was 0.32 g (58 %),
yellowish crystals, mp 104�C (dec.) (methanol). IR: 3432 m,

2390 m, 2855 w, 2114 s (N3), 1661 s (6-C¼¼O), 1626 m, 1598
w cm�1; 1H NMR (CDCl3): d 1.88–1.82 and 1.87–1,89 (2 m,
4 H, 9-CH2, 10-CH2), 2.32 (s, 3 H, 5-Me), 2.72 (t, J ¼ 7.0
Hz, 2 H, 11-CH2), 3.10 (t, J ¼ 7.0 Hz, 2 H, 8-CH2), 7.48 (t, J
¼ 7.7 Hz, 1 H, 2-H), 7.72 (d, J ¼ 7.6 Hz, 1 H, 1-H), 7.78 (d,

J ¼ 7.8 Hz, 1 H, 3-H). Anal. calcd. for C16H14N4O (278.32):
C, 69.05; H, 5.07; N, 20.13. C, 69.41; H, 5.44; N, 19.75.

4-Azido-5-phenyl-8,9,10,11-tetrahydropyrido[3,2,1-jk]carba-
zol-6-one (19b). To a solution of 4-chloro-pyridocarbazole 18b

(0.60 g, 1.8 mmol) in dimethylformamide (30 mL) at 50�C,
sodium azide (0.5 g, 7.2 mmol) was added and the mixture
stirred for 12 h at room temperature, and then for about 60
min at 80�C until the reaction was finished (tlc check). The
yield was 0.20 g (33%), brownish prisms, mp 107�C (dec.).

IR: 3430 m, 2350 m, 2850 w, 2115 s (N3), 1660 s (6-C¼¼O),
1625 m, 1595 w cm�1; 1H NMR (CDCl3): d 1.85–2.05 (m, 4
H, 9-CH2, 10-CH2), 2.70 (t, J ¼ 6.0 Hz, 2 H, 11-CH2), 3.20–
3.25 (m, 2 H, 8-CH2), 7.35–7.50 (m, 4 H, 3 PhH, 2-H), 7.55–

7.62 (m, 2 H, PhH), 7.67–7.80 (m, 2 H, 1-H, 3-H). Anal.
calcd. for C21H16N4O (340.39): C, 74.10; H, 4.74; N, 16.46.
Found: C, 74.35; H, 4.52; N, 16.28.
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A new class of bis heterocycles having two different heterocyclic rings viz., pyrroles in combination
with pyrazolines and isoxazolines were synthesized. All the compounds were characterized by elemental

and spectral analysis.

J. Heterocyclic Chem., 47, 825 (2010).

INTRODUCTION

Heterocyclic chemistry has attracted a lot of interest

during recent years as many useful drugs have emerged

in this branch. In fact, the development of simple, facile,

and efficient synthetic methodologies for the develop-

ment of five membered heterocycles has been a chal-

lenging task in organic synthesis. Amongst five mem-

bered heterocycles, pyrroles, pyrazoles, and isoxazoles

have gained importance because of their varied physio-

logical activities. As constituents of cytotoxic drugs,

such as netrospin and distamycin, 4-aminopyrrole-2-car-

boxylates, have been used as the main compounds in

the construction of a diverse series of DNA-binding

ligands exhibiting antibiotic, antiviral, and oncolytic

properties [1]. The related 3-amino pyrroles also exhibit

anticonvulsant activity by blocking sodium channels [2].

In addition, pyrazolines and isoxazolines have gained

importance due to their various chemotherapeutic prop-

erties. In fact, Celecoxib, a pyrazole derivative and Val-

decoxib, an isoxazole derivative, have been widely used

in the market as anti-inflammatory drugs [3]. Hence, it

was considered worthwhile to prepare molecules having

both pyrrole and pyrazole/isoxazole rings. In the litera-

ture, 3,4-disubstituted pyrroles were reported either by

coupling imines and nitroalkanes or by using Friedel-

Craft’s acylation in the presence of an electron-with-

drawing group on the pyrrole nitrogen or on 3,4-sily-

lated precursors [4]. However, these synthetic routes

were often complicated and limited to only some sub-

stituents. Previously, 3,4-disubstituted pyrroles were

synthesized from Michael acceptors and tosylmethyl iso-

cyanide (TosMIC) [5]. Following this synthetic method-

ology, we have reported recently a new regioselective

one step procedure using phenyl vinyl sulfone, aryl sty-

ryl sulfones, benzyl styryl sulfones and TosMIC, leading

to a series of 3,4-disubstituted pyrroles in good yields

[6]. Similarly, pyrazolines and isoxazolines were pre-

pared by 1,3-dipolar cycloaddition of an ylide to an

alkene involving the 3þ2 cycloaddition principle [7].

Among the ylides, diazomethane, nitrile imines, and

nitrile oxides were used extensively as reactive inter-

mediates. These nitrile imines and nitrile oxides can be

generated by the dehydrogenation of araldehyde phenyl-

hydrazones and araldoximes with lead tetraacetate [8],

mercury acetate [9], 1-chlorobenzotriazole [10], chlor-

amine-T [11] etc. Use of the latter for in situ generation

of dipolar reagents has enthused many organic chemists.

In fact, we have reported the 1,3-dipolar cycloaddition

reaction of Chloramine-T catalysed dipolar reagents

with variety of activated mono and bis(olefins) [12].

Apart from these, bis heterocycles, bis pyrroles and pyr-

rolyl pyrazoles were prepared from 1-arylsulfonyl-2-

styrylsulfonyl ethenes by 1,3-dipolar cycloaddition

methodology [13]. The present communication deals

with the synthesis of hitherto unknown sulfonelinked bis

(heterocycles) having pyrrole together with pyrazole or

VC 2010 HeteroCorporation
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isoxazole units, from 1,3-dipolar cycloaddition of Tos-

MIC, nitrile imines and nitrile oxides to sulfonyl acti-

vated olefins.

RESULTS AND DISCUSSION

The synthetic scheme was based on the reactivity of

E,E-bis(styryl)sulfone (1) towards 1,3-dipolar reagents

viz., TosMIC, diazomethane, nitrile imines and nitrile

oxides. When 1 was treated with TosMIC in the pres-

ence of sodium hydride in a mixture of ether and dime-

thylsulfoxide, a solid was obtained which was identified

as 4-aryl-3-(20-arylethenesulfonyl)-1H-pyrrole (2) by

spectral studies (Scheme 1; Table 1). Compound 2a

exhibited two singlets at d 6.85 and 7.48 ppm, assigned

to C2-H and C5-H of pyrrole ring protons. Two doublets

were observed at d 6.96 and 7.63 ppm corresponding to

olefinic protons, in addition to the signals of aromatic

protons (Table 3). The 13C nuclear mass spectroscopy

(NMR) spectra of 2a showed signals at d 119.8, 125.7,

125.9, and 127.3 for pyrrole ring carbons, C-4, C-3, C-

5, C-2 and at d 124.2, 141.3 ppm for olefinic carbons,

C-10, C-20 (Table 3). Thus the formation of 2 indicates

that the reaction was regiospecific. Attempts to prepare

bis (4-aryl-1H-pyrrol-3-yl)sulfone (3) by treating 1 with

Scheme 1
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two equivalents of TosMIC were not successful. How-

ever, 3 was obtained by treating 2 with one equivalent

of TosMIC, as confirmed by NMR spectroscopy. Com-

pound 3a exhibited two sharp singlets at d 6.84 and

7.08 ppm corresponding to C2,20-H and C5,50-H. The
13C

NMR spectra of 3a exhibited signals at 119.2 (C-4,40),
122.6 (C-3,30), 126.2 (C-5,50), 127.4 (C-2,20). This indi-

cates that the molecule was highly symmetrical.

The olefin in 2 was utilized in the synthesis of pyrazo-

lines and isoxazolines. When 2 was subjected to 1,3-dipo-

lar cycloaddition reaction with diazomethane, (40-aryl-
40,50-dihydro-10H-pyrazol-30-yl)-(4-aryl-1H-pyrrol-3-yl)-
sulfone (4) was obtained (Scheme 1; Table 1). The 1H

NMR spectra of 4a showed an AMX splitting pattern of

the pyrazoline ring protons at d 4.48 (HA), 3.86 (HM) and

3.48 ppm (HX) respectively, in addition to the signals of

the pyrrole ring protons. The observed coupling constant

values JAM ¼ 12.6, JAX ¼ 5.5 and JMX ¼ 10.0 Hz indi-

cated that HA and HM were cis, HA and HX were trans
and HM and HX were geminal. The 13C NMR spectrum

of 4a exhibited signals at d 46.9, 57.2, 119.4, 120.3,

124.8, 125.6 and 152.3 ppm for the carbons C-40, C-50,
C-4, C-3, C-5, C-2, and C-30, respectively (Table 2).

In addition, the reaction of 2 with nitrile imines and

nitrile oxides generated from araldehyde phenylhydra-

zones and araldoximes in the presence of chloramine-T

resulted in (10,30,50-triaryl-40,50-dihydro-10H-pyrazol-40-
yl)-(4-aryl-1H-pyrrol-3-yl)-sulfones (5) and (30,50-diaryl-

Table 1

Physical and analytical data of compounds 2–9.

Compound Mp (�C) Yield (%) Ar Ar’ Molecular formula

Analysis % calculated/

found

C H N

2a 221–223 72 C6H5 – C18H15NO2S (309.40) 69.88 4.89 4.53

69.80 4.94 4.50

2b 243–245 69 4-OMeC6H4 – C20H19NO4S (369.45) 65.02 5.18 3.79

64.92 5.24 3.85

2c 265–267 66 4-ClC6H4 – C18H13Cl2NO2S (378.29) 57.15 3.46 3.70

57.08 3.44 3.67

3a 232–234 76 C6H5 – C20H16N2O2S (348.43) 68.94 4.63 8.04

68.85 4.68 8.11

3b 225–227 80 4-OMeC6H4 – C22H20N2O4S (408.48) 64.69 4.93 6.86

64.76 4.96 6.92

3c 270–272 82 4-ClC6H4 – C20H14Cl2N2O2S (417.32) 57.56 3.38 6.71

57.50 3.35 6.66

4a 242–244 68 C6H5 – C19H17N3O2S (351.43) 64.94 4.87 11.96

65.00 4.92 12.05

4b 230–232 70 4-OMeC6H4 – C21H21N3O4S (411.49) 61.29 5.14 10.21

61.37 5.20 10.33

4c 256–258 65 4-ClC6H4 – C19H15Cl2N3O2S (420.33) 54.29 3.60 9.99

54.20 3.58 10.08

5a 282–284 68 C6H5 C6H5 C31H25N3O2S (503.63) 73.93 5.00 8.34

74.00 5.06 8.27

5b 270–272 64 4-OMeC6H4 C6H5 C33H29N3O4S (563.68) 70.32 5.18 7.45

70.43 5.14 7.38

5c 288–290 71 C6H5 4-ClC6H4 C31H24ClN3O2S (538.07) 69.20 4.49 7.81

69.27 4.53 7.92

5d 296–298 65 4-ClC6H4 4-ClC6H4 C31H22Cl3N3O2S (606.96) 61.34 3.65 6.92

61.25 3.69 7.00

6a 277–278 70 C6H5 C6H5 C25H20N2O3S (428.52) 70.07 4.70 6.54

70.14 4.68 6.60

6b 264–266 65 4-OMeC6H4 C6H5 C27H24N2O5S (488.57) 66.38 4.95 5.73

66.32 5.00 5.67

6c 252–254 68 C6H5 4-ClC6H4 C25H19ClN2O3S (462.96) 64.86 4.14 6.05

64.78 4.10 6.13

6d 280–282 72 4-ClC6H4 4-ClC6H4 C25H17Cl3N2O3S (531.85) 56.46 3.22 5.27

56.52 3.18 5.22

7a 274–276 66 C6H5 - C19H15N3O2S (349.42) 65.31 4.33 12.02

65.26 4.31 12.12

8a 296–298 65 C6H5 C6H5 C31H23N3O2S (501.61) 74.23 4.62 8.38

74.33 4.67 8.46

9a 287–289 68 C6H5 C6H5 C25H18N2O3S (426.50) 70.40 4.25 6.57

70.52 4.28 6.51
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40,50-dihydroisoxazol-40-yl)-(4-aryl-1H-pyrrol-3-yl)-sulfone
(6), respectively (Scheme 1; Table 1). The 1H NMR spec-

trum of 5a and 6a displayed two doublets at d 5.25, 5.19

and 5.63, 5.67 ppm, respectively, which were assigned to

C40-H and C50-H, the two methine protons of the pyrazo-

line and isoxazoline rings. The J values indicated that

they were in trans geometry (Table 3). The 13C NMR

spectra of 5a and 6a displayed signals at 63.0, 64.9 (C-

40), 87.4, 83.7 (C-50), 119.2, 119.4 (C-4), 121.0, 121.9 (C-

3), 124.4, 124.3 (C-5), 126.8, 126.3 (C-2) and 154.9,

151.7 (C-30), respectively (Table 3). Compounds 4a, 5a

and 6a on oxidation with chloranil in xylene, gave the

corresponding pyrazoles and isoxazoles 7a, 8a and 9a.

The disappearance of two doublets corresponding to pyra-

zoline/isoxazoline ring protons in the 1H NMR spectra

confirmed their formation.

CONCLUSION

A simple dipolarophile, bis(styryl)sulfone was

exploited to get a new and novel sulfone-linked bis(he-

terocycles) containing two different heterocyclic rings

adopting simple and versatile 1,3-dipolar cycloaddition

methodology.

EXPERIMENTAL

Melting points were determined in open capillaries on a

Mel-Temp apparatus and are uncorrected. The purity of the
compounds was checked by thin layer chromatography (Silica

gel H, BDH, ethyl acetate-hexane, 1:3). The infrared (IR)
spectra were recorded on a Thermo Nicolet IR 200 FT-IR in
KBr pellets and the wave numbers were given in cm�1. The
1H NMR spectra were recorded in CDCl3/DMSO-d6 on a Jeol
JNM k-300 MHz. The 13C NMR spectra were recorded in

CDCl3/DMSO-d6 on a Jeol JNM spectrometer operating at
75.5 MHz. All chemical shifts are reported in d (ppm) using
TMS as an internal standard. Elemental analyses were per-
formed using Perkin-Elmer 240C elemental analyser. The start-
ing substrates E,E-bis(styryl)sulfones were prepared according

to the literature procedure [14]. Araldehyde phenylhydrazones
and araldoximes were prepared by standard procedures [15].

4-Aryl-3-(2-arylethenesulfonyl)-1H-pyrroles (2). Gen-
eral procedure. A mixture of TosMIC (5 mmol) and 1 (5
mmol) in Et2O/DMSO (2:1) was added dropwise under stirring
to a suspension of NaH (50 mg) in Et2O (10 mL) at room tem-
perature. Stirring was continued for about 6 h. Then it was
diluted with H2O and extracted with Et2O. The ethereal layer
was dried over anhydrous Na2SO4. The solvent was removed
in vacuo. The resultant solid was purified by recrystallization
from MeOH.

Bis(4-aryl-1H-pyrrol-3yl)-sulfones (3). General
procedure. A mixture of TosMIC (5 mmol) and 2 (5 mmol) in
Et2O/DMSO (2:1) was added dropwise under stirring to a sus-
pension of NaH (50 mg) in Et2O (10 mL) at room tempera-

ture. Stirring was continued for about 7 h. Then, H2O was
added and the product was extracted with Et2O and dried over
anhydrous Na2SO4. The solvent was removed in vacuo. The
resultant solid was purified by column chromatography [Silica
gel, hexane-ethyl acetate (1:4)].

(40-Aryl-40,50-dihydro-10H-pyrazol-30-yl)-(4-aryl-1H-pyr-

rol-3-yl)-sulfones (4). General procedure. To a cooled so-
lution of 2 (5 mmol) in CH2Cl2 (20 mL), an ethereal solution
of diazomethane (40 mL, 0.4M) and triethylamine (0.12 g) were
added. The reaction mixture was kept at �20 to �15�C for 48–
56 h. The solvent was removed under reduced pressure. The re-
sultant solid was purified by recrystallization from MeOH.

(10,30,50-Triaryl-40,50-dihydro-10H-pyrazol-40-yl)-(4-aryl-
1H-pyrrol-3-yl)-sulfones (5). General procedure. A mix-

ture of 2 (1 mmol), araldehyde phenylhydrazone (2 mmol) and
chloramine-T (2 mmol) in MeOH (20 mL) was refluxed for
20–22 h. over a water bath. The precipitated inorganic salts
were filtered off. The filtrate was concentrated and the residue
was extracted with CH2Cl2. The organic phase was washed
with water, brine and dried over anhydrous Na2SO4. The sol-
vent was removed under reduced pressure. Recrystallization of
the crude product from ethanol resulted in pure 5.

(30,50-Diaryl-40,50-dihydro-isoxazol-40-yl)-(4-aryl-1H-pyr-

rol-3-yl)-sulfones (6). General procedure. A mixture of 2

(1 mmol), araldoxime (2 mmol) and chloramine-T (2 mmol) in
MeOH (20 mL) was refluxed for 16–18 h. over a water bath.
The precipitated inorganic salts were filtered off. The filtrate
was concentrated and the residue was extracted with CH2Cl2.
The organic phase was washed with water, brine and dried
over anhydrous Na2SO4. The solvent was removed under
reduced pressure. Recrystallization of the crude product from
ethanol resulted in pure 6.

(40-Phenyl-10H-pyrazol-30-yl)-(4-phenyl-1H-pyrrol-3-yl)-

sulfone (7a)/(4-phenyl-1H-pyrrol-3-yl)-(10,30,50-triphenyl-10H-

pyrazol-40-yl)-sulfone (8a)/(30,50-diphenyl-isoxazol-40-yl)-(4-
phenyl-1H-pyrrol-3-yl)-sulfone (9a). General procedure. A
solution of 4a/5a/6a (1 mmol) and chloranil (1.04 mmol) in

Table 2

Infrared data of compounds 2–9.

Compound

IR (KBr) cm�1

SO2 C¼¼C C¼¼N NH

2a 1130, 1300 1635 – 3175

2b 1145, 1297 1632 – 3170

2c 1132, 1295 1630 – 3180

3a 1140, 1294 – – 3182

3b 1128, 1305 – – 3168

3c 1124, 1296 – – 3172

4a 1125, 1325 – 1570 3185

4b 1132, 1320 – 1575 3180

4c 1128, 1325 – 1572 3190

5a 1126, 1295 – 1558 3195

5b 1130, 1292 – 1568 3188

5c 1132, 1304 – 1560 3178

5d 1125, 1310 – 1562 3182

6a 1140, 1305 – 1574 3200

6b 1135, 1315 – 1562 3205

6c 1124, 1296 – 1578 3210

6d 1132, 1315 – 1566 3205

7a 1120, 1300 1625 1573 3198

7b 1124, 1298 1628 1558 3186

7c 1128, 1310 1630 1574 3198

828 Vol 47V. Padmavathi, B. J. Mohan Reddy, K. Mahesh, P. Thriveni, and A. Padmaja

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



Table 3

1H and 13C NMR data of compounds 2–9.

Compound 1H NMR (CDCl3/DMSO-d6) d, ppm
13C NMR (CDCl3/DMSO-d6) d, ppm

2a 6.85 (s, 1H, C2-H), 6.96 (d, 1H, C1
0-H, J ¼ 15.6 Hz), 7.48

(s, 1H, C5-H), 7.15-7.62 (m, 10H, Ar-H), 7.63 (d, 1H, C2
0-H,

J ¼ 15.6 Hz), 9.04 (bs, 1H, NH)

119.8 (C-4), 124.2 (C-10), 125.7 (C-3), 125.9 (C-5), 127.3

(C-2), 141.3 (C-20)

2b 3.72 (s, 6H, Ar-OCH3), 6.79 (s, 1H, C2-H), 6.89 (d, 1H, C1
0-

H, J ¼ 16.2 Hz), 7.41 (s, 1H, C5-H), 6.95-7.58 (m, 8H, Ar-

H), 7.65 (d, 1H, C2
0-H, J ¼ 16.2 Hz), 9.12 (bs, 1H, NH)

55.2 (Ar-OCH3), 118.7 (C-4), 123.6 (C-10), 124.9 (C-3),

125.6 (C-5), 126.8 (C-2), 140.3 (C-20)

2c 6.88 (s, 1H, C2-H), 6.89 (d, 1H, C1
0-H, J ¼ 16.3 Hz), 7.45

(s, 1H, C5-H), 7.24-7.59 (m, 8H, Ar-H), 7.60 (d, 1H, C2
0-H,

J ¼ 16.3 Hz), 9.11 (bs, 1H, NH)

119.6 (C-4), 124.6 (C-10), 125.8 (C-3), 126.3 (C-5), 127.6

(C-2), 140.3 (C-20)

3a 6.84 (s, 2H, C2,2
0-H), 7.08 (s, 2H, C5,5

0-H), 7.02-7.48 (m,

10H, Ar-H), 9.05 (bs, 2H, NH)

122.6 (C-3,30), 119.2 (C-4,40), 126.2 (C-5,50), 127.4
(C-2,20)

3b 3.69 (s, 6H, Ar-OCH3), 6.88 (s, 2H, C2,2
0-H), 7.06 (s, 2H,

C5,5
0-H), 6.95-7.45 (m, 8H, Ar-H), 9.12 (bs, 2H, NH)

121.9 (C-3,30), 55.5 (Ar-OCH3), 118.6 (C-4,40), 125.8
(C-5,50), 127.6 (C-2,20)

3c 6.89 (s, 2H, C2,2
0-H), 7.11 (s, 2H, C5,5

0-H), 7.15-7.44 (m, 8H,

Ar-H), 9.11 (bs, 2H, NH)

122.5 (C-3,30), 120.2 (C-4,40), 124.6 (C-5,50), 127.8
(C-2,20)

4a 3.48 (dd, 1H, HX, JAX ¼ 5.5, JMX ¼ 10.0 Hz), 3.86 (t, 1H,

HM) 4.48 (dd, 1H, HA, JAM ¼ 12.6 Hz), 6.85 (s, 1H, C2-H),

7.14-7.32 (m, 10H, Ar-H), 7.74 (s, 1H, C5-H), 8.26 (bs, 1H,

NH), 10.45 (bs, 1H, NH)

46.9 (C-40), 57.2 (C-50), 119.4 (C-4), 120.3 (C-3), 124.8

(C-5), 125.6 (C-2), 152.3 (C-30)

4b 3.46 (dd, 1H, HX, JAX ¼ 5.7, JMX ¼ 10.1 Hz), 3.67 (s, 6H,

Ar-OCH3), 3.89 (t, 1H, HM), 4.45 (dd, 1H, HA, JAM ¼ 12.8

Hz), 6.81 (s, 1H, C2-H), 7.01-7.32 (m, 8H, Ar-H), 7.73

(s, 1H, C5-H), 8.23 (bs, 1H, NH), 10.52 (bs, 1H, NH)

46.8 (C-40), 55.3 (Ar-OCH3), 56.4 (C-50), 118.3 (C-4),

119.6 (C-3), 123.6 (C-5), 125.7 (C-2), 151.6 (C-30)

4c 3.54 (dd, 1H, HX, JAX ¼ 5.7, JMX ¼ 10.2 Hz), 3.84 (t, 1H,

HM), 4.45 (dd, 1H, HA, JAM ¼ 12.9 Hz), 6.81 (s, 1H, C2-H),

7.12-7.45 (m, 8H, Ar-H), 7.69 (s, 1H, C5-H), 8.23 (bs, 1H,

NH), 10.45 (bs, 1H, NH)

47.2 (C-40), 56.8 (C-50), 119.2 (C-4), 119.9 (C-3), 122.8

(C-5), 126.4 (C-2), 152.3(C-30)

5a 5.25 (d, 1H, C4
0-H, J ¼ 7.8 Hz), 5.63 (d, 1H, C5

0-H, J ¼ 7.2

Hz), 6.79 (s, 1H, C2-H), 6.85 (s, 1H, C5-H), 7.22-7.54

(m, 20H, Ar-H), 8.85 (bs, 1H, NH)

63.6 (C-40), 87.4 (C-50), 119.2 (C-4), 121.0 (C-3), 124.4

(C-5), 126.8 (C-2), 154.9 (C-30)

5b 3.74 (s, 6H, Ar-OCH3), 5.27 (d, 1H, C4
0-H, J ¼ 6.6 Hz), 5.63

(d, 1H, C5
0-H, J ¼ 6.6 Hz), 6.74 (s, 1H, C2-H), 6.87 (s, 1H,

C5-H), 7.04-7.83 (m, 18H, Ar-H), 8.86 (bs, 1H, NH)

55.2 (Ar-OCH3), 64.8 (C-40), 87.3 (C-50), 120.4 (C-4),

121.6 (C-3), 123.8 (C-2), 127.2 (C-5), 154.8 (C-30)

5c 5.24 (d, 1H, C4
0-H, J ¼ 6.9 Hz), 5.62 (d, 1H, C5

0-H, J ¼ 6.9

Hz), 6.73 (s, 1H, C2-H), 6.85 (s, 1H, C5-H), 7.12-7.80

(m, 19H, Ar-H), 8.91 (bs, 1H, NH)

62.8 (C-40), 85.9 (C-50), 118.6 (C-4), 122.6 (C-3), 123.8

(C-2), 125.8 (C-5), 154.6 (C-30)

5d 5.26 (d, 1H, C4
0-H, J ¼ 6.4 Hz), 5.65 (d, 1H, C5

0-H, J ¼ 6.4

Hz), 6.76 (s, 1H, C2-H), 6.92 (s, 1H, C5-H), 7.18-7.82

(m, 17H, Ar-H), 8.93 (bs, 1H, NH)

63.9 (C-40), 84.6 (C-50), 119.3 (C-4), 121.8 (C-3), 124.6

(C-2), 124.9 (C-5), 153.7 (C-30)

6a 5.19 (d, 1H, C4
0-H, J ¼ 5.9 Hz), 5.67 (d, 1H, C5

0-H, J ¼ 5.9

Hz), 6.76 (s, 1H, C2-H), 6.85 (s, 1H, C5-H), 7.08-7.93

(m, 15H, Ar-H), 8.83 (bs, 1H, NH)

64.9 (C-40), 83.7 (C-50), 119.4 (C-4), 121.9 (C-3), 124.3

(C-5), 126.3 (C-2), 151.7 (C-30)

6b 3.74 (s, 6H, Ar-OCH3), 5.21 (d, 1H, C4
0-H, J ¼ 5.8 Hz), 5.66

(d, 1H, C5
0-H, J ¼ 5.8 Hz), 6.75 (s, 1H, C2-H), 6.87 (s, 1H,

C5-H), 7.01-7.94 (m, 13H, Ar-H), 8.86 (bs, 1H, NH)

55.6 (Ar-OCH3), 63.6 (C-40), 84.5 (C-50), 118.7 (C-4),

122.3 (C-3), 125.7 (C-5), 126.7 (C-2), 152.6 (C-30)

6c 5.23 (d, 1H, C4
0-H, J ¼ 6.0 Hz), 5.72 (d, 1H, C5

0-H, J ¼ 6.0

Hz), 6.74 (s, 1H, C2-H), 6.83 (s, 1H, C5-H), 7.14-7.92 (m,

14H, Ar-H), 8.91 (bs, 1H, NH)

64.6 (C-40), 83.3 (C-50), 119.8 (C-4), 122.6 (C-3), 125.5

(C-5), 126.1 (C-2), 153.8 (C-30)

6d 5.24 (d, 1H, C4
0-H, J ¼ 5.7 Hz), 5.70 (d, 1H, C5

0-H, J ¼ 5.7

Hz), 6.78 (s, 1H, C2-H), 6.86 (s, 1H, C5-H), 7.18-7.89

(m, 12H, Ar-H), 8.94 (bs, 1H, NH)

64.7 (C-40), 83.9 (C-50), 119.6 (C-4), 121.8 (C-3), 125.3

(C-5), 125.9 (C-2), 152.7 (C-30)

7a 6.36 (bs, 1H, NH), 6.75 (s, 1H, C2-H), 6.94 (s, 1H, C5-H),

6.96-7.84 (m, 11H, C5
0-H & Ar-H), 8.94 (bs, 1H, NH).

116.8 (C-4), 122.3 (C-3), 125.8 (C-5), 127.6 (C-2), 134.7

(C-50), 140.9 (C-40), 156.8 (C-30)
8a 6.76 (s, 1H, C2-H), 6.83 (s, 1H, C5-H), 7.10-8.02 (m, 20H,

Ar-H), 8.83 (bs, 1H, NH)

118.3 (C-4), 124.6 (C-3), 125.3 (C-5), 126.5 (C-2), 144.8

(C-30), 147.8 (C-40), 150.4 (C-50)
9a 6.76 (s, 1H, C2-H), 6.86 (s, 1H, C5-H), 7.02-7.94 (m, 15H,

Ar-H), 8.92 (bs, 1H, NH)

117.3 (C-4), 122.6 (C-3), 125.6 (C-5), 127.8 (C-2), 146.3

(C-40), 147.4 (C-30), 152.5 (C-50)
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xylene (10 mL) was refluxed for 30–35 h. Then it was treated
with 5% sodium hydroxide solution. The organic layer was
separated and repeatedly washed with water, dried over anhy-
drous Na2SO4 and was removed on a rotary evaporator. The
solid obtained was purified by recrystallization in isopropanol

to give pure 7a/8a/9a respectively.
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A ‘‘one-pot’’ method for the synthesis of N-(1,3-diphenyl-1H-pyrazol-5-yl)amides was developed by
cyclization of benzoylacetonitrile (1) and phenylhydrazine in neat condition followed by acylation. The
corresponding N-(1,3-diphenyl-1H-pyrazol-5-yl)amides were provided in good to excellent yields (70–

90%). The significant advantages of the new synthetic method are excellent yields and simple work-up
procedure without isolation and purification of intermediary 5-amino-1,3-diphenyl pyrazol (2).

J. Heterocyclic Chem., 47, 831 (2010).

INTRODUCTION

Pyrazole compounds have aroused great interest in

recent years because of their wide spectrum of biologi-

cal activities, including anti-inflammatory, antipyretic,

gastric secretion stimulatory, antidepressant, antibacte-

rial, anticonvulsant, antifilarial agents, and as analytical

reagents [1–4].

A recently reported pyrazole, 3-cyano-N-(1,3-di-
phenyl-1H-pyrazol-5-yl)benzamide (16, CDPPB), was

developed as the first centrally active positive alloste-

ric modulator of rat and human metabotropic gluta-

mate receptor mGluR5 subtype [5–7]. The receptors

play an important role in controlling neuronal excit-

ability and synaptic transmission in the central nerv-

ous system of the mammalian brain [8,9]. N-(1,3-di-
phenyl-1H-pyrazol-5-yl)amide derivatives are also con-

sidered as potential targets for therapeutic intervention

in a variety of neurological and psychiatric illnesses

[10]. The detailed structure–activity relationship stud-

ies of CDPPB analogs were reported by de Paulis et
al. in 2006 [11]. Herein, we provided an efficient and

convenient one-pot method to synthesize N-(1,3-di-
phenyl-1H-pyrazol-5-yl)amides for the large-scale

preparation.

RESULTS AND DISCUSSION

The traditional method for the synthesis of analog 2

[12,13] was the reaction of benzoylacetonitrile (1) with

phenylhydrazine under different conditions to provide

the key intermediate 5-amino-1,3-diphenyl pyrazole (2).

The conditions include: (1) heated in EtOH [14], (2)

microwave radiation [15], and (3) heated in acetic acid

(Scheme 1) [15]. Compound 2 was then subjected to

acylation to provide model compound 5 [N-(1,3-di-
phenyl-1H-pyrazol-5-yl)benzamide]. These methods all

involve two steps, and it is necessary to purify amino-

pyrazole 2. To develop a better synthetic methodology

for expanding the structural variation of compound 5,

we developed an efficient and convenient ‘‘one-pot’’

method for their syntheses. Benzoylacetonitrile (1) was

allowed to react with neat phenylhydrazine. The result-

ant 2, needless to be purified, was subjected to acylation

to generate model compound 5 in good to excellent

yields (Scheme 1).

We first tried to prepare 5-amino-1,3-diphenyl pyraz-

ole (2) by traditional methods to study their feasibility

for one-pot reaction of N-(1,3-diphenyl-1H-pyrazol-5-
yl)benzamide derivatives. The first method was refluxing

benzoylacetonitrile (1) with the same equivalent of

VC 2010 HeteroCorporation
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phenylhydrazine in EtOH for >8.0 h (see Scheme 1,

path a) [14]. Compound 2 was generated in only 41%

yield via tandem condensation and thermal cyclization.

Another method was the use of microwave irradiation of

1 with hydrazine in EtOH solution for >4.0 h to provide

compound 2 in 58% yield (see Scheme 1, path b) [15].

The two literature-reported methods did not provide

compound 2 in satisfactory yield, as a result, not suita-

ble for direct acylation for a one-pot preparation. Use of

acetic acid as the solvent could provide 2 in 75–85%

yield (see Scheme 1, path c). However, the residual ace-

tic acid should be distilled before acylation. Those

methods were troublesome for removing EtOH or acetic

acid, especially in large-scale preparation.

We then carried out the reaction in neat condition.

Benzoylacetonitrile (1) was allowed to react with phe-

nylhydrazine in neat condition at reflux for 2.0 h (see

Scheme 1, path d). The desired 5-amino-pyrazole 2 was

successfully generated in 94% yield. Compound 2 was

fully characterized by spectroscopic method, and the

results were consistent with the reported data of previ-

ous literature [14,15]. This method is able to promote

the cyclization yield and provide the one-pot approach

for N-(1,3-diphenyl-1H-pyrazol-5-yl)amide derivatives.

For searching a better acylation agent to generate 3,

compound 2 was treated with various acylation agents,

including acetyl chloride, acetic anhydride, and ethyl ac-

etate (EtOAc) at room temperature or at reflux for 3.0–

4.0 h in THF (see Table 1). The corresponding acylated

products were obtained in 85%, 83%, and trace yields,

respectively. When compound 2 was reacted with ethyl

benzoate or ethyl phenylacetate, the reaction gave the

corresponding compounds 4 and 5 in 89% and 93%

yields (see Table 1).

We then tried to combine the two-step process into a

one-pot reaction. Compound 1 was refluxed with the

same equivalent amount of phenylhydrazine in neat con-

dition for 2 h. After the reaction was completed, the re-

sultant compound 2 was dissolved in CH2Cl2 and stirred

in ice-bath. The acylation agents, including acetyl chlo-

ride, benzoyl chloride, and phenylacetyl chloride, were

diluted with anhydrous CH2Cl2, and THF was slowly

added to the reaction mixture at 0–10�C. The reaction

was stirred for 3–4 h from 0–10�C to the room tempera-

ture under N2, and the corresponding acylation products

N-(1,3-diphenyl-1H-pyrazol-5-yl)amide 3–5 were suc-

cessfully provided in 78–90% yields in the one-pot reac-

tion (see Table 1).

We then tried to apply this new method to synthesize

N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide derivatives

by use of different monosubstituted benzoyl halides con-

taining Cl, F, CH3, CF3, OMe, CN, and NO2 functional-

ities as the acylation agents (Scheme 2 and Table 2).

The corresponding N-(1,3-diphenyl-1-H-pyrazol-5-
yl)benzamide 6–19, which were reported as a novel

class of positive allosteric modulation of mGluR5 [5,11],

could be obtained in 70–90% yields (Table 2). Use of

2,4-difluorobenzoyl chloride also provided the corre-

sponding product 15 in 88% yields. Compounds 6–19

were fully characterized by spectroscopic methods, and

the data were consistent with reported [5,11]. For exam-

ple, the pyrazole ring in compound 16 presented a peak

at d 6.79 ppm for NHAC¼¼CA1H and a peak at d 95.7

ppm for NHA13C¼¼C in NMR. Its IR spectrum showed

absorption at 2232 cm�1 for ACN stretching and 3308

cm�1 for ANAH stretching [14]. Being the first cen-

trally active positive allosteric modulator of mGluR5,

compound 16 was synthesized by this one-pot method

in 73% yield.

The method can also be applied to the synthesis of

quinoline-8-sulfonyl and heteroarylaminopyrazoles. Use

of quinoline-8-sulfonyl chloride, 2-benzofurancarbonyl

chloride, 2-furoyl chloride, isoxazole-5-carbonyl chlo-

ride, 2-thiophenecarbonyl chloride, and trimellitic anhy-

dride chloride could successfully provide the corre-

sponding N-(1,3-diphenyl-1H-pyrazol-5yl)amide 20–25

in 70–90% yields (see Scheme 3 and Table 3).

In conclusion, we have successfully developed a

newly one-pot method by treating benzoylacetonitrile

(1) and phenylhydrazine with various acylation agents,

Scheme 1

Table 1

The results of N-(1,3-diphenyl-1H-pyrazol-5-yl)amide derivatives

3–5 via step-by-step and one-pot synthesis.

Acylation agents

N-(1,3-Diphenyl-1
H-pyrazol-5-yl)amides Yields (%)

Acetyl chloride 3 85a, 78b

Acetic anhydride 3 83a

Ethyl acetate 3 Tracea

Ethyl benzoate 4 89a

Ethyl phenylacetate 5 93a

Phenylacetylchloride 4 90b

Benzoyl chloride 5 78b

a The step-by-step synthesis.
b The one-pot synthesis reaction.
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including acetyl chloride, aryl chloride, heteroaryl

chloride, quinoline-8-sulfonyl chloride, and trimellic

anhydride chloride to give N-(1,3-diphenyl-1H-pyrazol-
5-yl)amides 3–25 in 70–90% yields. The new strategy

has been demonstrated to substantially promote the pro-

ductive yields in the generation of substituted N-(1,3-di-
phenyl-1-H-pyrazol-5-yl)benzamides 6–19 compounds.

EXPERIMENTAL

General procedure. All chemicals were reagent grade and

used as purchased. All reactions were carried out under nitro-
gen atmosphere and monitored by TLC analysis. Flash column
chromatography was carried out on silica gel (230–400 mesh).
Commercially available reagents were used without further pu-
rification unless otherwise noted. Dichloromethane, ethyl ace-

tate, hexanes, and methanol were purchased from ECHO
Chemical (USA). Dry tetrahydrofuran (reagent grade) and 3-
fluorobenzoyl chloride were purchased from Aldrich (USA).
The following compounds were purchased from Acoros Chem-
ical (Japan): acetyl chloride, benzoyl chloride, 3-cyanobenzoic

acid, 2,4-difluorobenzoyl chloride, 4-fluorobenzoyl chloride, 3-
methylbenzoyl chloride, and 4-methylbenzoyl chloride. Ben-
zoylacetonitrile, 2-chlorobenzoyl chloride, 3-chlorobenzoyl
chloride, 4-cyanobenzoyl chloride, 3-methoxylbenzoyl chlo-
ride, phenylhydrazine, and quinoline-8-sulfonyl chloride were

purchased from TCI Chemical (Japan). Isoxazole-5-carbonyl
chloride 2-nitrobenzoyl chloride, 4-(trifluoromethyl)benzoyl
chloride, and trimellitic anhydride chloride were purchased
from Alfa Chemical. 2-Furoyl chloride was purchased from
Merck Chemical (Germany). Purification by gravity column

chromatography was carried out by use of Merck Reagents
Silica Gel 60 (particle size 0.063–0.200 mm, 70–230 mesh
ASTM). Infrared (IR) spectra were measured on a Bomem
Michelson Series FT-IR spectrometer. The wavenumbers
reported are referenced to the polystyrene 1601 cm

�1

absorp-

tion. Absorption intensities are recorded by the following
abbreviations: s, strong; m, medium; w, weak. Proton NMR
spectra were obtained on a Bruker (200 MHz) spectrometer by
use of CDCl3 and d6-DMSO as solvent. Carbon-13 NMR spec-
tra were obtained on a Bruker (50 MHz) spectrometer by the

use of CDCl3 as solvent. Carbon-13 chemical shifts are refer-
enced to the center of the CDCl3 triplet (d 77.0 ppm). Multi-
plicities are recorded by the following abbreviations: s, singlet;
d, doublet; t, triplet; q, quartet; m, multiplet; J, coupling con-

stant (Hz). Elemental analyses were carried out on a Heraeus
CHN–O RAPID element analyzer.

Standard procedure for condensation–cyclization to pre-

pare 5-amino-1,3-diphenyl pyrazole (2). [15] Benzoylaceto-
nitrile (1, 5.08 g, 35.1 mmol, 1.0 equiv) and phenylhydrazine

(3.80 g, 35.1 mmol, 1.0 equiv) were mixed and heated at
reflux for 2.0 h. The mixture was purified by column chroma-
tography on silica gel (CH2Cl2 as eluant) to give pure 5-
amino-1,3-diphenyl pyrazole (2, 7.81 g, 33.3 mmol) as yellow
solids in 94% yield: mp 129–131�C (lit. [15] mp 129–130�C);
1H-NMR (CDCl3, 200 MHz) d 3.82 (s, 2 H, NH2), 5.88 (s, 1
H, Py-H), 7.32–7.49 (m, 6 H, ArH), 7.58 (dd, 2 H, J ¼ 6.6,
1.2 Hz, ArH), 7.80 (dd, 2 H, J ¼ 6.6, 1.2 Hz, ArH); 13C-NMR
(50 MHz, CDCl3) d 88.1, 124.2, 125.6, 127.5, 127.8, 128.5,
129.5, 133.5, 138.7, 145.8, 151.5; IR (KBr) 3427 (brs, NH),

3337 (brs, NH), 3059, 1616, 1598, 1558, 1505, 1456, 1375,
1070, 952, 758, 698 cm�1; MS m/z (relative intensity) 235
(Mþ, 100), 207 (20), 192 (3), 180 (3), 131 (7), 117 (4), 104
(11), 102(10), 92 (7), 77 (17), 65 (3), 51 (8); Anal. Calcd. for

C15H13N3: C, 76.57; H, 5.57; N, 17.86. Found: C, 76.21; H,
5.79; N, 18.03.

Standard procedure for one-pot synthesis of N-(1,3-di-
phenyl-1H-pyrazol-5yl)amide derivatives (3–25). [4,8–10]
Benzoylacetonitrile (1, 501 mg, 3.45 mmol, 1.0 equiv) and

phenylhydrazine (374 mg, 3.46 mmol, 1.0 equiv) were mixed
and stirred at reflux for 2.0–3.0 h. After the reaction was com-
pleted, the resultant compound 2 was dissolved in CH2Cl2 (10
mL) and stirred in ice-bath. Acetyl chloride, benzoxyl chloride,
benzyl chloride, or heteroaryl chloride (4.14 mmol, 1.2 equiv)

Scheme 2

Table 2

The results of the one-pot synthesis of N-(1,3-diphenyl-1H-pyrazol-5-
yl)benzamide derivative.

Acid chloride Products

Yields (%)R1 R2 R3

N-(1,3-Diphenyl-
1H-pyrazol-5-yl)

benzamides

H H H 5 78

H F H 6 77

H H F 7 70

Cl H H 8 85

H Cl H 9 71

Me H H 10 84

H H Me 11 76

H H CF3 12 78

OMe H H 13 90

H OMe H 14 72

F H F 15 88

H CN H 16 (CDPPB) 73

H H CN 17 78

NO2 H H 18 76

H H NO2 19 89

Scheme 3
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in 10 mL of CH2Cl2 or THF were slowly added to the reaction
mixture at 0�C under N2, respectively. The reaction was stirred
at 0–10�C for 3–4 h. The reaction mixture was washed with
water (10 mL) and saturated aqueous NaHCO3 (10 mL � 2).
The organic layer was dried over MgSO4, filtered, and concen-

trated under reduced pressure. The residue was purified by col-
umn chromatography on silica gel or recrystallization to give
the corresponding acylation product N-(1,3-diphenyl-1H-pyra-
zol-5yl)amide 3–25 in 70–90% yields.

N-(1,3-Diphenyl-1H-pyrazol-5-yl)acetamide (3). mp (puri-

fied by column chromatography on silica gel) 148–150�C; 1H-
NMR (CDCl3, 200 MHz) d 2.06 (s, 3 H, Me), 6.95 (s, 1 H,
Py-H), 7.32–7.84 (m, 8 H, ArH), 7.81 (dd, 2 H, J ¼ 6.6, 1.7
Hz, ArH), 10.89 (b, 1 H, NH); 13C-NMR (50 MHz, CDCl3) d
23.7, 96.4, 124.2, 125.0, 125.7 (2 � CH), 128.1 (2 � CH),

128.6 (2 � CH), 129.8 (2 � CH), 133.0, 136.5, 137.9, 151.8,
167.0; IR (KBr) 3230 (brs, NH), 3061, 1681, 1595, 1560,
1505, 1496, 1468, 1367, 1267, 1072, 954, 763, 692 cm�1; MS
m/z (relative intensity) 277 (Mþ, 14), 235 (24), 207 (6), 180

(2), 131 (5), 102 (23), 77 (45), 65 (5), 51 (34), 43 (100); Anal.
Calcd. for C17H15N3O: C, 73.63; H, 5.45; N, 15.15. Found: C,
73.52; H, 5.64; N, 15.49.

2-Phenyl-N-(1,3-diphenyl-1H-pyrazol-5-yl)acetamide
(4). mp (purified by column chromatography on silica gel)

132–134�C; 1H-NMR (CDCl3, 200 MHz) d 3.69 (s, 2 H,
CH2), 7.05 (s, 1 H, Py-H), 7.09–7.43 (m, 13 H, ArH), 7.83 (d,
2 H, J ¼ 6.6 Hz, ArH), 9.83 (b, 1 H, NH); 13C-NMR (50
MHz, CDCl3) d 29.7, 94.9, 123.66 (2 � CH), 124.2, 125.7 (2
� CH), 128.1 (2 � CH), 128.6, 129.5 (4 � CH), 129.6, 129.8

(2 � CH), 132.9, 133.5, 136.5, 137.4, 151.8, 167.3; IR (KBr)
3268 (brs, NH), 3064, 2924, 1700, 1559, 1486, 1458, 1368,
1158, 1073, 954 cm�1; MS m/z (relative intensity) 353 (Mþ,
8), 269 (1), 235 (18), 207 (3), 180 (1), 167 (1), 131 (3), 102
(17), 91 (100), 77 (40), 65 (29), 51 (18); Anal. Calcd. for

C23H19N3O: C, 78.16; H, 5.42; N, 11.89. Found: C, 78.01; H,
5.34; N, 11.69.

N-(1,3-Diphenyl-1H-pyrazol-5-yl)benzamide (5). [11] mp
(purified by column chromatography on silica gel) 171–173�C;
1H-NMR (CDCl3, 200 MHz) d 7.20 (s, 1 H, Py-H), 7.30–7.64
(m, 9 H, ArH), 7.88 (dd, 2 H, J ¼ 6.6, 1.6 Hz, ArH), 7.87 (dd,
2 H, J ¼ 6.6, 1.6 Hz, ArH), 8.06 (dd, 2 H, J ¼ 6.6, 1.6 Hz,
ArH), 9.42 (b, 1 H, NH); 13C-NMR (50 MHz, CDCl3) d 95.9,
124.9 (2 � CH), 125.8 (2 � CH), 127.1 (2 � CH), 128.2,

128.5 (2 � CH), 129.0 (2 � CH), 129.3, 130.1 (2 � CH),
130.2, 132.5, 133.0, 133.7, 136.7, 137.9, 171.1; IR (KBr) 3275
(brs, NH), 3062, 1645, 1558, 1365, 1258, 1072, 954, 763, 711,
698 cm�1; MS m/z (relative intensity) 339 (Mþ, 74), 234 (2),

206 (2), 105 (100), 77 (45), 51 (5); Anal. Calcd. for
C22H17N3O: C, 77.86; H, 5.05; N, 12.38. Found: C, 77.56; H,
5.24; N, 12.47.

3-Fluoro-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide
(6). [12] mp (recrystallized from CH2Cl2/MeOH) 175–177�C;
1H-NMR (CDCl3, 200 MHz) d 7.18 (s, 1 H, Py-H), 7.31–7.41

(m, 8 H, ArH), 7.57 (dd, 4 H, J ¼ 4.2, 1.4 Hz, ArH), 7.88 (dd,

2 H, J ¼ 6.6, 1.4 Hz, ArH), 8.21 (b, 1 H, NH); 13C-NMR (50

MHz, CDCl3) d 96.4, 114.5, 114.9, 119.4, 119.8, 122.4 (2 �
CH), 124.7 (2 � CH), 125.8, 128.6, 128.7 (2 � CH), 130.1 (2

� CH), 130.6, 130.8, 132.9, 135.3, 135.4, 136.3,137.8, 152.0,

160.4, 162.6, 165.3; IR (KBr) 3269 (brs, NH), 3064, 1684,

1589, 1458, 1365, 1290, 1072, 956, 692 cm�1; MS m/z (rela-

tive intensity) 357 (Mþ, 15), 356 (15), 206 (2), 123 (100), 101

(18), 95 (35), 77 (17), 51 (10); Anal. Calcd. for C22H16FN3O:

C, 73.94; H, 4.51; N, 11.76. Found: C, 73.66; H, 4.46; N,

11.41.

4-Fluoro-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide
(7). [14] mp (recrystallized from CH2Cl2/MeOH) 187–189�C;
1H-NMR (CDCl3, 200 MHz) d 7.12 (t, 1 H, J ¼ 8.7 Hz, ArH),

7.18 (s, 1 H, Py-H), 7.32–7.48 (m, 4 H, ArH), 7.55–7.58 (m, 4 H,

ArH), 7.70–7.77 (m, 2H, ArH), 7.88 (dd, 4 H, J ¼ 7.9, 1.3 Hz,

ArH), 8.12 (b, 1 H, NH); 13C-NMR (50 MHz, CDCl3) d 96.0,

116.0, 116.4, 124.8 (2 � CH), 125.8 (2 � CH), 128.2, 128.6 (2 �
CH), 128.7, 129.4, 129.6, 130.1 (2 � CH), 132.9, 136.5, 137.9,

146.2, 152.1, 162.6; IR (KBr) 3217 (brs, NH), 3045, 1685, 1529,

1504, 1460, 1367, 1286, 1234, 1072, 918, 760, 694 cm�1; MS m/
z (relative intensity) 357 (Mþ, 15), 234 (1), 206 (1), 123 (100),

102 (24), 95 (46), 77 (24), 51 (12); Anal. Calcd. for

C22H16FN3O: C, 73.94; H, 4.51; N, 11.76. Found: C, 73.75; H,

4.61; N, 11.43.

2-Chloro-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide (8). [14]
mp (purified by column chromatography on silica gel) 147–

149�C; 1H-NMR (CDCl3, 200 MHz) d 7.14 (s, 1 H, Py-H),

7.22–7.68 (m, 11 H, ArH), 7.70–7.94 (m, 3 H, ArH), 8.64 (b,

1 H, NH); 13C-NMR (50 MHz, CDCl3) d 96.2, 125.5 (2 �
CH), 125.8 (2 � CH), 127.5, 128.2, 128.6 (2 � CH), 128.9,

129.5 (2 � CH), 130.5, 131.2, 132.0,132.5,132.9,136.6, 137.6,

151.9, 162.7, 168.9; IR (KBr) 3256 (brs, NH), 3066, 1666,

1566, 1502, 1460, 1369, 1263, 1117, 1051, 765, 696 cm�1;

MS m/z (relative intensity) 373 (Mþ, 10), 338 (18), 234 (1),

206 (2), 141 (44), 139 (100), 111 (36), 102 (34), 77 (36), 51

(16); Anal. Calcd. for C22H16ClN3O: C, 70.68; H, 4.31; N,

11.24. Found: C, 70.29; H, 4.51; N, 11.14.

3-Chloro-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide (9). [14]
mp (purified by column chromatography on silica gel) 168–
170�C; 1H-NMR (CDCl3, 200 MHz) d 7.14 (s, 1 H, Py-H),

7.22–7.61 (m, 10 H, ArH), 7.65–7.94 (m, 3 H, ArH), 8.04 (b, 1
H, NH); 13C-NMR (50 MHz, CDCl3) d 96.4, 124.8 (2 � CH),
124.9, 125.8 (2 � CH), 127.7, 128.2, 128.6 (2 � CH), 128.8,
130.1 (2 � CH), 130.3, 132.6, 133.7, 134.9, 136.2, 137.8,
152.1, 162.6, 169.6; IR (KBr) 3248 (brs, NH), 3052, 1675,

1573, 1498, 1455, 1431, 1358, 1292, 1252, 1061, 758, 692
cm�1; MS m/z (relative intensity) 373 (Mþ, 15), 343 (1), 234
(2), 206 (3), 141 (33), 139 (100), 111 (46), 102 (32), 77 (33),
75 (27), 51 (19). Anal. Calcd. for C22H16ClN3O: C, 70.68; H,
4.31; N, 11.24. Found: C, 70.41; H, 4.24; N, 11.48.

2-Methyl-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide (10). mp
(recrystallized from CH2Cl2/hexane) 187–189�C; 1H-NMR
(CDCl3, 200 MHz) d 2.17 (s, 3 H, CH3), 6.82 (s, 1 H, Py-H),
6.91–7.56 (m, 12 H, ArH), 7.86 (dd, 2 H, J ¼ 7.1, 1.0 Hz,

Table 3

The results of the one-pot synthesis of N-(1,3-diphenyl-1H-pyrazol-5-
yl)amide derivatives.

Acylation agents

N-(1,3-Diphenyl-1H-
pyrazol-5-yl)amides

Yields

(%)

2-Furoyl chloride 20 70

2-Thiophenecarbonyl chloride 21 77

Isoxazole-5-carbonyl chloride 22 71

2-Benzofurancarbonyl chloride 23 73

Trimellitic anhydride chloride 24 84

Quinoline-8-sulfonyl chloride 25 90
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ArH), 10.4 (b, 1 H, NH); 13C-NMR (50 MHz, CDCl3) d 19.7,
102.8, 125.2, 125.7, 125.9, 127.3, 128.2, 128.6, 129.1, 129.4,
131.3 (5 � CH), 132.8, 134.3 (2 � C), 137.6, 138.3 (2 � C),
151.8, 172.1; IR (KBr) 3064 (brs, NH), 1718, 1683, 1599,
1549, 1501, 1458, 1383, 1319, 1233, 1140, 1108, 1078, 953,

901, 841 cm�1; MS m/z (relative intensity) 354 (Mþ, 14), 336
(13), 307 (11), 289 (11), 262 (8), 235 (9), 219 (12), 178 (9),
154 (68), 136 (65), 119 (100), 107 (36), 91 (79), 77 (50), 69
(43), 55 (50); Anal. Calcd. for C23H19N3O: C, 78.16; H, 5.42;
N, 11.89. Found: C, 78.19; H, 5.47; N, 11.69.

4-Methyl-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide (11). [11]
mp (recrystallized from CH2Cl2/hexane) 181–183

�C; 1H-NMR
(CDCl3, 200 MHz) d 2.39 (s, 3 H, CH3), 7.19 (s, 1 H, Py-H),
7.24–7.65 (m, 12 H, ArH), 7.89 (dd, 2 H, J ¼ 7.3, 1.4 Hz,
ArH), 8.12 (b, 1 H, NH); 13C-NMR (50 MHz, CDCl3) d 21.5,

95.7, 124.8 (2 � CH), 125.8 (2 � CH), 127.1 (2 � CH),
128.1, 128.6 (2 � CH), 129.6, 129.7 (2 � CH), 130.0 (2 �
CH), 130.3, 133.0, 136.8, 137.9, 143.3, 152.0, 163.6; IR (KBr)
3277 (brs, NH), 1654, 1558, 1505, 1459, 1387, 1282, 1074,

1018, 953, 915, 834 cm�1; MS m/z (relative intensity) 354
(Mþ, 6), 233 (2), 205 (2), 177 (1), 167 (1), 130 (3), 119 (100),
102 (19), 91 (56), 77 (19), 65 (8), 51 (5); Anal. Calcd. for
C23H19N3O: C, 78.16; H, 5.42; N, 11.89. Found: C, 78.05; H,
5.34; N, 11.71.

3-Trifluoromethyl-N-(1,3-diphenyl-1H-pyrazol-5-yl)benza-
mide (12). [11] mp (recrystallized from CH2Cl2/ hexane) 196–
198�C; 1H-NMR (CDCl3, 200 MHz) d 7.19 (s, 1 H, Py-H),
7.29–7.49 (m, 4 H, ArH), 7.56–7.58 (m, 4 H, ArH), 7.71 (d, 2
H, J ¼ 8.7 Hz, ArH), 7.82–7.91 (m, 4 H, ArH), 8.21 (b, 1 H,

NH); 13C-NMR (50 MHz, CDCl3) d 96.4, 124.0, 124.7 (2 �
CH), 125.8 (2 � CH), 126.1, 127.6 (2 � CH), 128.3, 128.6 (2
� CH), 128.6, 128.8, 129.4, 130.1 (2 � CH), 130.5, 131.1,
133.8, 136.1, 1 137.8, 152.1, 162.6; IR (KBr) 3205 (brs, NH),
3051, 1658, 1593, 1556, 1537, 1498, 1460, 1367, 1303, 1168.

1066, 854, 758, 688 cm�1; MS m/z (relative intensity) 407
(Mþ, 30), 377 (2), 234 (4), 206 (4), 173 (100), 145 (54), 131
(6), 102 (38), 77 (38), 51 (15); Anal. Calcd. for C23H16F3N3O:
C, 67.81; H, 3.96; N, 10.31. Found: C, 68.12; H, 4.10; N,

10.21.
2-Methoxy-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide

(13). mp (purified by column chromatography on silica gel)
196–198�C; 1H-NMR (CDCl3, 200 MHz) d 3.52 (s, 3 H, Me),
6.91 (d, 1 H, J ¼ 6.9 Hz, ArH), 7.10 (t, 1 H, J ¼ 6.4 Hz,

ArH), 7.13 (s, 1 H, Py-H), 7.33–7.89 (m, 8 H, ArH), 7.91 (dd,
2 H, J ¼ 6.7, 1.3 Hz, ArH), 8.43 (dd, 1 H, J ¼ 6.7, 1.3 Hz,
ArH); 13C-NMR (50 MHz, CDCl3) d 55.6, 94.6, 111.4, 120.1,
121.8, 125.8 (2 � CH), 125.9 (2 � CH), 128.0, 129.8 (2 �
CH), 132.7 (2 � CH), 133.1, 133.9, 135.1, 136.7, 138.1,

152.1, 157.2, 161.2; IR (KBr) 3306 (brs, NH), 3062, 2924,
1674, 1598, 1570, 1496, 1483, 1371, 1296, 1244, 1163. 1018,
759, 694 cm�1; MS m/z (relative intensity) 369 (Mþ, 2), 206
(1), 135 (100), 120 (3), 102 (15), 92 (25), 77 (49), 63 (7), 51
(11); Anal. Calcd. for C23H19N3O: C, 74.78; H, 5.18; N,

11.37. Found: C, 74.98; H, 5.43; N, 11.48.
3-Methoxy-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide

(14). [11] mp (purified by column chromatography on silica
gel) 175–177�C (lit. [11] mp 177–179�C); 1H-NMR (CDCl3,

200 MHz) d 3.84 (s, 3 H, CH3), 7.19 (s, 1 H, Py-H), 7.28–7.72
(m, 12 H, ArH), 7.88 (d, 2 H, J ¼ 8.0 Hz, ArH), 8.21 (b, 1 H,
NH); 13C-NMR (50 MHz, CDCl3) d 55.5, 96.1, 112.6, 118.6,
118.7, 124.4 (2 � CH), 124.8, 125.9 (2 � CH), 128.2, 128.6 (2 �

CH), 129.6, 130.0 (2 � CH), 133.0, 134.6, 136.6, 137.9, 152.0,
160.1, 163.7; IR (KBr) 3257 (brs, NH), 3066, 2843, 1667, 1597,
1560, 1502, 1460, 1369, 1284, 1230, 1041, 769, 702 cm�1; MS
m/z (relative intensity) 369 (Mþ, 1), 234 (2), 206 (2), 135 (100),
107 (27), 92 (25), 77 (52), 64 (13), 51 (12); Anal. Calcd. for

C23H19N3O: C, 74.78; H, 5.18; N, 11.37. Found: C, 74.56; H,
5.42; N, 11.61.

2,4-Difluoro-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide
(15). mp (recrystallized from CH2Cl2/hexane) 162–164

�C; 1H-
NMR (CDCl3, 200 MHz) d 6.74–6.89 (m, 1 H, ArH), 7.92–

7.10 (m, 1 H, ArH), 7.26 (s, 1 H, Py-H), 7.31–7.51 (m, 4 H,
ArH), 7.55–7.59 (m, 4 H, ArH), 7.88 (dd, 2 H, J ¼ 6.7, 1.4 Hz,
ArH), 8.14–8.39 (m, 1 H, ArH), 8.74 (b, 1 H, NH); 13C-NMR
(50 MHz, CDCl3) d 95.5, 104.0, 104.5, 105.0, 112.9, 113.3,
116.7, 116.9, 117.0, 125.1 (2 � CH), 125.8 (2 � CH), 128.2,

128.6 (2 � CH), 128.8, 130.0 (2 � CH), 132.9, 134.2, 134.4,
136.7, 152.0, 158.2, 164.3; IR (KBr) 3423 (brs, NH), 3061,
1693, 1614, 1570, 1494, 1289, 1111, 970, 766, 694 cm�1; MS
m/z (relative intensity) 376 (Mþ, 100), 358 (3), 336 (3), 304

(3), 282 (5), 262 (3), 234 (6), 219 (4), 207 (5), 154 (5), 141
(98), 113 (7), 92 (4), 77 (12), 57 (4). Anal. Calcd. for
C22H15F2N3O: C, 70.39; H, 4.03; N, 11.19. Found: C, 70.64;
H, 4.23; N. 11.46.

3-Cyano-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide (16,
CDPPB). [11,14,15] mp (purified by column chromatography
on silica gel) 207–208�C; 1H-NMR (CDCl3, 200 MHz) d 6.90
(s, 1 H, Py-H), 7.26–7.45 (m, 11 H, ArH), 7.79–7.92 (m, 3 H,
ArH), 8.86 (b, 1 H, NH); 13C-NMR (50 MHz, CDCl3) d 100.5,
112.7, 117.1, 124.3 (2 � CH), 125.3 (2 � CH), 128.3 (2 � CH

þ CH), 128.7, 129.0, 129.5 (2 � CH), 129.6, 131.2, 131.8,
134.4, 135.3, 135.7, 138.6, 151.7, 164.3; IR (KBr) 3309 (brs,
NH), 3068, 2922, 2852, 2232 (s, CBN), 1689, 1654, 1560,
1498, 1458, 1363, 1292, 1190, 1072, 916 cm�1; MS m/z (rela-
tive intensity) 364 (Mþ, 59), 234 (11), 207 (6), 147 (8), 130

(100), 102 (49), 91 (2), 77 (15), 64 (1), 51 (8); Anal. Calcd. for
C23H16N4O: C, 75.81; H, 4.43; N, 15.38. Found: C, 75.49; H,
4.65; N, 15.18.

4-Cyano-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide (17). [11]
mp (purified by column chromatography on silica gel) 207–
209�C (lit. [11] mp 207–208�C); 1H-NMR (CDCl3, 200 MHz) d
7.02 (s, 1 H, Py-H), 7.35–7.49 (m, 6 H, ArH), 7.66–7.72 (m, 3 H,
ArH), 7.90–7.95 (m, 3 H, ArH), 8.12–8.20 (m, 2 H, ArH), 8.27
(b, 1 H, NH); 13C-NMR (50 MHz, CDCl3) d 99.7, 112.7, 117.7,

124.0 (2 � CH), 125.3 (2 � CH), 127.7, 127.9, 128.6 (2 � CH),
129.9 (2 � CH), 129.9, 131.3, 132.1, 133.4, 134.9, 135.3, 136.8,
139.2, 150.7, 163.8; IR (KBr) 3250 (brs, NH), 3087, 2308 (s,
C[tbond]N), 1686, 1578, 1501, 1296, 769, 699 cm�1; MS m/z
(relative intensity) 364 (Mþ, 100), 335 (6), 262 (3), 234 (12),

206 (7), 130 (98), 102 (44), 77 (16), 51 (5); Anal. Calcd. for
C23H16N4O: C, 75.81; H, 4.43; N, 15.38. Found: C, 76.12; H,
4.42; N, 15.14.

2-Nitro-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide (18). [11]
mp (recrystallized from CH2Cl2/hexane) 229–231

�C; 1H-NMR

(CDCl3, 200 MHz) d 7.00 (s, 1 H, Py-H), 7.36–7.89 (m, 12 H,
ArH), 8.08–8.26 (m, 3 H, ArH þ NH); 13C-NMR (50 MHz,
CDCl3) d 100.1, 124.4 (2 � CH), 124.8, 125.7 (2 � CH),
128.6, 129.2 (2 � CH), 129.7, 130.2 (2 � CH), 132.0, 133.1,

134.6, 135.6, 137.0, 138.9, 144.4, 147.0, 150.8, 167.8; IR
(KBr) 3261 (brs, NH), 3061, 1718, 1533, 1502, 1354, 1249,
757, 690 cm�1; MS m/z (relative intensity) 385 (Mþ, 66), 370
(27), 339 (22), 323 (10), 307 (45), 289 (39), 285 (18), 262
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(15), 234 (32), 206 (22), 178 (31), 165 (48), 154 (100); Anal.
Calcd. for C22H16N4O3: C, 68.74; H, 4.20; N, 14.58. Found:
C, 68.81; H, 4.15; N, 14.81.

4-Nitro-N-(1,3-diphenyl-1H-pyrazol-5-yl)benzamide (19). [11]
mp (recrystallized from CH2Cl2/hexane) 221–223�C (lit. [11]

mp 221–223�C); 1H-NMR (CDCl3, 200 MHz) d 6.95 (s, 1 H,
Py-H), 7.21–7.89 (m, 9 H, ArH þ NH), 8.18 (d, 2 H, J ¼ 6.5
Hz, ArH), 8.34 (d, 2 H, J ¼ 6.5 Hz, ArH), 8.39–8.54 (m, 1 H,
ArH) 9.64 (b, 1 H, NH); 13C-NMR (50 MHz, CDCl3) d 100.1,
122.9 (2 � CH), 123.0 (2 � CH), 124.7 (2 � CH), 126.9,

127.5, 128.1 (2 � CH), 128.6 (2 � CH), 128.8 (2 � CH),
132.3, 136.1, 138.3, 138.5, 150.5, 162.0, 164.2; IR (KBr) 3250
(brs, NH), 3087, 1686, 1578, 1501, 1296, 769, 699 cm�1; MS
m/z (relative intensity) 364 (Mþ, 100), 335 (6), 262 (3), 234
(12), 206 (7), 130 (98), 102 (44), 77 (16), 51 (5); Anal. Calcd.

for C23H16N4O: C, 75.81; H, 4.43; N, 15.38. Found: C, 76.12;
H, 4.42; N, 15.14.

N-(2-Furancarbonyl)-1,3-diphenyl-5-amino-1H-pyrazole
(20). mp (purified by column chromatography on silica gel)

143–145�C; 1H-NMR (CDCl3, 200 MHz) d 6.54 (dd, 1 H, J ¼
3.6, 1.7 Hz, Furan-H), 7.18 (s, 1 H, Py-H), 7.25 (d, 1 H, J ¼
3.6 Hz, Furan-H), 7.32–7.51 (m, 6 H), 7.56–7.60 (m, 3 H),

7.89 (dd, 2 H, J ¼ 8.0, 1.3 Hz, ArH), 8.34 (b, 1 H, NH); 13C-

NMR (50 MHz, CDCl3) d 95.4, 112.8, 116.4, 124.7 (2 � CH),

125.8 (2 � CH), 128.1, 128.6 (3 � CH), 130.0 (2 � CH),

133.0, 136.0, 137.9, 144.8, 146.8, 152.0, 154.2; IR (KBr) 3400

(brs, NH), 3277, 3138, 3061, 1672, 1587, 1556, 1537, 1500,

1471, 1415, 1365, 1288, 1228, 1157, 1074, 1012, 954, 883,

763, 692 cm�1; MS m/z (relative intensity) 330 (Mþ, 100),

315 (9), 262 (11), 236 (14), 221 (16), 207 (12), 154 (28), 121

(42), 119 (58), 95 (95), 79 (57), 69 (100), 55 (99); HRMS

Calcd. for C20H15N3O2: 329.1164, Found 329.1167.

N-(2-Thiophenecarbonyl)-1,3-diphenyl-5-amino-1H-pyraz-
ole (21). [14] 1H-NMR (CDCl3) d 7.04 (dd, 1 H, J ¼ 4.9, 3.8

Hz, thiophene-H), 7.13 (s, 1 H, Py-H), 7.36–7.66 (m, 10 H, ArH),

7.86–7.90 (m, 2 H, thiophene-H), 7.90 (b, 1 H, NH); 13C-NMR

(CDCl3) d 96.0, 124.7 (2 � CH), 125.8 (2 � CH), 128.1, 128.2,

128.6 (2 � CH þ CH), 129.2, 130.1 (2 � CH), 131.8, 132.9,

136.2, 137.4, 137.8, 152.0, 158.1. IR (KBr) 3061 (brs, NH), 2922,

2851, 1654, 1554, 1537, 1504, 1365, 1283, 1214, 1171, 1065,

1038, 888 cm�1; MS m/z (relative intensity) 345 (Mþ, 42), 236
(4), 207 (3), 111 (100), 102 (11), 83 (2), 77 (10), 51 (3); HRMS

Calcd. for C20H15N3OS: 345.0936, Found 345.0939.

N-Isoxazole-5-carbonyl-1,3-diphenyl-5-amino-1H-pyrazole
(22). mp (purified by column chromatography on silica gel)

153–155�C; 1H-NMR (CDCl3) d 7.04 (d, 1H, J ¼ 1.8 Hz, Iso-

xazole-H), 7.19 (s, 1 H, Py-H), 7.35–7.58 (m, 8 H, ArH), 7.87

(dd, 2 H, J ¼ 6.6, 1.4 Hz, ArH), 8.35 (d, 1 H, J ¼ 1.8 Hz, Iso-

xazole-H), 8.51 (b, 1 H, NH); 13C-NMR (CDCl3) d 96.2,

107.9, 124.7 (2 � CH), 125.8 (2 � CH), 128.3, 128.6 (2 �
CH), 128.9, 130.2 (2 � CH), 132.7, 135.0, 137.5, 151.4,

151.7, 152.0, 161.5; IR (KBr) 3399 (brs, NH), 3306, 3151,

3085, 1700, 1559, 1498, 1457, 1418, 1364, 1330, 1270, 1204,

1162, 1073, 1018, 825 cm�1; MS m/z (relative intensity) 331

(Mþ, 62), 262 (15), 236 (11), 203 (11), 169 (12), 154 (22),

121 (21), 119 (41), 95 (74), 79 (53), 69 (96), 55 (100); HRMS

Calcd. for C19H14N4O2: 330.1117, Found 330.1187; Anal.

Calcd. for C19H14N4O2: C, 69.68; H, 4.27; N, 16.96. Found:

C, 69.58; H, 4.15; N, 16.86.

N-(2-Benzofurancarbonyl)-1,3-diphenyl-5-amino-1H-pyraz-
ole (23). mp (purified by column chromatography on silica gel)

164–166�C; 1H-NMR (CDCl3) d 7.24–7.72 (m, 14 H, ArH),
7.90 (dd, 2 H, J ¼ 8.1, 1.6 Hz, ArH), 8.62 (b, 1 H, NH); 13C-
NMR (CDCl3) d 95.8, 111.9, 112.5, 123.0, 124.2, 124.7 (2 �
CH), 125.8 (2 � CH), 127.3, 127.5, 127.7 (2 � CH þ CH),
128.2, 128.6 (2 � CH), 130.1, 132.9, 135.8, 137.8, 147.2, 152.1,

154.8; IR (KBr) 3061 (brs, NH), 2922, 2850, 1554, 1504, 1365,
1282, 1170, 1142 cm�1; MS m/z (relative intensity) 379 (Mþ,
47), 351 (16), 246 (4), 233 (2), 206 (3), 180 (1), 145 (100), 131
(4), 102 (15), 89 (33), 77 (14), 63 (5), 51 (4); HRMS Calcd. for
C24H17N3O2: 379.1321, Found 379.1318.

N-(5-Isobenzofurancarbonyl)-1,3-diphenyl-5-amino-1H-pyr-
azole (24). 1H-NMR (CDCl3) d 6.78 (s, 1 H, Py-H), 6.95 (s, 1
H, isobenzofurane-H), 7.27–7.50 (m, 10 H, ArH), 7.72–7.89 (m,
3 H, ArH), 8.06 (d, 1 H, J ¼ 6.4 Hz, isobenzofurane-H), 8.5 (b,
1 H, NH); 13C-NMR (CDCl3) d 97.6, 104.1, 122.7, 124.4 (2 �
CH), 124.8, 125.7 (2 � CH), 128.5, 128.7, 129.4 (2 � CH þ
CH), 129.8, 130.0, 131.8, 132.4, 133.9, 135.7, 137.9, 139.4,
151.9, 152.1 165.0; IR (KBr) 3062 (brs, NH), 2924, 1735, 1674,
1558, 1497, 1458, 1367, 1087 cm�1; MS m/z (relative intensity)
409 (Mþ, 4), 364 (100), 336 (5), 313 (6), 262 (4), 234 (12), 206
(12), 180 (5), 131 (4), 103 (10), 91 (9), 77 (27), 55 (6); Anal.
Calcd. for C24H15N3O4; C, 70.41; H, 3.69; N, 10.26. Found: C,
70.34; H, 3.57; N, 10.22.

N-Quinoline-8-sulfonyl-1,3-diphenyl-5-amino-1H-pyrazole
(25). 1H-NMR (CDCl3, 200 MHz) d 6.38 (s, 1 H, Py-H),
7.25–7.68 (m, 12 H, ArH þ quinoline-H), 8.01 (dd, 1 H, J ¼
8.4, 1.4 Hz, quinoline-H), 8.20 (dd, 1 H, J ¼ 8.4, 1.7 Hz,
quinoline-H), 8.35 (dd, 1 H, J ¼ 7.3, 1.4 Hz, quinoline-H),

8.47 (dd, 1 H, J ¼ 4.3, 1.7 Hz, quinoline-H), 10.2 (b, 1 H,
NH); 13C-NMR (50 MHz, CDCl3) d 96.4, 122.3, 123.7, 125.2
(2 � CH), 125.5 (2 � CH), 125.7, 127.4, 128.1, 128.3, 128.5
(2 � CH), 129.3 (2 � CH), 131.5, 132.6, 134.0, 135.0, 136.4,

137.1, 137.8, 151.0, 151.4; IR (KBr) 3450 (brs, NH), 3061,
1597, 1544, 1502, 1460, 1379, 1173, 1146, 766, 696 cm�1;
MS m/z (relative intensity) 427 (Mþ, 86), 395 (59), 337 (13),
289 (13), 281 (20), 235 (59), 221 (23), 207 (28), 194 (15), 185
(46), 176 (38), 165 (32), 154 (80), 109 (86), 83 (100), 71

(100), 57 (100); HRMS Calcd. for C24H18N4O2S: 427.1150,
Found 427.1123; Anal. Calcd. for C24H18N4O2S: C, 67.59; H,
4.25; N, 13.14. Found: C, 67.25; H, 4.56; N, 12.97.
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A fast, efficient synthesis of 5-substituted-1,3,4-thiadiazole-2-thiols was successfully developed,
assessed using green chemistry matrices, and compounds were screened for their in vitro nitrification
inhibitory activity. The greener method was superior with higher energy efficiency, E(nvironmental)
factor, atom economy, atom efficiency, carbon efficiency, and reaction mass efficiency.
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INTRODUCTION

With increasing global population, demands have

been increased to meet the requirements and conse-

quently the industrial pollution. To control this detri-

mental phenomenon, the term ‘‘green chemistry’’ has

come into existence [2]. Green chemistry is a package

of technologies, design principles, and tools to reduce

toxicity, resource energy use, and pollution of chemicals

[2,3]. Due to environmental awareness [4], chemists

have focused their attention to examine bioactive prod-

ucts such as heterocycles and processes in terms of envi-

ronment friendliness. The 1,3,4-thiadiazoles are impor-

tant bioactive heterocyclic moieties and have been

reported to have wide range of bioactivities [5] such as

neuroprotective, antibacterial, antidepressant, and antitu-

berculour. One of the title compound, 5-methyl-1,3,4-

thiadiazole-2-thiol is the side chain at C-3 position of a

well known antibiotic Cefazolin sodium [6].

The low nitrogen use efficiency accounts to US$ 17

Billion annual nitrogen losses worldwide along with

environmental and health hazards [7,8]. There is, thus,

an urgent call for improving the efficiency of N-fertil-

izer use to achieve higher food production for catering

the ever increasing population and also to minimize fer-

tilizer related pollution of the environment [9]. Despite

a great interest in the development and use of nitrifica-

tion inhibitors to date, only a few compounds have been

adopted for agricultural use [10]. The main problems

associated with these inhibitors are the high cost

involved in the development, subsequent registration of

effective nitrification inhibitors, and the economics of

their use in field conditions [11]. Various heterocyclics

being an important bioactive class are used as nitrifica-

tion inhibitors [12], but their use is restrained because

of the complex synthetic procedures involving hazardous

chemicals and subsequent cost. This problem can be

solved by synthesizing potential nitrification inhibiting

heterocyclics with minimum cost in an environment

friendly manner. Keeping in view the aforementioned

consideration, this study was taken up to design and

synthesize 5-substituted-1,3,4-thiadiazole-2-thiols in a

greener and cost effective way as potential nitrification

inhibitors.

RESULTS AND DISCUSSION

5-Substituted-1,3,4-thiadiazole-2-thiols have been syn-

thesized starting from carboxylic acids following the

conventional (protocol 1) and improved greener syn-

thetic protocol (protocol 2). Reaction pathway is

depicted in Scheme 1. In protocol 1, carboxylic acids

were esterified by refluxing with ethyl alcohol for 3–4 h

in the presence of sulfuric acid. These ester yielded cor-

responding hydrazide on refluxing with hydrazine

hydrate for 3–5 h [13]. The analytical and spectral data

of hydrazides were in complete agreement with those

given in literature [13–17]. Hydrazides on reaction with

carbon disulphide and potassium hydroxide afforded thi-

ocarbazate salts, which are cyclized in the presence of

concentrated sulfuric acid to afford 5-substituted-1,3,4-
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thiadiazole-2-thiols. In protocol 2, our new greener one-

pot method was used for the synthesis of acid hydra-

zides [18], and hydrazides were further processed simi-

larly as in protocol 1 to yield 5-substituted-1,3,4-thiadia-

zole-2-thiols. This innovation improved the overall syn-

thetic protocol for 5-substituted-1,3,4-thiadiazole-2-thiols

in terms of yield, time, energy, atom economy and effi-

ciency, number of steps, and other green chemistry

measures (Table 3). All these compounds were charac-

terized by analytical and spectral data (Tables 1 and 2).

The structures of 5-substituted-1,3,4-thiadiazole-2-thi-

ols were established on the basis of their IR, 1H-NMR,
13C-NMR, CHNS data. The analytical and spectral data

of 5-substituted-1,3,4-thiadiazole-2-thiols are given in

Tables 1 and 2. The structure was supported by the ab-

sence of IR bands at 3200–3300, 1650–1670 cm�1 due

to NHNH2 and CONH groups, respectively, and appear-

ance of 1550–1590 cm�1 due to C¼¼N groups. It was

also supported by the 1H-NMR data showing signals at

d 11.0–14.2 due to SH and 13C-NMR data showing sig-

nals at d 160.0–174.0 and 176–192 due to 5 CAN and 2

CAN, respectively.

Both conventional and greener synthetic protocols for

5-substituted-1,3,4-thiadiazole-2-thiols were assessed

using various green chemistry measures [19–21]. The

developed greener protocol showed 4.7–11.4% increase

in overall yield (Table 1). 5-Phenyl-1,3,4-thiadiazole-2-

thiol was taken as a case for all calculations and related

data for both the protocols (1 and 2) are described in

Table 3.

The overall yield, i.e., starting from benzoic acid to

5-phenyl-1,3,4-thiadiazole-2-thiol, following protocol 2

was 69.3% as compared with 59.6% from conventional

protocol. There was 9.7% increase in the yield. The

number of steps was also reduced to three as compared

with four in protocol 1. This resulted in the higher

energy efficiency and reduction of time, as total heating

time was just 60–200 s under microwaves in protocol 2

as compared with 6–9 h in protocol 1. Among the vari-

ous green chemistry matrices, E-factor values for proto-

cols 1 and 2 were 20.1 and 14.8 kg waste/kg product,

respectively, showing the reduction of 26.4% in the

waste produced over the production of 1 kg of the prod-

uct. Atom economy was increased by 5% as it was 43.3

and 48.3% for protocols 1 and 2, respectively. Atom ef-

ficiency, which considers both atom economy and yield

parameters, showed an improvement of 7.7%. Carbon

efficiency was found to be 28.5 and 34.7% for protocols

1 and 2, respectively, and it was improved by 6.2%.

Reaction mass efficiency possessed the values of 31.5

(protocol 1) and 36.1 (protocol 2) as well as an increase

of 4.6% was observed.

Results obtained in the in vitro soil incubation study

are described in the Table 4. All the test compounds

showed significantly higher ammonium-N and lower ni-

trate-N content as compared with urea alone The nitrite-

N content remained insignificant (<0.5 mg/kg) in all the

samples on all the sampling days.

All the compounds have been found to be effective

nitrification inhibitors showing 49.5–79.7%, 36.8–

78.8%, 42.4–78.5%, and 24.6–76.85% nitrification inhi-

bition (NI) at 7th, 14th, 21st, and 28th days, respec-

tively (Table 4). 4-Amino-1,2-4-triazole (ATC), the ref-

erence inhibitor at 10% dose, showed 75.3%, 75.7%,

77.2%, and 73.7% inhibitory activity on 7th, 14th, 21st,

and 28th days, respectively, whereas the corresponding

data on 5% dose were 65.9%, 65.5%, 65.3%, and

59.2% as well as at 1% dose were 60.9%, 57.4%,

54.6%, and 39.0% on 7th, 14th, 21st, and 28th days,

respectively.

Among the series, 5-heptyl-1,3,4-thiadiazole-2-

thiol (ii), 5-(2-chloro phenyl)-1,3,4-thiadiazole-2-thiol

(vi), 5-(2,4,-dichloro phenyl)-1,3,4-thiadiazole-2-thiol

(vii), 5-(2-methyl phenyl)-1,3,4-thiadiazole-2-thiol (viii),

5-(3-methyl phenyl)-1,3,4-thiadiazole-2-thiol (ix), 5-(3,4,-

dimethoxy phenyl)-1,3,4-thiadiazole-2-thiol (xii), 5-(2-

hydroxy phenyl)-1,3,4-thiadiazole-2-thiol (xiii), and 5-

(4-hydroxy-3-methoxy phenyl)-1,3,4-thiadiazole-2-thiol

Scheme 1. Synthesis of 5-substituted-1,3,4-thiadiazole-2-thiols.
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Table 1

Physical and spectral data of 5-substituted-1,3,4-thiadiazole-2-thiols.

S. no.

Melting Point

Obs./Lit.

% Yield Protocol 1

(Protocol 2)

IR (cm�1)

(C¼¼N)

1H NMR

(DMSO-d6 þ CDCl3 d, ppm)

13C NMR

(DMSO-d6 þ CDCl3 d, ppm)

i. 182–184/184–187 [22] 53.1 (79.9) 1553 2.43 (s, 3H, CH3),

14.16 (s,1H, 2-SH)

19.9 (CH3), 160 (5 C¼¼N),

190 (2 C¼¼N)

ii. 97–98/95–96 [22] 58.4 (63.2) 1548 0.89 (t, 3H, 70-CH3),

1.29 (m, 8H, 4 � CH2),

1.63 (m, 2H, 20-CH2),

2.35 (t, 2H, 10-CH2),

12.9 (s, 1H, 2-SH)

14.0 (CH3), 23.1 (CH2),

32.5 (CH2), 30.0 (CH2),

29.9 (CH2), 32.1 (CH2),

29.6, (CH2) 155 (5 C¼¼N),

187 (2 C¼¼N)

iii. 105–108/105–107 [22] 49.5 (65.4) 1540 0.88 (t, 3H, 90CH3),

1.27 (m, 12H, 6 � CH2),

1.61 (m, 2H, 20-CH2),

2.34 (t, 2H, 10-CH2),

12.8 (s, 1H, 2-SH)

14.2 (CH2), 23.3 (CH2),

32.6 (CH2), 30.0 (CH2),

29.3 (CH2), 30.2 (CH2),

31.2 (CH2), 31.5 (CH2),

34.1 (CH2), 154 (5C¼¼N),

182 (2 C¼¼N)

iv. 123–126/123–125 [22] 51.7 (60.3) 1535 0.88 (t, 3H, 110-CH3),

1.26 (m, 16H, 8 � CH2),

1.62 (m, 2H, 20-CH2),

2.34 (t, 2H, 10 CH2),

12.7 (s, 1H, 2-SH)

15.1 (CH3), 24.1 (CH2), 30.1 (CH2),

31.2 (CH2), 29.5 (CH2),

31.2 (CH2), 33.0 (CH2),

31.2 (CH2), 30.5 (CH2),

32.1 (CH2), 34.1 (CH2), 151 (5 C¼¼N),

180 (2 C¼¼N)

v. 214–216/215–216 [23] 59.4 (77.0) 1572 7.51–7.55 (m, 1H, ArAH),

7.59 (dd, 2H, ArAH,

J ¼ 8.0 MHz), 7.94–7.96

(m, 2H, ArAH) 11.0 (s, 1H, SH)

122.81 (ArAC),

126.42 (ArAC) 126.91(ArAC),

129.82 (ArAC), 132.0 (ArAC),

160.90 (ArAC), 177.8 (5 C¼¼N),

192 (2 C¼¼N)

vi. 212–214/210–212 [24] 57.9 (68.3) 1575 7.90 (d, 2H, ArAH),

7.48 (d, 2H, ArAH),

13.16 (s, 1H, SH)

129.1 (ArAC), 130.0 (2 ArAC),

131.5 (2 ArAC), 138.2 (ArAC),

166.9 (5 C¼¼N), 179.23 (2 C¼¼N)

vii. 197–201 57.1 (60.2) 1581 7.32–7.39 (m, 1H, ArAH),

7.57 (d, 1H, ArAH),

8.2 (d, 1H, ArAH),

13.98 (s, 1H, SH)

126.58 (ArAC), 127.20 (ArAC),

131.47 (ArAC), 133.55 (ArAC),

136.02 (ArAC), 139.62 (ArAC),

169.60 (5 C¼¼N), 182.46 (2 C¼¼N)

viii. 142–143 54.5 (59.3) 1574 2.70 (s, 3H, CH3),

8.12–8.31 (m, 1H, ArAH),

7.92–8.1 (m, 1H, ArAH),

7.46–7.49 (m, 1H, ArAH),

7.29–7.32 (m, 1H, ArAH),

12.28 (s, 1H, SH)

21.19 (CH3), 125.59 (ArAC),

129.71 (ArAC), 131.98 (2ArAC),

132.79 (ArAC), 141.4 (ArAC),

173.76 (5 C¼¼N), 186.43 (2 C¼¼N)

ix. 161–162 53.3 (61.2) 1569 2.43 (s, 3H,CH3),

7.26 (d, H, ArAH), 7.41 (dd,

ArAH, J ¼ 9.6 MHZ) 7.49

(d, 1H, ArAH), 7.94 (d, 1H, ArAH),

12.68 (s, 1H, SH)

21.28 (CH3), 127.39 (ArAC),

128.39 (ArAC), 129.22 (ArAC),

130.72 (ArAC), 134.63 (ArAC),

138.32 (ArAC), 172.65 (5 C¼¼N),

183.24 (2 C¼¼N)

x. 180–183 57.1 (67.4) 1561 2.28 (s, 3H, CH3), 7.19

(d, 2H, ArAH), 7.81 (d, 2H,

ArAH), 12.65 (s, 1H, SH)

21.42 (CH3), 128.48 (ArAC),

129.43 (2 ArAC), 129.75 (2 ArAC),

143.34 (ArAC), 167.8 (5 C¼¼N),

176.34 (2 C¼¼N)

xi. 223–225/222–224 [24] 56.2 (65.3) 1573 3.72 (s, 3H, CH3), 7.31

(d, 2H, ArAH), 7.68

(d, 2H, ArAH),

12.36 (s, 1H, SH)

48.24 (OCH3), 111.30 (2 ArAC),

121.35 (2 ArAC), 139.75 (ArAC),

147.34 (ArAC), 164.8 (5 C¼¼N),

178.34 (2 C¼¼N)

xii. 240–242 53.6 (58.2) 1577 3.9 (s, 3H, OCH3), 4.8 (s, 3H,

OCH3), 6.92 (d, 1H, ArAH),

7.59 (s, 1H, ArAH), 7.76–7.78

(dd, ArAH, J ¼ 6.81),

12.76 (s, 1H, SH)

55.98 (OCH3), 56.04 (OCH3),

110.30 (ArAC), 112.22 (ArAC),

121.70 (ArAC), 124.59 (ArAC),

148.61 (ArAC), 153.45 (ArAC),

172.03 (5C¼¼N), 183.23 (2 C¼¼N)

xiii. 232–235 55.5 (67.3) 1582 5.2 (s, 1H, OH), 6.83–6.91

(m, 1H, ArAH), 7.41–7.45

(m, 1H, ArAH), 7.76 (d, 1H,

ArAH), 7.78 (d, 1H, ArAH),

11.38 (s, 1H, SH)

113.26 (ArAC), 117.20 (ArAC),

119.47 (ArAC), 130.67 (ArAC),

135.96 (ArAC), 161.16 (ArAC),

172.47 (5 C¼¼N), 183.24 (2 C¼¼N)

(Continued)
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(xiv) were found to be the promising nitrification

inhibitors.

Among the active series, 5-(3-methyl phenyl)-1,3,4-

thiadiazole-2-thiol (ix) was most active at 10% dose

with NI 78.2%, 77.1%, 77.3%, and 76.8% on 7th, 14th,

21st, and 28th days, respectively. The next active com-

pound was 5-(2-chloro phenyl)-1,3,4-thiadiazole-2-thiol

(vi) with activity at 10% was 79.7%,78.8%, 77.7%, and

75.1% on 7th, 14th, 21st and 28th days, respectively

(Table 4).

Other active compounds (vii), (xii), (xiii), (viii), (ii),

and (xiv) were statistically at par with ATC as evident

from least significant difference (LSD) values. Com-

pound (xv) showed 77.3%, 76.6%, 78.5%, and 68.4%

NI on 7th, 14th, 21st, and 28th days, respectively. It per-

formed statistically at par with ATC on 7th, 14th, 21st,

but its activity was lower on 28th day. Rest of the com-

pounds was less active at 10% doses than the reference

inhibitor ATC. Among them, least active was compound

(iv) with activity of 58% on the 28th day at 10% dose.

Among the active series compound (vi) was most

active at 5% dose with NI 74.1, 73.5, 72.3, and 65.4 on

7th, 14th, 21st, and 28th days, respectively (Table 4). It

performed better than ATC (5%) and statistically at par

with ATC (10%) on 7th and 14th day. The next active

compound was (vii) at 5% dose with NI 72.5%, 71.5%,

72.1%, and 63.1% on 7th, 14th, 21st, and 28th days,

respectively. Other active compounds showed NI in the

range of 56.1–73.8% during the entire period of incuba-

tion. All these compounds were statistically similar to

ATC (5%). Remaining compounds were found to be

inferior to reference inhibitor ATC (5%).

Compound (vi) at 5% dose performed best with NI

66.3%, 62.9%, 54.4%, and 41.4% on 7th, 14th, 21st,

and 28th days, respectively. The next in performance

were (x), (xiv), (viii), (vii), (ii), and (xii). All these

Table 1

(Continued)

S. no.

Melting Point

Obs./Lit.

% Yield Protocol 1

(Protocol 2)

IR (cm�1)

(C¼¼N)

1H NMR

(DMSO-d6 þ CDCl3 d, ppm)

13C NMR

(DMSO-d6 þ CDCl3 d, ppm)

xiv. 210–214 57.9 (59.3) 1579 3.89 (s, 1H, ArAOH), 3.8

(s, 3H, OCH3), 6.63 (d, 1H,

ArAH), 6.83–6.99 (m, 1H),

7.03 (d, 1H), 9.82 (s, 1H, OH),

12.43 (s, 1H, SH)

55.87 (CH3), 113.05 (ArAC),

115.46 (ArAC), 122.03 (ArAC),

151.45 (ArAC), 167.72 (5C¼¼N),

188.7 (2C¼¼N)

xv. 167–169 53.3 (60.9) 1576 1.34 (s, 9H, t-C4H9), 7.46 (d,

2H, ArAH), 8.03 (d, 2H, ArAH),

13.39 (s, 1H, SH)

14.3 (Aliph-C),

29.7 (Aliph-C), 31.1 (Aliph-C),

35.2 (Aliph-C), 125.3 (ArAC),

125.5 (ArAC), 126.5 (ArAC),

129.4 (ArAC), 130.1 (ArAC),

157.58 (ArAC), 172.15 (5 C¼¼N),

183.92 (2 C¼¼N)

Table 2

Elemental-analytical data of 5-substituted-1,3,4-thiadiazole-2-thiols.

S. no. Molecular formula FW

C (%) H (%) N (%) S (%)

Cal Obs Cal Obs Cal Obs Cal Obs

i. C3H4N2S2 132 27.25 28.2 3.04 2.99 21.19 20.83 48.51 47.21

ii. C9H16N2S2 216 49.96 47.73 7.45 7.23 12.95 13.32 29.64 30.12.

iii. C11H20N2S2 244 54.05 52.5 8.25 8.99 11.46 11.21 26.24 27.16

iv. C13H24N2S2 272 57.30 59.29 8.88 7.59 10.28 9.73 23.54 22.24

v. C8H6N2S2 194 46.46 44.70 3.11 2.97 14.42 13.63 33.01 31.42

vi. C8H5N2S2Cl 228.5 42.01 40.26 2.20 2.09 12.25 12.85 28.04 26.52

vii. C8H4N2S2Cl2 263 36.51 34.76 1.53 1.60 10.64 9.83 24.37 23.56

viii. C9H8N2S2 208 51.89 50.36 3.87 3.19 13.45 14.05 30.79 29.23

ix. C9H8N2S2 208 51.89 49.12 3.87 3.64 13.45 12.86 30.79 31.03

x. C9H8N2S2 208 51.89 49.64 3.87 3.61 13.45 12.32 30.79 31.63

xi. C9H8ON2S2 224 48.19 46.21 3.59 3.32 12.49 12.93 28.59 26.35

xii. C10H10O2N2S2 254 47.23 45.06 3.96 3.41 11.01 12.51 25.22 24.89

xiii. C8H6ON2S2 210 45.69 44.26 2.88 3.19 13.32 14.26 30.50 29.12

xiv. C9H8O2N2S2 240 44.98 42.91 3.36 2.98 11.66 12.59 26.69 25.36

xv. C12H14N2S2 250 57.56 55.63 5.64 5.31 11.19 10.70 25.61 25.13
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compounds were statistically at per with each other (Ta-

ble 4). All the compounds showed an increase in NI

with the increase in dose. Enhancement in NI is more

from 1 to 5% increases in dose as compared with 5 to

10%.

Structure-activity relationship. In general, aryl sub-

stituted thiadiazoles performed better than the alkyl sub-

stituted 1,3,4-thiadiazole-2-thiols at all the doses. The 5-

substitution in the 1,3,4-thiadiazole with aliphatic chains

of 1, 7, 9, and 11 carbon atoms were used. The chain al-

iphatic seven of carbon atoms performed the best as evi-

dent from their performance on 28th day of incubation.

The overall effect in minimizing NI was significantly

higher with seven carbon atoms with 69.8 and 63.1% as

compared with 58.1–64.4% and 52.9–56.2% with others

at 10 and 5% doses, respectively (Fig. 1). At 1% dose,

maximum NI, 36.2%, was observed with seven carbon

atoms, but it was superior to NI with one carbon atom,

25.7% only and performed at par with others.

5-Aryl substitution in the 1,3,4-thiadiazole ring with

chloro atoms in phenyl ring was used. Introduction of

chlorine atoms in the phenyl ring resulted in the

increase of activity and found to be significantly supe-

rior to phenyl substitution with no chlorine atom (Fig.

2). Their effect on NI was similar for both mono and

dichloro phenyl derivatives (Fig. 2), which were supe-

rior to phenyl derivative. Both chloro derivative showed

36.2–41.4%, 63.8–65.4%, and 73.6–75.1% NI at 1, 5,

and 10% dose, respectively. The phenyl derivative

showed 24.6%, 43.6%, and 60.8% NI at respective 1, 5

and 10% doses.

5-(3-Methyl phenyl)-1,3,4-thiadiazole-2-thiol, 5-(4-

chloro phenyl)-1,3,4-thiadiazole-2-thiol and 5-(2,4-

dichlorophenyl)-1,3,4-thiadiazole-2-thiol emerged as

potent nitrification inhibitors. The study revealed the

cost effective and environment friendly synthesis of the

potent 1,3,4-thiadizole-2-thiols. These compounds hold

promise to be used as nitrification inhibitors and also as

prototypes for the discovery of potent analogues through

the process of compound library design and screening.

EXPERIMENTAL

Thin layer chromatography was performed on 200-lm thick

aluminum sheets having silica gel 60 F254 as adsorbent. Differ-
ent solvent systems were used for developing the TLC plates.
Spots were visualized either by UV-light or iodine vapors.
Melting points were determined by using electro thermal melt-
ing point apparatus and are uncorrected. Microwave irradiation

was carried out by using Samsung microwave oven model
CE118KF operating at 2450 MHz. A Christ Lypholizer model
Alpha 1-2 LD was used for lyophilizing purpose. Nuclear
magnetic resonance (NMR) spectra were recorded on a
Brucker Abamce, 400 MHz instrument, after dissolving the
samples in CDCl3/DMSO(d6) using tetramethylsilane (TMS)
as an internal standard. Chemical shifts were reported in d val-
ues relative to TMS and the notations used are s-singlet, d-
doublet, t-triplet, m-multiplet, and brs-broad singlet. Infrared
(IR) spectra were recorded on a Nicolet Fourier Transform
Infrared Spectrophotometer, Model Impact 400 (FTIR) in ei-
ther nujol mull or KBr disc. A Varian, Series 634, UV–Vis
double beam spectrophotometer was used. Elemental analysis
was carried out using EuroVector CHNS analyzer. All the
chemicals and reagents were purchased from S D Fine Chemi-
cals, Qualigens Fine Chemicals, and Merck India.

Synthesis of test chemicals. 5-Substituted-1,3,4-thiadiazole-

2-thiols were synthesized following the Scheme 1 using the
both conventional (protocol 1) and greener synthesis (protocol
2). Protocol 2 used the new greener method [18] for synthesiz-
ing the intermediate hydrazides which otherwise required 6–9
h heating under protocol 1 [13].

Conventional method of synthesis of carboxylic acid hydra-
zides (Method-A). The organic acids were esterified in the
presence of ethyl alcohol and catalytic amount of sulfuric acid.
The resulted esters were hydrazinolysed with hydrazine
hydrate to afford the hydrazides [13].

Greener method for synthesis of carboxylic acid hydrazides
(Method B). Carboxylic acid (0.01 mol) and hydrazine hydrate
(0.012 mol) were irradiated under microwaves for 60–200 s at
900 W. Then, the reaction mixture was cooled to �20�C and
lyophilized at �50�C. The product obtained was recrystallized

from methyl alcohol. The hydrazides were characterized on
the basis of physical and spectral data [13–17].

Preparation of 5-substituted-1,3,4-thiadiazole-2-

thiols. Potassium hydroxide (0.11 mol) was dissolved in mini-

mum amount of ethanol, and hydrazide (0.1 mol) was added
to it. The reaction mixture was cooled to 0–5�C followed by

Table 3

Comparative assessment of protocols 1 and 2 using green chemistry measures.

Matrix Protocol 1 (Conventional) Protocol 2 (Greener) Improvement

Overall yield (%) 59.6 69.3 9.7% increase

Number of steps Four Three 25% reduction

Heating time 6–9 h 60–200 s 162–360 times decrease

Energy consumption (KWh) 6–9 0.015–0.050 180–400 times reduction

E(nvironmental) factor (Kg waste/Kg product) 20.1 14.8 26.4% reduction

Atom economy (%) 43.3 48.3 5% increase

Atom efficiency (%) 25.8 33.5 7.7% increase

Carbon efficiency (%) 28.5 34.7 6.2% increase

Reaction mass efficiency (%) 31.5 36.1 4.6% increase
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drop wise addition of carbon disulphide (0.11 mol). After addi-

tion, the reaction mixture was stirred for 30 min to afford solid
potassium dithiocarbazate salt. It was filtered, washed with
chilled acetone, dried, and used as such for further reaction.
Potassium dithiocarbazate salt (0.1 mol) was added slowly in

small lots to conc sulfuric acid (2.5 times of salt) at 5�C with
constant stirring. The reaction mixture was stirred for 30 min,

and the resulting viscous liquid was poured over crushed ice

slowly. The solid obtained was filtered and washed with excess
of water till the filtrate become neutral to litmus paper. The
wet solid was suspended in water at 40�C and 25% sodium hy-
droxide solution was added slowly with stirring to adjust the

pH of the solution in the range of 8.0–9.0. The resulting solu-
tion was filtered through a charcoal bed, and pH was adjusted

Table 4

Effect of 5-substituted-1,3,4-thiadiazole-2-thiols on nitrification inhibition (NI).

Comp. R Dose

Nitrification inhibition (%)

7th Day 14th Day 21st Day 28th Day

i. CH3A 1 54.7 36.8 44.1 25.7

5 69.3 66.9 63.9 56.1

10 76.8 74.1 75.4 64.4

ii. CH3(CH2)5CH2A 1 59.1 53.9 51.2 36.2

5 70.1 67.9 68.6 63.1

10 76.1 76.0 77.0 69.8

iii. CH3(CH2)7CH2A 1 52.7 46.3 46.9 32.8

5 65.3 61.1 59.0 52.9

10 73.9 69.4 68.0 63.0

iv. CH3(CH2)9CH2A 1 49.5 40.6 42.4 32.8

5 69.8 64.7 57.8 56.2

10 75.8 73.0 74.7 58.1

v. C6H5A 1 58.0 44.3 48.0 24.6

5 61.9 58.4 56.3 43.6

10 65.5 65.0 67.6 60.8

vi. 4-ClC6H4A 1 66.3 62.9 54.4 41.4

5 74.1 73.5 72.3 65.4

10 79.7 78.8 77.7 75.1

vii. 2,4-(Cl)2C6H3A 1 61.3 54.1 53.5 36.2

5 72.5 71.5 72.1 63.8

10 78.4 76.6 76.7 73.6

viii. 2-CH3C6H4A 1 65.8 61.2 54.6 37.9

5 64.6 64.4 65.3 59.0

10 72.4 71.2 72.4 70.4

ix. 3-CH3C6H4A 1 63.4 60.1 52.7 39.1

5 72.9 72.3 70.7 63.7

10 78.2 77.1 77.3 76.8

x. 4-CH3C6H4A 1 68.5 62.2 55.1 33.2

5 73.7 72.3 68.7 61.7

10 79.4 77.7 76.0 67.1

xi. 4-CH3C6H4A 1 53.8 51.7 48.8 29.7

5 62.6 64.2 63.0 52.8

10 68.0 69.4 71.6 67.0

xii. 3,4-(CH3O)2C6H3A 1 58.9 52.9 51.3 34.4

5 70.6 68.7 68.1 63.2

10 77.3 75.1 75.7 71.9

xiii. 2-HOC6H4A 1 58.3 51.6 49.4 32.7

5 72.3 69.9 67.0 59.2

10 73.3 71.4 71.2 70.2

xiv. 4-HO, 3-CH3OC6H3A 1 65.3 57.0 51.5 38.3

5 68.8 67.7 61.3 62.5

10 76.9 75.3 72.4 70.0

xv. 4-t-C4H9C6H4A 1 58.1 51.6 44.8 32.9

5 73.8 71.5 69.8 60.1

10 77.3 76.6 78.5 68.4

ATC – 1 60.9 57.4 54.6 39.0

5 65.9 65.5 65.3 59.2

10 75.3 75.7 77.2 73.7

LSD (5%) – 4.7 5.0 4.6 5.0
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to 3.0–5.0 by drop wise addition of 50% hydrochloric acid.
White solid obtained was filtered, washed with water, and
dried. All the compounds were characterized on the basis of
physical and spectral data as depicted in Tables 1 and 2.

Assessment by green chemistry matrices. The developed
synthetic protocol for 5-substituted-1,3,4-thiadiazole-2-thiols
was assessed by following green chemistry matrices, which
were calculated as reported [19–21].

Nitrification inhibitory activity. The soil with following

properties was collected from the farm of the institute for
in vitro incubation experiments. Sand 60.8%, silt 18.7%, clay
20.5%, water holding capacity 35.5%, bulk density 1.51 mg/
kg, organic C 0.5%, available N 553.72%, ammonium-N 3.2
mg/kg, nitrite-N traces, nitrate-N 8.54 mg/kg, pH (soil:

water::1:2.5) 7.9, and EC at 25�C 0.35 dSm�1.
The test chemicals (5-substituted-1,3,4-thiadiazole-2-thiols)

and reference inhibitor, ATC, were tested at three doses (1, 5
and 10% of applied urea-N) along with urea alone control.

The experiments were laid following completely randomized
design with three replicates. Fifty grams of air dried, finely
ground, and sieved (10 mesh) soil was taken in 100 mL
capacity plastic beakers. Calculated amount of the test chemi-
cal (0.1, 0.5, and 1.0 mg for 1, 5, and 10% dose of applied

urea-N, respectively) in acetone was added to each beaker and
mixed thoroughly. In all the treatments including control, same
volume of acetone was added. After mixing, 10 mg urea-N
(200 mg urea-N per kg of soil) in aqueous solution was added,

mixed thoroughly, and distilled water was added to each
beaker for maintaining the moisture at 50% of water holding
capacity [25] of the soil. The experiment was conducted in
triplicate with concomitant controls. For ATC, the soil was
prepared in similar way. All the beakers were accurately

weighed, labeled, and incubated in a BOD incubator at 28 6
1�C, and 98% relative humidity. Soil moisture was maintained
by adding distilled water every alternate day (if required) after
taking the difference of weight. Samples (5 g) were drawn on
7th, 14th, 21st, and 28th day of incubation. Before sampling,

distilled water was added to make up for the loss in weight
because of evaporation of water and mixed thoroughly. Am-
monium, nitrite, and nitrate-N were extracted in 50 mL 2M
aqueous sodium sulfate solution. The soil with extracting solu-
tion was shaken for an hour on a reciprocal shaker and filtered.

Ammonium, nitrite, and nitrate-N were estimated following
Indophenol blue, sulfanilic acid, and phenol disulfonic acid
method, respectively [26,27].

The contents of ammonium nitrate and nitrite-N were

obtained from the standard curves and expressed in mg kg�1.
The nitrification rate for a constant period of incubation was
calculated using Sahrawat’s [28] formula. The data were statis-
tically analyzed following the procedure laid out by Gomez
and Gomez [29]. The analysis of variance was computed using

Statistical Package for Social Services (SPSS version 10.0),
and treatment means were compared by LSD at 5% levels.
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The novel hydroperoxy sultams, 2,3-dihydro-3-hydroperoxy-2-aryl-4,5-diphenylisothiazole 1,1-diox-

ides, were synthesized by the oxidation of the 2-aryl-4,5-diphenyl substituted isothiazolium salts with
H2O2. These hydroperoxy sultams were investigated as epoxidation agents in the epoxidation reaction
of cis-cyclooctene catalyzed by MoB. 2-(2-Chlorophenyl)-2,3-dihydro-3-hydroperoxy-4,5-diphenyliso-
thiazole 1,1-dioxide was found to have the highest epoxidation ability.

J. Heterocyclic Chem., 47, 846 (2010).

INTRODUCTION

The cyclic sulfonamides (sultams) have been shown

to be highly useful heterocycles for medicinal chemistry

[1,2] as well as for chemical methodology [3,4]. They

show biological activities such as antibacterial [5,6],

anticonvulsant [7,8], sedative-hypnotic [9], and peptido-

mimetic [10,11]. Sultams have found application as chi-

ral auxiliaries in several asymmetric processes such as

Diels-Alder reactions [12,13], alkylation [14], and di-

hydroxylation [15] and are used in enantioselective ca-

talysis [16]. Hydroperoxy sultams can also serve as oxi-

dants in oxidation of heteroatoms (N, S, P) [17,18] and

in epoxidation of double bonds [19].

We now report the synthesis of novel hydroperoxy

sultams, 2,3-dihydro-3-hydroperoxy-2-aryl-4,5-diphenyli-

sothiazole 1,1-dioxides, and studies of their epoxidation

ability in the epoxidation reaction of cis-cyclooctene
catalyzed by molybdenum boride MoB.

RESULTS AND DISCUSSION

Our approach to hydroperoxy sultams started from

isothiazolium salts (1) (Scheme 1) which were prepared

for the first time by intramolecular cyclocondensation of

b-thiocyanatovinyl aldehydes and the suitably substi-

tuted anilines in the presence of perchloric acid in acetic

acid in moderate-to-good yields: 1a (61%), 1b (62%),

and 1c (51%) according to already reported synthesis

[20,21]. The oxidation of the 2-aryl-4,5-diphenyl substi-

tuted isothiazolium salts in glacial acetic acid with 30%

H2O2 at r.t. gave stable 3-hydroperoxysultams (2) in

good yields: 2-(2-chlorophenyl)-2,3-dihydro-3-hydroper-

oxy-4,5-diphenylisothiazole 1,1-dioxide (2a) (70%), 2-

(2,6-dichlorophenyl)-2,3-dihydro-3-hydroperoxy-4,5-diphe-

nylisothiazole 1,1-dioxide (2b) (70%) and 2-(2,6-dichloro-

4-nitrophenyl)-2,3-dihydro-3-hydroperoxy-4,5-diphenyliso-

thiazole 1,1-dioxide (2c) (72%) after 72, 72 and 96 h

stirring, respectively.

The structures of the 3-hydroperoxysultams 2a, 2b,

and 2c were established by IR and NMR spectroscopy

and composition was confirmed by mass spectrometry

and elemental analysis.

The IR spectra of compounds 2 show two absorption

bands at 1302–1316 and 1146–1160 cm�1 for the SO2

groups which are characteristic for the antisymmetric

and symmetric vibrations of the 1,1-dioxides, respec-

tively. The two absorption bands for the NO2 group are

observed at 1335 and 1537 cm�1 in the spectrum of

compound 2c.

In 1H NMR spectra of 3-hydroperoxysultams 2, the

typical absorption of the 3-H atom appears at 6.49–6.60

ppm. The 13C NMR signals for C-3 at 92.5–95.0 ppm

are characteristic for compounds 2.

The 2 were investigated as epoxidation agents in the

epoxidation reaction of cyclooctene in the presence of

molybdenum boride. The kinetic curves of 2 consump-

tion and 1,2-epoxycyclooctane accumulation in the

VC 2010 HeteroCorporation

846 Vol 47



epoxidation process are presented in Figures 1 and 2,

respectively. It is evident that epoxidation ability of

investigated 2 is different and is defined by the nature

of the substituents on the aromatic ring connected at

nitrogen atom of hydroperoxide molecule.

The highest value of hydroperoxy sultam consumption

in the catalytic epoxidation process was observed for 2a

containing only one ortho-chlorine atom and conversion

of this hydroperoxide was equal to 73% after 40 min of

reaction. In the case of 2b with two chlorine atoms in

ortho-position to bond of nitrogen with aromatic ring,

the hydroperoxide consumption was the lowest and hy-

droperoxide conversion was 41%. The value of hydro-

peroxide conversion for 2c which contains three sub-

stituents—two chlorine atoms and one NO2 group—is

47% so it is between 2a and 2b.

The epoxide is formed in the presence of all investi-

gated hydroperoxy sultams. This fact indicates on possi-

bility of their application as epoxidation agents in the

catalytic reaction with cyclooctene. The highest epoxida-

tion ability exhibits 2a, the selectivity of epoxide forma-

tion (calculated as ratio of formed epoxide quantity to

consumed hydroperoxide quantity) in its presence is

35%. The lowest epoxidation ability demonstrates 2c in

the case of which the selectivity of epoxide formation is

only 5%. 2b shows intermediate selectivity 19%.

From the obtained results, one can conclude that the

most effective oxidant in the catalytic epoxidation reac-

tion of cyclooctene is 2a, which molecule contains only

one substituent—chlorine atom in a-position to bond of

nitrogen with aromatic ring. Introduction of another one

chlorine atom and especially NO2 group leads to

decrease of the parameters of the epoxidation reaction.

It is probably caused by dominant influence of a steric

factor. The increase in quantity of substituents compli-

cates possibility of the simultaneous coordination of

hydroperoxy sultam and cyclooctene on catalyst and for-

mation of intermediate triple complex which is

Scheme 1

Figure 1. The kinetic curves of the consumption of 2 in the catalytic

epoxidation reaction of cyclooctene.

Figure 2. The kinetic curves of the 1,2-epoxycyclooctane accumula-

tion in the catalytic epoxidation reaction of cyclooctene by 2.
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responsible for epoxide formation [22–24]. Accordingly,

the efficiency of the epoxidation reaction decreases.

Taking into account the significant contribution of

unproductive 2 consumption into overall process of the

cyclooctene epoxidation, it is reasonable to study the

decomposition process of investigated hydroperoxy sul-

tams catalyzed by MoB at the same reaction conditions

in the absence of cyclooctene in the reaction system.

Figure 3 shows the kinetic curves of 3-hydroperoxysul-

tams consumption in the process of catalytic decomposi-

tion. One can see that the decomposition process most

actively occurs in the case of 2c with hydroperoxide con-

version 63%. One may suggest that presence of NO2

group in a para-position to bond of nitrogen with aromatic

ring favors the proceeding of the catalytic decomposition

process. The values of conversions of 2b and 2a are

smaller and are equal to 52% and 43%, correspondingly.

Comparing the data of the decomposition process with

the data of the epoxidation process, it is possible to conclude

that the highest epoxidation ability in the epoxidation pro-

cess has 2a which is the least active in the decomposition

reaction. At the same time, the 2c, which is the most actively

consumed in the decomposition process, has the lowest

epoxidation ability in the reaction with cyclooctene.

In summary, we have described the synthesis of novel

2,3-dihydro-3-hydroperoxy-2-aryl-4,5-diphenylisothia-

zole 1,1-dioxides by oxidation of the 2-aryl-4,5-diphenyl

substituted isothiazolium salts with H2O2. We have

shown that these hydroperoxy sultams can act as epoxi-

dation agent in the epoxidation reaction of cyclooctene

catalyzed by MoB.

EXPERIMENTAL

Melting points were determined on Boetius micro-melting-

point apparatus and are corrected. IR spectra are expressed in
cm�1 and were recorded on Genisis FTIR Unicam Analytical
System (ATI Mattson) using KBr pellets. 1H NMR spectra
were recorded on 200- (Varian Gemini-200) and 300-MHz

(Varian Gemini-300). Chemical shifts are reported in d (ppm)
relative to tetramethylsilane (TMS) as internal standard. 13C
NMR spectra were received on the named spectrometers. Elec-
tron impact mass spectra (EI-MS) were recorded on a Quadru-
pol-MS VG 12-250 at an ionizing voltage of 70 eV. Elemental

analysis was determined on Heraeus CHNO Rapid Analyzer.
Synthesis of 2,3-dihydro-3-hydroperoxy-2-aryl-4,5-diphe-

nylisothiazole 1,1-dioxides (2). H2O2 (0.7 mL, 30%) was
added to a stirred suspension of 1 (0.26 mmol) in AcOH (0.7
mL) at room temperature. After dissolution of salts 1, colorless

precipitates of 2 were obtained after 72–96 h and isolated. The
crude products were washed with water.

2-(2-Chlorophenyl)-2,3-dihydro-3-hydroperoxy-4,5-dipheny-
lisothiazole 1,1-dioxide (2a). Mp 197–201�C; IR (KBr) 1157,
1302 (SO2) cm

�1; 1H NMR (200 MHz, acetone-d6) d 6.60 (s,

1H, 3–H), 7.37–7.96 (m, 14H, ArH), 11.38 (s, 1H, OOH); 13C
NMR (50 MHz, acetone-d6) d ¼ 92.5, 128.1, 128.9, 129.5,
129.9, 130.0, 130.4, 130.7, 130.9, 131.6, 131.7, 131.8, 135.0,
135.6, 139.1; EI-MS m/z 413.0 (Mþ�). Anal. Calcd. for
C21H16ClNO4S: C, 60.94; H, 3.90; N, 3.38; O, 15.46. Found:

C, 60.60; H, 4.01; N, 3.55; O, 15.80.
2-(2,6-Dichlorophenyl)-2,3-dihydro-3-hydroperoxy-4,5-

diphenylisothiazole 1,1-dioxide (2b). Mp 124–127�C; IR
(KBr) 1160, 1313 (SO2) cm

�1; 1H NMR (300 MHz, acetone-

d6) d 6.49 (s, 1H, 3–H), 7.25–7.64 (m, 13H, ArH), 11.23 (s,
1H, OOH); 13C NMR (50 MHz, acetone-d6) d 95.0, 130.1,
130.3, 130.6, 130.7, 130.9, 131.0, 131.1, 131.3, 131.5, 131.7,
132.4, 132.9, 138.2, 139.4, 140.8; EI-MS m/z 447.0 (Mþ�).
Anal. Calcd. for C21H15Cl2NO4S: C, 56.26; H, 3.37; N, 3.12;

O, 14.27. Found: C, 55.40; H, 3.56; N, 3.13; O, 14.00.
2-(2,6-Dichloro-4-nitrophenyl)-2,3-dihydro-3-hydroperoxy-

4,5-diphenylisothiazole 1,1-dioxide (2c). Mp 148–151�C; IR
(KBr) 1146, 1316 (SO2), 1335, 1537 (NO2) cm�1; 1H NMR
(200 MHz, acetone-d6) d 6.58 (s, 1H, 3–H), 7.38–7.50 (m,
10H, ArH), 8.14 (s, 1H, ArH), 8.45 (s, 1H, ArH), 11.55 (s,
1H, OOH); 13C NMR (50 MHz, acetone-d6) d 94.8, 125.6,
125.7, 126.1, 128.2, 130.1, 130.2, 130.4, 130.5, 130.6, 130.8,
131.0, 131.2, 131.7, 131.9, 139.4; EI-MS m/z 474.0 (M-
H2O)

þ�. Anal. Calcd. for C21H14Cl2N2O6S: C, 51.13; H, 2.86;
N, 5.68; O, 19.46. Found: C, 50.83; H, 2.89; N, 5.72; O,
19.20.

General experimental procedure for the catalytic epoxi-

dation of cyclooctene by 2. The epoxidation process was car-
ried out in a thermostated glass reactor fitted with a reflux con-

denser and a magnetic stirrer under an argon atmosphere at
temperature 23�C. The reactor was loaded with 0.01 g of MoB
(Alfa Aesar) as a heterogeneous catalyst, 0.3 mL of cis-cyclo-
octene (Acros Organics), 3.5 mL chloroform as solvent, and

0.01 mol L�1 of 2. It is established that 2 does not decompose
in the absence of catalyst in the reaction system and 1,2-epox-
ycyclooctane is not formed under the reaction conditions. The
concentration of 2 was determined by iodometric titration [25].
The reaction mixtures were analyzed by using a Hewlett Pack-

ard HP 6890 N chromatograph, a capillary column DB-1 (60
m � 0.32 mm � 0.5 lm) packed with dimethylsiloxane. The

Figure 3. The kinetic curves of the consumption of 2 in the catalytic

decomposition reaction.
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column temperature was changed from 50 up to 250�C with
rate of 10� in 1 min.
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New N-[(1,3-diphenylpyrazol-4-yl)methyl]a-amino acids (1a–i) have been synthesized and tested
in vitro for their antiproliferative activity against human myelogenous leukemia K562, colon adenocar-
cinoma HT-29, cervix carcinoma HeLa, and normal fetal lung fibroblasts, MRC-5. Compounds derived
from both phenylalanine enantiomer precursors appeared to be the most active against myelogenous leu-

kemia K562 cell lines with a high cytotoxic potential.

J. Heterocyclic Chem., 47, 850 (2010).

INTRODUCTION

Arylpyrazole derivatives play an important role in

biologically active compounds and therefore represent

an interesting template for medicinal chemistry. These

compounds displayed diverse biological properties such

as antiparasitic [1], antifungal [2], antibacterial [3], and

antidiabetic [4]. Moreover, arylpyrazole derivatives have

shown several biological activities as seen in cyclooxy-

genase-2 [5], p38 MAP kinase [6], and nonnucleoside

HIV-1 reverse transcriptase inhibitors [7]. In the

research for antitumor agents, arylpyrazole derivatives

exhibited promising antiproliferative properties against

several kinds of human tumor cell lines [8–10].

The cytotoxic drugs, such as doxorubicin, 5-fluoroura-

cil, and camptothecins, can damage DNA or affect cel-

lular metabolic pathways causing indirect block of the

cell cycle. Unfortunately, these agents produce an irre-

versible damage to both normal and tumor cells, result-

ing in a significant toxicity and side effects [11–13]. In

this respect, it is desirable to synthesize new highly spe-

cific antitumor agents with comparable efficacy and

reduced toxicity than the currently available drugs. In

view of these observations and as a continuation of our

interest toward synthesis and biological activity of aryl-

pyrazole derivatives [14,15], some new N-[(1,3-diphe-
nylpyrazol-4-yl)methyl] a-amino acids were prepared

with the aim to have promising antiproliferative proper-

ties against several kinds of human tumor cell lines.

RESULTS AND DISCUSSION

In this work, condensation of the optically active L-

and D-amino acids (except 1a) with 1,3-diphenylpyra-

zole-4-carboxaldehyde in the presence of NaOH led to

the formation of Schiff base intermediates. As a-amino

acids are sparingly soluble in alcoholic solvents, the

Schiff base formation takes long time, and the reaction

gives lower yields even under reflux conditions. Thus, the

condensation reaction was accelerated using solventless

method [16] combining aldehyde, a-amino acids, and

NaOH in a porcelain mortar with pestle and aggregating

the dry solid mixture until a white powder was formed.

The condensation was completed by an additional heating

at reflux for 2 h in dry methanol (Scheme 1).
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The stability of the formed Schiff base products

depends on several factors such as amino acid side chain

polarity [17], the metal, pH, solvent, and temperature

[18]. The problem with Schiff base instability can be

overcome by their reduction to give a more flexible

amine and not constrained compounds. In the light of

these facts, we have performed out the reduction with

an excess of NaBH4 without isolation of Schiff base to

afford the novel N-[(1,3-diphenylpyrazol-4-yl)methyl]

a-amino acids.

The structures of the new compounds were confirmed

using different spectral data (IR, 1H, and 13C NMR) and

elemental analysis. The IR spectra revealed the presence

of NHþ
2 stretching frequencies between 2650 and 2300

cm�1 in the form of broad band with multiple peaks on

the low frequency wing, which continue until about

2200 cm�1, confirming their zwitterionic nature. The mas
(COO) was related to the strong absorption band appear-

ing in the spectra between 1619 and 1601 cm�1,

whereas the symmetric carboxylate stretches ms (COO)

correspond to the medium–strong peaks about 1410

cm�1 [19]. The other characteristic very strong absorp-

tion bands in the IR spectra were those attributed to the

pyrazole ring: m (C¼¼C) and m (C¼¼N) between 1601

and 1547 cm�1 as well as d (C¼¼C) about 1505 cm�1

[20].

The 1H NMR spectra of all compounds exhibited a

characteristic AB system except 1a and ABX system for

1d, 1e, 1g, 1h, and 1i. The 1H NMR spectra revealed

the presence of characteristic singlet peak attributed to

pyrazole ring proton appeared between 7.97 and 8.67

depending on the applied solvent system. The complete

assignment of all reported signals (1H and 13C) in the

experimental part was carried out by means of 1D and

2D homo- and heteronuclear correlated NMR

spectroscopy.

The newly synthesized compounds 1a–i were eval-

uated in vitro for their antiproliferative activity against

human myelogenous leukemia K562, colon adenocarci-

noma HT-29, cervix carcinoma HeLa, and normal fetal

lung fibroblasts, MRC-5 using sulforhodamine B (SRB)

assay [21] and doxorubicin (Dox) as reference drug. The

results are presented in Table 1.

The malignant cell line K562 was the most sensitive,

where the pronounced cytotoxicity was achieved by

seven of nine tested samples. The compounds with ben-

zyl group 1d and 1e showed the most potent cytotoxic

activity against human myelogenous leukemia K562 cell

lines. The replacement of the benzyl group in 1d by a

hydrophobic isobutyl group leading to 1c would retain

potential hydrophobic bonding while creating spatial

property differences between the benzyl and isobutyl

group. The comparison of the cytotoxicity of 1d or 1e

with 1c indicates that 1d and 1e are more active in inhi-

bition of these cells. When the side chain was replaced

with an isopropyl group 1b, a complete inactivity

against K562 was observed. The moderate activity was

achieved when an additional heteroatom was

Scheme 1. Reagents and conditions: (a) NaOH, continuous aggregating at rt, then MeOH, reflux, 2 h; (b) NaBH4, 0–5
�C, then rt, 12 h, AcOH.
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incorporated into the side chain 1f. These differences in

cytotoxicity could be related to their conformation and

size of the substitutes. The bulky isopropyl group 1b

and voluminous sulfur atom 1g closely to aminocarbox-

ylate skeleton induce the decrease of cytotoxic activity,

probably preventing the formation of intermolecular

interaction with cell receptors. Comparison of the cyto-

toxicity of compounds derived from different enantiom-

ers of phenylalanine indicates that D-phenylalanine

demonstrated similar activity with respect to L-phenylal-

anine analog. We could also suggest that 1d and 1e are

the most cytotoxic compounds because of their planarity

and hydrophobic properties. These results indicate that

spatial effects and side chain length should be an impor-

tant factor in the design of future molecules. It is inter-

esting to note that the compounds 1h and 1i having po-

lar hydroxyl groups proved to be less active than 1d and

1e, suggesting that electronic character could be dimin-

ished in comparison with hydrophobic requirements of

amino acid part of molecule. Compounds 1g and 1e

were also active against HeLa and HT29 cell lines,

respectively, but their activity was significantly lower

compared with doxorubicin. On the other hand, all com-

pounds were devoid of any cytotoxicity against the nor-

mal fetal lung fibroblasts MRC-5. Generally, the hydro-

phobic character and steric effects in amino acid moiety

appear to be the main factors for the growth suppressing

potential against K562 cell lines. Further modification of

compounds 1d and 1e, especially the transformation of

carboxylate group and identification of its molecular tar-

get, is under investigation.

Thermal analysis. Thermal analysis of pharmaceuti-

cal compounds is a very reliable method for purity con-

trol, and it is a necessary part of the characterization of

new compounds with potential bioactivity [22,23]. As

amino acid–water–protein interface interactions are very

important in biological systems [24]; the thermal proper-

ties of these new amino acid derivatives may be of spe-

cial interest.

In the series of nine new compounds, two of them are

pure N-substituted amino acids, whereas the others crys-

tallize with different number of water molecules.

Thermal measurements reveal that the stability of

N-substituted amino acids 1a and 1b is rather high in both

atmospheres (in N2 200 and 205�C, respectively). Most

probably as a consequence of some sensitivity toward oxi-

dation, in air the thermal stability of the compounds is

somewhat less. The decomposition mechanism in inert

and oxidative atmosphere also differs (see Fig. 1).

The dehydration pattern of the hydrates does not

depend on the atmosphere. The dehydrated compounds

1c, 1g, 1h, and 1i are stable to above 200�C, with the

previous remark: their stability in air is less with about

5�C. Compounds 1d, 1e, and 1f decompose further

after dehydration, without giving a stable anhydrous

intermediate.

The decomposition of all samples was accompanied

by melting, observed visually. The decomposition mech-

anism of the first decomposition step of dry compounds

is proposed only on the basis of the mass loss. The frag-

mentation begins with that of the side chain, e.g., the
mass loss to the minimum in DTG curve of 1a amounts

14.5% in N2 that agrees well with the loss of CO2 mole-

cule (calcd. 14.32%). The valine 1b derivative most

probably decomposes by the loss of the methyl groups.

However, it is pointless to give a decomposition mecha-

nism in lack of coupled measurements. It is more impor-

tant to have a closer look to the dehydration process of

the hydrates from both the theoretical and practical point

of view. The mass loss with the corresponding tempera-

ture of the dehydration is given in Table 2 together with

the decomposition temperature of the anhydrous

compound.

Table 1

In vitro cytotoxicity of compounds 1a–i.

Compounds

IC50 (lM)a

K562 HeLa HT29 MRC-5

1a 8.89 >100 >100 >100

1b >100 9.21 >100 >100

1c 4.17 >100 72.31 >100

1d 1.02 14.43 8.31 >100

1e 0.97 11.97 6.45 >100

1f 6.37 >100 >100 >100

1g >100 7.64 >100 >100

1h 4.69 96.34 >100 >100

1i 3.25 >100 67.32 >100

Dox 0.36 1.17 0.51 0.32

a IC50 is the concentration of compound required to inhibit the cell

growth by 50% compared to an untreated control.

Figure 1. Thermal decomposition curves of 1b in air and nitrogen.
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As the decomposition of the compounds 1d, 1e, and

1f is continuous to obtain better separated decomposi-

tion steps, quasi-isothermal [25] (SWI) measurement

was carried out. Figure 2 illustrates SWI curve of the

compound 1f. The five water molecules evaporate to

150�C (exp. 15.8%, calcd. 16.95%) in five clearly distin-

guished steps, not one by one, but through a complex

process governed by macroscopic properties of the sam-

ple (e.g., the rate of the diffusion) as well as by their

different bonding energy. The dehydration of this com-

pound is most probable followed by the evaporation of

CH3COOH molecule. The difference in experimentally

determined mass loss and the theoretical one is most

probable because of the evaporation of the crystal water

at room temperature. The dehydration of 1d and 1e

derivatives shows similar complexity of the dehydration.

Derivative 1h, according to elemental analysis data, con-

tains both crystal and structural water, belonging to

more than one molecule. By TA only the structural

water is detected, because in air the compound lost its

crystal water completely. Compound 1i has some crystal

water left, while most of it has evaporated during the

storage time.

Taking into account the importance of the interactions

in the relation of amino acid–water–protein, the cytotox-

icity of the compounds might be related to H-bond-

forming capability in the molecules. This, indirectly,

may be investigated using TA data of hydrates. How-

ever, the correlation is not straightforward. TA data may

refer only to the preferences of an amino acid to bind

water molecules and the strength of the bond between

them [26].

CONCLUSIONS

In summary, a new class of N-[(1,3-diphenylpyrazol-
4-yl)methyl] a-amino acids were synthesized, and their

antiproliferative activity against human myelogenous

leukemia K562, colon adenocarcinoma HT-29, cervix

carcinoma HeLa, and normal fetal lung fibroblasts,

MRC-5 was evaluated. The nature, spatial effects and

the distance of bulky substitutes from aminocarboxylate

part of molecule appeared to play an important role in

antiproliferative activity against different malignant cell

lines. The dehydration temperature is related to the

water bond energy and might be connected with the

active sites of some bioactive molecules.

EXPERIMENTAL

All chemicals were obtained from commercial sources
(Aldrich) and used as supplied. 1,3-Diphenylpyrazole-4-car-

boxaldehyde was synthesized by Vilsmeier-Haack reaction
[27].

Melting points were determined on a Mel-Temp capillary
melting points apparatus, model 1001, and are uncorrected.
Optical rotations were measured on a Rudolph Research Ana-

lytical automatic polarimeter Autopol IV. Elemental (C, H, N,
and S) analysis of the samples was carried out by standard
micromethods in the Center for Instrumental Analysis, Faculty
of Chemistry, Belgrade. IR spectra were recorded on a Perkin

Elmer Spectrum One FTIR spectrometer with a KBr disc. 1H
and 13C NMR spectra were recorded on a Varian Gemini 200
(200 MHz) and a Bruker Avance III spectrometer operating at
500 MHz. As a consequence of the poor solubility in DMSO-
d6, the NMR spectra were recorded in pyridine-d5/D2O and

NaOD/D2O solvent system for 1h and 1i. Thermal measure-
ments were conducted using SDT Q600 TA Instruments’

Figure 2. SWI decomposition curve of 1g, illustrating the complexness

of its dehydration.

Table 2

Mass loss of the dehydration, the dehydration temperature, and the onset temperature of the decomposition of the anhydrous compound in N2.

Compound

Dehydration, Dm (%)

tDEHYD. (
�C) tDECOMP. (

�C) CommentsExp. Calcd.

1c 4.2 4.72 <105 215 Stable anhydrous compound

1d, 1e 7.3 8.31 <130 – Stepwise dehydration, continuous decomposition

1f 10.4 10.17 <135 – Stepwise dehydration, continuous decomposition

1g 1.3 4.67 <50 203 Crystal water

1h 2.2 5.34 <150 225 Structural water

1i 0.5 4.36 <30 235 Loosely bond crystal water
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thermal analyzer with about 2 mg sample masses and a heating
rate of 20�C/min in air and nitrogen atmospheres. The sample
holder and the reference cells were made of alumina.

General procedure for the preparation of 1a–i. 1,3-
Diphenylpyrazole-4-carboxaldehyde (0.62 g, 2.5 mmol),

a-amino acid (2.75 mmol), and NaOH (0.11 g, 2.75 mmol, for
1i 0.22g, 5.50 mmol) were milled using a porcelain mortar and
pestle to obtain a homogenous white powder until the release
of water was observed. This mixture was transferred into
50 cm3 of dry methanol and heated to reflux for 2 h. After

cooling in an ice bath, sodium borohydride (0.11 g, 3 mmol)
was added in several portions with stirring. The solution was
stirred for additional 2 h at room temperature, then diluted
with 50 cm3 of deionized water, and left for 12 h, after which
time the white precipitate had formed by addition of glacial

acetic acid. The crude product was purified by dissolving in
1M NaOH and precipitation with glacial acetic acid. Recrystal-
lized compound was collected by filtration, washed with plenty
of water, and dried over anhydrous CaCl2.

N-[(1,3-Diphenylpyrazol-4-yl)methyl]glycine (1a). White
powder; yield: 0.56 g (73%); mp 190–191�C (Dec.); IR (KBr,
cm�1): 3063 m (CAH)Ar, 2960 and 2820 m (CAH)Al, 2650–
2400 m (NHþ

2 ), 1626 mas (COO�), 1601 m (C¼¼C)Ar, 1547 m
(C¼¼N)Ar, 1502 d (C¼¼C)Ar, 1453 d (C¼¼N)Ar, 1412 ms
(COO�), 1066 d (CAH)ip, 758 d (CAH)oop;

1H NMR (200
MHz, pyridine-d5/D2O, 9/1 v/v): 4.19 (s, 2H, CH2ACOO),
4.74 (s, 2H, PzACH2), 7.40–7.71 (m, 6H, 1H at C-4, 1H at C-
40, 2H at C-3/5, and 2H at C-30/50), 7.97 (d, 2H at C-2/6, J ¼
8.00 Hz), 8.00 (d, 2H at C-20/60, J ¼ 8.00 Hz), 8.94 (s, 1H,

Pz); 13C NMR (pyridine-d5/D2O, 9/1 v/v): 41.87 (PzACH2),
50.13 (CH2ACOO), 113.09 (C-4, Pz), 119.15 (C-2/6), 127.31
(C-4), 128.66 (C-20/60), 129.08 (C-40), 129.46 (C-30/50), 130.02
(C-3/5), 130.40 (C-5, Pz), 132.42 (C-10), 139.72 (C-3, Pz),
152.50 (C-1), 170.83 (COO); Anal. Calcd. for C18H17N3O2

(307.35 g/mol): C, 70.34; H, 5.58; N, 13.67; Found: C, 70.12;
H, 5.62; N, 13.55.

N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-valine (1b). White
powder; yield: 0.72 g (82%); mp 198�C (Dec.); [a]20D ¼
þ12.77 (c ¼ 1.096 � 10�3 g/cm3, pyridine/H2O, 9/1 v/v); IR
(KBr, cm�1): 3059 m (CAH)Ar, 2965 and 2876 m (CAH)Al,
2600–2400 m (NHþ

2 ), 1614 mas (COO�), 1600 m (C¼¼C)Ar,
1550 m (C¼¼N)Ar, 1504 d (C¼¼C)Ar, 1451 d (C¼¼N)Ar, 1411 ms
(COO�), 1069 d (CAH)ip, 756 d (CAH)oop;

1H NMR (200
MHz, pyridine-d5/D2O, 9/1 v/v): 1.16 (d, 3H, J ¼ 6.62 Hz,
CH3), 1.19 (d, 3H, J ¼ 6.56 Hz, CH3), 2.31 (m, 1H,
(CH3)2CH), 3.55 (d, 1H, J ¼ 5.46 Hz, CHACOO), dA ¼ 4.31
and dB ¼ 4.01 (AB system, 2H, JAB ¼ 13.50 Hz, PzACH2),
7.33–7.62 (m, 6H, 1H at C-4, 1H at C-40, 2H at C-3/5, and 2H
at C-30/50), 8.02 (d, 2H at C-2/6, J ¼ 8.00 Hz,), 8.36 (d, 2H at
C-20/60, J ¼ 8.00 Hz), 8.55 (s, 1H, Pz); 13C NMR (pyridine-
d5/D2O, 9/1 v/v): 18.81 (CH3), 19.95 (CH3), 31.78
((CH3)2CH), 43.25 (PzACH2), 67.49 (CHACOO), 118.80
(C-2/6), 120.14 (C-4, Pz), 126.46 (C-4), 128.33 (C-40), 128.56
(C-20/60), 128.98 (C-30/50), 129.14 (C-5, Pz), 129.85 (C-3/5),
134.13 (C-10), 140.46 (C-3, Pz), 151.93 (C-1), 177.01 (COO);
Anal. Calcd. for C21H23N3O2 (349.43 g/mol): C, 72.18; H,
6.63; N, 12.03; Found: C, 72.02; H, 6.68; N, 11.86.

N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-leucine monohy-
drate (1c). White powder; yield: 0.82 g (86%); mp 184�C
(Dec.); [a]20D ¼ �6.09 (c ¼ 1.313�� 10�3 g/cm3, pyridine/
H2O, 9/1 v/v); IR (KBr, cm�1): 3065 m (CAH)Ar, 2956 and

2869 m (CAH)Al, 2550–2300 m (NHþ
2 ), 1612 mas (COO

�), 1600

m (C¼¼C)Ar, 1560 m (C¼¼N)Ar, 1503 d (C¼¼C)Ar, 1454

d (C¼¼N)Ar, 1412 ms (COO�), 1076 d (CAH)ip, 755 d
(CAH)oop;

1H NMR (200 MHz, pyridine-d5/D2O, 9/1 v/v):

0.92 (d, 3H, J ¼ 6.72 Hz, CH3), 0.96 (d, 3H, J ¼ 6.74 Hz,

CH3), 1.89 (m, 2H, CHACH2ACH), 2.16 (m, 1H, (CH3)2CH),
3.87 and 3.90 (2d, 1H, J ¼ 6.36 Hz and J ¼ 6.60 Hz,

NHACHACOO), dA ¼ 4.42 and dB ¼ 4.15 (AB system, 2H,

JAB ¼ 13.50 Hz, PzACH2), 7.32–7.61 (m, 6H, 1H at C-4, 1H

at C-40, 2H at C-3/5, and 2H at C-30/50), 8.03 (d, 2H at C-2/6,

J ¼ 8.00 Hz), 8.36 (d, 2H at C-20/60, J ¼ 8.00 Hz), 8.67 (s,

1H, Pz); 13C NMR (pyridine-d5/D2O, 9/1 v/v): 21.17 (CH3),

21.94 (CH3), 24.14 ((CH3)2CH), 41.38 (CHACH2ACH), 41.62

(PzACH2), 59.50 (CHACOO), 117.67 (C-2/6), 118.20 (C-4,

Pz), 125.36 (C-4), 127.23 (C-40), 127.43 (C-20/60), 127.67 (C-

30/50), 128.22 (C-5, Pz), 128.71 (C-3/5), 132.66 (C-10), 139.28
(C-3, Pz), 150.78 (C-1), 176.47 (COO); Anal. Calcd. for

C22H27N3O3 (381.48 g/mol): C, 69.27; H, 7.13; N, 11.02;

Found: C, 68.99; H, 7.21; N, 10.89.

N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-phenylalanine
dihydrate (1d). White powder; yield: 0.95 g (88%); mp 185–

186�C (Dec.); [a]20D ¼ �1.82 (c ¼ 1.100�� 10�3 g/cm3, pyri-

dine/H2O, 9/1 v/v); IR (KBr, cm�1): 3062 m (CAH)Ar, 2972

and 2853 m (CAH)Al, 2620–2380 m (NHþ
2 ), 1619 mas (COO

�),
1599 m (C¼¼C)Ar, 1553 m (C¼¼N)Ar, 1503 d (C¼¼C)Ar, 1453 d
(C¼¼N)Ar, 1412 ms (COO

�), 1072 d (CAH)ip, 754 d (CAH)oop;
1H NMR (200 MHz, pyridine-d5/D2O, 9/1 v/v): dA ¼ 3.42, dB
¼ 3.21, and dX ¼ 4.04 (ABX system, 3H, JAB ¼ 13.59 Hz,

JAX ¼ 5.15 Hz, JBX ¼ 8.26 Hz, CHACH2), dA ¼ 4.29 and

dB ¼ 3.99 (AB system, 2H, JAB ¼ 13.50 Hz, PzACH2),

7.28–7.62 (m, 11H, ArAH), 7.93 (d, 2H at C-2/6, J ¼
8.00 Hz), 8.20 (d, 2H at C-20/60, J ¼ 8.00 Hz), 8.29 (s, 1H,

Pz); 13C NMR (pyridine-d5/D2O, 9/1 v/v): 40.10 (PhACH2),

42.88 (PzACH2), 63.30 (CHACOO), 118.77 (C-2/6), 120.66

(C-4, Pz), 126.36 (C-400), 126.78 (C-4), 128.19 (C-40), 128.50
(C-20/60), 128.69 (C-300/500), 128.75 (C-5, Pz), 128.96 (C-30/50),
129.78 (C-3/5), 130.05 (C-200/600), 134.18 (C-10), 139.35
(C-100), 140.48 (C-3, Pz), 151.76 (C-1), 176.98 (COO); Anal.
Calcd. for C25H27N3O4 (433.51 g/mol): C, 69.27; H, 6.28; N,

9.69; Found: C, 69.51; H, 6.31; N, 9.74.
N-[(1,3-Diphenylpyrazol-4-yl)methyl]-D-phenylalanine

dihydrate (1e). Yield: 0.93 g (86%); [a]20D ¼ þ1.82 (c ¼
1.100�� 10�3 g/cm3, pyridine/H2O, 9/1 v/v).

N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-methionine acetate
pentahydrate (1f). White powder; yield: 1.18 g (89%); mp

185–186�C (Dec.); [a]20D ¼ �6.94 (c ¼ 1.296�� 10�3 g/cm3,

pyridine/H2O, 9/1 v/v); IR (KBr, cm�1): 3291 m (OAH,

broad), 3060 m (CAH)Ar, 2916 and 2853 m (CAH)Al, 2600–

2440 m (NHþ
2 ), 1681 m (C¼¼O), 1607 mas (COO�), 1598 m

(C¼¼C)Ar, 1558 m (C¼¼N)Ar, 1504 d (C¼¼C)Ar, 1452 d
(C¼¼N)Ar, 1412 ms (COO

�), 1067 d (CAH)ip, 756 d (CAH)oop;
1H NMR (200 MHz, pyridine-d5/D2O, 9/1 v/v): 2.04 (s, 3H,

CH3AS), 2.43 (s, 3H, CH3ACOO), 2.53 (m, 2H, CHACH2),

3.00 (t, 2H, J ¼ 6.09 Hz, CH2AS); 4.13 (t, 1H, J ¼ 5.60 Hz,

CHACH2), dA ¼ 4.58 and dB ¼ 4.35 (AB system, 2H, JAB ¼
13.50 Hz, PzACH2), 7.36–7.70 (m, 6H, 1H at C-4, 1H at C-40,
2H at C-3/5, and 2H at C-30/50), 8.03 (d, 2H at C-2/6, J ¼
8.00 Hz), 8.21 (d, 2H at C-20/60, J ¼ 7.52 Hz); 8.66 (s, 1H,

Pz); 13C NMR (pyridine-d5/D2O, 9/1 v/v): 14.92 (CH3AS),

23.38 (CH3ACOO), 30.91 (SACH2), 32.70 (SACH2ACH2),

42.28 (PzACH2), 62.92 (CHACOO), 117.35 (C-4, Pz), 118.95

(C-2/6), 126.74 (C-4), 128.59 (C-20/60), 128.64 (C-40), 129.18
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(C-30/50), 129.90 (C-3/5), 130.05 (C-5. Pz), 133.35 (C-10),
140.11 (C-3, Pz), 152.10 (C-1), 177.02 (COO), 177.39

(CH3ACOO); Anal. Calcd. for C23H37N3O9S (531.63 g/mol):

C, 51.96; H, 7.02; N, 7.90; S, 6.03; Found: C, 51.86; H, 6.94;

N, 7.82; S, 5.93.

N-[(1,3-Diphenylpyrazol-4-yl)methyl]-S-methyl-L-cysteine
monohydrate (1g). White powder; yield: 0.88 g (92%); mp
187�C (Dec.); [a]20D ¼ �11.04 (c ¼ 1.177�� 10�3 g/cm3, pyri-
dine/H2O, 9/1 v/v); IR (KBr, cm�1): 3051 m (CAH)Ar, 2923
and 2853 m (CAH)Al, 2601–2388 m (NHþ

2 ), 1628 mas (COO
�),

1599 m (C¼¼C)Ar, 1549 m (C¼¼N)Ar, 1504 d (C¼¼C)Ar, 1451 d
(C¼¼N)Ar, 1413 ms (COO

�), 1067 d (CAH)ip, 757 d (CAH)oop;
1H NMR (500 MHz, pyridine-d5/D2O, 9/1 v/v): 2.20 (s, 3H,
CH3AS), dA ¼ 3.25, dB ¼ 3.16, and dX ¼ 4.01 (ABX system,
3H, JAB ¼ 13.50 Hz, JAX ¼ 5.73 Hz, JBX ¼ 7.27 Hz,
CHACH2), dA ¼ 4.34 and dB ¼ 4.14 (AB system, 2H, JAB ¼
13.50 Hz, PzACH2), 7.29 (t, 1H, J ¼ 7.50 Hz, C-4), 7.44 (t,
1H, J ¼ 7.50 Hz, C-40), 7.50 (t, 2H, J ¼ 7.50 Hz, C-3/5), 7.57
(t, 2H, J ¼ 7.50 Hz, C-30/50), 8.01 (d, 2H, J ¼ 8.00 Hz, C-2/
6), 8.35 (d, 2H, J ¼ 8.00 Hz, C-20/60), 8.53 (s, 1H, Pz); 13C
NMR (pyridine-d5/D2O, 9/1 v/v): 16.35 (CH3AS), 38.08
(SACH2), 43.02 (PzACH2), 61.60 (CH), 118.93 (C-2/6),
120.69 (C-4, Pz), 126.52 (C-4), 128.41 (C-40), 128.74 (C-20/
60), 128.98 (C-5, Pz), 129.12 (C-30/50), 129.95 (C-3/5), 134.43
(C-10), 140.75 (C-3, Pz), 151.96 (C-1), 175.98 (COO); Anal.
Calcd. for C20H23N3O3S (385.48 g/mol): C, 62.32; H, 6.01; N,
10.90; S, 8.32; Found: C, 62.49; H, 5.99; N, 10.92; S, 8.35.

N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-serine monohydrate
(1h). White powder; yield: 0.71 g (80%); mp 190–191�C
(Dec.); [a]20D ¼ þ3.96 (c ¼ 1.263�� 10�3 g/cm3, pyridine/
H2O, 9/1 v/v); IR (KBr, cm�1): 3445 m (OAH, broad), 3055 m
(CAH)Ar, 2961 and 2853 m (CAH)Al, 2600–2390 m (NHþ

2 ),
1628 mas (COO

�), 1600 m (C¼¼C)Ar, 1547 m (C¼¼N)Ar, 1504 d
(C¼¼C)Ar, 1452 d (C¼¼N)Ar, 1417 ms (COO

�), 1074 d (CAH)ip,
752 d (CAH)oop;

1H NMR (500 MHz, NaOD/D2O): dA ¼
3.71, dB ¼ 3.65, and dX ¼ 3.17 (ABX system, 3H, JAB ¼
11.50 Hz, JAX ¼ 4.66 Hz, JBX ¼ 6.09 Hz, CHACH2), dA ¼
3.37 and dB ¼ 3.62 (AB system, 2H, JAB ¼ 13.50 Hz,
PzACH2), 7.35 (t, 1H, J ¼ 7.50 Hz, C-4), 7.44–7.52 (m, 5H,
2H at C-3/5, 1H at C-40, and 2H at C-30/50), 7.58 (d, 2H at C-
2/6, J ¼ 8.00 Hz), 7.60 (d, 2H at C-20/60, J ¼ 8.00 Hz), 8.05
(s, 1H, Pz); 13C NMR (NaOD/D2O): 43.88 (PzACH2); 65.67
(CH2AOH), 67.22 (CH), 121.65 (C-4, Pz), 122.09 (C-2/6),
129.75 (C-4), 130.69 (C-20/60), 131.32 (C-40), 131.58 (C-30/50),
132.13 (C-5, Pz), 132.33 (C-3/5), 134.68 (C-10), 141.78 (C-3,
Pz), 154.57 (C-1), 181.84 (COO); Anal. Calcd. for
C19H21N3O4 (355.39 g/mol): C, 64.21; H, 5.96; N, 11.82; S,
8.32; Found: C, 64.40; H, 5.94; N, 11.81.

N-[(1,3-Diphenylpyrazol-4-yl)methyl]-L-tyrosine monohy-
drate (1i). White powder; yield: 0.85 g (79%); mp 190–191�C
(Dec.); [a]20D ¼ �6.00 (c ¼ 1.166�� 10�3 g/cm3, pyridine/

H2O, 9/1 v/v); IR (KBr, cm�1): 3418 m (OAH, broad), 3061 m
(CAH)Ar, 2957 and 2812 m (CAH)Al, 2622–2400 m (NHþ

2 ),
1611 mas (COO

�), 1597 m (C¼¼C)Ar, 1559 m (C¼¼N)Ar, 1504 d
(C¼¼C)Ar, 1451 d (C¼¼N)Ar, 1410 ms (COO

�), 1072 d (CAH)ip,
757 d (CAH)oop;

1H NMR (500 MHz, NaOD/D2O): dA ¼
2.80, dB ¼ 2.63, and dX ¼ 3.28 (ABX system, 3H, JAB ¼
13.75 Hz, JAX ¼ 5.67 Hz, JBX ¼ 7.83 Hz, CHACH2), dA ¼
3.75 and dB ¼ 3.54 (AB system, 2H, JAB ¼ 13.50 Hz,
PzACH2), 6.54 (d, 2H at 300, J ¼ 8.00 Hz), 6.91 (d, 2H at 200,
J ¼ 8.50 Hz), 7.37 (t, 1H at C-4, J ¼ 7.50 Hz), 7.49 (m, 7H,

2H at C-3/5, 1H at C-40, 2H at C-30/50, and 2H at C-2/6), 7.61

(d, 2H at C-20/60, J ¼ 8.00 Hz), 7.97 (s, 1H, Pz); 13C NMR
(500 MHz, NaOD/D2O): 40.84 (PhACH2), 43.62 (PzACH2),
67.60 (CH), 121.38 (300), 121.64 (C-4, Pz), 122.24 (C-2/6),
126.28 (100), 129.81 (C-4), 130.72 (C-20/60), 131.35 (C-40),
131.63 (C-30/50), 132.15 (C-5, Pz), 132.39 (C-3/5), 133.03

(200), 134.60 (C-10), 141.83 (C-3, Pz), 154.77 (C-1), 167.28
(400), 184.13 (COO); Anal. Calcd. for C25H25N3O4 (431.48 g/
mol): C, 69.59; H, 5.84; N, 9.74; Found: C, 69.69; H, 5.82; N,
9.74.

Biological evaluation. Three human tumor cell lines and one
human nontumor cell line were used in this study: K562 (chronic
myelogenous leukemia), HeLa (epitheloid carcinoma of cervix),
HT-29 (colon adenocarcinoma), and MRC5 (lung fetal fibro-
blasts). The cells were grown in RPMI 1640 (K562 cells) or
Dulbecco’s modified Eagle’s medium (DMEM) with 4.5% of
glucose (HeLa, HT-29, and MRC5 cells). Media were supple-
mented with 10% of fetal calf serum (FCS, NIVNS) and antibi-
otics: 100 IU/mL of penicillin and 100 lg/mL of streptomycin
(ICN Galenika). All cell lines were cultured in flasks (Costar,
25 cm2) at 37�C in the 100% humidity atmosphere and 5% of
CO2. Only viable cells were used in the assay. Viability was
determined by dye exclusion assay with Trypan blue.

Cytotoxicity was evaluated by colorimetric SRB assay as
described by Skehan et al. [21]. Briefly, single cell suspension
was plated into 96-well microtiter plates (Costar, flat bottom):
1 � 104 of K562 and 5 � 103 of HeLa, HT29, and MRC5
cells, per 180 mL of medium. Plates were preincubated for

24 h at 37�C, 5% CO2. Tested substances at concentration
ranging from 10�8 to 10�4M were added to all wells except to
the control ones. After incubation period (48 h/37�C/5% CO2),
SRB assay was carried out as follows: 50 lL of 80% trichloro-
acetic acide (TCA) was added to all wells; an hour later, plates

were washed with distillate water, and 75 lL of 0.4% SRB
was added to all wells; half an hour later, plates were washed
with citric acid (1%) and dried at room temperature. Finally,
200 lL of 10 mmol TRIS (pH ¼ 10.5) basis was added to all
wells. Absorbance was measured on the microplate reader

(Multiscan MCC340, Labsystems) at 540/690 nm. The wells
without cells, containing compete medium only, acted as
blank.

Cytotoxicity was calculated according to the formula:

ð1� ATEST=ACONTROLÞ � 100

and expressed as a percent of cytotoxicity (CI %).

Acknowledgment. The work was financed by the Ministry for
Science of the Republic of Serbia (Grant N� 142028) and the Pro-
vincial Secretariat for Science and Technological Development

of Vojvodina.

REFERENCES AND NOTES

[1] Rathelot, P.; Azas, N.; El-Kashef, H.; Delmas, F.; Di Gior-

gio, C.; Timon-David, P.; Maldonado, J.; Vanelle, P. Eur J Med Chem

2002, 37, 671.

[2] Prakash, O.; Kumar, R.; Parkash, V. Eur Med Chem 2008,

43, 435.

[3] Finn, J.; Mattia, K.; Morytko, M.; Ram, S.; Yang, Y.; Wu,

X.; Mak, E.; Gallant, P.; Keith, D. Bioorg Med Chem Lett 2003, 13,

2231.

July 2010 855Synthesis, Cytotoxic Activity, and Thermal Studies of

Novel N-[(1,3-Diphenylpyrazol-4-yl)methyl] a-Amino Acids

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



[4] Bebernitz, G. R.; Argentieri, G.; Battle, B.; Brennan, C.;

Balkan, B.; Burkey, B. F.; Eckhardt, M.; Gao, J.; Kapa, P.; Stroh-

schein, R. J.; Schuster, H. F.; Wilson, M.; Xu, D. D. J Med Chem

2001, 44, 2601.

[5] Habeeb, A. G.; Rao, P. N. P.; Knaus, E. E. J Med Chem

2001, 44, 3039.

[6] Regan, J.; Breitfelder, S.; Cirillo, P.; Gilmore, T.; Graham,

A. G.; Hickey, E.; Klaus, B.; Madwed, J.; Moriak, M.; Moss, N.; Par-

gellis, C.; Pav, S.; Proto, A.; Swinamer, A.; Tong, L.; Torcellini, C. J

Med Chem 2002, 45, 2994.

[7] Genin, M. J.; Biles, C.; Keiser, B. J.; Poppe, S. M.; Swa-

ney, S. M.; Tarpley, W. G.; Yagi, Y.; Romero, D. L. J Med Chem

2000, 43, 1034.

[8] Wei, F.; Zhao, B. X.; Huang, B.; Zhang, L.; Sun, C. H.;

Dong, W. L.; Shin, D. S.; Miao, J. Y. Bioorg Med Chem Lett 2006,

16, 6342.

[9] Rostom, S. A. F.; Shalaby, M. A.; El-Demellawy, M. A.

Eur J Med Chem 2003, 38, 959.

[10] Park, H. J.; Lee, K.; Park, S. J.; Ahn, B.; Lee, J. C.; Cho,

H. Y.; Lee, K. I. Bioorg Med Chem Lett 2005, 15, 3307.

[11] Van de Vrie, W.; Jonker, A. M.; Marquet, R. L.; Egger-

mont, A. M. M. J Cancer Res Clin Oncol 1994, 120, 533.

[12] Longhi, A.; Ferrari, S.; Bacci, G.; Specchia, S. Anticancer

Drugs 2007, 18, 737.

[13] Kimura, Y.; Okuda, H. Jpn J Cancer Res 1999, 90, 765.
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Cyclohexyl isocyanides react with dialkyl acetylenedicarboxylates in the presence of CH-acids such
as cyclohexane-1,3-dione or N,N0-dimethylbarbituric acid in one-pot to afford 4H-pyran annulated heter-
ocyclic systems in fairly high yields.

J. Heterocyclic Chem., 47, 857 (2010).

INTRODUCTION

In the meantime multicomponent reactions are well

established as a powerful tool for the rapid construction

of complex and structurally diverse compounds from

relatively simple building blocks [1]. High atom-econ-

omy, chemical efficiency, and convergence are typical

features of such one-pot condensations of at least three

different starting materials. Because of the remarkable

high purity of libraries, multicomponent reactions are

well-suited for both combinatorial chemistry [2] and

high-speed parallel synthesis and therefore possess high

exploratory power [3]. Amongst the known multicompo-

nent reactions, isocyanide based MCRs such as the ver-

satile Ugi and Passerini reactions are especially valuable

[4]. Especially isocyanide-based [5] and asymmetric [6]

multicomponent reactions have been emerging fields of

interest in the last decade, but the construction of het-

erocycles via multicomponent reactions was also in the

focus recently [7]. However, there are only a few appli-

cations of multicomponent reactions in dihydroin-

deno[1,2-b]pyran so far [8]. In our Laboratory, isocya-

nide-based multicomponent reactions of CH-acids have

just recently been key instruments for the rapid synthe-

sis of the novel pyran ring systems of pyrimidine,

indeno, and 4H-chromene. Herein we report how such

reactions contributed significantly to the synthesis of the

novel heterocyclic compounds.

RESULTS AND DISCUSSION

The one-pot three component condensation reactions

of alkyl isocyanides 1 with electron-deficient acetylenic

esters 2 in the presence of CH-acids 3a–d proceeded in

anhydrous dichloromethane and was completed after 12

h to afford corresponding heterocyclic systems 4a–h, in

moderate to good yields (65–90%). 1H NMR and 13C

NMR spectra of the crude products clearly indicated the

formation of heterocyclic compounds 4a–h. The struc-

tures of the products 4a–h were deduced from their ele-

mental analyses, IR, 1H NMR, and 13C NMR spectra.

The mass spectra of compounds 4a–h displayed molecu-

lar ion peak at appropriate m/z values. Initial fragmenta-

tions involved loss from or complete loss of the side

chains and scission of heterocyclic system.

The 1H NMR spectrum of 4a consisted of a multiplet

of signals for the cyclohexyl ring (d ¼ 1.13–1.90 ppm)

and two single sharp lines for methoxy groups (d ¼
3.70 and 3.73 ppm). A multiplet resonance is observed

for the NACH group (d ¼ 3.82 ppm), and a single sharp

line for methine proton (d ¼ 4.38 ppm). A fairly broad

singlet (d ¼ 8.90 ppm) was observed for the NH group.

The presence of an amine proton was confirmed by

exchange with D2O. The chemical shift of the NAH

group indicates that this moiety must have participated

in a six-member intramolecular hydrogen bond forma-

tion with the vicinal carbonyl group as shown in

Scheme 1.

The 1H decoupled 13C NMR spectrum of 4a showed

20 sharp signals in agreement with proposed structure.

Compound 4a possesses a highly polarized carbon-car-

bon double bond. The b-carbon of this enaminone sys-

tem appears about 72–77 ppm. These signals along with

the downfield shift of the NH proton, support the enami-

none structure 4. The 1H NMR and 13C NMR spectra of
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4b–h are similar to those of 4a, except for the CH-acids

and ester moieties. Partial assignments of these resonan-

ces are given in the experimental section.

The structural assignments made on the basis of the
1H NMR and 13C NMR spectra of 4a was supported by

measurement of its IR spectra. The IR spectrum of 4a

showed strong absorption at 3420, 1737, and 1678 cm�1

due to the NAH and carbonyls groups.

A plausible mechanism for formation of 4g is shown

in Scheme 2. On the basis of the well established chem-

istry of isocynides [4] it is reasonable to assume that

compound 4g results from initial addition of alkyl iso-

cyanide 1 to the acetylenic ester to form intermediate 5.

Protonation of 5 by 3d and subsequent attack of the

resulting nucleophile generated to the positively charged

ion 6 afforded ketenimine 7 (Scheme 2). Such an

Scheme 1

Scheme 2
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addition product may tautomerize and cyclize, under the

reaction conditions employed, to produce 4g.

In conclusion, the three-component reaction of alkyl

isocyanides with electron-deficient acetylenic esters in

the presence of CH-acids provides a simple entry into

the synthesis of 4H-pyran annulated heterocyclic sys-

tems of potential synthetic interest. The present proce-

dure carries the advantage that, not only is the reaction

performed under neutral conditions, but also the substan-

ces can be mixed without any activation or

modification.

EXPERIMENTAL

Dialkyl acetylenedicarboxylates, alkyl isocyanides, and other

reagents and solvents used in this work were obtained from
Fluka (Buchs, Switzerland) and used without further purifica-
tion. NMR spectra were recorded with a Bruker DRX-300
AVANCE instrument (299.9 MHz for 1H and 75.4 MHz. for
13C) with CDCl3 as solvent. Chemical shifts are given in ppm
(d) relative to internal TMS, and coupling constant (J) are
reported in hertz (Hz). Melting points were measured with an
electrotherma1 9100 apparatus. Elemental analyses for C, H,
and N were performed using a Heraeus CHN-O-Rapid ana-

lyzer. These results agreed favorably with the calculated val-
ues. Mass spectra were recorded with a Shimadzu QP-GC
Mass 5050 spectrometer operating at an ionization potential of
70 eV. IR spectra were measured with Bruker Tensor 27
spectrometer.

Typical procedure for preparation of compounds 4a–

h. To a stirred solution of 0.145 g indan-1,3-dione (1 mmol)
and 0.142 g dimethyl acetylendicarboxylate (1 mmol) in 10
mL dichloromethane, was added, 0.109 g c-hexyl isocyanide
(1 mmol) in 2 mL dichloromethane at room temperature over

4 min via a syringe. The reaction mixture was heated at
reflux for 12 h. The solvent was removed and the residue
was purified by silica gel (Merck silica gel 60, 70–230 mesh)
column chromatography using hexane/ethyl acetate (8:2) as

eluent.
Data. Dimethyl 2-(cyclohexylamino)-5-oxo-4,5-dihydroindeno

[1,2-b]pyran-3,4-dicarboxylate (4a) Dark brown powder (0.258
g, 65%), mp 212–214�C. IR (KBr) (mmax/cm

�1): 3420 (NH),
1737, 1678, and 1670 (C¼¼O), 1235 and 1215 (CAO). 1H

NMR: d ¼ 1.13–1.90 (10 H, m, 5 CH2), 3.70 (3 H, s, OCH3),
3.71 (3 H, s, OCH3), 3.73 (1 H, m, NACH), 4.38 (1 H, s,
CH), 7.17 (1 H, m, CH), 7.34 (1 H, m, CH), 7.40 (1 H, m,
CH), 7.48 (1 H, m, CH), 8.90 (1 H, br d, 3JHH ¼ 5.6 Hz, NH).
13C NMR: d ¼ 24.5, 25.5, 33.9 (5 CH2), 43.5 (CH), 50.5

(CHN), 51.2 and 52.5 (2 OCH3), 72.6 (NAC¼¼C), 107.8
(OAC¼¼C), 118.1 (CH), 122.4 (CH), 130.7 (CH), 131.8 (C),
132.6 (CH), 135.9 (C) 159.4 and 167.2 (2 OAC¼¼C), 169.9,
173.3 and 190.7 (3 C¼¼O). MS (EI, 70 eV): m/z (%) ¼ 397
(Mþ, 8), 384 (65), 348 (100), 289 (35), 108 (23), 59 (31).

Anal. Calcd. for C22H23NO6 (397.4): C, 66.49; H, 5.83; N,
3.52%; Found: C, 66.98; H, 5.78; N, 3.59.

Diethyl 2-(cyclohexylamino)-5-oxo-4,5-dihydroindeno[1,2-
b]pyran-3,4-dicarboxylate (4b). Black oil (0.297 g, 70%). IR

(KBr) (mmax /cm�1): 3418 (NH), 1728, 1683, and 1660
(C¼¼O), 1607 (C¼¼O), 1241 (CAO). 1H NMR: d ¼ 1.26 and

1.27 (6 H, 2 t, 3JHH ¼ 7.5 Hz, 2 CH3), 1.38–2.10 (10 H, m, 5
CH2), 3.80 (1 H, m, NACH), 4.15 and 4.19 (4 H, 2 q, 3JHH ¼
7.5 Hz, 2 OCH2), 4.39 (1 H, s, CH), 7.18 (1 H, m, CH), 7.35
(1 H, m, CH), 7.40 (1 H, m, CH), 7.46 (1 H, m, CH), 8.19 (1
H, br d, 3JHH ¼ 5.5 Hz, NH). 13C NMR: d ¼ 14.2 and 14.5 (2

CH3), 24.5, 25.5, 33.9 (5 CH2), 43.5 (CH), 50.5 (CHN), 59.6
and 60.9 (2 OCH2), 72.5 (NAC¼¼C), 107.6 (OAC¼¼C), 118.1
(CH), 122.4 (CH), 130.7 (CH), 131.8 (C), 132.6 (CH), 135.9
(C), 159.4 and 167.3 (2 OAC¼¼C), 169.9, 173.3 and 190.7 (3
C¼¼O). MS (EI, 70 eV): m/z (%) ¼ 425 (Mþ, 5), 409 (12),

352 (100), 342(94), 83 (55), 73 (47). Anal. Calcd. for
C24H27NO6 (425.47): C, 67.75; H, 6.40; N, 3.29%; Found: C,
67.8; H, 6.5; N, 3.3.

Dimethyl 2-(cyclohexylamino)-5-oxo-7,7-dimethyl 5,6,7,8-
tetrahydro-4H-chromene-3,4-dicarboxylate (4c). Yellow pow-

der (0.294 g, 0.75%), mp 140–142�C. IR (KBr) (mmax /cm�1):

3423, (NAH) 1761, and 1726 (C¼¼O), 1605 (C¼¼C). 1H NMR

(CDCl3): d ¼ 1.10 and 1.12 (6 H, 2 s, 2 CH3), 1.18–1.90 (10

H, m, 5 CH2), 2.25 and 2.42 (4 H, 2 s, 2 CH2), 3.58 and 3.61

(6 H, 2 s, 2 OCH3), 3.70 (1 H, m, NCH), 4.49 (1 H, s, CH),

8.58 (1 H, d, 3JHH ¼ 7.2 Hz, NH). 13C NMR (CDCl3): d ¼
24.4, 25.5 and 33.6 (5 CH2), 27.1 and 29.3 (2 CH3), 32.3

(CM2), 34.4 (CH), 40.7 and 50.8 (2 CH2), 49.9 (NACH), 50.5

and 52.2 (2 OCH3), 72.3 (NAC¼¼C), 112.3 (OAC¼¼C), 158.9
and 173.8 (2 OAC¼¼C), 163.4 and 169.6 (2 C¼¼O ester), 195.2

(C¼¼O). MS (EI, 70 eV): m/z (%) ¼ 391 (Mþ, 6), 333 (100),

251 (44), 218 (64), 52 (25). Anal. Calcd. for C21H29NO6

(391.47): C, 64.43; H, 7.47; N, 3.58%. Found: C, 64.4; H, 7.5;

N, 3.9%.

Diethyl 2-(cyclohexylamino)-5-oxo-7,7-dimethyl 5,6,7,8-tet-
rahydro-4H-chromene-3,4-dicarboxylate (4d). Light yellow

oil (0.302 g, 0.72%). IR (KBr) (mmax /cm�1): 3228 (NAH),
1720, and 1680 (C¼¼O), 1610 (C¼¼C). 1H NMR (CDCl3): d ¼
1.12 and 1.16 (6 H, 2 s, 2 CMe2), 1.17 and 1.25 (6 H, 2 t,
3JHH ¼ 7.5 Hz, 2 CH3), 1.20–1.90 (10 H, m, 5 CH2), 2.29 and
2.42 (4 H, 2 s, 2 CH2), 3.61 (1 H, m, NCH), 4.10 and 4.19 (4
H, 2 q, 3JHH ¼ 7.5 Hz, 2 OCH2), 4.50 (1 H, s, CH), 8.60 (1

H, d, 3JHH ¼ 7.4 Hz, NH). 13C NMR (CDCl3): d ¼ 14.2 and
14.6 (2 CH3), 24.4, 25.5 and 33.8 (5 CH2), 27.2 and 29.4

(CMe2), 32.5 (CM2), 34.4 (CH), 40.9 and 50.6 (2 CH2), 49.9
(NACH), 59.7 and 61.1 (2 OCH2), 72.9 (NAC¼¼C), 112.6
(OAC¼¼C), 159.4 and 173.8 (2 OAC¼¼C), 163.2 and 169.6 (2

C¼¼O ester), 195.2 (C¼¼O). MS (EI, 70 eV): m/z (%) ¼ 419
(Mþ, 4), 347 (100), 264 (75), 83 (25). Anal. Calcd. for

C23H33NO6 (419.51): C, 65.85; H, 7.93; N, 3.34%. Found: C,
65.9; H, 7.9; N, 3.3%.

Dimethyl 7-(cyclohexylamino)-1,3-dimethyl-2,4-dioxo-1,3,
4,5-tetrahydro-2H-pyrano[2,3-d]pyrimidine-5,6-dicarboxylate
(4e). Yellow oil (0.346 g, 85%). IR (KBr) (mmax /cm�1): 3370

(NAH), 1741 and 1681 (C¼¼O), 1537 (C¼¼C). 1H NMR (300

MHz, CDCl3): d ¼ 1.11–2.10 (10 H, m, 5 CH2), 3.34 and 3.41

(6 H, 2 s, 2 NCH3), 3.65 (1 H, br m, NCH); 3.70 and 3.79 (6

H, 2 s, 2 OCH3), 4.59 (1 H, s, CH), 8.60 (1 H, br d, 3JHH ¼
5.7 Hz, NH). 13C NMR (CDCl3): d ¼ 24.1, 25.2 and 33.5 (5

CH2), 28.4 and 29.6 (2 NACH3), 35.3 (CH), 50.1 (HNACH),

51.5 and 52.1 (2 OCH3), 72.2 (NAC¼¼C), 88.9 (OAC¼¼C),
150.1 and 151.9 (2 C¼¼O), 151.9 and 174.0 (2 OAC¼¼C),

161.2 and 169.5 (2 C¼¼O ester),. MS (EI, 70 eV): m/z (%) ¼
407 (Mþ, 12), 348 (100), 324 (65), 316 (50), 83 (35), 59 (46).

Anal. Calcd. for C19H25N3O7 (407.42): C, 56.01; H, 6.18; N,

10.31%; Found: C, 56.1; H, 6.2; N, 10.2.
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Diethyl 7-(cyclohexylamino)-1,3-dimethyl-2,4-dioxo-1,3,4,5-
tetrahydro-2H-pyrano[2,3-d]pyrimidine-5,6-dicarboxylate
(4f). Yellow oil (0.382 g, 88%). IR (KBr) (mmax /cm�1): 3375

(NAH), 1697 (C¼¼O), 1541 (C¼¼C). 1H NMR (300 MHz,
CDCl3): d ¼ 1.10 and 1.12 (6 H, 2 t, 3JHH ¼ 7.5 Hz, 2 CH3),
1.20–2.94 (10 H, m, 5 CH2), 3.34 and 3.42 (6 H, 2 s, 2
NCH3), 3.65 (1 H, br m, NCH), 4.10 and 4.15 (4 H, 2 q, 3JHH
¼ 7.5 Hz, 2 OCH2), 4.55(1 H, s, CH), 8.70 (1 H, br d, 3JHH ¼
5.6 Hz, NH). 13C NMR (CDCl3): d ¼ 13.1 and 14.2 (2 CH3),
24.2, 25.1 and 32.9 (5 CH2), 28.9 and 33.1 (2 NACH3), 33.9
(CH), 54.1 (HNACH), 59.1 and 60.0 (2 OCH2), 73.1
(NAC¼¼C), 88.7 (OAC¼¼C), 150.2 and 151.9 (2 C¼¼O), 157.9
and 171.5 (2 OAC¼¼C), 161.2 and 169.5 (2 C¼¼O ester),. MS

(EI, 70 eV): m/z (%) ¼ 435 (Mþ, 5), 352 (100), 337 (65), 73
(50). Anal. Calcd. for C21H29N3O7 (435.47): C, 57.92; H,
6.71; N, 9.65%; Found: C, 57.9; H, 6.8; N, 9.7.

Dimethyl 2-(cyclohexylamino)-5-oxo-5,6,7,8-tetrahydro-4H-
chromene-3,4-dicarboxylate (4g). Yellow paste (0.327 g,

0.90%). IR (KBr) (mmax /cm�1): 3405 (NAH), 1735, and 1686
(C¼¼O), 1603 (C¼¼C). 1H NMR (CDCl3): d ¼ 1.18–2.10 (10
H, m, 5 CH2), 2.26–2.59 (4 H, m, 3 CH2), 3.64 and 3.68 (6 H,
2 s, 2 OCH3), 3.70 (1 H, m, NCH), 4.48 (1 H, s, CH), 8.57 (1

H, d, 3JHH ¼ 7.2 Hz, NH). 13C NMR (CDCl3): d ¼ 20.2, 24.4,
25.5 33.6, 33.7 and 36.2 (8 CH2), 34.4 (CH), 49.9 (NACH),
50.5 and 52.2 (2 OCH3), 77.1 (NAC¼¼C), 112.9 (OAC¼¼C),
158.1 and 173.8 (2 OAC¼¼C), 164.0 and 169.5 (2 C¼¼O ester),
196.1 (C¼¼O). MS (EI, 70 eV): m/z (%) ¼ 363 (Mþ, 10), 331
(16), 305 (28), 280 (60), 190 (100), 43 (35). Anal. Calcd. for
C19H25NO6 (363.40): C, 62.80; H, 6.93; N, 3.85%; Found: C,
62.8; H, 6.9; N, 3.9.

Diethyl 2-(cyclohexylamino)-5-oxo-5,6,7,8-tetrahydro-4H-
chromene-3,4-dicarboxylate (4h). Yellow oil (0.313 g,

0.80%), mp 140–142�C. IR (KBr) (mmax /cm
�1): 3428, (NAH),

1726 and 1761 (C¼¼O), 1182 (CAO). 1H NMR (CDCl3): d ¼
1.17 and 1.25 (6 H, 2 t, 3JHH ¼ 7.5 Hz, 2 CH3), 1.20–1.92 (10
H, m, 5 CH2), 2.29–2.69 (6 H, m, 6 CH2), 3.69 (1 H, m,
NCH), 4.15 and 4.21 (4 H, 2 q, 3JHH ¼ 7.5 Hz, 2 OCH2), 4.42

(1H, s, CH), 8.65 (1 H, d, 3JHH ¼ 7.4 Hz, NH). 13C NMR
(CDCl3): d ¼ 14.1, 14.2, 24.4, 25.5, 33.7 and 36.5 (8 CH2),
27.2 and 29.4 (CMe2), 32.5 (CM2), 36.3 (CH), 49.9 (NACH),
59.3 and 60.2 (2 OCH2), 72.2 (NAC¼¼C), 113.1 (OAC¼¼C),
158.2 and 173.8 (2 OAC¼¼C), 164.0 and 169.6 (2 C¼¼O ester),

196.1 (C¼¼O). MS (EI, 70 eV): m/z (%) ¼ 391 (Mþ, 5), 362
(14), 308 (100), 190 (82), 83 (29). Anal. Calcd. for
C21H29N3O6 (391.46): C, 64.43; H, 7.47; N, 3.58%; Found: C,
64.5; H, 7.5; N, 3.6
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The acetylation reaction of the differently substituted 3,6-diamino-1H-pyrazolo[3,4-b]pyridine-5-car-
bonitrile derivatives 1–6 is reported. The structure of the resulting acetamides has been investigated and
confirmed by analytical, spectroscopic, and chemical transformations. From these studies, we conclude

that, in general, under mild conditions, and using acetic anhydride, when free, the N(1)H moiety is a
more reactive center respect to the C(3)NH2 and C(6)NH2 groups. This trend is reversed when no steric
hindrance due to presence of a phenyl group at C4 drives the preferred acetylation to C(3)NH2, as it is
evident by comparing the observed results from precursor 1 with 3. When N1 is blocked, the (C3)NH2

group undergoes preferential acetylation over the (C6)NH2 site, which only has been mono (or diacety-

lated) at reflux. Computational analyses based on DFT studies have been extensively used to explain
the observed reactivities.

J. Heterocyclic Chem., 47, 861 (2010).

INTRODUCTION

The pyrazolo[3,4-b]pyridine ring system [1] is present

in a number of pharmaceutically important compounds

targeted to inhibit VEGFR/PDGFR kinases [2] or GSK-

3 [3]. In a current project aimed at the synthesis, design,

and biological evaluation of new GSK-3 inhibitors, we

have recently synthesized a series of known and new

3,6-diamino-1H-pyrazolo[3,4-b]pyridines [4] (A) (Chart

1). To carry out basic SAR studies, we decided to

explore the acylation reaction of 3,6-diamino-1H-pyra-
zolo[3,4-b]pyridines (1–6) (Chart 2) to get presumably

more potent inhibitors as previously demonstrated by

other authors [3].

In this context, previous reports from other laborato-

ries have described that the acylation (C3H7COCl, pyri-

dine, reflux) of precursor 7 gave the C(3)NH2 acetylated

derivative 8 in 80% yield (Chart 3). Note, however, that

the carbamoylation of the free amino groups on the

fused pyrazole ring system in compound 9 showed a

reversed regioselectivity, providing compound 10 (Chart

3) [5]. In addition, it has been also shown that under

mild conditions, 5-substituted 3-aminopyrazoles are

almost simultaneously acylated at N1 and at C(3)NH2 to

give diacylated derivatives [6]. Substituted 3-amino-1H-
pyrazolo[3,4-b]quinoxalines have been selectively N-

acylated at N1 [7]. Compound 2 has been reported to

give exclusively the C(3)-N-formyl derivative 11 or the

acetamide 13 from related amide 12 (Chart 3) [8].

Finally, a more complex situation was described for 4,5-

diphenyl-1H-pyrazolo[3,4-c]pyridazine (14) [9] when

using acetyl chloride. Depending on the base used, the

acetylation goes to C(3)NH2 to give compound 15 (for

triethylamine as base) or to 16 (for pyridine as base)

(Chart 3) [9]. Note also that the position of the acetyl

residue at N1 was not unambiguously confirmed by X-

ray analysis neither discussed in depth; however, 4,5-di-

phenyl-1H-pyrazolo[3,4-c]pyridazines have been regio-

selectively N-alkylated at N1 [9], a result that is in good

agreement with similar reaction on 3-amino-1H-pyra-
zolo[3,4-b]quinoxalines [7].

In summary, all these data confirm that a simple reac-

tion such as the acetylation in a complex, polyfunction-

alized, heterocyclic framework can be more complicated

than presumed at first glance [10]. This is in fact what

we have observed in the acetylation of 3,6-diamino-pyr-

azolopyridines 1–6 (Chart 2), and in this work, we

report our results.

RESULTS AND DISCUSSION

Synthesis, structural analysis, and reactivity. The

synthesis of 3,6-diamino-1H-pyrazolo[3,4-b]pyridine-5-
carbonitrile (1) (Chart 2) proceeded uneventually as

described by reacting 2-amino-6-chloropyridine-3,5-

VC 2010 HeteroCorporation
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dicarbonitrile with hydrazine hydrate [8]. In the HMBC

experiment of pyrazolopyridine 1, we assigned the

chemical shifts for the protons at C(3)NH2 and

C(6)NH2, at d 5.56 and 6.70, as cross-peaks were

observed with the signals at d 99.8 (C3a) and 83.0 (C5),

respectively; in agreement with this, the signal at 99.8

ppm (C3a) showed a cross-peak with the signal at d
11.60, corresponding to N(1)H. Similar chemical shifts

and effects have been observed for protons in the other

related compounds described here, and this trend [d
C(6)NH2 >> d C(3)NH2] has served as diagnostic for

proton assignments and structure determination (see

later).

The reaction of compound 1 [8] with acetic anhy-

dride, after 21 h, at 144�C, was complete, but extensive

decomposition was observed by TLC analysis, and only

N,N0-(5-cyano-3a,7a-dihydro-1H-pyrazolo[3,4-b]pyridine-
3,6-diyl)diacetamide (17) could be isolated in 8% yield

(Chart 4). Based on the analytical (MS/elemental analy-

sis) and the NMR spectra, compound 17 was clearly a

diacetamide derivative of precursor 1, showing in its 1H

NMR spectrum two acetyl groups integrating for six pro-

tons (2xNHCOCH3), as a singlet at d 2.12; the singlet at

d 10.96 was assigned to C(3)NHCOCH3 as it showed

cross-peaks in the HMBC spectrum with C3a (d 104.7)

and NHCOCH3 (d 169.2); consequently, the singlet at d
10.79 corresponded to the proton at C(6)NHCOCH3;

finally, the singlet for one proton at d 13.62 was

assigned to N(1)H. In this reaction, we detected traces of

a second compound that was identical to the compound

isolated when the reaction was carried at out at room

temperature for 5 days and identified as N-(6-amino-5-

cyano-1H-pyrazolo[3,4-b]pyridin-3-yl)acetamide (18),

isolated in 12% yield (21% taking into account the

recovered starting material); in this reaction, we also iso-

lated diacetamide 19 [14% (24%)] and compound 17

[5% (10%)] (Chart 4). In the 1H NMR spectrum of

monoacetamide 18, we could analyzed only one singlet

for two protons at d 6.95, indicating that the only free

NH2 group was at C6, leaving free the N(1)H (d 12.66),

the acetamido group being thus at C3, as in the 1H

NMR spectrum the signals for NHCOCH3 appeared at d
(NH) 10.69 and d (COCH3) 2.12. These assignments

were confirmed in the HMBC experiment, as the signal

at d 12.66 showed cross-peaks with C3a, C3, and C7a,

while the singlet at d 10.69 showed cross-peaks with

C3a and NHCOCH3. In the 1H NMR spectrum of com-

pound 19, in addition to similar signals to those

described for compound 18 (see Experimental), no

N(1)H resonance was observed at low field, but a new

singlet appeared for three protons at 2.77 ppm, charac-

teristic for N(1)COCH3 (see compound 16 in Chart 3)

[9]. In summary, we conclude that the acetylation of

3,6-diamino-1H-pyrazolo[3,4-b]pyridine-5-carbonitrile (1)

is relatively complex, and a number of differently substi-

tuted acetamido derivatives were isolated and character-

ized. Under mild reaction conditions, preferent acetyla-

tion at C(3)NH2 followed at N(1) positions was observed;

the acetylation at C(6)NH2 being also possible, at reflux,

to give diacetamide 17 (Chart 4), as the only detected, in

a poor chemical yield. Overall, these facts are in good

agreement with the previous results [5–7] on the acyla-

tion of related substrates (see Chart 3) and strongly point

to the absence of a substituent at C4, the key to favor the

acetylation at C(3)NH2 (see later).

The acetylation of 3,6-diamino-1-methyl-1H-pyra-
zolo[3,4-b]pyridine-5-carbonitrile (2) [8], under mild

conditions, gave only monoacetamide 20 in good yield

(Chart 4). In the 1H MNMR of this compound, we could

Chart 1. 3-6 Diamino-1H-pyrazolo[3,4-b]pyridines.

Chart 2. Structure of compounds 1–6.
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analyze two singlets for proton at d 10.74 and for two

protons at d 7.08, corresponding to (C3)NHCOCH3 and

(C6)NH2 protons, respectively. In agreement with this

assignment, in the HMBC-NMR experiment of this pyr-

azolopyridine, the NH proton at C(3)NHCOCH3 reson-

ated at d 10.74 and showed cross-peaks with C3a (100.3

ppm) and NHCOCH3 (168.1 ppm), whereas for the pro-

ton at C(6)NH2 (d 7.08) cross-peaks appeared with the

signals at d 86.4 (C5), 158.3 (C6), and 150.7 (C7a). In

addition, a small but evident selective nOe experiments

between the NH proton at d 10.74 [(C3)NHCOCH3] and

H4 (d 8.57) confirmed the position of the acetyl group

on the nitrogen at C3. This result and reactivity is thus

also in good agreement with the reported reactivity of

precursor 2 in the formylation reaction (Chart 3) [8].

The small nOe observed between both protons in the

NHCOCH3 group and H4 in compound 20 could be

rationalized after computational analysis, which showed

that, in fact, rotamer 20b was 7.0 kcal/mol more stable

than conformer 20a (Fig. 1), possibly because of the

lone pair–lone pair electronic repulsion between the car-

bonylic oxygen and the N2 present in conformer 20a.

On the other hand, the calculated chemical shifts for

protons in NHCOCH3 are in good agreement with the

experimental values.

The reaction of 2-amino-6-chloro-4-phenylpyridine-

3,5-dicarbonitrile [11] with hydrazine hydrate [4] gave

3,6-diamino-4-phenyl-1H-pyrazolo[3,4-b]pyridine-5-car-
bonitrile (3) (Chart 2) [12]. In the acetylation of com-

pound 3 with Ac2O, at 0
�C, for 20 h (Method A, see

Experimental), a solid was formed; it was filtered,

washed with cold water/EtOH, and recrystallized from

ethanol to give compound 21 in 25% yield (Chart 4).

The analytical and spectroscopic data of this molecule

Chart 3. Transformation of compounds 2, 7, 8, 12, and 14.
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clearly showed that 21 was a monoacetamide, as in the
1H NMR, a methyl group was observed at an anoma-

lous low field (d 2.58) and two broad singlets (7.40 and

4.82 ppm) for two protons, each one corresponding to

the NH2 groups at carbons C6 and C3, respectively.

These data along with the absence of a free NH, or a

NH resonance for a NHCOCH3 moiety, clearly sup-

ported the structure of 21 as 1-acetyl-3,6-diamino-4-

phenyl-1H-pyrazolo[3,4-b]pyridine-5-carbonitrile.This
structure has also been confirmed by the data obtained

in the 13C NMR, HMQC, and HMBC experiments.

To improve the chemical yield, the acetylation reac-

tion was carried out with Ac2O at rt for 5 h or with

AcCl, in pyridine, at 0�C for 5 days, but the yields (21

and 24%, respectively) of compound 21 were not better.

Finally, the acetylation reaction was performed with

Ac2O at reflux for 6 h; after work-up and purification,

peracetylated derivatives 22 (30%) and 23 (40%) were

isolated (Chart 4). The structure of compound 22 was

established as a triacetamide derivative of precursor 3

by its analytical and spectroscopic data. As in the 1H

NMR spectrum, we observed a broad singlet for one

Chart 4. The acetylation reaction of compounds 1–6.
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proton at 14.45 ppm, and three acetyl groups [d 2.15

(singlet, one acetyl) and 1.91 (singlet, two acetyl

groups)]; we concluded that N(1) was free, the only

structural problem that remained to be established was

to determine if the NHCOCH3 group was at C3 or at

C6. In the HMBC spectrum, the signal al d 10.98

(NHCOCH3) showed cross-peaks with signals at 100.0,

152.3, and 169.5 (NCOCH3). In the case that the group

NHCOCH3 was at C6, the signals at 100.0 and 152.3

should be assigned to C5 and C6, respectively, the sig-

nal appearing at 106.5 ppm corresponding thus to C3a,

an assignment that seems reasonable, as we have rou-

tinely observed in the compounds investigated here that

in the 13C NMR spectrum d C3a >> C5. To prove this

hypothesis, a series of nOe experiments were carry out.

When the NHCOCH3 was irradiated, only the singlet at

2.15 ppm showed a weak effect; the irradiation of this

signal also showed only a weak effect at 10.98 ppm.

However, the irradiation of the singlet at 1.91 ppm inte-

grating for six protons (two NHCOCH3 groups) pro-

duced a sharp effect on the aromatic protons; the reverse

irradiation also produced the same effect. From these

experiments, we conclude that the two acetamido groups

should be in the same carbon (C3). For compound 23,

as in the 1H MNR spectrum, we observed a broad sin-

glet at d 14.93 for one proton, clearly assigned to

N(1)H, the location of the four acetamido groups present

in the molecule at C3 and C6 was evident.

The regioselective acetylation at N1 in compound 3,

respect to both NH2 groups at C3 and C6, under mild

conditions, prompted us to investigate the same reaction

on precursor 4, where only two positions at N1 and

C(3)NH2 were available for the acetylation. This com-

pound has been prepared from readily available 2-

chloro-6-methoxy-4-phenylpyridine-3,5-dicarbonitrile

(24) [13] after reaction with hydrazine hydrate; in this

reaction, we isolated also traces of the bis-pyrazolopyri-

dine 25 (Chart 4). When compound 4 was acetylated

with Ac2O (see Experimental) compound 26 was iso-

lated in good yield (84%) (Chart 4). The analytical and

spectroscopic data clearly showed that compound 26 is

a monoacetamide bearing the acetyl group at N1, as a

broad singlet appeared at 5.10 ppm integrating for two

protons [C(6)NH2], and the singlet for the acetyl groups

integrating for three protons resonated at d 2.69, a value

that we have found in compound 21 (see earlier) and in

compound 16 [9] (Chart 3).

In view of these results, and as we were interested in

the synthesis of the monoacetamide at C6 in these pyra-

zolopyridines, we considered an alternative synthetic

route based on the acetylation of 2-amino-6-methoxy-4-

phenylpyridine-3,5-dicarbonitrile (27) [13] (Scheme 1).

Carrying out the reaction as reported [13], we obtained

a mixture of monoacetamide 28 (71%) and imide 29

(1%) (Scheme 1) that were easily separated by column

chromatography and submitted to reaction with hydra-

zine hydrate, in DMF at reflux, aiming at the ‘‘one-pot’’

methoxy displacement and simultaneous pyrazolopyri-

dine formation. For compound 28, we obtained com-

pound 27 in 72% yield (Scheme 1). For compound 29,

we isolated and characterized compounds 27, 30, and 3

(Scheme 1). The formation of these compounds is the

result of a series of deacetylation reactions followed by

pyrazolo formation. The structure of compound 30 has

been unequivocally established by comparison of the

reported data in literature [11] and with an authentic

sample prepared in the reaction of DMF [14] with 6-

amino-2-chloro-4-phenylpyridine-3,5-dicarbonitrile (32)

[11,15] (see Experimental), obtained from the reaction

of trimethylorthobenzoate (31) with malononitrile [11]

(see Experimental) (Chart 4).

Next, we have investigated the acetylation of precur-

sor 5, prepared as usual from compound 6-amino-2-

chloro-4-phenylpyridine-3,5-dicarbonitrile (32) [11] and

N-methylhydrazine (Chart 4). As expected, in the 1H

NMR spectrum of compound 5, a positive nOe effect

between the broad singlet at d 4.36 and the aromatic

protons allowed us to assign this chemical shift for pro-

tons at C(3)NH2, the signal at 6.90 ppm corresponding

to C(6)NH2. The acetylation of pyrazolopyridine 5

(Ac2O, rt, 8 h) provided compound 33 in low yield

(Chart 4). Not unexpectedly, in the 1H NMR of com-

pound 33, the singlet for two protons at d 7.12

[(C6)NH2] clearly demonstrated that the acetylation has

taken place in the C(3)NH2 group. Selective nOe experi-

ments also showed the small but evident effect between

the protons at the acetamide group (CONHCH3).

For compound 33 (Fig. 2), rotamer b is 1.8 kcal/mol

more stable than a, possibly because of the electronic

repulsion between the carbonylic oxygen and the N2

present in conformer a, as previously shown for com-

pound 20, although the effect here should be less strong,

because the presence of the phenyl ring prevents a co-

planar arrangement between the amide group and the az-

ole plane, being rotated with a dihedral angle of 58�.

Figure 1. Conformers for compound 20.
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This fact increases the energy of conformer b and

reduces the energy difference between the two possible

conformers. On the other hand, the calculated and the

experimental chemical shifts for the methyl groups in

NHCOCH3 are in good agreement; the low d chemical

shift observed for this methyl group possibly due to the

shielding effect of the aromatic ring at C4.

Finally, we have prepared precursor 6 in good yield

in the reaction of 2-amino-6-chloropyridine-3,5-dicarbo-

nitrile (34) with N-phenylhydrazine (Chart 4). After

selective nOe experiments in the 1H NMR spectrum of

this compound, the resonance at d 6.97 was assigned to

the amino group at C3, while the singlet integrating for

two protons at d 6.48 corresponded to (C6)NH2. This

analysis is the reverse that we have observed in the

other precursors investigated in this work and must

ascribed to the presence of a phenyl ring at N2. In fact,

it is well known that the reaction of 2-halogeno-3-cya-

nopyridines with N-arylhydrazines respect to N-alkylhy-
drazines provides 2-aryl-2H-pyrazolo[3,4-b]pyridines
instead of 1-alkyl-4-phenyl-1H-pyrazolo[3,4-b]pyridines
[16]. The acetylation of compound 6 at reflux for 40

min gave the diacetylated derivative 35 in 21% yield

(Chart 4), which showed spectroscopic and analytical

data in good agreement with this structure (see

Experimental).

Computational studies. In view of the results

obtained for pyrazolopyridine 3 (Chart 4), we next

addressed the reaction mechanisms to explain the

observed regioselectivities during the acetylation

reactions.

All calculations were carried out with Gaussian03

package [17]. All the minima and transition states

involving were fully optimized with the B3LYP hybrid

functional [18]. As the key aspect to account for reactiv-

ity and regioselectivity concerns atoms bearing lone-pair

electrons, we have applied the extended 6-31þG(d,p)

basis set to get reliable structures and energy values.

Then, to optimize computational resources, we have

selected AcCl as acetylated agent instead of Ac2O.

Treatment of precursor 1 with both electrophiles has

shown similar results (see main text). Zero-point ener-

gies and thermal contributions to thermodynamic func-

tions and activation parameters, as well as harmonic fre-

quencies to assess the nature of the stationary points,

were computed at the same level of theory on the

Figure 2. Conformers for compound 33.

Scheme 1. Synthesis of compounds 28 and 29 and their reaction with hydrazine hydrate.
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optimized structures. To test the influence of solvation

effects, we have calculated solvation free energies in so-

lution DGsolv for the ground state and transition struc-

tures at the PCM/UAHF/B3LYP/6-31G(d) level [19]

using the previously optimized gas-phase structures.

Combination of these solvation free energies with gas-

phase free energies obtained at B3LYP/6-31þG(d,p)

level yields the relative free energy in solution DG]
sol

compiled in Table 2 in column 4 and Figure 3. Natural

bond orbital (NBO) analyses [20] have been performed

by the module NBO v.3.1 implemented in Gaussian 03

to evaluate the NPA charges at the optimization level.

We have initially carried out the study of the tauto-

meric equilibrium for compound 3. We have focused on

the prototropy tautomerism between the 3-1H and 3-2H
forms involving the azole moiety (Scheme 2) as the

structure with the hydrogen atom attached to the pyridine

nitrogen at the position 7 is energetically unfavorable, as

was expected from valence bond resonance considera-

tions and verified by calculations on this [our calcula-

tions (B3LYP/6-31þG(d,p) reveal a structure 24.5 kcal

mol�1 less stable than 3-1H] and related structures [21].

Both structures 3-1H and 3-2H have in common that

the amino groups are partially planarized (out-of-plane

deviation of (C3)N/(C6)N: 29.4�/10.8� and 28.9�/14.2�

in 3-1H and 3-2H, respectively) as the N electron pairs

are part of the aromatic system, and that the aromatic

ring attached to the C4 position is rotated with respect

to the pyridine plane (with dihedral angles of 57.5 and

59.7�, respectively) to avoid steric repulsions with sub-

stituents at C3 and C5.

At the B3LYP/6-31þG(d,p) level, the tautomer 3-2H
is predicted to be less stable than 3-1H by 9.5 and 4.0

kcal/mol in the gas phase and in DMSO, respectively.

According to the Boltzmann distribution, at a tempera-

ture of 298 K, this difference in energy corresponds to a

3-1H:3-2H ratio of >99:<1, with the population of the

minor tautomer below the limit of detection for conven-

tional NMR spectroscopy. Thus, according to the calcu-

lations, tautomer 3-2H is unlikely to coexist with the

other tautomer.

This preference of the 1H tautomer in pyrazolopyri-

dines agrees with structural analysis of 4-aryl-5-cyano-

pyrazolo[3,4-b]pyridines [22], theoretical studies of pyr-

azolo[3,4-b]pyridines bearing a variety of substituents

[23], and crystallographic data of protein–ligand com-

plexes [24], which indeed confirm that in this class of

compounds, the (N1)H forms key H-bonds with the

enzymes (cyclin-dependent kinases).

This picture contrasts with that for the related struc-

tures pyrano[2,3-c]pyrazoles (6-amino-5-cyano-3-methyl-

4-aryl/heteroaryl-2H,4H-dihydropyrano[2,3-c]pyrazoles) as

they exist predominantly in the 2H tautomeric form [25].

To confirm the reliability of our calculations in the predic-

tion of tautomeric equilibria, we have performed further

computations on the 6-amino-5-cyano-3-methyl-4-phenyl-

dihydropyrano[2,3-c]pyrazole ring system [25–27]. Our

results indicate that the 2H tautomer is 3.7 kcal mol�1

more stable than the 1H form in the gas phase. These

data are in agreement with the crystallographic results

[25–27], thus supporting our theoretical protocol in the

estimation of the tautomeric equilibrium.

The reactivity of the 3,6-diamino-pyrazolo[3,4-b]pyri-

dines against acetylation merits a careful analysis as

four nucleophilic positions can undergo acetylation:

besides both amino moieties [(C3)N and (C6)N], the pir-

idinic- and pyrrole-type N of the pyrazole (N1, N2).

The electron pair of the pyridinic-type N makes this

position more nucleophilic than the pyrrole-type N,

whose electron pair is part of the aromatic system.

In an attempt to rationalize the regioselectivity, DFT

calculations were performed to determine both the atomic

charges and the HOMO of 3. In general, reactions with

hard (high-lying LUMOs) electrophiles are charged

Figure 3. Transition structures for the N-acetylation of 3.

Scheme 2. Tautomer equilibrium in compound 3.
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controlled, whereas reactions with soft (low-lying

LUMOs) electrophiles are under frontier molecular or-

bital (FMO) control. The calculated atomic charges are

not consistent with the experimentally determined regio-

selectivity. Thus, the greatest amount of negative charge

is found at the (C3)N position (atomic charge ¼ �0.861,

Table 1), while reaction occurs selectively at the azole

moiety. On the other hand, the observed selectivity fits

well with the computed HOMO coefficients on both tau-

tomers 3-1H and 3-2H (Table 1) as the largest value, and

hence providing better overlapping orbital with the elec-

trophile, is situated at the pyridinic-type nitrogen.

Although orbital properties can account only for the

electronic factors, the steric effects (if exist) are

included in the free energy of activation for the reaction.

From a mechanistic point of view, when the reaction is

carried out in the absence of a deprotonating agent, it

should be expected that the NAH of the azole becomes

acidic enough to be deprotonated only when the pyri-

dinic-type N has been attacked by the acylated agent

[28]. According to this assumption, we have considered

the attack on every N of the neutral structure and have

selected acetyl chloride (see Experimental) as electro-

phile to simulate the acetylation reaction.

The calculated transition structures (Fig. 3) provide

free energy differences that suggest a kinetically favored

attack on the azole (TSN1 and TSN2) rather than on the

amino moieties (TS(C3)N and TS(C6)N) in the gas phase

and in solution (Table 2). In fact, as has been described

earlier, these groups are rather planarized as the lone

pair is partially delocalized in the aromatic system, thus

being less nucleophilic groups than expected. This ob-

servation agrees with the experimental selectivity shown

earlier (Chart 4). In the azole, the kinetically preferred

site for the acetylation, in the gas phase and in solution,

is N2 in the 3-1H form (Table 2), which indeed is the

proposed predominant tautomer. Also, according to

these results, a small amount of the regioisomeric prod-

uct could be formed by attacking at N1 in the 3-2H
form (estimation of the Boltzmann distribution N2:N1

93:7). In summary, these results suggest that 21 should

be mostly the N2-substituted structure that results from

N-acetylation of the major tautomer of 3 (3-1H). In

view of these theoretical results and to support the posi-

tion of the acetyl group at N1/N2, we tried to crystallize

compound 21 as a free base or as its hydrochloride, but

without success; consequently, the location of the acetyl

groups at N1 is a tentative hypothesis that still needs to

be experimentally confirmed.

Bases on these data, if the azole positions are blocked

to undergo reaction, the (C3)N should be the preferred

reactive site. This hypothesis agrees with the experimen-

tal observations as (C3)N is the acetylation site found in

20. To further shed light on this result, we have per-

formed calculations for the formation of 20 from the

pyrazolopyridine 2. The HOMO coefficients are parallel

to those found for 3-1H: (C3)N ¼ 0.62, (C6)N ¼ 0.27.

Likewise, the calculated transition structure for the

attacking on the amino group at C3 is 8.3 kcal mol�1

more stable than on the amino at C6 (Fig. 4). Accord-

ingly, 20 is acetylated at (C3)N, which is supported by

the experimental evidence.

In conclusion, in this work, we have described the

acetylation of differently substituted 3,6-diamino-1H-
pyrazolo[3,4-b]pyridine-5-carbonitrile derivatives (1–6.

The structure of the resulting acetamides has been inves-

tigated and confirmed by analytical, spectroscopic, and

chemical transformations. From these studies, we con-

clude that, in general, under mild conditions, and using

acetic anhydride, when free, the N(1)H moiety is the

more reactive center respect to the C(3)NH2 and

C(6)NH2 groups. This trend is reversed when no steric

hindrance due to presence of a phenyl group at C4

drives the preferred acetylation to C(3)NH2, as it is evi-

dent by comparing the observed results from precursor 1

with 3. When N1 is blocked, the (C3)NH2 group under-

goes preferential acetylation over the (C6)NH2 site,

which only has been mono (or diacetylated) at reflux.

On the basis of these data, we have also undertaken a

computational analysis to explain the observed selectiv-

ities during the acetylation reactions. The calculations of

frontier orbital coefficients on the reactants pyrazolopyr-

idines and activation barriers agree with the regiochem-

istry observed. The regioselectivity on the acetylation of

the amino groups can be explained by the availability of

Table 1

Calculated NPA charges and HOMO coefficients for the N atoms of 3

prone to undergo attack by the acylating agent.

NPA charges

HOMO

coefficients

3-1H 3-2H 3-1H 3-2H

N1 �0.397 �0.327 0.47 0.73

N2 �0.340 �0.380 0.64 0.34

(C3)N �0.861 �0.861 0.58 0.46

(C6)N �0.829 �0.837 0.30 0.36

Table 2

Thermodynamic data (in kcal mol�1) in gas phase and in solution for

the potential transition structures for the N-acetylation of 3.

Transition structures DH]
gas DG]

gas DG]
sol

TSN1 1.7 1.6 1.6

TSN2 0.0 0.0 0.0

TS(C3)N 6.2 6.5 3.2

TS(C6)N 11.2 11.1 7.3
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the N lone pair. A NBO analysis on 2, 3-1H and the

unsubstituted pyrazole[3,4-b]pyridine (Chart 5, values in

blue) reveals that for the cyano derivatives the lone-pair

orbital at (C6)N is less populated, and hence less prone

to act as nucleophile, than (C3)N because of a higher

delocation on the aromatic system. This induces a

higher planarization of the amino group at C6 (Chart 5,

values in parenthesis). Conversely, the absence of the

electron-withdrawing nitrile substituent allows a more

populated lone-pair orbital at (C6)N, in accordance with

a decreased N-planarization. Therefore, the regioselec-

tivity could be modulated by a careful choice of sub-

stituents [29].

EXPERIMENTAL

Melting points were determined on a microscope type appa-
ratus and are uncorrected. 1H NMR and 13C NMR spectra
were recorded at rt at 300, 400, or 500 MHz and at 75, 100,

or 125 MHz. The assignment of chemical shifts is based on
standard NMR experiments (1H, 13C-DEPT, 1H,1H-COSY,
HSQC, HMBC). In the NMR spectra, values with (*) can be
interchanged. Two-dimensional [1H, 1H] NMR experiments

(NOESY) were carried out with the following parameters: a
delay time of 1 s, a spectral width of 3000 Hz in both dimen-

sions, 4096 complex points in t2 and 4 transients for each of
256 time increments, and linear prediction to 512. The data
were zero-filled to 4096 � 4096 real points. NOESY experi-
ments were acquired with a mix time of 300 ms. Mass spectra
were recorded on a GC/MS spectrometer with an API-ES ioni-

zation source. Elemental analyses were performed at CQO
(CSIC, Spain). TLC was performed on silica F254 and detec-
tion by UV light at 254 nm or by charring with ninhydrin, ani-
saldehyde, or phosphomolybdic-H2SO4 dyeing reagents. Where

anhydrous solvents were needed, they were purified following
the usual procedures. Column chromatography was performed
on silica gel 60 (230 mesh).

Acetylation of 3,6-diamino-1H-pyrazolo[3,4-b]pyridine-5-
carbonitrile (1)

Method A. A solution of compound 1 [8] (100 mg, 0.57
mmol) in Ac2O (4 mL, 26.52 mmol, 70 equiv) was heated at
144�C for 21 h. The Ac2O in excess was removed, and the
crude submitted to flash chromatography eluting with mixtures
of CH2Cl2/MeOH from 1 to 4% to give N,N0-(5-cyano-3a,7a-
dihydro-1H-pyrazolo[3,4-b]pyridine-3,6-diyl)diacetamide (17)
(13 mg, 8%) [mp 294–296�C; IR (KBr) m 3434, 3306, 32470,
2928, 1685, 1673, 1611, 1584, 1517, 1430, 1395, 1246, 1011
cm�1; 1H NMR (DMSO-d6, 300 MHz): d 13.62 (s, 1H, N1H),
10.96 (s, 1H, C3NHAc), 10.79 (s, 1H, C6NHAc), 8.89 (s, 1H,

H4), 2.12 (s, 6H, 2xCOCH3);
13C NMR (DMSO-d6, 125

MHz): d 169.2 (2xNCOCH3), 168.4 (C6), 150.8 (C7a), 141.5
(C3),* 141.1 (C4),* 116.9 (CN), 104.7 (C3a), 97.2 (C5), 23.0

Figure 4. Transition structures for the acetylation of 2 at (C3)N (left) and (C6)N (right). Free-energy differences (in kcal mol�1) are shown in the

gas phase and in solution (in parenthesis).

Chart 5. NBO analysis on 2,3-1H and the unsubstituted pyrazole[3,4-b]pyridine.
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and 22.8 (2xNCOCH3); MS (ES): [M þ 1]þ 259.3, [M þ
Na]þ 281.2, [2M þ Na]þ 539.5. Anal. Calcd. for C11H10N6O2:
C, 51.16; H, 3.90; N, 32.54; found C, 51.29; H, 4.05; N,
32.81.

Method B. A solution of compound 1 (100 mg, 0.57 mmol)

in Ac2O (4 mL, 26.52 mmol, 70 equiv) was stirred at rt for 5
days. The Ac2O in excess was evaporated. The crude was
washed with water and ethanol to give a solid (84 mg) that
was purified by chromatography eluting with MeOH/CH2Cl2
mixtures (from 1, 2 to 4%) affording compounds 17 [8 mg,

5% (10%)], 18 [15 mg, 12% (21%)], and unreacted precursor
1 (57 mg). The mother liquors were concentrated and recrys-
tallized from ethanol to give compound 19 [20 mg, 14%,
(24%)]. 18: mp 253–256�C; IR (KBr) m 3442, 2219, 1686,
1621, 1582, 1406, 1027 cm�1; 1H NMR (DMSO-d6, 500

MHz): d 12.66 (s, 1H, NH1), 10.69 [s, 1H, C(3)NHCOCH3],
8.55 [s, 1H, 1CH (H4)], 6.95 (s, 2H, NH2), 2.12 (s, 3H,
NCOCH3);

13C NMR (DMSO-d6, 125 MHz): d 168.2
(NHCOCH3), 158.3 (C6), 152.6 (C7a), 141.7 (C4), 141.1 (C3),

117.7 (CN), 100.2 (C3a), 86.4 (C5), 22.8 (NHCOCH3); MS
(ES): [M þ 1]þ 217.1, [M þ Na]þ 239.3, [2M þ Na]þ 455.1.
Anal. Calcd. for C9H8N6O: C, 50.00; H, 3.73; N, 38.87; found
C, 49.74; H, 3.54; N, 38.66. 19: mp 244–246�C; IR (KBr) m
3471, 3327, 2212, 1671, 1619, 1597, 1426, 1376, 1318, 1141

cm�1; 1H NMR (DMSO-d6, 300 MHz): d 11.08 (s, 1H, NH),
8.63 (s, 1H, H4), 7.54 (s, 2H, NH2), 2.67 [s, 3H, NCOCH3)],
2.11 (s, 3H, NCOCH3);

13C NMR (DMSO-d6, 125 MHz): d
169.1 [N(3)HCOCH3], 166.9 [N(1)HCOCH3], 159.4 (C6)*,
152.8 (C7a)*, 144.0 (C3), 141.9 (C4), 116.7 (CN), 103.3

(C3a), 88.3 (C5), 24.6 [N(1)HCOCH3], 23.0 [N(3)HCOCH3];
MS (ES): [M þ 1]þ 259.3, [M þ Na]þ 281.2, [2M þ Na]þ

539.5. Anal. Calcd. for C11H10N6O2: C, 51.16; H, 3.90; N,
32.54; found C, 50.98; H, 3.81; N, 32.38.

Acetylation of 3,6-diamino-1-methyl-1H-pyrazolo[3,4-

b]pyridine-5-carbonitrile (2). A solution of compound 2 (100
mg, 0.53 mmol) in Ac2O (2.5 mL, 26.52 mmol, 70 equiv) was
stirred at rt for 3 h. The mixture was cooled at 0�C, the solid
was filtrated, washed with cold ethanol, and recrystallized to

give N-(6-amino-5-cyano-1-methyl-1H-pyrazolo[3,4-b]pyridin-
3-yl)acetamide (20) (100 mg, 82%) as a white solid: mp 246–
249�C; IR (KBr) m 3429, 3332, 3222, 3128, 3086, 2217, 1658,
1617, 1586, 1443, 1276 cm�1; 1H NMR (DMSO-d6, 300
MHz): d 10.74 (s, 1H, NHCOCH3), 8.57 (s, 1H, H4), 7.08 (s,

2H, C6NH2), 3.70 (s, 3H, NCH3), 2.07 (s, 3H, NHCOCH3);
13C NMR (DMSO-d6, 75 MHz) d 168.1 (CO), 158.3 (C6),
150.7 (C7a), 142.1 (C3), 140.0 (C4), 117.6 (CN), 100.3 (C3a),
86.4 (C5), 32.8 (NCH3), 22.9 (CH3); MS (ES) [M þ 1]þ

231.0; [M þ Na]þ 253.0. Anal. Calcd. for C10H10N6O.1/

2H2O: C, 50.20; H, 4.63; N, 35.13; found C, 50.49; H, 4.61;
N, 34.65.

3,6-Diamino-4-phenyl-1H-pyrazolo[3,4-b]pyridine-5-car-

bonitrile (3). A solution of 2-amino-6-chloro-4-phenylpyri-
dine-3,5-dicarbonitrile [11] (100 mg, 0.39 mmol) and hydra-

zine hydrate (80 lL, 1,57 mmol, 4.0 equiv) in DMF (4 mL,
5mL/mmol) was warmed at 153�C for 1 h until complete reac-
tion (TLC analysis). The mixture was cooled, the solid formed
and filtered, washed with water/ethanol, dried, and purified by

column chromatography eluting with CH2Cl2/MeOH (4%) to
give compound 3 (70 mg, 74%): mp 282–283�C; IR (KBr) m
3498, 3334, 3230, 2931, 1725, 1629, 1571, 1540, 1445, 1269,
1223, 1077 cm�1; 1H NMR (DMSO, 300 MHz): d 11.88 [s,

1H, N(1)H], 7.58–7.50 (m, 5H, aromatic), 6.79 [s, 2H,
C(6)NH2], 4.26 [s, 2H, C(3)NH2];

13C NMR (DMSO, 75
MHz): d 159.9 (C6), 153.1 (C4), 152.1 (C3), 148.9 (C7a),
134.7 (C10), 130.3 (C40), 129.4 [2C (C20,C60)], 128.9 [2C
(C30,C50)], 118.0 (CN), 98.5 (C3a), 85.1 (C5); MS (ES): [M þ
1]þ 251.3. Anal. Calcd. for C13H10N6: C, 62.39; H, 4.03; N,
33.58; found C, 62.21; H, 4.08; N, 33.58.

Acetylation of 3,6-diamino-4-phenyl-1H-pyrazolo[3,4-

b]pyridine-5-carbonitrile (3)

Method A. A solution of compound 3 (100 mg, 0.4 mmol)

in Ac2O (2.5 mL, 28 mmol, 70 equiv) was stirred at 0�C for
20 h. Then, the solid was filtered, washed with water/ethanol,
and recrystallized from ethanol to give compound 21 (29 mg,
25%). 21: mp 221–223�C; IR (KBr) m 3471, 3316, 3194, 2212,
1720, 1621, 1590, 1575, 1430, 1382, 1291 cm�1; 1H NMR

(DMSO-d6, 400 MHz): d.7.61–7.50 (m, 5H, Ph), 7.40 (s, 2H,
NH2), 4.82 (s, 2H, NH2), 2.58 (s, 3H, OCCH3);

13C NMR
(DMSO-d6, 75 MHz): d 166.5 (NCOCH3), 160.3 (C6)*, 152.7
(C7a)*, 151.5 (C4), 150.0 (C3), 132.9, 130.1, 129.0, 128.2 (ar-

omatic, C6H5), 116.0 (CN), 101.3 (C3a), 87.6 (C5), 24.5
(NCOCH3); MS (ES): [M þ 1]þ 293.2, [M þ Na]þ 315.2,
[2M þ Na]þ 607.5. Anal. Calcd. for C15H12N6O.1/2H2O: C,
59.79; H, 4.35; N, 27.89; found C, 59.83; H, 4.50; N, 28.30.

Method B. A solution of compound 3 (75 mg, 0.3 mmol) in

Ac2O (2 mL) was refluxed for 6 h to give after column chro-
matography [hexane/ethyl acetate (6/4, 5/5, 4/6)] N-(6-acet-
amido-5-cyano-4-phenyl-1H-pyrazolo[3,4-b]pyridin-3-yl)-N-ace-
tylacetamide (22) (35 mg, 30%) and N,N0-(5-cyano-4-phenyl-
1H-pyrazolo[3,4-b]pyridine-3,6-diyl)bis(N-acetylacetamide) (23)

(50 mg, 40%). 22: mp 183–185�C; IR (KBr) m 3060, 3015,
2222, 1746, 1587, 1368, 1231, 1027 cm�1; 1H NMR (DMSO-
d6, 500 MHz): d 14.46 [s, 1H, N(1)H], 10.98 [s, 1H,
C(3)NHCOCH3)], 7.55–7.34 [m, 5H, aromatic), 2.15
[C(3)NHCOCH3)], 1.91 [s, 6H, 2xC(6)NCOCH3];

13C NMR

(DMSO-d6, 125 MHz): d 171.6 [2x(C3)NCOCH3], 169.5
[(C(6)NCOCH3], 152.3 (C6), 151.2 (C7a)*, 150.9 (C3)*, 140.1
(C4), 132.4 (C10), 129.9 (C40), 128.6 [2C (C20,C60)], 128.1 [2C
(C30,C50)], 115.4 (CN), 106.5 (C3a), 100.0 (C5), 25.5

[2xC(6)NCOCH3], 23.1 [C(3)NCOCH3]; MS (ES): [M þ 1]þ

377.2, [M þ Na]þ 399.2; [2M þ Na]þ 775.7. Anal. Calcd. for
C19H16N6O3: C, 60.63; H, 4.28; N, 22.33; found C, 60.54; H,
4.39; N, 22.08. 23: mp 137–139�C; IR (KBr) m 3009, 2929,
2855, 2230, 1730, 1589, 1369, 1229, 1029 cm�1; 1H NMR

(DMSO, 300 MHz) d 14.93 [s, 1H, N(1)H], 7.60–7.43 (m, 5H,
aromatic), 2.35 (s, 6H, 2xNCOCH3), 1.95 (s, 6H, 2xNCOCH3);
MS (ES): [M þ 1]þ 419.2; [M þ Na]þ 441.2; [2M þ Na]þ

859.7. Anal. Calcd. for C21H18N6O: C, 60.28; H, 4.34; N,
20.09; found C, 60.04; H, 4.18; N, 19.95.

Reaction of 2-chloro-6-methoxy-4-phenylpyridine-3,5-

dicarbonitrile (24) hydrazine hydrate. A solution of com-
pound 24 [12] (269 mg, 1 mmol) and hydrazine hydrate (0.1
mL, 2 mmol, 2 equiv) was refluxed in ethanol (20 mL) for 20
h until complete reaction (TLC analysis). The mixture was

cooled at 0�C, water was added, and the solid was filtered,
washed with water, and purified by chromatography eluting
with CH2Cl2/MeOH (from 0.5 to 1%) to give compounds 4-
phenyl-1,7-dihydrodipyrazolo[3,4-b:40,30-e]pyridine-3,5-diamine

(25) (13 mg, 5%) and 3-amino-6-methoxy-4-phenyl-1H-pyra-
zolo[3,4-b]pyridine-5-carbonitrile (4) (95 mg, 58%): mp 248–
250�C; IR (KBr) m 3489, 3391, 3225, 3032, 2938, 2216, 1596,
1313, 1157 cm�1; 1H NMR (DMSO-d6, 300 MHz): d 12.63 [s,
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1H, N(1)H], 7.61–7.53 (m, 5H, Ph), 4.49 (s, 2H, NH2), 4.01 (s,
3H, OCH3);

13C NMR (DMSO-d6,75 MHz): d 164.0 (C6),
153.4 (C4), 150.9 (C3)*, 149.3 (C7a)*, 133.8, 130.7, 129.6,
129.1 (aromatic, C6H5), 116.5 (CN), 100.3 (C3a), 88.2 (C5),
55.3 (OCH3); MS (ES): [M þ 1]þ 266.0, [M þ Na]þ 288.0,

[2M þ Na]þ 553.3. Anal. Calcd. for C14H11N5O: C, 63.39;
H, 4.18; N, 26.40; found C, 63.15; H, 4.41; N, 26.37. 25: mp
328–330�C; IR (KBr) m 3428, 3249, 3037, 2948, 2593, 1597,
1099 cm�1; 1H NMR (DMSO, 300 MHz): d 11.67 (s, 2H, 2
NH), 7.63–7.46 (m, 5H, aromatic), 4.24 (s, 4H, 2 NH2);

13C

NMR (DMSO, 75 MHz): d 153.4 (2C, C7a, C8a), 148.1 (2C,
C3, C5), 139.3 (C4), 133.4 (C10), 129.3 (C40), 129.3 [C,
(C20,C60)], 128.8 [C, (C30,C50)], 101.5 (2C (C3a, C4a); MS
(ES): [M þ 1]þ 266.2. Anal. Calcd. for C13H11N7: C, 58.86;
H, 4.18; N, 36.96; found: C, 58.79; H, 4.36; N, 36.72.

1-Acetyl-3-amino-6-methoxy-4-phenyl-1H-pyrazolo[3,4-

b]pyridine-5-carbonitrile (26). A solution of 4 (80 mg, 0.3
mmol) in Ac2O (4 mL, 3.9 mmol, 13 equiv) was stirred at 0�C for
16 h and at rt for 4 h. Alter evaporation of the excess of Ac2O, the

crude was purified by column chromatography, eluting with
CH2Cl2/MeOH 1% to afford compound 26 (63 mg, 84%): mp
236–238�C; IR (KBr) m 3485, 3265, 3181, 2225, 1715, 1624,
1589, 1571, 1393, 1349, 1153 cm�1; 1H NMR (DMSO-d6, 300
MHz): d 7.65–7.57 (m, 5H, Ph), 5.10 (s, 2H, NH2), 4.10 (s, 3H,

OCH3), 2.69 (s, 3H, NCOCH3);
13C NMR (DMSO-d6,75 MHz): d

167.8, 164.9, 153.4, 151.0, 150.7, 132.7, 131.2, 129.8, 129.0 (aro-
matic, C6H5), 115.4 (CN), 104.8 (C3a), 92.5 (C5), 55.6 (OCH3),
25.3 (NCOCH3); MS (ES): [M þ 1]þ 308.3, [M þ Na]þ 370.2,
[2M þ Na]þ 637.5. Anal. Calcd. for C16H13N5O.1/2H2O: C,

60.75; H, 4.46; N, 22.14; found: C, 60.59; H, 4.21; N, 22.07.
Reaction of N-acetyl-N-(3,5-dicyano-6-methoxy-4-phenyl-

pyridin-2-yl)acetamide (29) with hydrazine hydrate. A solu-
tion of compound 29 (50 mg, 0.15 mmol) and hydrazine hydrate
(20 lL, 0.22 mmol, 1.5 equiv) in DMF (5 mL) was refluxed

(153�C) for 30 min until complete reaction. Then, the excess of
DMF was removed, AcOEt was added, and washed with water.
The organic phase was dried, filtered, and evaporated to give a
solid that was submitted to chromatography eluting with (hex-

ane/EtOAc, from 8/2 to 1/1) to give compounds 27 (23 mg,
61%), 30 [11] (2 mg, 6%), and 3 (10 mg, 27%).

2,6-Diamino-4-phenylpyridine-3,5-dicarbonitrile (30). In a
30-mL glass tube equipped with septa was placed a solution of
6-amino-2-chloro-4-phenylpyridine-3,5-dicarbonitrile (32)

(0.382 g, 1.5 mmol) in 10 mL of DMF. The reaction mixture
was stirred for 30 s before the irradiation to homogenize the so-
lution and then exposed to MWI 250W at 180�C during 3 min.
After completion showed by TLC (hexane/AcOEt, 3/2), the
reaction mixture was diluted with water, and the precipitate was

filtered and washed with water. The residue was purified by col-
umn chromatography (CH2Cl2/MeOH, 25/1 to 10/1, v/v) to yield
product 30 (155 mg, 44%), which showed spectroscopic data in
good accord with those reported in literature [11].

6-Amino-2-chloro-4-phenylpyridine-3,5-dicarbonitrile (32). To

a solution of trimethylorthobenzoate (31) (1.82 g, 0.01 mol) in
pyridine (5 mL) was added malononitrile (1.32 g, 0.02 mol, 2
equiv). The mixture was heated at 110�C for 7 h. After cool-
ing, concentrated aqueous hydrochloric acid (10 mL) was

added, and the mixture was heated at 100�C for 2.5 h. After
cooling to rt, the mixture was diluted with water and filtered
to afford compound 32 (1.0 g, 40%), which showed spectro-
scopic data in agreement with those reported in literature [11].

3,6-Diamino-1-methyl-4-phenyl-1H-pyrazolo[3,4-b]pyri-
dine-5-carbonitrile (5). A mixture of 6-amino-2-chloro-4-
phenylpyridine-3,5-dicarbonitrile (32) (254 mg, 1 mmol) and

methylhydrazine (0.11 mL, 1.1 mmol, 1.1 equiv) in DMF (10
mL) was warmed at 153�C for 5 min. The mixture was cooled
at rt; the solid was filtered and recrystallized from ethanol to
give precursor 5 (211 mg, 80%): mp 279–281�C; IR (KBr) m
3477, 3427, 3379, 3323, 3191, 2201, 1654, 1589, 1573, 1561,

1405, 1204 cm�1; 1H NMR (DMSO, 300 MHz): d 7.58–7.48
(m, 5H, C6H5), 6.90 [s, 2H, C(6)NH2], 4.36 [s, 2H, C(3)NH2],
3.59 (s, 3H, NCH3);

13C NMR (DMSO, 75 MHz): d 158.2
(C6), 151.7 (C4), 150.5 (C7a), 147.5 (C3), 133.8 (C10), 129.7
(C40), 128.8 [2C (C20,C60)], 128.2 [2C (C30,C50)], 117.3 (CN),

98.0 (C3a), 84.3 (C5), 32.4 (NCH3); MS (ES): [2M]þ 528.7,
[2M � 1]þ 527.7. Anal. Calcd. for C14H12N6: C, 63.62; H,
4.58; N, 31.80; found C, 63.60; H, 4.65; N, 32.04.

N-(6-Amino-5-cyano-1-methyl-4-phenyl-1H-pyrazolo[3,4-

b]pyridin-3-yl)acetamide (33). A solution of compound 5

(100 mg, 0.38 mmol) in Ac2O (2.5 mL, 26.52 mmol, 70 equiv)
was stirred at rt for 8 h. The crude was cooled at 0�C, and the
precipitate was filtered, washed with EtOH, and submitted to
chromatography (AcOEt) to give compound 33 (24 mg, 21%):

mp 249–251�C; IR (KBr) m 3489, 3414, 3330, 3263, 3052,
2218, 1664, 1625, 1590, 1571, 1518, 1444, 1399, 1379, 1259,
1196 cm�1; 1H NMR (DMSO-d6, 300 MHz): d 9.49 (s, 1H,
NH), 7.58–7.48 (m, 5H, C6H5), 7.12 (s, 2H, NH2), 3.78 (s, 3H,
NCH3), 1.42 (s, 3H, COCH3);

13C NMR (DMSO-d6, 75 MHz):

d 169.1 (NCOCH3), 159.8 (C6), 152.7 (C4), 151.7 (C7a),
139.0 (C3), 133.9 (C10), 129.9 (C40), 129.3 (2C, C20,C60),
128.6 (2C, C30,C50), 117.5 (CN), 102.9 (C3a), 88.3 (C5), 33.8
(NCH3), 22.51 (NCOCH3); MS (ES): [M þ 1]þ 307.1. Anal.
Calcd. for C14H12N6: C, 62.74; H, 4.61; N, 27.44; found C,

62.96; H, 4.68; N, 27.31.
3,6-Diamino-2-phenyl-2H-pyrazolo[3,4-b]pyridine-5-car-

bonitrile (6). A solution of precursor 34 [8] (100 mg, 0.56
mmol) and N-phenylhydrazine (82 lL, 0.84 mmol, 1.5 equiv)
in DMF (2 mL, 5mL/mmol) was warmed at 153�C for 1 h

until complete reaction (TLC analysis). The mixture was
cooled at 0�C; the solid was recovered and submitted to chro-
matography eluting with CH2Cl2/MeOH (from 0.5 to 2%) to
give product 6 (91 mg, 70%): mp 306–308�C; IR (KBr) m
3467, 3353, 3299, 3154, 2211, 1620, 1596, 1455, 1343 cm�1;
1H NMR (DMSO, 300 MHz): d 8.36 [s, 1H, H4), 7.57–7.37
(m, 5H, aromatic), 6.95 [s, 2H, (C3)NH2], 6.47 [s, 2H,
(C6)NH2];

13C NMR (DMSO, 75 MHz): d 157.9 (C6)*, 156.5
(C7a)*, 143.0 (C3), 140.0 (C4), 138.2 (C10), 129.3 (C30,C50),
127.4 (C40), 123.9 (C20,C60), 118.5 (CN), 96.9 (C3a), 84.6
(C5); MS (CI): m/z 251 [Mþ, 100], 234 [Mþ-NH2, 8], 92 (14),
77(21). Anal. Calcd. for C13H10N6: C, 62.39; H, 4.03; N,
33.58; found C, 62.10; H,4.32; N, 33.31.

N,N0-(5-Cyano-2-phenyl-2H-pyrazolo[3,4-b]pyridine-3,6-
diyl)diacetamide (35). A solution of compound 6 (100 mg,
0.4 mmol) in Ac2O (2.5 mL, 28 mmol, 70 equiv) was heated
at 144�C for 40 min. The mixture was cooled at rt, the solvent
was removed under vacuo, and the crude submitted to chroma-
tography (CH2Cl2/MeOH from 0.1 to 2%) to give product 35

(28 mg, 21%): mp 229–230�C; IR (KBr) m 3467, 3353, 3299,
3154, 2211, 1619, 1596, 1454, 1343 cm�1; 1H NMR (DMSO-
d6, 300 MHz): d 10.82 (s, 1H, NHCOCH3), 10.68 (s, 1H,
NHCOCH3), 8.84 (s, 1H, H4), 7.69–7.57 (m, 5 H, aromatic),
2.12 (s, 3H, NHCOCH3), 2.08 (s, 3H, NHCOCH3);

13C NMR
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(DMSO-d6, 75 MHz): d 169.8 (NCOCH3), 169.4 (NCOCH3),
154.6 (C6)*, 151.4 (C7a), 141.4 (C4), 137.8 (C10), 131.8 (C3),
129.5 (2C, C30,50), 129.4 (C40), 124.8 (2C, C20,C60), 116.7
(CN), 106.0 (C3a), 100.0 (C5), 22.9 (NCOCH3), 22.7
(NCOCH3); MS (ES): [M þ 1]þ 335.2, [M þ Na]þ 357.2,

[2M þ Na]þ 691.5. Anal. Calcd for C17H14N6O: C, 61.07; H,
4.22; N, 25.14; found C, 60.85; H, 4.36; N, 24.98.
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A mild, efficient and highly selective approach to the synthesis of cryptotackiene derivatives via
three-component reactions of 3-amino-9-ethylcarbazole and aromatic aldehydes with electron-rich
alkenes, such as 2,3-dihydrofuran, or 3,4-dihydro-2H-pyran catalyzed by iodine in THF is reported. It is

worth to note that only trans-products were obtained with high selectivity in good to high yields, which
confirmed by X-ray diffraction analysis.

J. Heterocyclic Chem., 47, 873 (2010).

INTRODUCTION

Cryptotackiene, a linear 5-N-methyl-5H-indolo[2,3-
b]quinoline alkaloid isolated from the West African

shrub Cryptolepis sanguinolenta, has been reported to

exhibit strong antiplasmodial activity [1]. A few of cryp-

totackiene derivatives are found to display strong anti-

microbial and cytotoxic activities in vitro and significant

antitumor properties in vivo [2]. In addition, its isomeric

moiety, named ellipticine (5,11-dimethyl-6H-indolo[2,3-
g]isoquinoline), also exhibits promising results in the

treatment of osteolytic breast cancer metastases, brain

tumors, kidney sarcoma, and myeloblastic leukemia [3].

More recent studies have also indicated that they pos-

sessed a good activity against HIV [4]. Accordingly, a

wide variety of strategies [5–7] have been reported to

construct these aforementioned active moieties for their

important biological activities.

The imino Diels–Alder [4þ2] cyclo-addition reaction

presents a powerful synthetic tool to the construction of

the polycyclic cryptotackiene ring systems. Of which

the imines derived from aromatic amines and aldehyde,

act as heterodienes and undergo Diels–Alder reaction

with various dienophiles in the presence of acidic cata-

lysts [8–11]. The multicomponent reactions (MCRs)

involving 3-amino-9-ethylcarbazole, which reported by

Gaddam and Nagarajan, represent an effective synthetic

pathway toward cryptotackiene derivatives [12]. How-

ever, the known methods suffer from some disadvan-

tages. For instance, these procedures often require harsh

reaction conditions, multistep reaction, metal catalysts,

expensive reagents or no stereo-selectivity. Especially

for the stereo-selectivity, they always give cis- and

trans-isomers using 2,3-dihydrofuran, 3,4-dihydro-2H-
pyran as starting materials.

As an inexpensive, efficient, and environmentally be-

nign catalyst, iodine has been used extensively in or-

ganic synthesis. More and more organic transformations

[13] promoted by molecular iodine have been docu-

mented in recent years. In our previous paper, we have

synthesized series of benzo[f]quinoline derivatives via

three-component reactions of aromatic aldehyde, naph-

thalen-2-amine, and various ketones [14] induced by io-

dine. As a continuation of our research devoted to this

iodine-catalyzed reaction, 3-amino-9-ethylcarbazole was

selected as similar amine to react with aromatic alde-

hyde, and 2,3-dihydrofuran or 3,4-dihydro-2H-pyran for

the challenge of its stereo-selectivity. It was noteworthy

that only trans-4-aryl-8-ethyl-3,3a,4,5,8,12d-hexahydro-
2H-furo[3,2-c]indolo[3,2-f]quinoline or trans-5-aryl- 9-
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ethyl-2,3,4,4a,5,6,9,13d-hexahydropyrano[3,2-c]indolo
[3,2-f]quinoline derivatives were obtained with high

selectivity in good to high yields.

RESULTS AND DISCUSSION

Treatment of aromatic aldehyde 1, 3-amino-9-ethyl-

carbazole 2, and 2,3-dihydrofuran 3 in THF in the pres-

ence of 5 mol % iodine at reflux condition afforded the

corresponding trans-4-aryl-8-ethyl-3,3a,4,5,8,12d-hexa-
hydro-2H-furo[3,2-c]indolo[3,2-f]quinoline derivatives 4

in good to high yields with high stereo-selectivity

(Scheme 1). Obviously, these results were different from

trans- to cis-isomers catalyzed by InCl3 in ionic liquid

[12].

In our initial study, the reaction of 4-nitrobenzalde-

hyde 1d, 3-amino-9-ethylcarbazole 2, and 2,3-dihydro-

furan 3 was used as a model reaction to optimize the

reaction conditions. The reaction was first carried out in

THF in the absence of I2. It was found that no reaction

occurred at room temperature or reflux condition (Table

1, entries 1 and 2). Similar reactions were attempted in

the presence of 5, 10, and 20 mol % of I2. The results

from Table 1 (entries 5-7) show that 5 mol % I2 at

reflux in THF is sufficient to initiate the reaction. Higher

loading of the catalyst had no significant influence on

the reaction yield. To find the optimum reaction temper-

ature, the reaction was carried out with 5 mol % of I2 at

room temperature, 50�C and reflux temperature, result-

ing in the isolation of 4d in trace amount, 68% and 88%

yields (Table 1, entries 3-5), respectively. Thus, 5 mol

% of I2 and a reaction temperature at reflux were opti-

mal conditions. In addition, CH3CN, benzene, DMF,

and CHCl3 (Table 1, entries 8-11) were also tested as

the solvents. In these cases, product 4d was formed in

slightly lower yields (Table 1, entries 8-11).

According to the optimized conditions, various aro-

matic aldehydes 1 were then subjected to react with 3-

amino-9-ethylcarbazole 2 and 3 to generate a library of

4 (Table 2, entries 1 to 8). For aldehyde 1, the yields of

4 were not sensitive to the electronic properties of the

aromatic ring in the presence of electron-withdrawing

groups (such as halide and nitro) or electron-donating

groups (such as alkoxyl group) (Table 2). The trans-
structure of 4g was further confirmed by X-ray diffrac-

tion analysis, and the crystal structure was shown in

Figure 1. The 2,3-dihydrofuran could be expended to

other electron-rich alkenes, such as 3,4-dihydro-2H-py-
ran was also chosen as reactant to react with 1 and 2,

giving corresponding trans-5-aryl-9-ethyl-2,3,4,4a,5,6,
9,13d-hexahydropyrano[3,2-c]indolo[3,2-f]quinoline with

good yields and stereo-selectivity (Table 2, entries 9

to 12).

According to the literatures [15], we think that iodine

catalyzes the reaction as a mild Lewis acid. The mecha-

nism was tentatively proposed as shown in Scheme 2.

The Schiff base I may be formed first by the reaction of

aromatic aldehyde and 3-amino-9-ethylcarbazole. Then

imino-Diels–Alder reaction between the iodine-activated

Schiff base II and 2,3-dihydrofuran takes place

Scheme 1. Reaction of 1, 2, and 3.

Table 1

Synthetic results of 4d under different reaction conditions.a

Entry

Temp.

(�C)
Amount

(mol %) Solvent

Time

(h)

Yields

(%)b

1 r.t. 0 THF 24 0

2 Reflux 0 THF 24 0

3 r.t. 5 THF 24 trace

4 50 5 THF 24 68

5 Reflux 5 THF 19 88

6 Reflux 10 THF 19 88

7 Reflux 20 THF 19 83

8 Reflux 5 CH3CN 20 72

9 Reflux 5 Benzene 24 82

10 80 5 DMF 15 75

11 Reflux 5 CHCl3 19 76

a Reagents and conditions: 4-Nitrobenzaldehyde 1d (0.302 g, 2 mmol),

2 (0.420 g, 2 mmol), 3 2,3-dihydrofuran (0.210 g, 3 mmol), solvent

(10 mL).
b Isolated yields.

Table 2

Synthetic results of 4 catalyzed by iodine in THF.a

Entry Ar n Products

Time

(h)

Isolated

yields (%)

1 4-ClC6H4 1 4a 19 85

2 4-BrC6H4 1 4b 18 85

3 4-MeOC6H4 1 4c 12 80

4 4-NO2C6H4 1 4d 20 88

5 3-ClC6H4 1 4e 20 80

6 2,4-Cl2C6H3 1 4f 19 78

7 3,4-Cl2C6H3 1 4g 20 70

8 3,5-(MeO)2C6H3 1 4h 18 82

9 4-FC6H4 2 4i 20 78

10 4-CH3C6H4 2 4j 19 75

11 3,4-Cl2C6H3 2 4k 20 82

12 4-MeOC6H4 2 4l 19 80

a Reagents and conditions: 1 (2 mmol), 2 (0.420 g, 2 mmol), 3 (3

mmol), I2 (0.026 g, 0.1 mmol), THF (10 mL).
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selectively to form intermediate III for its stability, fol-

lowed by isomerization to give the final product 4.

CONCLUSIONS

In conclusion, we found a mild and efficient method

for the synthesis of trans-cryptotackiene derivatives via

three-component reactions of aromatic aldehyde, 3-

amino-9-ethylcarbazole, and 2,3-dihydrofuran or 3,4-

dihydro-2H-pyran catalyzed by iodine. The features of

this procedure are mild reaction conditions, good to

high yields, operational simplicity, and high stereo-

selectivity.

EXPERIMENTAL

Melting points were determined in open capillaries and are

uncorrected. IR spectra were recorded on a TENSOR 27 spec-
trometer in KBr pellet. 1H NMR spectra were obtained from
solution in DMSO-d6 with Me4Si as internal standard using a
Bruker-400 spectrometer. HRMS analyses were carried out

using Bruker-micro TOF-Q-MS analyzer.
General procedure for the syntheses of trans-4-aryl-8-

ethyl-3,3a,4,5,8,12d-hexahydro-2H-furo[3,2-c]indolo[3,2-f]
quinoline or trans-5-aryl-9-ethyl-2,3,4,4a,5,6,9,13d-hexa-
hydropyrano[3,2-c]indolo[3,2-f]quinoline derivatives 4. A

dry 50 mL flask was charged with aromatic aldehyde (2.0
mmol), 2,3-dihydrofuran or 3,4-dihydro-2H-pyran (3.0 mmol),
3-amino-9-ethylcarbazole (0.420 g, 2.0 mmol), I2 (0.026 g, 0.1
mmol), and THF (10 mL). The reaction mixture was stirred at
reflux condition for 12–20 h, and then cooled to room temper-

ature. The generated yellow solid was filtered off. The crude
yellow products were washed with ethanol and purified by
recrystallization from DMF and water, followed by being dried
at 50�C several hours at vacuum to give 4.

trans-4-(4-Chlorophenyl)-8-ethyl-3,3a,4,5,8,12d-hexahydro-
2H-furo[3,2-c]indolo[3,2-f]quinoline (4a). This compound
was obtained as yellow crystals (0.683 g, 85%), m.p.: 223–
225�C; IR (KBr) mmax/cm

�1 3371, 3047, 2974, 2871, 1593,
1504, 1487, 1455, 1410, 1380, 1327, 1285, 1266, 1209, 1186,

1154, 1090, 1045, 1012, 926, 828, 802, 751. 1H NMR
(DMSO-d6): dH 1.27 (t, J ¼ 7.2 Hz, 3H, CH3), 1.56–1.62 (m,

1H, CH), 1.98–2.09 (m, 1H, CH), 2.37–2.43 (m, 1H, CH),
3.72 (d, J ¼ 11.2 Hz, 1H, CH), 3.85–3.91 (m, 1H, CH), 4.00
(q, J ¼ 4.0 Hz, 1H, CH), 4.39 (q, J ¼ 7.2 Hz, 2H, NCH2),
5.03 (d, J ¼ 5.2 Hz, 1H, CH), 6.01 (s, 1H, NH), 6.98 (d, J ¼
8.8 Hz, 1H, ArH), 7.11–7.14 (m, 1H, ArH), 7.37–7.41 (m, 2H,

ArH), 7.47 (d, J ¼ 8.4 Hz, 2H, ArH), 7.52 (d, J ¼ 8.4 Hz,
1H, ArH), 7.56 (d, J ¼ 8.4 Hz, 2H, ArH), 8.15 (d, J ¼ 8.0
Hz, 1H, ArH). HRMS (ESI, m/z): Calcd. for C25H23ClON2Na
(M þ Naþ) 425.1397, found 425.1381.

trans-4-(4-Bromophenyl)-8-ethyl-3,3a,4,5,8,12d-hexahydro-
2H-furo[3,2-c]indolo[3,2-f]quinoline (4b). This compound
was obtained as yellow crystals (0.758 g, 85%), m.p.: 227–
230�C; IR (KBr) mmax/cm

�1 3349, 2972, 2858, 1623, 1590,
1502, 1457,1406, 1382, 1327, 1285, 1266, 1210, 1184, 1152,
1092, 1069, 1041, 1010, 925, 828, 802, 743. 1H NMR

(DMSO-d6): dH 1.27 (t, J ¼ 6.80 Hz, 3H, CH3), 1.56–1.63 (m,
1H, CH), 1.99–2.06 (m, 1H, CH), 2.37–2.43 (m, 1H, CH),
3.71 (d, J ¼ 11.2 Hz, 1H, CH), 3.86–4.03 (m, 1H, CH), 4.01
(q, J ¼ 4.0 Hz, 1H, CH), 4.39 (q, J ¼ 14.0 Hz, 2H, NCH2),

5.03 (d, J ¼ 5.2 Hz, 1H, CH), 6.01 (s, 1H, NH), 6.98 (d, J ¼
8.8 Hz, 1H, ArH), 7.10–7.14 (m, 1H, ArH), 7.37–7.42 (m, 2H,
ArH), 7.50–7.53 (m, 3H, ArH), 7.61 (d, J ¼ 8.4 Hz, 2H,
ArH), 8.14 (d, J ¼ 7.6 Hz, 1H, ArH). HRMS (ESI, m/z):
Calcd. for C25H23BrN2ONa (M þ Naþ) 469.0891, found

469.0888.
trans-8-Ethyl-4-(4-methoxyphenyl)-3,3a,4,5,8,12d-hexa-

hydro-2H-furo[3,2-c]indolo[3,2-f]quinoline (4c). This com-
pound was obtained as yellow crystals (0.611 g, 80%), m.p.:
166–167�C; IR (KBr) mmax/cm

�1 3350, 3042, 2929, 2836,

1604, 1509, 1380, 1351, 1325, 1302, 1285, 1267, 1248, 1171,
1153, 1109, 1093, 1046, 1025, 972, 924, 887, 834, 806, 782,
742. 1H NMR (DMSO-d6): dH 1.26 (t, J ¼ 7.2 Hz, 3H, CH3),
1.59–1.62 (m, 1H, CH), 1.98–2.07 (m, 1H, CH), 2.37–2.42 (m,
1H, CH), 3.78 (d, J ¼ 3.2 Hz 1H, CH), 3.86 (m, 3H, CH3O),

3.98–3.99 (m, 1H, CH), 4.38 (q, 2H, NCH2), 5.02 (d, J ¼ 4.8
Hz, 1H, CH), 5.90 (s, 1H, NH), 6.96–7.00 (m, 3H, ArH),
7.10–7.14 (m, 1H, ArH), 7.36–7.40 (m, 2H, ArH), 7.44 (d, J
¼ 8.4 Hz, 2H, ArH), 7.51 (d, J ¼ 8.4 Hz, 1H, ArH), 8.14 (d,

J ¼ 8.0 Hz, 1H, ArH). HRMS (ESI, m/z): Calcd. for
C26H27N2O2 (M þ Hþ) 399.2067, found 399.2073.

trans-8-Ethyl-4-(4-nitrophenyl)-3,3a,4,5,8,12d-hexahydro-
2H-furo[3,2-c]indolo[3,2-f]quinoline (4d). This compound
was obtained as yellow crystals (0.727 g, 88%), m.p.: 253–

254�C; IR (KBr) mmax/cm
�1 3367, 2976, 2932, 2845, 1668,

1624, 1600, 1515, 1459, 1382, 1344, 1287, 1267, 1209, 1185,

Figure 1. Crystal structure of product 4g indicating the trans-structure.

Scheme 2. Possible mechanism for the formation of products 4.
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1154, 1092, 1047, 1012, 930, 860, 796, 741. 1H NMR
(DMSO-d6): dH 1.27 (t, J ¼ 7.2 Hz, 3H, CH3), 1.57–1.63 (m,
1H, CH), 2.01–2.06 (m, 1H, CH), 2.43–2.46 (m, 1H, CH),
3.87–3.93 (m, 2H, CH2), 4.04 (q, 1H, CH), 4.40(q, J ¼ 7.2
Hz, 2H, NCH2), 5.06 (d, J ¼ 5.2 Hz, 1H, CH), 6.17 (s, 1H,

NH), 6.99 (d, J ¼ 8.8 Hz, 1H, ArH), 7.11–7.15 (m, 1H, ArH),
7.37–7.44 (m, 2H, ArH), 7.53 (d, J ¼ 8.4 Hz, 1H, ArH), 7.84
(d, J ¼ 8.8 Hz, 2H, ArH), 8.15 (d, J ¼ 7.6 Hz, 1H, ArH),
8.27 (d, J ¼ 8.8 Hz, 2H, ArH). HRMS (ESI, m/z): Calcd. for
C25H23BrN2ONa (M þ Naþ) 436.1637, found 4636.1634.

trans-4-(3-Chlorophenyl)-ethyl-3,3a,4,5,8,12d-hexahydro-
2H-furo[3,2-c]indolo[3,2-f]quinoline (4e). This compound
was obtained as yellow crystals (0.643 g, 80%), m.p.: 194–
196�C; IR (KBr) mmax/cm

�1 3375, 3048, 2968, 2929, 2856,
1597, 1503, 1471, 1381, 1329, 1269, 1206, 1152, 1091, 1041,

890, 798, 742. 1H NMR (DMSO-d6): dH 1.27 (t, J ¼ 7.2 Hz,
3H, CH3), 1.60–1.65 (m, 1H, CH), 2.03–2.08 (m, 1H, CH),
2.41–2.47 (m, 1H, CH), 3.74 (d, J ¼ 11.2 Hz, 1H, CH), 3.88–
3.90 (m, 1H, CH), 4.02 (q, 1H, CH), 4.39 (q, J ¼ 7.2 Hz, 2H,

NCH2), 5.03 (d, J ¼ 5.2 Hz, 1H, CH), 6.08 (s, 1H, NH), 6.98
(d, J ¼ 8.8 Hz, 1H, ArH), 7.10–7.14 (m, 1H, ArH), 7.37–7.47
(m, 5H, ArH), 7.52 (d, J ¼ 8.0 Hz, 2H, ArH), 7.62 (s, 1H,
ArH), 8.14 (d, J ¼ 8.0 Hz, 1H, ArH). HRMS (ESI, m/z):
Calcd. for C25H24ClN2O (M þ Hþ) 403.1572, found 403.1582.

trans-4-(2,4-Dichlorophenyl)-8-ethyl-3,3a,4,5,8,12d-hexahy-
dro-2H-furo[3,2-c]indolo[3,2-f]quinoline (4f). This compound
was obtained as yellow crystals (0.680 g, 78%), m.p.: 213–
215�C; IR (KBr) mmax/cm

�1 3053, 2970, 2885, 1588, 1503,
1470, 1452, 1383, 1325, 1285, 1266, 1209, 1152, 1095, 1046,

925, 867, 823, 793, 735. 1H NMR (DMSO-d6): dH 1.27 (t, J ¼
6.80 Hz, 3H, CH3), 1.55–1.61 (m, 1H, CH), 2.09–2.14 (m, 1H,
CH), 3.94–4.00 (m, 2H, CH2), 4.29 (d, J ¼ 11.2 Hz, 1H, CH),
4.39 (q, J ¼ 7.2 Hz, 2H, NCH2), 5.07 (d, J ¼ 8.8 Hz, 1H, CH),
6.06 (s, 1H, NH), 6.96 (d, J ¼ 8.8 Hz, 1H, ArH), 7.11–7.14 (m,

1H, ArH), 7.37–7.44 (m, 2H, ArH), 7.52–7.55 (m, 2H, ArH),
7.70 (d, J ¼ 2.0 Hz, 1H, ArH), 7.76 (d, J ¼ 8.4 Hz, 1H, ArH),
8.15 (d, J ¼ 8.0 Hz, 1H, ArH). HRMS (ESI, m/z): Calcd. for
C25H23Cl2N2O (M þ Hþ) 437.1182, found 437.1180.

trans-4-(3,4-Dichlorophenyl)-8-ethyl-3,3a,4,5,8,12d-hexahy-
dro-2H-furo[3,2-c]indolo[3,2-f]quinoline (4g). This compound
was obtained as yellow crystals (0.611 g, 70%), m.p.: 227–
229�C; IR (KBr) mmax/cm

�1 3053, 2970, 2885, 1588, 1503,
1470, 1452, 1383, 1325, 1285, 1266, 1209, 1152, 1095, 1046,

925, 867, 823, 793, 735. 1H NMR (DMSO-d6): dH 1.27 (t, J ¼
7.2 Hz, 3H, CH3), 1.59–1.63 (m, 1H, CH), 2.04–2.09 (m, 1H,
CH), 2.41–2.47 (m, 1H, CH), 3.75 (d, J ¼ 11.2 Hz, 1H, CH),
3.89–3.92 (m, 1H, CH), 4.01 (q, 1H, CH), 4.39 (q, J ¼ 14.0
Hz, 2H, NCH2), 5.03 (d, J ¼ 4.8 Hz, 1H, CH), 6.09 (s, 1H,

NH), 6.96 (d, J ¼ 8.4 Hz, 1H, ArH), 7.12 (t, J ¼ 7.6 Hz, 1H,
ArH), 7.37–7.43 (m, 2H, ArH), 7.52–7.57 (m, 2H, ArH), 7.68
(d, J ¼ 8.4 Hz, 1H, ArH), 7.84 (d, J ¼ 2.0 Hz, 1H, ArH),
8.14 (d, J ¼ 8.0 Hz, 1H, ArH). HRMS (ESI, m/z): Calcd. for
C25H23Cl2N2O (M þ Hþ) 437.1182, found 437.1190.

trans-4-(3,5-Dimethoxyphenyl)-8-ethyl-3,3a,4,5,8,12d-hexa-
hydro-2H-furo[3,2-c]indolo[3,2-f]quinoline (4h). This com-
pound was obtained as yellow crystals (0.702 g, 82%), m.p.:
229–231�C; IR (KBr) mmax/cm

�1 3352, 3056, 2973, 2875,

1592, 1506, 1461, 1402, 1384, 1335, 1269, 1213, 1153, 1095,
1043, 1028, 946, 893, 835, 793, 740. 1H NMR (DMSO-d6): dH
1.27 (t, J ¼ 6.80 Hz, 3H, CH3), 1.68–1.74 (m, 1H, CH), 2.02–
2.11 (m, 1H, CH), 2.41–2.47 (m, 1H, CH), 3.65 (d, J ¼ 11.2

Hz, 1H, CH), 3.78 (s, 6H, 2CH3O), 3.88–3.92 (m, 1H, CH),
3.99–4.04 (m, 1H, CH), 4.39 (q, J ¼ 6.8 Hz, 2H, NCH2), 5.02
(d, J ¼ 5.2 Hz, 1H, CH), 5.97 (s, 1H, NH), 6.49 (s, 1H, ArH),
6.72 (d, J ¼ 1.6 Hz, 2H, ArH), 7.00 (d, J ¼ 8.8 Hz, 1H,
ArH), 7.10–7.14 (m,1H, ArH), 7.36–7.41 (m, 2H, ArH), 7.52

(d, J ¼ 8.4 Hz, 1H, ArH), 8.14 (d, J ¼ 8.0 Hz, 1H, ArH).
HRMS (ESI, m/z): Calcd. for C27H29N2O3 (M þ Hþ)
429.2173, found 429.2175.

trans-9-Ethyl-5-(4-fulorophenyl)-2,3,4,4a,5,6,9,13d-hexahy-
dropyrano[3,2-c]indolo[3,2-f]quinoline (4i). This compound

was obtained as yellow crystals (0.624g, 78%), m.p.: 217–
218�C; IR (KBr) mmax/cm

�1 3374, 3049, 2951, 2928,
2894,2851, 2832, 1623, 1601, 1505, 1469, 1454, 1379, 1365,
1348, 1326, 1285, 1274, 1254, 1215, 1153, 1076, 1058,1042,
1011, 903, 849, 801, 748. 1H NMR (DMSO-d6): dH 1.25 (t, J
¼ 6.80 Hz, 3H, CH3), 1.32 (d, J ¼ 10.8 Hz, 2H, CH2), 1.75–
1.87 (m, 2H, CH2), 2.01 (d, J ¼ 11.2 Hz, 1H, CH), 3.87–3.93
(m, 1H, CH), 4.05–4.07 (m, 1H, CH), 4.36 (q, J ¼ 6.8 Hz,
2H, NCH2), 4.64 (d, J ¼ 11.6 Hz, 1H, CH), 5.06 (d, J ¼ 3.2

Hz, 1H, CH), 5.85 (s, 1H, NH), 6.86 (d, J ¼ 8.8 Hz, 1H,
ArH), 7.11–7.15 (m, 1H, ArH), 7.21–7.26 (m, 2H, ArH), 7.35–
7.40 (m,2H, ArH), 7.50–7.58 (m, 3H, ArH), 7.92 (d, J ¼ 7.6
Hz, 1H, ArH). HRMS (ESI, m/z): Calcd. for C26H26FN2O (M
þ Hþ) 401.2029, found 401.2035.

trans-9-Ethyl-5-(4-methylphenyl)-2,3,4,4a,5,6,9,13d-hexahy-
dropyrano[3,2-c]indolo[3,2-f]quinoline (4j). This compound
was obtained as yellow crystals (0.594 g, 75%), m.p.: 206–
207�C; IR (KBr) mmax/cm

�1 3369, 3044, 3019, 2976, 2956,
2928, 2893, 2829, 2851, 1600, 1503, 1457, 1379, 1365, 1346,

1326, 1284, 1272, 1255, 1213, 1194, 1152, 1077, 1056, 1042,
1020, 902, 830, 800, 749. 1H NMR (DMSO-d6): dH 1.25 (t, J
¼ 6.80 Hz, 3H, CH3), 1.35 (d, J ¼ 14 Hz, 2H, CH2), 1.74–
1.85 (m, 2H, CH2), 2.00–2.03 (m, 1H, CH), 2.34 (s, 3H, CH3),
3.87–3.92 (m, 1H, CH), 4.04–4.07 (m, 1H, CH), 4.35–4.41 (m,

2H, NCH2), 4.58 (d, J ¼ 11.6 Hz, 1H, CH), 5.05 (s, 1H, CH),
5.77 (s, 1H, NH), 6.86 (d, J ¼ 8.8 Hz, 1H, ArH), 7.11–7.14
(m, 1H, ArH), 7.22 (d, J ¼ 7.6 Hz, 2H, ArH), 7.34–7.43
(m,1H, ArH), 7.50 (d, J ¼ 8.0 Hz, 1H, ArH), 7.92 (d, J ¼ 8.0

Hz, 1H, ArH). HRMS (ESI, m/z): Calcd. for C27H29N2O (M þ
Hþ) 397.2280, found 397.2287.

trans-5-(3,4-Dichlorophenyl)-9-ethyl-2,3,4,4a,5,6,9,13d-hex-
ahydropyrano[3,2-c]indolo[3,2-f]quinoline (4k). This com-
pound was obtained as yellow crystals (0.738 g, 82%), m.p.:

216–217�C; IR (KBr) mmax/cm
�1 3344, 3066, 2970, 2932,

2893, 2843, 1592, 1503, 1460, 1404, 1380, 1365, 1328, 1287,
1273, 1252, 1233, 1216, 1195, 1128, 1082, 1057, 1042, 1026,
1011, 894, 835, 794, 740, 634. 1H NMR (DMSO-d6): dH 1.28
(t, J ¼ 6.80 Hz, 3H, CH3), 1.33–1.35 (m, 2H, CH2), 1.75–1.89

(m, 2H, CH2), 2.04–2.09 (m, 1H, CH), 3.90 (t, J ¼ 11.2 Hz,
1H, CH), 4.04–4.07 (m, 1H, CH), 4.36–4.39 (m, 2H, CH),
4.66 (d, J ¼ 10.8 Hz, 1H, CH), 5.06 (s, 1H, CH), 5.94 (s, 1H,
NH), 6.85 (d, J ¼ 8.4 Hz, 1H, ArH), 7.11–7.15 (m,1H, ArH),
7.36–7.40 (m, 2H, ArH), 7.52–7.54 (m, 2H, ArH), 7.67 (d, J
¼ 8.0 Hz, 1H, ArH), 7.80 (s,1H, ArH), 7.92 (d, J ¼ 8.0 Hz,
1H, ArH). HRMS (ESI, m/z): Calcd. for C26H25Cl2N2O (M þ
Hþ) 451.1344, found 451.1346.

trans-9-Ethyl-5-(4-methoxyphenyl)-2,3,4,4a,5,6,9,13d-hexa-
hydropyrano[3,2-c]indolo[3,2-f]quinoline (4l). This compound
was obtained as yellow crystals (0.659 g, 80%), m.p.: 190–
191�C; IR (KBr) mmax/cm

�1 3371, 3044, 2954, 2928, 2899,
2829, 1606, 1587, 1509, 1456, 1364, 1326, 1284, 1239, 1212,
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1174, 1152, 1076, 1056, 1036, 1009, 901, 835, 802, 745. 1H
NMR (DMSO-d6): dH 1.25 (t, J ¼ 6.80 Hz, 3H, CH3), 1.36 (d,
J ¼ 16.4 Hz, 2H, CH2), 1.74–1.85 (m, 2H, CH2), 1.98–2.01
(m, 1H, CH), 3.78 (s, 3H, CH3O), 3.87–3.92 (m, 1H, CH),
4.04–4.07 (m, 1H, CH), 4.35–4.39 (m, 2H, NCH2), 4.56–4.59

(m, 1H, CH), 5.05 (s, 1H, CH), 5.75 (s, 1H, NH), 6.86 (d, J ¼
8.0 Hz, 1H, ArH), 6.97 (d, J ¼ 8.4 Hz, 2H, ArH), 7.12 (t, J ¼
7.6 Hz, 1H, ArH), 7.34–7.44 (m, 4H, ArH), 7.50 (d, J ¼ 8.0
Hz, 1H, ArH), 7.92 (d, J ¼ 8.0 Hz, 1H, ArH). HRMS (ESI, m/
z): Calcd. for C27H29N2O2 (M þ Hþ) 413.2229, found

413.2223.
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Acid-mediated condensation between benzoylpyruvates and various dinucleophiles in alcoholic sol-
vent furnished the heterocyclic imprint in moderate to good yield. Combining a range of symmetric as

well as nonsymmetric nitrogen/nitrogen or nitrogen/carbon centered dinucleophiles resulted in excellent
regioselectivity. c-Difunctionalized fused pyrimidines, pyridazines, and pyridines were produced in this
manner. The protocol was designed to obviate chromatographic purification.

J. Heterocyclic Chem., 47, 878 (2010).

INTRODUCTION

Addition of ambivalent nitrogenous nucleophiles to b-
diketones offers an attractive entry to the preparation of

aromatic heterocyclic structures carrying distinct func-

tional motifs. Acting as a template, the structural fea-

tures of the b-diketone provide the central framework to

be resonated in the resulting aza-heterocycle. We have

in particular directed our attention towards the applica-

tion of benzoylpyruvates 1 as the means to prepare pyri-

dine and pyrimidine derivatives incorporating a c-related
aryl ester pattern.

From a pharmaceutical point of view, the spatial

arrangement of substituents conferred on heterocycles

via benzoylpyruvate chemistry is highly interesting, as it

can give rise to pronounced biological activity. For

example, pyrazoles, isoxazoles, pyrimidines, and pyri-

dines carrying a c-aryl carboxy motif are associated

with such diverse effects as GPCR antagonism [1–4],

ion-channel modulation [5], and kinase inhibition [6,7].

Herein, we want to report a convenient route for the

preparation of novel c-arylated aza-heterocyclic esters

by highly chemo- and regioselective condensation of

lithio benzoylpyruvate 1 with aromatic amines 2–5

(Scheme 1). Considering the number of different ben-

zoylpyruvates 1 readily available from commercial ace-

tophenones 10, this protocol can be seen as an alterna-

tive to arylation of the parent heterocyle via cross-cou-

pling reactions. Indeed, the preparation of prerequisite

substrate for the corresponding cross-coupling may be a

nontrivial matter. In contrast, merited by the ease of

execution, the delineated condensation strategy is ame-

nable for parallel synthesis.

RESULTS AND DISCUSSION

As is expected for b-diketones lacking a mirror plane,

the ambiphilic nature of benzoylpyruvates poses a

potential regiochemical problem. However, in the latter

case, the reactivity gets further complicated by the pres-

ence of the ester functionality. Although the ester func-

tionality imparts the adjacent carbonyl with an aug-

mented electron deficiency, it might itself undergo

nucleophilic attack, thereby giving rise to a potential

chemoselective problem as well (Fig. 1) [8].

In general, the stipulated benzoylpyruvate 1 can read-

ily be accessed by reacting the metal enolate of the

VC 2010 HeteroCorporation
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corresponding acetophenone 10 with diethyl oxalate 11

[9–11]. In particular, owing to the excellent chelating

ability of b-diketones, the en route lithium salt of ben-

zoylpyruvate 1 can usually be isolated as a shelf-stabile

solid by simple filtration [11]. Thus, sequential treatment

of 10 with LDA and diethyl oxalate 11 was the pre-

ferred method to prepare the needed starting material

(Scheme 2). Initially, we opted for the p-Br-substituted
benzoylpyruvate Li-1 as a model compound, expecting

it to be conducive in terms of product identification,

based on its isotopic fingerprint (LC-MS) and crystallo-

graphic properties (X-ray). However, in some cases we

found that the parent benzoylpyruvate Li-1 (R ¼ H)

proved superior for crystallographic purposes.

Although the binding of lithium was beneficial with

regard to the isolation of 1, the chelated form proved to

have an adverse effect on the cyclodehydration. Without

in situ quenching of Li-1, concomitant retro-aldol reac-

tion was observed on the application of any prospect

dinucleophile in refluxing ethanol. Consequently, the ini-

tial attempts only returned acetophenone 10 as the

breakdown product.

Gratifyingly, when first having treated Li-1 with two

equivalents of hydrochloric acid, subsequent cyclodehy-

dration could be realized for a range of aromatic amines

2–5 vide infra. Furthermore, the reaction displayed a

distinct regiochemical preference in each case.

In accordance with the delineated protocol, a selection

of five-membered aza-heterocyclic amines 2 was reacted

with Li-1 to furnish the corresponding [a]-fused pyrimi-

dines 6 (Scheme 3). However, the influence exerted by

the individual N,N-dinucleophiles on the success of

cyclodehydration implicated a dependency on the pKa of

the protonated parent heterocyclic system (Table 1). To

expand upon the latter point, the pKa-values of pyrazole,

1,3,4-triazole, and tetrazole are 2.5, 2.2, and –3.0,

respectively [12,13], whereas the pKa of imidazole is

7.0 [12]. This may provide an explanation for the failure

of imidazole 2b and benzimidazole 2f to react under the

given conditions.

By the means of single-crystal diffraction technique,

it was subsequently possible to make an unambiguous

regiochemical assignment of 6b (Fig. 2), resulting from

cyclodehydration with pyrazole 2a. Curiously, a reversal

of regiochemistry takes place when interchanging the

ester moiety in Li-1 for a CF3-group, i.e., turning the

system into a conventional b-diketone. Thus, applying a

similar protocol as ours, Filyakova et al. have reported

on the preparation of an analogous 5-phenyl-7-(trifluoro-

methyl)pyrazolo[1,5-a]pyrimidine, which was verified

by crystallography [14]. The two opposing results indi-

cate the ability of the ester to act as regiochemical han-

dle (vide infra).
With respect to regiochemistry, the fused system

obtained through condensation of tetrazole 2d posed the

intriguing possibility of valence tautomery [15]. At the

outset, it was expected that the initially formed tetra-

zolo[1,5-a]pyrimidines 6f and 6g could undergo

Scheme 1

Figure 1. Tautomery in benzoylpyruvates. [Color figure can be viewed

in the online issue, which is available at www.interscience.wiley.com.]

Scheme 2

Scheme 3
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equilibration to 2-azidopyrimidines 12f, g (Fig. 3). How-

ever, the ‘‘pseudo symmetry’’ of 12f, g would then ob-

literate the existing regiochemical preference via the

erosive interconversion to 13f, g. Subsequently, it was

indeed demonstrated by the application of X-ray crystal-

lography that in the solid state the tentatively assigned

structure of fused tetrazole 6f actually was 2-azidopyri-

midine 12f (Fig. 4).

Having established the feasibility of cyclodehydration

on Li-1 utilizing selected N,N-dinucleophiles, the focus of

the protocol was aimed at fusion with other types of five-

membered aza-heterocylic amines, i.e., prospective C,N-

dinucleophiles. Following this line of reasoning, Li-1 was

allowed to react with N-amino heterocycles 3 to provide

[b]-fused pyridazines 7 (Scheme 4). In the selected cases,

the observed regiochemistry corresponded to the results

obtained with aryl amines 2. Here, however, the degree of

aza-functionalization had a dramatic influence on the effi-

ciency, with regard to product formation (Table 2).

Five-membered aza-heterocycles with an encased eth-

ylene amine motif could in principle be rendered opera-

tional C,N-dinucleophiles via blocking or replacing the

active ring-nitrogen. Hence, it was envisioned that the

‘‘aniline-type’’ aryl amines 4 would furnish [b]-fused
pyridines. Although the primary projection was correct,

the regiochemistry was at variance with the preceding

examples. Thus, when Li-1 was reacted with C,N-dinu-

cleo-philes 4, the resultant cyclodehydration provided

the [b]-fused pyridine 8 (Scheme 5).

Applied on the product originating from condensation

between Li-1 (R ¼ H) and ‘‘enamine’’ 4a, X-ray crys-

tallography provided the conclusive structural informa-

tion, showing 8b to be the resulting regioisomer (Fig. 5).

Though, seemingly contradictory, with regard to ben-

zoylpyruvate 1, the sequence of addition leading to

the different fused systems could well be the same (vide
supra). Instead, it was surmised that the origin of regio-

chemical divergence resided on the nature of the applied

dinucleophile. Depending on the hard/soft character of

the aryl amine, in analogy with enamines, either the

interconnected nitrogen or carbon could take precedence

in the cyclodehydration. However, it also became clear

Table 1

Synthesis of [a]-fused pyrimidines 6.a

Entry Product R Aryl amine Time (h)c Yield (%)d

1 6a p-Br 1H-Pyrazol-5-yl 2a 13 75

2 6b H 1H-Pyrazol-5-yl 2a 13 69

3 6c p-Br 1H-Imidazol-5-yl 2b 96.e n.r.

4 6d p-Br 1H-1,2,4-Triazol-5-yl 2c 48 73

5 6e H 1H-1,2,4-Triazol-5-yl 2c 48 70

6 6f
b p-Br 1H-Tetrazol-5-yl 2d 13 79

7 6g
b H 1H-Tetrazol-5-yl 2d 13 68

8 6h p-Br 2H-Indazol-3-yl 2e 13 85

9 6i H 2H-Indazol-3-yl 2e 13 87

10 6j p-Br 1H-Benzimidazol-2-yl 2f 96.e n.r.

a The reactions were performed with equimolar proportions of Li-1 and amine 2 in the presence of 2 equiv. of HCl (aq).
b Interconverts to the corresponding azide 12.
c Time to achieve full conversion according to HPLC and LC-MS.
d Isolated yield.
e Experiment was terminated at the time indicated as no reaction had occurred.

Figure 2. Crystal structure of compound 6b determined by single-crys-

tal diffraction technique at 200 K. [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.] Figure 3. Valence tautomery in tetrazolo[1,5-a]pyrimidine 6f and 6g.
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that the choice of C,N-dinucleophiles 4 was rather lim-

ited (Table 3).

By extending the ensemble of C,N-dinucleophiles to

six-membered aryl amines 5, i.e., bona fide anilines, it

was anticipated that the regiochemistry would realign

with the initially observed preference to provide [b]-
fused pyridines 9 (Scheme 6). However, if the underly-

ing assumption regarding the regiochemical preference

of benzoylpyruvate 1 proved correct, the resulting qui-

nolines 9 would have the reversed structure compared

with the Skraup–Doebner–von Miller protocol [15].

Upon reacting Li-1 with anilines 5, it became evident

that cyclodehydration could only be achieved when

strongly electron donating substituents were present on

the aryl moiety of the prospective C,N-dinucleophile

(Table 4). The interplay of electronic properties is how-

ever more subtle than what might initially be gleaned

from the reaction scheme. Thus, when Li-1 was treated

with 4-amino-1H-indole 5d, cyclization proceeded

smoothly (entry 8 and 9). While, in contrast, the reac-

tion with 6-amino-1H-indole 5e was exceedingly slug-

gish (entry 11). Yet in both instances, the position ortho
to the aniline functionality is activated by an indole-

nitrogen (Fig. 6).

Another aspect of the 4-amino-1H-indole derivatives 9f

and 9g is the comprehensive prototropic tautomery avail-

able to the fused rings. Thus, in the pertinent case, 1H

NMR indicates that the extended 14 p-electron system
Scheme 4

Table 2

Synthesis of [b]-fused pyridazines 7.a

Entry Product R Aryl amine

Time

(h)b
Yield

(%)c

1 7a p-Br Pyrrol-1-yl 3a 0.5 85

2 7b H Pyrrol-1-yl 3a 0.5 79

3 7c p-Br 1,2,4-Triazol-4-yl 3b 120 71

4 7d H 1,2,4-Triazol-4-yl 3b 120 65

a The reactions were performed with equimolar proportions of Li-1 and

amine 3 in the presence of 2 equiv. of HCl (aq).
b Time to achieve full conversion HPLC or LC-MS.
c Isolated yield.

Figure 4. ORTEP presentation of compound 12f.

Scheme 5

Figure 5. Crystal structure of compound 8b determined by single-crys-

tal diffraction technique at 200 K. [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.]

Table 3

Synthesis of [b]-fused pyridines 8.a

Entry Product R Aryl amine

Time

(h)b
Yield

(%)c

1 8a p-Br 2-Methyl-2H-pyrazol-3-yl 4a 120 70

2 8b H 2-Methyl-2H-pyrazol-3-yl 4a 120 70

3 8c p-Br 5-Methylisox-azole-3-yl 4b 120 n.r.

4 8d p-Br 3-Methylisothi-azol-5-yl 4c 120 n.r.

a The reactions were performed with equimolar proportions of Li-1 and

amine 4 in the presence of 2 equiv. of HCl (aq).
b Time to achieve full conversion.
c Isolated yield.
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behaves less aromatic than anticipated. The repositioning

of the active proton also involves carbon prototropes and

the only specie observed by NMR-spectroscopy was attrib-

uted to the 4H-tautomer (Fig. 7). This behavior probably

reflects the ‘‘quinone-like’’ nature of the compound.

By comparison, the linear isomer 9i resulting from con-

densation of Li-1 (R ¼ H) with 6-amino-1H-indole 5e

behaves more like an aromatic 14 p-electron system and

prototropic tautomery is less pronounced. However, in

general the quinolines 9 were less stabile than the previ-

ous classes of cyclodehydration products 6, 7, and 8.

With regard to the identity of the resulting com-

pounds, we once again resolved to address the issue of

regiochemical preference by capitalizing on X-ray crys-

tallography. Applied to the cyclodehydration of Li-1 (R

¼ Br) with 3-(N,N-dimethylamino)aniline 5d, the struc-

ture was shown to be 9d (Fig. 8). Thus, the condensa-

tion between benzoylpyruvates 1 and anilines 5 provide

verily regioisomeric quinolines not attainable via the

classic Skraup–Doebner–von Miller procedure [15].

CALCULATIONS

In the light of some contrasting findings published by

Filyakova et al. regarding condensation on selected b-

diketones [14], we wanted to make a side-by-side com-

parison with benzoylpyruvate 1, applying high-level QM

calculations to gain insight into the origin of the

observed regio-divergence.

Discounting the reactive nature of the ester moiety, a

cursory inspection of benzoylpyruvate 1 might pin down

the system as merely a benzoylacetone with an electron

withdrawing group append to its terminus. Indeed from

Scheme 6

Table 4

Synthesis of [b]-fused pyridines 9.a

Entry Product R Aryl amine

Time

(h)b
Yield

(%)c

1 9a p-Br 3-Methoxy-phenyl 5a 120 n.r.

2 9b p-Br 3,5-Dimethoxy-phenyl 5b 13 82

3 9c H 3,5-Dimethoxy-phenyl 5b 13 73

4 9d p-Br 3-(Dimethylamino)-phenyl 5c 13 90

5 9e H 3-(Dimethylamino)-phenyl 5c 13 72

6 9f p-Br 1H-Indol-4-yl 5d 13 25d

7 9g H 1H-Indol-4-yl 5d 13 23d

8 9h p-Br 1H-Indol-6-yl 5e n.d. n.d.

9 9i H 1H-Indol-6-yl 5e 120 28d

a The reactions were performed with equimolar proportions of Li-1 and

amine 5 in the presence of 2 equiv. of HCl (aq).
b Time to achieve full conversion or no further reaction occurred by

HPLC or LC-MS.
c Isolated yield.
d Preparative HPLC due to instability.

Figure 6. Tricycles resulting from condensation with 4-amino-1H-

indole 5e and 6-amino-1H-indole 5f.

Figure 7. Tautomery in pyrrolo[2,3-h]quinolines 9f and 9g.
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this vantage point, benzoylpyruvate 1 compares well

with the fluorinated b-diketone 14 used by Filyakova

et al. [14]. Thus, in both cases, the keto-functionalities

might be projected to exhibit ‘‘pseudo-degenerate’’

behavior (Fig. 9). As an initial conjecture, one would

consequently expect cyclodehydration on benzoylpyru-

vate 1 and fluorinated b-diketone 14 to give rise to simi-

lar regioselectivity. Indeed, our calculations on the rela-

tive energies of protonated b-diketone 14 only differ

with 0.3 kcal/mol for the two positions. This is within

the error margin of the applied method [16].

Taking into account, the participation of the ester

moiety in benzoylpyruvate 1 alters the picture dramati-

cally: The ability of the ester function to act as a hydro-

gen bond acceptor facilitates formation of a five-mem-

bered chelate with the adjacent carbonyl. According to

the performed calculations, using methyl derivative 15

as a model compound, the individual protonated forms

of the b-diketo system alone are energetically compara-

ble. However, when the protonated forms involving a

five-membered chelate are introduced, the energy of the

system is markedly lower by 2.6 and 3.2 kcal/mol,

respectively (Fig. 10) [16,17]. Thus, these calculations

lend support to the hypothesis that the ester moiety in

benzoylpyruvate 1 may serve as a regiochemical handle.

CRYSTALLOGRAPHY

Data collection, structure solution, and

refinement. Diffraction data for (6b), (8b), (9f), and

(12a) were collected at 200(2) K using either a Nonius

Kappa-CCD or a Bruker APEX-II CCD diffractometer

with graphite-monochromated Mo Ka radiation (k ¼
0.71073 Å). The structures were solved by direct meth-

ods and refined with F2 against all reflections. All but

one had one molecule in the asymmetric unit, which for

8b contained two crystallographically unique molecules.

Figures 2–5 and 8 show the molecular conformation,

with the atom-labeling schemes. Compounds 6b, 8b, 9d,

and 12a do not contain H-bond donor atoms and conse-

quently do not form classical H-bonds [18].

CONCLUSIONS

This article outlines a simple and versatile approach

to furnish fused heterocycles grafted on the benzoylpyr-

uvate backbone. Depending on the nature of the applied

dinucleophilic class, an alternation of regiochemistry

could be observed. However, in each case the process

was highly regioselective. At the basis of the observed

selectivity, we postulate the participation of the ester

portion in benzoylpyruvates as a decisive factor.

EXPERIMENTAL

NMR spectra were recorded either on a Bruker DPX400
NMR spectrometer operating at 400 MHz for 1H, and 101
MHz for 13C equipped with a four-nucleus probe-head with Z-

gradients, or a Bruker Avance III 500 NMR spectrometer,
operating at 500 MHz for 1H and 126 MHz for 13C equipped

Figure 8. Crystal structure of compound 9d determined by single-crys-

tal diffraction technique at 200 K. [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.]

Figure 9. Pseudo-degenerate nature of the b-diketo system.

Figure 10. Calculated relative energies of protonated model benzoyl-

pyruvate 15 based on B3LYP/6-31G**. [Color figure can be viewed in

the online issue, which is available at www.interscience.wiley.com.]
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with a 5mm TCI cryo probe-head with Z-gradients. Chemical

shifts are given in ppm down- and upfield from tetramethylsi-

lane (0.00 ppm). DMSO-d6 dH 2.49; dC 39.51 and CDCl3 dH
7.27; dC 77.00 were used as reference signals. All experiments

were performed at a sample temperature of 26�C 6 2�C. LC-
MS analyses were performed on a LC-MS system consisting

of a Waters Alliance 2795 HPLC, a Waters PDA 2996 diode

array detector, a Sedex 75 ELS detector, and a ZQ 2000 single

quadrupole mass spectrometer. The mass spectrometer was

equipped with an electrospray ion source (ES) operated in pos-

itive and negative ion mode. The capillary voltage was set to

3.3 kV and the cone voltage to 28 V, respectively. The mass

spectrometer was scanned between m/z 100–700 with a scan

time of 0.3 s. The diode array detector scanned from 200–400

nm. The temperature of the ELS detector was adjusted to

40�C and the pressure was set to 1.9 bar. Separation was per-

formed on Gemini C18 3.0 � 50, 3 lm (Phenomenex) run at a

flow rate of 1 mL/min. A linear gradient was applied starting

at 100% A (A: 10 mM ammonium acetate in 5% acetonitrile)

ending at 100% B (B: acetonitrile) in 4 min followed by 100%

B until 5.5 min. The column oven temperature was set to

40�C. HPLC analyses were performed on an Agilent HP1100

system consisting of a G1322A Micro Vacuum Degasser, a

G1311A Quaternary Pump, a G1367 Well-Plate Autosampler,

a G1316A Thermostated Column Compartment and a G1315A

Diode Array Detector. The diode array detector was scanned

from 200 to 400 nm, step and peak width were set to 2 nm

and 0.01 min, respectively. The column used was Gemini C18,

3.0 � 50 mm, 3.0 lm, 110 Å run at a flow rate of 1.0 mL/

min. The column oven temperature was set to 40�C. A linear

gradient was applied, starting at 100% A (A: 10 mM ammo-

nium acetate in 5% acetonitrile) and ending at 95% B (B: ace-

tonitrile) after 6.5 min then 95% B for 0.5 min. High resolu-

tion mass spectra (HRMS) were recorded on a Micromass Q-

Tof micro mass spectrometer equipped with a LockSpray

source and connected to an Acquity UPLC system with a PDA

detector. All analyses were acquired using positive mode elec-

trospray ionisation (ESIþ) in full scan and Leucine Enkephalin

(Sigma) was used as the lock mass (m/z 556.2771) at a con-

centration of 0.9 pmol/lL and a flow rate of 100 lL/min with

a 1:10 split, ion source:waste. Cone Voltage was set to 54 to

achieve � 200 counts for Leucine Enkephalin. Nitrogen was

used as the nebulizing and desolvation gas, with the source

operated at 120�C and the desolvation gas at 300�C. Capillary
voltage was about 3000 V and cone voltage was about 30 V.

Argon was used as the collision gas. Chromatographic separa-

tion for HRMS was achieved with a 2.3 min linear gradient

from 95% A (A: 10 mM ammonium acetate in MilliQ water þ
5% acetonitrile) to 95% B (B: acetonitrile) over an ACQUITY

UPLC BEH C18 1.7 lm, 2.1 � 50 mm column maintained at

65�C and run at a flow rate of 0.7 mL/min with a 1:5 split,

ion source:waste. Analytes were diluted in H2O:ACN (50:50)

until suitable concentration for the LC-MS analysis.

General methods for the condensation of benzoylpyru-

vates (Li-1, R ¼ H, Br) with dinucleophiles (2–5). Lithio

2,4-dioxo-4-phenylbutyric acid ethyl ester (Li-1, R ¼ H)

(0.226 g, 1.00 mM) or lithio 2,4-dioxo-4-(40-bromophenyl)bu-

tyric acid ethyl ester (Li-1, R ¼ Br) (0.305 g, 1.00 mM) and

the appropriate dinucleophile (2–5) (1.00 mM) were mixed to-

gether, suspended in ethanol (5.0 mL) and conc. aqueous hy-

drochloric acid (166 lL, 12.0M, 2.00 mM) was added. The

resulting homogeneous mixture was heated and refluxed for

the times given (vide supra). After heating, the reaction mix-

ture was allowed to slowly cool to ambient temperature. In

case of precipitation, the deposited material was collected,

washed with ethanol, and the mother liquor was evaporated in
vacuo. Upon evaporation, the remnant was recrystallized from

ethanol and further cropped.

If no initial precipitation occurred, the reaction mixture

was evaporated in vacuo, whereupon the remnant was dis-

solved in chloroform and washed with dilute aqueous sodium

hydroxide. The organic phase was subsequently evaporated in
vacuo and the remnant was dissolved in hot methanol, etha-

nol, or extracted with boiling hexane. Subsequently, upon

cooling crystallization ensued and the deposited material was

cropped.

Ethyl 4-(4-bromophenyl)-1H-pyrazolo[3,4-b]pyridine-6-car-
boxylate (6a). The title compound was obtained by the reac-

tion of lithio 2,4-dioxo-4-(40-bromophenyl)butyric acid ethyl

ester (Li-1, R ¼ Br) and 3-aminopyrazole (2a). Yield: 0.259 g

(75%). 1H NMR (CDCl3): d 1.49 (t, 3H, J ¼ 7.2 Hz), 4.56 (q,

2H, J ¼ 7.1 Hz), 7.05 (d, 1H, J ¼ 2.3 Hz), 7.70 (s, 1H), 7.7–

7.8 (m, 2H), 8.0–8.1 (m, 2H), 8.28 (d, 1H, J ¼ 2.3 Hz). 13C

NMR (CDCl3): d 14.3, 62.8, 100.0, 106.7, 126.1, 129.4, 130.8,

132.0, 145.98, 146.01, 146.3, 148.9, 164.0. HRMS: Found

346.0198, Calcd. for C15H13BrN3O2: 346.0191.

Ethyl 4-phenyl-1H-pyrazolo[3,4-b]pyridine-6-carboxylate
(6b). The title compound was obtained by the reaction of lithio

2,4-dioxo-4-phenylbutyric acid ethyl ester (Li-1, R ¼ H) and

3-aminopyrazole (2a). Yield: 0.185 g (69%). 1H NMR

(CDCl3): d 1.50 (t, 3H, J ¼ 7.1 Hz), 4.57 (q, 2H, J ¼ 7.1 Hz),

7.05 (d, 1H, J ¼ 2.5 Hz), 7.6–7.7 (m, 3H), 7.71 (s, 1H), 8.1–

8.2 (m, 2H), 8.29 (d, 1H, J ¼ 2.3 Hz). 13C NMR (CDCl3): d
14.3, 62.7, 99.8, 106.9, 128.8, 129.3, 130.6, 131.4, 146.0,

146.4, 147.2, 149.0, 164.1. HRMS: Found 268.1097, Calcd.

for C15H14N3O2: 268.1086.

Ethyl 7-(4-bromophenyl)-[1,2,4]triazolo[1,5-a]pyrimidine-5-
carboxylate (6d). The title compound was obtained by the

reaction of lithio 2,4-dioxo-4-(40-bromophenyl)butyric acid

ethyl ester (Li-1, R ¼ Br) and 3-amino-1,2,4-triazole (2c).

Yield: 0.255 g (73%). 1H NMR (CDCl3): d 1.50. (t, 3H, J ¼
7.2 Hz), 4.57 (q, 2H, J ¼ 7.1 Hz), 7.78 (d, 2H, J ¼ 8.6 Hz),

8.03 (s, 1H), 8.11 (d, 2H, J ¼ 8.60 Hz), 8.70 (s, 1H). 13C

NMR (CDCl3): d 14.2, 63.2, 108.6, 127.4, 128.0, 130.9, 132.4,

147.8, 151.9, 155.7, 157.6, 163.5. HRMS: Found 347.0151,

Calcd. for C14H12BrN4O2: 347.0144.

Ethyl 7-phenyl-[1,2,4]triazolo[1,5-a]pyrimidine-5-carboxy-
late (6e). The title compound was obtained by the reaction of

lithio 2,4-dioxo-4-phenylbutyric acid ethyl ester (Li-1, R ¼ H)

and 3-amino-1,2,4-triazole (2c). Yield: 0.187 g (70%). 1H

NMR (CDCl3): d 1.40 (t, 3H, J ¼ 7.1 Hz), 4.57 (q, 2H, J ¼
7.1 Hz), 7.6–7.7 (m, 3H), 8.04 (s, 1H), 8.1–8.2 (m, 2H), 8.70

(s, 1H). 13C NMR (CDCl3): d 14.2, 63.1, 108.8, 129.1, 129.3,

129.5, 132.4, 149.0, 151.8, 155.7, 157.6, 163.5. HRMS: Found

269.1039, Calcd. for C14H13N4O2: 269.1039.

Ethyl 2-azido-6-(4-bromophenyl)pyrimidine-4-carboxylate
(12f). The title compound was obtained by the reaction of

lithio 2,4-dioxo-4-(40-bromophenyl)butyric acid ethyl ester (Li-

1, R ¼ Br) and 5-aminotetrazole (2d). Yield: 0.277 g (79%).
1H NMR (CDCl3): d 1.46 (t, 3H, J ¼ 7.1 Hz), 4.51 (q, 2H, J
¼ 7.2 Hz), 7.6–7.7 (m, 2H), 8.0–8.1 (m, 2H), 8.11 (s, 1H). 13C
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NMR (CDCl3): d 14.2, 62.9, 111.9, 127.2, 128.9, 132.4, 133.9,

158.2, 163.0, 163.7, 167.0. HRMS: Found 348.0099, Calcd.

for C13H11BrN5O2: 348.0096.

Ethyl 2-azido-6-phenyl-pyrimidine-4-carboxylate (12g). The
title compound was obtained by the reaction of lithio 2,4-

dioxo-4-phenylbutyric acid ethyl ester (Li-1, R ¼ H) and 5-

aminotetrazole (2d). Yield: 0.182 g (68%). 1H NMR (CDCl3):

d 1.47 (t, 3H, J ¼ 7.1 Hz), 4.51 (q, 2H, J ¼ 7.1 Hz), 7.5–7.6

(m, 3H), 8.15 (s, 1H), 8.2 (m, 2H). 13C NMR (CDCl3): d 14.1,

62.8, 112.2, 127.5, 129.1, 132.2, 134.5, 157.9, 162.9, 163.8,

168.2. HRMS: Found 270.0993, Calcd. for C13H12N5O2:

270.0991.

Ethyl 4-(4-bromophenyl)pyrimido[1,2-b]indazole-2-carboxy-
late (6h). The title compound was obtained by the reaction of

lithio 2,4-dioxo-4-(40-bromophenyl)butyric acid ethyl ester (Li-

1, R ¼ Br) and 3-aminoindazole (2e). Yield: 0.339 g (85%).
1H NMR (CDCl3): d 1.54 (t, 3H, J ¼ 7.1 Hz), 4.60 (q, 2H, J
¼ 7.2 Hz), 7.4–7.5 (m, 1H), 7.7–7.8 (m, 1H), 7.8–7.9 (m, 2H),

7.9–8.0 (m, 1H), 8.09 (s, 1H), 8.1–8.2 (m, 2H), 8.5–8.6 (m,

1H). 13C NMR (CDCl3): d 14.4, 62.7, 110.9, 114.7, 117.0,

121.6, 122.4, 126.0, 129.7, 130.6, 131.0, 132.2, 141.7, 143.5,

144.4, 151.7, 164.1. HRMS: Found 396.0349, Calcd. for

C19H15BrN3O2: 396.0348.

Ethyl 4-phenylpyrimido[1,2-b]indazole-2-carboxylate (6i). The
title compound was obtained by the reaction of lithio 2,4-

dioxo-4-phenylbutyric acid ethyl ester (Li-1, R ¼ H) and 3-

aminoindazole (2e). Yield: 0.277 g (87%). 1H NMR (CDCl3):

d 1.54 (t, 3H, J ¼ 7.1 Hz), 4.60 (q, 2H, J ¼ 7.1 Hz), 7.4–7.5

(m, 1H), 7.6–7.8 (m, 4H), 7.9–8.0 (m, 1H), 8.11 (s, 1H), 8.2–

8.3 (m, 2H), 8.4–8.6 (m, 1H). 13C NMR (CDCl3): d 14.4,

62.6, 111.2, 114.7, 117.0, 121.6, 122.2, 128.9, 129.5, 130.4,

131.0, 131.4, 141.8, 144.4, 144.7, 151.8, 164.2. HRMS: Found

318.1250, Calcd. for C19H16N3O2: 318.1243.

Ethyl 4-(4-bromophenyl)pyrrolo[2,1-f]pyridazine-2-carboxy-
late (7a). The title compound was obtained by the reaction of
lithio 2,4-dioxo-4-(40-bromophenyl)butyric acid ethyl ester (Li-
1, R ¼ Br) and 1-aminopyrrole (3a). Yield: 0.292 g (85%). 1H

NMR (CDCl3): d 1.48 (t, 3H, J ¼ 7.1 Hz), 4.54 (q, 2H, J ¼
7.1 Hz), 6.72 (dd, 1H, J ¼ 4.3 Hz, 1.5 Hz), 7.06 (dd, 1H, J ¼
4.4 Hz, 2.9 Hz), 7,28 (s, 1H) 7.6–7.8 (m, 4H), 8.02 (dd, 1H, J
¼ 2.8 Hz, 1.5 Hz). 13C NMR (CDCl3): d 14.3, 62.3, 100.5,

108.0, 115.7, 119.1, 124.0, 125.4, 129.6, 132.1, 135.0, 139.6,
142.2, 163.9. HRMS: Found 345.0248, Calcd. for
C16H14BrN2O2: 345.0239.

Ethyl 4-phenylpyrrolo[2,1-f]pyridazine-2-carboxylate (7b). The
title compound was obtained by the reaction of lithio 2,4-

dioxo-4-(40-bromophenyl)butyric acid ethyl ester (Li-1, R ¼
H) and 1-aminopyrrole (3a). Yield: 0.211 g (79%). 1H NMR
(CDCl3): d 1.48 (t, 3H, J ¼ 7.2 Hz), 4.54 (q, 2H, J ¼ 7.1 Hz),
6.77 (dd, 1H, J ¼ 4.4 Hz, 1.4 Hz), 7.05 (dd, 1H, J ¼ 4.3 Hz,
2.8 Hz), 7.32 (s, 1H), 7.5–7.6 (m, 3H), 7.7–7.8 (m, 2H), 8.02

(dd, 1H, J ¼ 2.8 Hz, 1.3 Hz). 13C NMR (CDCl3): d 14.3,
62.3, 100.6, 108.1, 115.6, 118.9, 125.8, 128.1, 128.9, 129.7,
136.1, 140.9, 142.2, 164.1. HRMS: Found 267.1133, Calcd.
for C16H15N2O2: 267.1134.

Ethyl 8-(4-bromophenyl)-[1,2,4]triazolo[3,4-f]pyridazine-6-
carboxylate (7c). The title compound was obtained by the

reaction of lithio 2,4-dioxo-4-(40-bromophenyl)butyric acid

ethyl ester (Li-1, R ¼ Br) and N-4-amino-1,2,4-triazole (3b).

Yield: 0.248 g (71%). 1H NMR (CDCl3): d 1.52 (t, 3H, J ¼
7.1 Hz), 4.59 (q, 2H, J ¼ 7.2 Hz), 7.7–7.8 (m, 2H), 8.03 (s,

1H), 8.3–8.4 (m, 2H), 9.33 (s, 1H). 13C NMR (CDCl3): d 14.2,

63.5, 115.3, 126.8, 130.1, 130.7, 132.5, 136.5, 139.9, 142.9

146.3, 162.2. HRMS: Found 347.0151, Calcd. for

C14H12BrN4O2: 347.0144.

Ethyl 8-phenyl-[1,2,4]triazolo[3,4-f]pyridazine-6-carboxy-
late (7d). The title compound was obtained by the reaction of

lithio 2,4-dioxo-4-phenylbutyric acid ethyl ester (Li-1, R ¼ H)

and 4-amino-1,2,4-triazole (3b). Yield: 0.174 g (65%). 1H

NMR (CDCl3): d 1.51 (t, 3H, J ¼ 7.1 Hz), 4.58 (q, 2H, J ¼
7.2 Hz), 7.5–7.6 (m, 3H), 8.03 (s, 1H), 8.3–8.4 (m, 2H), 9.33

(s, 1H). 13C NMR (CDCl3): d 14.2, 63.4, 115.5, 129.2, 129.3,

131.4, 131.8, 137.8, 139.8, 143.2 146.3, 162.3. HRMS: Found

269.1043, Calcd. for C14H13N4O2: 269.1039.

Ethyl 6-(4-bromophenyl)-1-methyl-pyrazolo[3,4-b]pyridine-
4-carboxylate (8a). The title compound was obtained by the

reaction of lithio 2,4-dioxo-4-(40-bromophenyl)butyric acid

ethyl ester (Li-1, R ¼ Br) and 3-amino-2-methyl-2H-pyrazole
(4a). Yield: 0.253 g (70%). 1H NMR (CDCl3): d 1.53 (t, 3H, J
¼ 7.1 Hz), 4.25 (s, 3H), 4.56 (q, 2H, J ¼ 7.1 Hz), 7.6–7.7 (m,

2H), 8.0–8.1 (m, 2H), 8.21 (s, 1H), 8.39 (s, 1H). 13C NMR

(CDCl3): d 14.3, 34.0, 62.0, 111.9, 114.6, 124.3, 128.9, 131.89,

131.93, 132.5, 137.2, 151.5, 155.3, 165.1. HRMS: Found

360.0342, Calcd. for C16H15BrN3O2: 360.0348.

Ethyl 1-methyl-6-phenyl-pyrazolo[3,4-b]pyridine-4-carboxy-
late (8b). The title compound was obtained by the reaction of

lithio 2,4-dioxo-4-phenylbutyric acid ethyl ester (Li-1, R ¼ H)

and 3-amino-2-methyl-2H-pyrazole (4a). Yield: 0.196 g (70%).
1H NMR (CDCl3): d 1.52 (t, 3H, J ¼ 7.1 Hz), 4.25 (s, 3H),

4.54 (q, 2H, J ¼ 7.1 Hz), 7.5–7.6 (m, 3H), 8.2 (m, 2H), 8.23

(s, 1H), 8.38 (s, 1H). 13C NMR (CDCl3): d 14.3, 34.1, 61.9,

111.7, 115.2, 127.5, 128.9, 129.7, 128.9, 131.8, 132.5, 138.5,

151.7, 156.7, 165.3. HRMS: Found 282.1249, Calcd. for

C16H16N3O2: 282.1243.

Ethyl 4-(4-bromophenyl)-5,7-dimethoxy-quinoline-2-car-
boxylate (9b). The title compound was obtained by the reac-
tion of lithio 2,4-dioxo-4-(40-bromophenyl)butyric acid ethyl
ester (Li-1, R ¼ H) and 3,5-dimethoxyaniline (5b). Yield:

0.342 g (82%). 1H NMR (CDCl3): d 1.46 (t, 3H, J ¼ 7.1 Hz),
3.53 (s, 3H), 3.96 (s, 3H), 4.53 (q, 2H, J ¼ 7.1 Hz), 6.55 (d,
1H, J ¼ 2.3 Hz), 7.1–7.2 (m, 2H), 7.38 (d, 1H, J ¼ 2.3 Hz),
7.5–7.6 (m, 2H), 7.76 (s, 1H). 13C NMR (CDCl3): d 14.3,
55.3, 55.8, 62.3, 101.2, 101.3, 115.7, 121.0,121.3, 129.8,

130.2, 140.8, 147.2, 148.2, 150.9, 156.6, 161.6, 165.0. HRMS:
Found 416.0509, Calcd. for C20H19BrNO4: 416.0497.

Ethyl 5,7-dimethoxy-4-phenyl-quinoline-2-carboxylate (9c). The
title compound was obtained by the reaction of lithio 2,4-

dioxo-4-phenylbutyric acid ethyl ester (Li-1, R ¼ H) and 3,5-
dimethoxyaniline (5b). Yield: 0.248 g (73%). 1H NMR
(CDCl3): d 1.47 (t, 3H, J ¼ 7.2 Hz), 3.51 (s, 3H), 3.97 (s,
3H), 4.54 (q, 2H, J ¼ 7.1 Hz), 6.55 (d, 1H, J ¼ 2.3 Hz), 7.3
(m, 2H), 7.35 (d, 1H, J ¼ 2.0 Hz), 7.4 (m, 3H), 7.83 (s, 1H).
13C NMR (CDCl3): d 14.4, 55.3, 55.8, 62.2, 101.1, 101.5,
116.0, 121.3, 127.0, 127.1, 128.1, 142.0, 147.4, 149.3, 151.1,
156.9, 161.3, 165.3. HRMS: Found 338.1389, Calcd. for
C20H20NO4: 338.1392.

Ethyl 4-(4-bromophenyl)-7-(dimethylamino)quinoline-2-
carboxylate (9d). The title compound was obtained by the
reaction of lithio 2,4-dioxo-4-(40-bromophenyl)butyric acid
ethyl ester (Li-1, R ¼ H) and 3-(N,N-dimethylamino)aniline
(5c). Yield: 0.360 g (90%). 1H NMR (CDCl3): d 1.48 (t, 3H, J
¼ 7.1 Hz), 3.13 (s, 6H), 4.54 (q, 2H, J ¼ 7.1 Hz), 7.21 (dd,
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1H, J ¼ 9.4 Hz, 2.8 Hz), 7.4 (m, 2H), 7.42 (br. s, 1H), 7.6 (m,
2H), 7.72 (d, 1H, J ¼ 9.4 Hz), 7.80 (s, 1H). 13C NMR
(CDCl3): d 14.4, 40.4, 62.1, 108.0, 117.3, 118.4, 119.8, 122.8,
125.8, 131.1, 131.7, 137.0, 147.8, 150.0, 151.3, 165.7. HRMS:
Found 399.0711, Calcd. for C20H20BrN2O2: 399.0708.

Ethyl 7-(dimethylamino)-4-phenyl-quinoline-2-carboxylate
(9e). The title compound was obtained by the reaction of lithio
2,4-dioxo-4-phenylbutyric acid ethyl ester (Li-1, R ¼ H) and
3-(N,N-dimethylamino)aniline (5c). Yield: 0.231 g (72%). 1H
NMR (CDCl3): d 1.49 (t, 3H, J ¼ 7.1 Hz), 3.13 (s, 6H), 4.56

(q, 2H, J ¼ 7.2 Hz), 7.21 (dd, 1H, J ¼ 9.5 Hz, 2.7 Hz), 7.45
(br. s, 1H), 7.5–7.6 (m, 5H), 7.80 (d, 1H, J ¼ 9.4 Hz), 7.85 (s,
1H). 13C NMR (CDCl3): d 14.4, 40.4, 62.1, 107.8, 117.6,
118.3, 120.3, 126.3, 128.46, 128.53, 129.5, 138.1, 147.6,
149.3, 149.9, 151.3, 165.7. HRMS: Found 321.1612, Calcd.

for C20H21N2O2: 321.1603.
Ethyl 4-(4-bromophenyl)-7H-pyrrolo[2,3-h]quinoline-2-car-

boxylate (9f). The title compound was obtained by the reaction
of lithio 2,4-dioxo-4-(40-bromophenyl)butyric acid ethyl ester

(Li-1, R ¼ H) and 4-amino-1H-indole (5d). Yield (based on
prep. HPLC of 0.080 g crude material): 0.020 g (25%). 1H
NMR (DMSO-d6): d 1.21 (t, 3H, J ¼ 7.1 Hz), 4.11 (q, 2H, J
¼ 7.2 Hz), 5.08 (s, 1H), 6.2–6.3 (m, 1H), 6.3–6.4 (m, 1H),
6.6–6.7 (m, 2H), 7.3–7.5 (m, 2H), 7.5–7.7 (m, 2H) 8.31 (s,

1H), 11.02 (d, 1H, J ¼ 2.0 Hz). 13C NMR (DMSO-d6): d 14.0,
61.3, 79.2, 113.2, 116.7, 117.5, 120.6, 122.1, 124.0, 125.2,
127.3, 128.1, 131.8, 138.5, 139.6, 144.5, 152.0, 156.0, 165.3.
HRMS: Found 395.0403, Calcd. for C20H16BrN2O2: 395.0395.

Ethyl 4-phenyl-7H-pyrrolo[2,3-h]quinoline-2-carboxylate
(9g). The title compound was obtained by the reaction of lithio
2,4-dioxo-4-phenylbutyric acid ethyl ester (Li-1, R ¼ H) and
4-amino-1H-indole (5d). Yield (based on prep. HPLC of 0.080
g crude material): 0.018 g (23%). 1H NMR (CDCl3): d 1.30 (t,
3H, J ¼7.2 Hz), 4.23 (q, 2H, J ¼ 7.2 Hz), 5.45 (s, 1H), 6.25

(s, 1H), 6.48 (d, 1H, J ¼ 6.8 Hz), 6.6–6.8 (m, 2H), 7.3–7.5
(m, 5H), (br. s, 1H). 13C NMR (CDCl3): d 14.0, 62.1, 112.6,
117.9, 119.9, 121.7, 121.8, 125.6, 126.1, 127.7, 128.6, 129.1,
139.3, 139.9, 144.8, 153.3, 156.3,165.9. HRMS: Found

317.1282, Calcd. for C20H17N2O2: 317.1290.
Ethyl 5-phenyl-1H-pyrrolo[3,2-g]quinoline-7-carboxylate

(9i). The title compound was obtained by the reaction of lithio
2,4-dioxo-4-phenylbutyric acid ethyl ester (Li-1, R ¼ H) and
6-amino-1H-indole (5e). Yield (based on prep. HPLC of 0.080

g crude material): 0.022 g (28%). 1H NMR (CDCl3): d 1.50 (t,
3H, J ¼ 7.2 Hz), 4.57 (q, 2H, J ¼ 7.2 Hz), 6.67 (dd, 1H, J ¼
3.0 Hz, 2.3 Hz), 7.08 (t, 1H, J ¼ 2.9 Hz), 7.5–7.6 (m, 2H),
7.6–7.7 (m, 3H), 7.91 (br. s, 1H), 8.0–8.1 (m, 2H), 8.10
(s,1H). 13C NMR (CDCl3): d 14.2, 62.1, 104.0, 117.0, 121.7,

123.7, 124.3, 125.4, 126.4, 128.5, 128.6, 129.3, 129.5, 139.8,
141.4, 144.4, 144.8, 146.5, 165.7. HRMS: Found 317.1299,
Calcd. for C20H17N2O2: 317.1290.
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Tetrazolo[1,5-a]pyrimidines are capable of serving as masked azides in copper-catalyzed Huisgen cy-
clization with a variety of terminal alkynes, providing a simple protocol for the generation of novel 40-
substituted 2-(10,20,30-triazol-10-yl)pyrimidines.
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INTRODUCTION

In recent years, the application of transition metals to

promote 1,3-dipolar cycloaddition between organic

azides and alkynes has effected a revitalization of the

field pioneered by Huisgen et al. in the 1960s [1]. This

surge of attention has been brought about by reports

from the research groups of Meldal and Sharpless, inde-

pendently demonstrating how the catalytic presence of

copper(I) facilitates a remarkable enhancement of reac-

tivity and regioselectivity, in the case of terminal

alkynes acting as the dipolarophile [2,3].

The intrinsic affinity of organic azides toward termi-

nal alkynes, realized in the established protocol, has

prompted Sharpless to coin the term ‘‘Click Chemistry’’

[4]. However, despite the many merits publicized to

endorse copper-catalyzed azide-alkyne cycloaddition

(CuAAC) [5,6], there is a notable absence of examples

involving electron deficient 1,3-dipoles.

In the instance of electron deficient hetaryl azides, the

authors of this article have only come across a handful

of articles entailing CuAAC [7–9]. The obvious reason

is the ability of the appended heterocycle to disperse

negative charge residing on the azide, thereby disrupting

its innate dipolar nature and hampering the concomitant

cycloaddition.

The reactivity can be improved through the introduc-

tion of electron donating substituents on the heterocyclic

moiety, enabling the CuAAC to take place under non-

forcing conditions [7,8]. Conversely, the absence of any

mitigating functionality may result in a sluggish reaction

that demands elevated temperature and auxiliary reagent

to bring about conversion [9,10].

Observing the facile reaction between b-diketones 1

and 5-aminotetrazole 2 as an entry to 2-azidopyrimi-

dines 4, we wanted to explore their ability to undergo

alkyne cycloaddition within the context of copper(I) ca-

talysis [11].

RESULTS AND DISCUSSION

The electron deficient 1,3-dipoles, projected as the

investigative starting point for CuAAC, were synthe-

sized by performing cyclodehydration on the appropriate

b-diketone 1 with 5-aminotetrazole 2, capitalizing on

the tautomeric equilibrium existing between tetra-

zolo[1,5-a]-pyrimidine 3 and 2-azidopyrimidine 4

(Scheme 1). It was found that the presence of either

Brönsted or Lewis acid in refluxing alcoholic solvent

advanced cyclodehydration, allowing the prerequisite

azides to be isolated in high purity by simple filtration

upon cooling of the reaction media (Table 1).

The coexistence of 3 and 4, through valence tautom-

ery, seems to be an inherent feature of fused tetrazoles.

However, the directional preference of the equilibrium

is subject to several factors, including phase, solvent,

temperature, and pH [12].
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When applying single-crystal diffraction technique on

a select cyclodehydration product, subsequent X-ray

analysis clearly demonstrated that the compound pre-

ferred the azido-tautomer in the solid state (Fig. 1) [13].

Considering the generally high nitrogen content mani-

fest in 2-azidopyrimidines 4, the prepared compounds

were submitted to differential scanning calorimetry

(DSC) for the purpose of establishing safety margins

(Table 1). Based on the relative thermal stability and

yield, 4c was subsequently selected as the candidate

dipole to be tested in CuAAC (Scheme 2).

In accordance with the precognized conditions pub-

lished by Sharpless and coworkers [3], cycloaddition

was initially attempted utilizing an in situ generated

Cu(I)-catalyst and a polar solvent. However, no product

formation was observed and the reaction remained unre-

sponsive to alteration of temperature as well as elec-

tronic modulation of the dipolarophile 5 (Table 2; entry

1,2).

Surprisingly, when the catalytic constellation was

interchanged and Cu(I) instead was added directly, reac-

tion proceeded at elevated temperatures. Furthermore, it

became evident that the nature of the alkyne substituent

dramatically affected the rate. Thus, with an aryl append-

age, cycloaddition occurred only reluctantly, while the

ester counterpart participated readily (Table 2; entry 3,4).

To encourage swifter conversion, it was in turn opted

to perform the CuAAC in a nonpolar solvent. Seeing the

ability to delocalize charge within its interior, the pyrim-

idine featured in 4c effectively acts as an electronic

Scheme 1

Table 1

Synthesis of 2-azidopyrimidines 4.a

Entry Compound R R0 Methodc Solvent Time (h) Yield (%)d DSC: Exotherm (J/g)e DSC: Peak interval (�C)

1 4a Me Hb A EtOH n.d. n.d. 1457 138–224

2 4a Me Hb B EtOH 3 17

3 4b Me Me A EtOH 4 42 1578 163–273

4 4b Me Me B EtOH 3 98

5 4c Ph Me A EtOH 2 84 1188 193–269

6 4c Ph Me B EtOH 72 43

7 4d Ph Ph A MeOH 48 23 851 169–272

8 4d Ph Ph B EtOH n.d. 0

9 4e Ph CO2Me A EtOH 48 35 1145 181–298

10 4e Ph CO2Me B EtOH n.d. n.d.

a The reactions were run with equimolar proportions of diketone 1 and aminotetrazole 2.
b The corresponding dimethyl acetal 1a was used.
cMethod A: 10 mol % of conc. HCl (aq) in refluxing solvent. Method B: Preincubated solution of 10 mol % CuCl2 and 10 mol % Vitamin C at

ambient temperature.
d Isolated yield.
e The measured exotherms are >800 J/g, the compounds should thus be treated as potentially explosive. We strongly advise to take safety precau-

tions, as e.g. described in Bretherick’s Handbook of Reactive Chemical Hazards [14].

Figure 1. Crystal structure of compound 4d determined by single-crys-

tal diffraction technique at 200 K. [Color figure can be viewed in the

online issue, which is available at www.interscience.wiley.com.]
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sink, draining the azide of its latent reactivity. Running

the CuAAC in a nonpolar solvent would thus a priori
act as a counter, disfavoring charge separation and

ensure a more well-behaved dipole. Gratifyingly, the

choice solvent proved efficacious in bringing about the

reaction: By changing from ethanol to toluene, rapid

reaction was realized with both aryl and ester appended

alkyne 5. Additionally, the catalytic mediation of copper

was underpinned on the account that 40-substituted 2-

(10,20,30-triazol-10-yl)pyrimidine 6 was the sole cyclized

product observed. In contrast to the preceding literature [3],

neither additional base nor the exclusion of oxygen was

needed, as none of the reported by-products were formed.

Having established workable conditions, the general-

ity of the CuAAC was tested by subjecting 2-azidopyr-

imi-dine 4c to an ensemble of terminal alkynes 5,

exploring both electronic and steric effects (Table 2;

entry 5–18). In the majority of cases, full conversion

was realized smoothly within a couple of hours and at

the latest after 24 h. The isolated yield of compound 6

varied between 51 and 91% after recrystallization,

which was performed to remove the catalyst.

CONCLUSIONS

This article outlines a novel protocol for highly selec-

tive copper-catalyzed 1,3-dipolar cycloaddition between

electron deficient hetaryl azides and a variety of termi-

nal alkynes. Applied on 2-azidopyrimidines, the protocol

allows smooth transformation to the corresponding 40-
substituted 2-triazolylpyrimidines in the absence of any

auxiliary reagents.

EXPERIMENTAL

NMR spectra were recorded either on a Bruker DPX400
NMR spectrometer operating at 400 MHz for 1H, and 101

Table 2

Synthesis of 40-substituted 2-(10,20,30-triazol-10-yl)pyrimidines 6.a

Entry Compound R0 0 Solvent Temp.(�C) Catalyst/Loading (mol%) Time (h) Yieldc/Conversiond (%)

1 6a Ph EtOH r.t. to d CuCl2þVit.C/10 1 Week n.d./No

2 6b CO2Et EtOH r.t. to d CuCl2þVit.C/10 1 Week n.d./No

3 6a Ph EtOH d CuI/10 1 Week n.d./Full

4 6b CO2Et EtOH d CuI/10 4 n.d./Full

5 6a Ph Toluene 80 CuI/5 2 64/Full

6 6b CO2Et Toluene 80 CuI/5 2 77/Full

7 6c o-Toluyl Toluene 80 CuI/5 15b 56/Full

8 6d m-Toluyl Toluene 80 CuI/5 15b 70/Full

9 6e p-Toluyl Toluene 80 CuI/5 15b 67/Full

10 6f o-Anisyl Toluene 80 CuI/5 2 58/Full

11 6g m-Anisyl Toluene 80 CuI/5 2 73/Full

12 6h p-Anisyl Toluene 80 CuI/5 2 58/Full

13 6i 4-(Dimethylamino)phenyl Toluene 80 CuI/5 24 71/Full

14 6j 6-Methoxynaphth-2-yl Toluene 80 CuI/5 7 71/Full

15 6k Benzyl Toluene 80 CuI/5 2 72/Full

16 6l Cyclopropyl Toluene 80 CuI/5 3 91/Full

17 6m Diethoxymethyl Toluene 80 CuI/5 2 79/Full

18 6n CO2Me Toluene 80 CuI/5 3 51/Full

a The reactions were performed on an 0.47 mmol scale with equimolar proportions of azide 4c and alkyne 5.
b The reaction was run overnight.
c Isolated yield after recrystallization.
d The reactions were monitored by HPLC and LC-MS.

Scheme 2
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MHz for 13C equipped with a 4-nucleus probe-head with Z-
gradients, or a Bruker Avance III 500 NMR spectrometer,
operating at 500 MHz for 1H and 126 MHz for 13C equipped
with a 5 mm TCI cryo probe-head with Z-gradients. Chemical
shifts are given in ppm down- and upfield from TMS (0.00

ppm). DMSO-d6 dH 2.49; dC 39.51 and CDCl3 dH 7.27; dC
77.00 were used as reference signals. All experiments were
performed at a sample temperature of 26�C 6 2�C. LC-MS
analyses were performed on a LC-MS system consisting of a
Waters Alliance 2795 HPLC, a Waters PDA 2996 diode array

detector, a Sedex 75 ELS detector, and a ZQ 2000 single
quadrupole mass spectrometer. The mass spectrometer was
equipped with an electrospray ion source (ES) operated in pos-
itive and negative ion mode. The capillary voltage was set to
3.3 kV and the cone voltage to 28 V, respectively. The mass
spectrometer was scanned between m/z 100 and 700 with a
scan time of 0.3 s. The diode array detector scanned from 200
to 400 nm. The temperature of the ELS detector was adjusted
to 40�C, and the pressure was set to 1.9 bar. Separation was
performed on an Gemini C18 3.0 � 50, 3 lm (Phenomenex)
run at a flow rate of 1 mL/min. A linear gradient was applied
starting at 100% A (A: 10 mM NH4OAc in 5% CH3CN) end-
ing at 100% B (B: CH3CN) in 4 min followed by 100% B
until 5.5 min. The column oven temperature was set to 40�C.
HPLC analyses were performed on an Agilent HP1100 system
consisting of a G1322A Micro Vacuum Degasser, a G1311A
Quaternary Pump, a G1367 Well-Plate Autosampler, a
G1316A Thermostated Column Compartment and a G1315A
Diode Array Detector. The diode array detector was scanned
from 200 to 400 nm, step and peak width were set to 2 nm
and 0.01 min, respectively. The column used was an Gemini
C18, 3.0 mm � 50 mm, 3.0 lm, 110 Å run at a flow rate of
1.0 mL/min. The column oven temperature was set to 40�C. A
linear gradient was applied, starting at 100% A (A: 10 mM
NH4OAc in 5% CH3CN) and ending at 95% B (B: CH3CN)
after 6.5 min then 95% B for 0.5 min. High resolution mass
spectra (HRMS) were recorded on a Micromass Q-Tof micro
mass spectrometer equipped with a LockSpray source and con-
nected to an Acquity UPLC system with a PDA detector. All
analyses were acquired using positive mode electrospray ioni-
zation (ESIþ) in full scan, and Leucine Enkephalin (Sigma)
was used as the lock mass (m/z 556.2771) at a concentration
of 0.9 pmol/lL and a flow rate of 100 lL/min with a 1:10
split, ion source:waste. Cone Voltage was set to 54 to achieve
�200 counts for Leucine Enkephalin. Nitrogen was used as
the nebulizing and desolvation gas, with the source operated at
120�C and the desolvation gas at 300�C. Capillary voltage was
3000 V, Cone voltage 30 V. Argon was used as the collision
gas. Chromatographic separation for HRMS was achieved with
a 2.3 min linear gradient from 95% A (A: 10 mM NH4OAc in
MilliQ water þ 5% MeCN) to 95% B (B: MeCN) over an
ACQUITY UPLC BEH C18 1.7 lm, 2.1 mm � 50 mm col-
umn maintained at 65�C and run at a flow rate of 0.7 mL/min
with a 1:5 split, ion source:waste. Analytes were diluted in
H2O:ACN (50:50) until suitable concentration for the LC-MS
analysis. DSC was performed in a Mettler Toledo DSC 820
equipped with a high-pressure gold-plated capsule in the tem-
perature range of 30–500�C using a heating rate of 5 K/min.

2-Azido-4-methylpyrimidine (4a)

Method B. CuCl2 (10.1 mg, 0.07 mmol) was dissolved in
MeOH (2 mL), resulting in a green solution. Ascorbic acid (13.3
mg, 0.07 mmol) was added and the mixture was stirred for

5 min, to give a colorless solution. 4,4-Dimethoxybutan-2-one
(1a) (100 mg, 0.76 mmol) and 1H-tetrazol-5-amine (2) (64.4
mg, 0.76 mmol) were added in sequence and the mixture was
stirred at ambient temperature for 3 h. Saturated NH4Cl (10 mL)
was added and the resulting suspension was extracted with
EtOAc (5 � 30 mL). The organic layers were dried with NaSO4

and evaporated in vacuo. The crude material was washed with
hot heptane, yielding the title compound as a pink solid after
failed recrystallization with MeOH/H2O. Yield: 19 mg, 17%. 1H
NMR (400 MHz, DMSO-d6): d 2.93 (s, 3H), 7.48 (d, J ¼ 4.3
Hz, 1H), 9.02 (d, J ¼ 4.3 Hz, 1H). MS: (ES) m/z 136 [Mþ1].

2-Azido-4,6-dimethylpyrimidine (4b)

Method A. Pentane-2,4-dione (1b) (0.103 mL, 1.00 mmol)
was dissolved in EtOH (2.5 mL) and hydrochloric acid, 37%
(0.1 mL) to give a colorless solution. 1H-Tetrazol-5-amine (2)
(85 mg, 1.00 mmol) was added and the resulting mixture
refluxed for 4 h. The formed suspension was evaporated to dry-
ness yielding a white solid, and the solid was redissolved in a
minimal amount of hot EtOH. The title compound precipitated
on cooling and was collected by suction filtration as a white
solid. Yield: 63 mg, 42%.

Method B. CuCl2 (13.4 mg, 0.01 mmol) was dissolved in
EtOH (3 mL), resulting in a green solution. Ascorbic acid
(17.6 mg, 0.01 mmol) was added and the mixture was stirred
for 5 min to give a colorless, homogenous, mixture. Pentane-
2,4-dione (1b) (0.103 mL, 1.00 mmol) and 1H-tetrazol-5-
amine (2) (85 mg, 1.00 mmol) were added in sequence, and
the resulting mixture was stirred at ambient temperature for 3
h. Saturated NH4Cl (10 mL) was added and the resulting sus-
pension was extracted with EtOAc (5 � 30 mL). The organic
layers were dried with NaSO4 and evaporated in vacuo, yield-
ing the title compound as a white solid. Yield: 132 mg, 98%.
1H NMR (400 MHz, DMSO-d6): d 2.61 (m, 3H), 2.86 (s, 3H),
7.39 (s, 1H). MS: (ES): m/z 150 [Mþ1], 148 [M–1].

2-Azido-4-methyl-6-phenylpyrimidine (4c)

Method A. 1-Phenylbutane-1,3-dione (1c) (100 mg, 0.62
mmol) was dissolved in EtOH (2.5 mL) and hydrochloric acid,
37% (0.06 mL) to give a colorless solution. 1H-Tetrazol-5-
amine (2) (52.5 mg, 0.62 mmol) was added and the resulting
mixture was refluxed for 2 h. The formed suspension was evapo-
rated in vacuo, yielding a white solid. The solid was dissolved
in hot EtOH and cooled to ambient temperature, followed by
storage in the refrigerator overnight. The precipitated material
was collected by suction filtration to yield the title compound as
colorless, needle-like crystals. Yield: 111 mg, 84%. 1H NMR
(400 MHz, DMSO-d6) d 2.97 (s, 3H), 7.6–7.7 (m, 3H), 8.18 (s,
1H), 8.3–8.4 (m, 2H). MS; ES m/z 212 [Mþ1].

Method B. CuCl2 (4.2 mg, 0.03 mmol) was dissolved in
EtOH (3 mL), resulting in a green solution. Ascorbic acid (17.6
mg, 0.03 mmol) was added, and the mixture was stirred for 5
min to give a colorless, homogenous mixture. 1-Phenylbutane-
1,3-dione (1c) (100 mg, 0.62 mmol) and 1H-tetrazol-5-amine
(2) (52 mg, 0.62 mmol) were added in sequence, and the result-
ing mixture was stirred at ambient temperature for 72 h. Satu-
rated NH4Cl (10 mL) was added and the resulting suspension
was extracted with EtOAc (5 � 30 mL). The organic layers
were dried with NaSO4 and evaporated in vacuo. The crude ma-
terial was recrystallized in MeOH/H2O, yielding the titled com-
pound as colorless, needle-like, crystals. Yield: 56 mg, 43%.

2-Azido-4,6-diphenylpyrimidine (4d)

Method A. 1,3-Diphenylpropane-1,3-dione (1d) (100 mg,
0.45 mmol) was dissolved in EtOH (2.5 mL) and hydrochloric
acid 37% (0.04 mL, 0.48 mmol) to give a colorless solution. 1H-
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Tetrazol-5-amine (2) (40 mg, 0.45 mmol) was added and the
resulting mixture was refluxed for 48 h. The mixture was cooled
to ambient temperature, followed by storage in the refrigerator
overnight. The precipitated material was collected by suction fil-
tration to yield the title compound as colorless, needle-like crys-

tals. Yield: 27.8 mg, 23%. 1H NMR (400 MHz, DMSO-d6): d
7.5–7.8 (m, 6H), 8.3–8.5 (m, 5H). MS: (ES) m/z 274 [Mþ1].

Methyl 2-azido-6-phenylpyrimidine-4-carboxylate (4e)

Method A. Methyl 2,4-dioxo-4-phenylbutanoate (1e) (100
mg, 0.48 mmol) was dissolved in EtOH (3 mL) and hydrochlo-

ric acid 37% (0.04 mL, 0.48 mmol) to give a colorless mix-
ture. 1H-Tetrazol-5-amine (2) (41.3 mg, 0.48 mmol) was
added and the resulting mixture was refluxed for 48 h. The so-
lution was cooled to ambient temperature, followed by storage
in the refrigerator overnight. The precipitated material was col-

lected by suction filtration to yield the title compound as color-
less, needle-like crystals. Yield: 43.4 mg, 35%. 1H NMR (400
MHz, DMSO-d6): d 3.96 (s, 3H), 7.6–7.7 (m, 3H), 8.2–8.3 (m,
3H). MS: (ES) m/z 256 [Mþ1].

General procedure for the synthesis of 40-substituted 2-

(10,20,30-triazol-10-yl)pyrimidines (6). Copper(I) iodide (9 mg,

0.05 mmol) was suspended in toluene (2 mL), whereupon the

alkyne (5) (0.47 mmol) was added, followed by 2-azido-4-

methyl-6-phenylpyrimidine (4c) (100 mg, 0.47 mmol) to yield

a heterogeneous mixture. The resulting reaction mixture was

heated to 80�C for the time specified (Table 2) and full con-

version was observed according to HPLC. The volatiles were

evaporated in vacuo to afford the crude as a solid. The solid

was suspended/dissolved in a minimum of hot EtOH, and

water was subsequently added until a turbid liquid phase was

observed. Upon refrigeration/cooling precipitation ensued and

the product was isolated and dried to give the yield specified.

4-Methyl-6-phenyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)pyrimi-
dine (6a). Starting alkyne: Ethynylbenzene (5a). Reaction

time: 2 h. Yield: 95 mg, 64%. 1H NMR (500 MHz, CDCl3): d
2.77 (s, 3H), 7.40 (t, J ¼ 7.5 Hz, 2H), 7.65 (s, 1H), 8.01 (d, J
¼ 7.8 Hz, 2H), 7.61–7.54 (m, J ¼ 7.1 Hz, 3H), 7.49 (t, J ¼
7.5 Hz, 2H), 8.21 (dd, J ¼ 6.8 Hz, 7.8 Hz, 2H), 8.94 (s, 1H).
13C NMR (126 MHz, CDCl3): d 24.6, 58.5, 115.5, 118.5,

126.1, 127.4, 128.5, 128.9, 129.1, 130.1, 131.8, 135.4, 147.9,

154.5, 166.0, 170.8. MS: (ES) m/z 314 [Mþ1]. HPLC: Rt¼ 4.6

min. HRMS: Found 314.1406, calc. for C19H16N5: 314.1400.

Ethyl 1-(4-methyl-6-phenylpyrimidin-2-yl)-1H-1,2,3-triazole-
4-carboxylate (6b). Starting alkyne: Ethyl propiolate (5b). Reac-

tion time: 2 h. Yield: 112 mg, 90%. 1H NMR (500 MHz,

CDCl3): d 1.47 (t, J ¼ 7.4 Hz, 3H), 2.76 (s, 3H), 4.50 (q, J ¼ 7.4

Hz, 2H), 7.5–7.6 (m, 3H), 7.69 (s, 1H), 8.19 (dd, J ¼ 7.2 Hz,

2H), 9.24 (s, 1H). 13C NMR (126 MHz, CDCl3): d 14.4, 24.6,

61.6, 116.1, 126.9, 127.4, 129.2, 132.0, 135.0, 140.3, 154.1,

160.6, 166.2, 171.1. MS: (ES) m/z 310 [Mþ1]. HPLC: Rt¼ 4.9

min. HRMS: Found 310.1305, calc. for C16H16N5O2: 310.1304.

4-Methyl-6-phenyl-2-(4-o-tolyl-1H-1,2,3-triazol-1-yl)pyrimi-
dine (6c). Starting alkyne: 1-Ethynyl-2-methylbenzene (5c).
Reaction time: Overnight. Yield: 88 mg, 56%. 1H NMR (400

MHz, CDCl3): d 2.58 (s, 3H), 2.78 (s, 3H), 7.3–7.4 (m, 3H),

7.5–7.6 (m, 3H), 7.66 (s, 1H), 7.9 (m, 1H), 8.2–8.3 (m, 2H),

8.80 (s, 1H). 13C NMR (101 MHz, CDCl3): d 21.40, 24.6,

115.4, 120.6, 126.1, 127.4, 128.5, 129.1, 129.3, 129.5, 130.9,

131.7, 135.4, 136.0, 147.3, 154.6, 166.0, 170.8. MS: (ES) m/z
328 [Mþ1]. HPLC: Rt ¼ 5.8 min. HRMS: Found 328.1570,

calc. for C20H18N5: 328.1562.

4-Methyl-6-phenyl-2-(4-m-tolyl-1H-1,2,3-triazol-1-yl)pyrimi-
dine (6d). Starting alkyne: 1-Ethynyl-3-methylbenzene (5d).

Reaction time: Overnight. Yield: 109 mg, 70%. 1H NMR (400

MHz, CDCl3): d 2.45 (s, 3H), 2.76 (s, 3H), 7.37 (t, J ¼ 7.5 Hz

1H), 7.5–7.6 (m, 3H), 7.63 (s, 1H), 7.64 (s, 1H), 7.78 (d, J ¼
7.5 Hz 1H), 7.86 (s, 1H), 8.2–8.3 (m, 2H), 8.91 (s, 1H).
13C NMR (101 MHz, CDCl3): d 21.4, 24.6, 115.4, 118.5,

123.2, 126.7, 127.4, 128.7, 129.1, 129.3, 130.0, 131.7, 135.5,

138.6, 148.0, 154.5, 166.0, 170.8. MS: (ES) m/z 328 [Mþ1].

HPLC: Rt ¼ 5.9 min. HRMS: Found 328.1569, calc. for

C20H18N5: 328.1562.

4-Methyl-6-phenyl-2-(4-p-tolyl-1H-1,2,3-triazol-1-yl)pyrimi-
dine (6e). Starting alkyne: 1-Ethynyl-4-methylbenzene (5e).

Reaction time: Overnight. Yield: 105 mg, 67%. 1H NMR (400

MHz, CDCl3): d 2.42 (s, 3H), 2.75 (s, 3H), 7.29 (d, J ¼ 8.0

Hz, 3H), 7.5–7.6 (m, 3H), 7.63 (s, 1H), 7.90 (d, J ¼ 8.0 Hz,

2H), 8.2–8.3 (m, 2H), 8.86 (s, 1H). 13C NMR (101 MHz,

CDCl3): d 21.3, 24.6, 115.4, 118.1, 126.00, 127.3, 127.4,

129.1, 129.5, 131.7, 135.5, 138.4, 148.0, 154.5, 166.0, 170.8.

MS: (ES) m/z 328 [Mþ1]. HPLC: Rt ¼ 5.9 min. HRMS:

Found 328.1568, calc. for C20H18N5: 328.1562.

2-(4-(2-Methoxyphenyl)-1H-1,2,3-triazol-1-yl)-4-methyl-6-phe-
nylpyrimidine (6f). Starting alkyne: 1-Ethynyl-2-methoxy-ben-

zene (49). Reaction time: 2 h. Yield: 95 mg, 58%. 1H NMR (400

MHz, CDCl3) d 2.77 (s, 3H), 4.03 (s, 3H), 7.04 (d, J ¼ 8.4 Hz,

1H), 7.13 (t, J ¼ 7.6 Hz, 1H), 7.2–7.4 (m, 1H), 7.6 (m, 3H),

7.64 (s, 1H), 8.2–8.3 (m, 2H), 8.5 (m, 1H), 9.10 (s, 1H). 13C

NMR (126 MHz, CDCl3): d 24.5, 55.5, 110.7, 115.3, 118.9,

120.9, 121.7, 127.4, 128.2, 129.0, 129.2, 131.6, 135.5, 143.3,

154.7, 155.9, 165.9, 170.6. MS: (ES) m/z 344 [Mþ1]. HPLC:

Rt ¼ 5.7 min. HRMS: Found 344.1522, calc. for C20H18N5O:

344.1511.

2-(4-(3-Methoxyphenyl)-1H-1,2,3-triazol-1-yl)-4-methyl-6-phe-
nylpyrimidine (6g). Starting alkyne: 1-Ethynyl-3-methoxy-ben-

zene (5g). Reaction time: 2 h. Yield: 120 mg, 73%. 1H NMR

(400 MHz, CDCl3): d 2.76 (s, 3H), 3.91 (s, 3H), 6.9–7.0 (m,

1H), 7.38 (t, J ¼ 8.1 Hz, 1H), 7.5–7.6 (m, 5H), 7.64 (s, 1H),

8.2–8.3 (m, 2H), 8.91 (s, 1H). 13C NMR (126 MHz, CDCl3): d
24.6, 55.4, 111.1, 114.6, 115.5, 118.5, 118.7, 127.4, 129.1,

129.9, 131.4, 131.8, 135.4, 147.8, 154.4, 160.0, 166.0, 170.8.

MS: (ES) m/z 344 [Mþ1]. HPLC: Rt¼ 5.6 min. HRMS: Found

344.1503, calc. for C20H18N5O: 344.1511.

2-(4-(4-Methoxyphenyl)-1H-1,2,3-triazol-1-yl)-4-methyl-6-phe-
nylpyrimidine (6h). Starting alkyne: 1-Ethynyl-4-methoxy-ben-

zene (5h). Reaction time: 2 h. Yield: 95 mg, 58%. 1H NMR

(400 MHz, CDCl3): d 2.76 (s, 3H), 3.87 (s, 3H), 7.01 (d, J ¼ 8.8

Hz, 2H), 7.5–7.6 (m, 3H), 7.64 (s, 1H), 7.93 (d, J ¼ 8.8 Hz, 2H),

8.2–8.3 (m, 2 H), 8.84 (s, 1H). 13C NMR (101 MHz, CDCl3): d
24.6, 55.3, 114.2, 115.4, 117.6, 122.8, 127.2, 127.4, 128.2,

128.9, 129.1, 129.3, 131.3, 131.7, 132.4, 135.4, 147.8, 154.5,

159.8, 166.0, 170.8. MS: (ES) m/z 344 [Mþ1]. HPLC: Rt ¼ 5.5

min. HRMS: Found 344.1504, calc. for C20H18N5O: 344.1511.

N,N-Dimethyl-4-(1-(4-methyl-6-phenylpyrimidin-2-yl)-1H-
1,2,3-triazol-4-yl)aniline (6i). Starting alkyne: 4-Ethynyl-N,N-
dimethylbenzenamine (5i). Reaction time: 24 h. Yield: 120 mg,

71%. 1H NMR (400 MHz, CDCl3): d 2.75 (s, 3H), 3.02 (s,

6H), 6.82 (d, J ¼ 8.7 Hz, 2H), 7.5–7.6 (m, 3H), 7.62 (s, 1H),

7.87 (d, J ¼ 8.7 Hz, 2H), 8.2–8.3 (m, 2H), 8.78 (s, 1H). 13C

NMR (101 MHz, CDCl3): d 24.6, 40.5, 112.4, 115.2, 116.7,

127.1, 127.4, 129.1, 131.6, 135.6, 118.2, 148.4, 150.6, 154.6,
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165.9, 170.7. MS: (ES) m/z 357 [Mþ1]. HPLC: Rt ¼ 5.8 min.

HRMS: Found 357.1823, calc. for C21H21N6: 357.1828.

2-(4-(6-Methoxynaphthalen-2-yl)-1H-1,2,3-triazol-1-yl)-4-
methyl-6-phenylpyrimidine (6j). Starting alkyne: 2-ethynyl-6-
methoxynaphthalene (5j). Reaction time: 7 h. Yield: 133 mg,

71%. 1H NMR (400 MHz, CDCl3): d 3.31 (s, 3H), 3.90 (s,
3H), 7.1–7.3 (m, 3H), 7.3–7.4 (m, 1H), 7.6–7.7 (m, 3H), 7.94
(d, J ¼ 8.9 Hz, 2H), 8.2–8.3 (m, 2H), 8.4–8.5 (m, 2H), 8.59
(bs, 1 H), 9.60 (s, 1H). 13C NMR (126 MHz, CDCl3): d 24.6,
55.3, 105.7, 115.5, 118.3, 119.3, 124.6, 124.9, 125.3, 127.36,

127.43, 128.9, 129.1, 129.8, 131.8, 134.5, 135.4, 148.1, 154.5,
158.0, 166.0, 170.8. MS: (ES) m/z 394 [Mþ1]. HPLC: Rt ¼ 6.2
min. HRMS: Found 394.1660, calc. for C24H20N5O: 394.1668.

2-(4-Benzyl-1H-1,2,3-triazol-1-yl)-4-methyl-6-phenylpyrimi-
dine (6k). Starting alkyne: Prop-2-ynylbenzene (5k). Reaction
time: 2 h. Yield: 112 mg, 72%. 1H NMR (400 MHz, CDCl3):
d 2.72 (s, 3H), 4.24 (s, 2H), 7.2-7.3 (m, 1H), 7.34 (d, J ¼ 4.6
Hz, 4H), 7.5–7.6 (m, 3H), 7.60 (s, 1H), 8.13 (dd, J ¼ 8.2 Hz,
7.2 Hz, 2H), 8.35 (s, 1H). 13C NMR (101 MHz, CDCl3): d
24.5, 32.2, 115.4, 120.7, 126.6, 127.4, 128.6, 128.8, 129.0,
131.7, 135.4, 138.7, 148.0, 154.5, 165.9, 170.7. MS: (ES) m/z
328 [Mþ1]. HPLC: Rt¼ 4.6 min. HRMS: Found 328.1552,
calc. for C20H18N5: 328.1562.

2-(4-Cyclopropyl-1H-1,2,3-triazol-1-yl)-4-methyl-6-phenylpyri-
midine (6l). Starting alkyne: Ethynylcyclopropane (5l). Reac-
tion time: 3 h. Yield: 119 mg, 91%. 1H NMR (400 MHz,
CDCl3): d 0.9–1.0 (m, 4H), 2.1–2.2 (m, 1H), 2.73 (s, 1H),
7.5–7.6 (m, 3H), 7.61 (s, 1H), 8.1–8.2 (m, 2H), 8.36 (s, 1H).
13C NMR (101 MHz, CDCl3): d 6.78, 7.89, 24.6, 115.2, 118.5,

127.4, 129.1, 131.7, 135.5, 154.5, 165.9, 170.7. MS: (ES) m/z
277 [Mþ1]. HPLC: Rt¼ 4.9 min. HRMS: Found 278.1409,
calc. for C16H16N5: 278.1406.

2-(4-Diethoxymethyl-1H-1,2,3-triazol-1-yl)-4-methyl-6-phe-
nylpyrimidine (6m). Starting alkyne: 3,3-Diethoxyprop-1-yne

(43). Reaction time: 2 h. Yield: 127 mg, 79%. 1H NMR (400
MHz, CDCl3): d 1.29 (t, J ¼ 7.1 Hz, 6H), 2.81 (bs, 3H), 3.6–
3.8 (m, 4H), 5.87 (s, 1H), 7.5–7.6 (m, 3H), 7.66 (s, 1H), 8.1–
8.2 (m, 2H), 8.76 (s, 1H). 13C NMR (101 MHz, CDCl3): d
15.2, 24.7, 61.6, 96.5, 115.7, 121.4, 127.4, 129.1, 131.8, 135.3,
147.5, 166.0, 170.8. MS: (ES) m/z 278 [M–61]. HPLC: Rt ¼
4.9 min. HRMS: Found 294.1351, calc. for C16H16N5O:
294.1354 (The parent ion could not be observed. The observed
mass corresponds to [MþHþ – C2H6O].)

Methyl 1-(4-methyl-6-phenylpyrimidin-2-yl)-1H-1,2,3-tria-
zole-4-carboxylate (6n). Starting alkyne: Methyl propiolate
(37). Reaction time: 3 h. Yield: 77 mg, 51%. 1H NMR (400
MHz, CDCl3): d 2.76 (s, 3H), 4.03 (s, 3H), 7.69 (s, 1H), 7.5–
7.6 (m, 3H), 8.1–8.2 (m, 2H), 9.26 (s, 1H). 13C NMR (101

MHz, CDCl3): d 24.6, 52.4, 116.1, 127.0, 127.4, 129.2, 132.0,
135.0, 140.1, 154.1, 161.0, 166.2, 171.1. MS: (ES) m/z 296
[Mþ1]. HPLC: Rt ¼ 4.5 min. HRMS: Found 296.1137, calc.
for C15H14N5O2: 296.1147.
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The 1,3-dipolar cycloaddition of unstabilized azomethine ylide 1 with meta-dinitrobenzene fused with

nitrogen heterocycles affords the corresponding decahydropyrrolo[3,4-e]isoindole cycloadducts in good
yields. This is a first example of [3þ2]-cycloaddition of azomethine ylides to nitroarenes.

J. Heterocyclic Chem., 47, 893 (2010).

INTRODUCTION

The 1,3-dipolar cycloaddition (1,3-DC) reactions play

one of the most important roles in modern organic syn-

thesis, being simple and available method for the prepa-

ration of different five-membered heterocycles. It is

important that 1,3-DC usually proceeds regio- and ster-

eoselectively [1]. A number of dipoles, including azo-

methine ylides, readily undergo cycloaddition reactions

with conjugated nitroalkenes [2]. As a result, pyrrolidine

derivatives are formed (Scheme 1); this heterocycle

is a part of many natural compounds and pharmaceuti-

cals [3].

RESULTS AND DISCUSSION

We have found that nitro arenes, e.g. 1,3-dinitroben-

zene and 1,3,5-trinitrobenzene, do not form the cycload-

dition products with azomethine ylides. We believe that

1,3-DC with nitro arenes requires the reduction of their

aromaticity in order to carbon–carbon double bond of

CA CANO2 fragment would approach to that of conju-

gated nitro alkenes. It is known that isoelectronic pro-

cess – [4þ2]-cycloaddition to unsaturated compounds

(Diels-Alder reaction) takes place in case of meta-dini-

troarenes, fused with some aromatic nitrogen hetero-

cycles [4]. In this connection, we studied an interaction

of N-methyl azomethine ylide 1 with meta-dinitroben-

zene annelated with number of aromatic nitrogen hetero-

cycles. Azomethine ylide 1 was generated in situ from

sarcosine and paraformaldehyde refluxing in toluene

[2(a)] in the presence of dinitro compounds 2a-e [5] as

dipolarophiles (Scheme 2).

In all cases, the double cycloaddition afforded the

previously unknown tetracyclic heterosystems – fused

decahydropyrrolo[3,4-e]isoindoles 3a-e.
It should be noted that azomethine ylide 1 formed

cycloaddition products more readily than dienes: dinitro

compounds 2a and 2d did not undergo Diels-Alder reac-

tions with dienes though they form cycloaddition

adducts with azomethine ylide 1.

Diels-Alder reactions can be carried out in case of ar-

omatic nitro carbocycles only if they are fused with

some strong electron-withdrawing five-membered nitro-

gen heterocycles – furoxan, furazan, and some of their

analogs [4]. This increases the electrophilicity dramati-

cally (by many orders of magnitude), e.g. the ability to

add nucleophiles to the benzene ring that indicates the

considerable reduction of aromaticity in comparison

with 1,3,5-trinitrobenzene [6].

In case of azomethine ylide 1, the cycloaddition takes

place also if less electron-deficient N-heterocycle is

fused with dinitro arene.

The formation of cycloaddition products 3a-e seems

to be diastereoselective. In case of compound 3a, the

crystal and molecular structure (Fig. 1) confirmed the

expected cis-addition of the azomethine ylide [7].
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X-ray analysis data shows that the cycloaddition

occurred from the opposite sides of the dinitro arene

plane.

Interestingly that double cycloaddition of azomethine

ylide 1 was possible even in the presence of one nitro

group as was illustrated by the reaction with nitrotria-

zolo[1,5-a]pyrimidine [8] (4) (Scheme 3):

In summary, the 1,3-dipolar cycloaddition of meta-

dinitrobenzene fused with nitrogen heterocycles with

unstabilized N-methylazomethine ylide generated in situ
from sarcosine and paraformaldehyde in refluxing tolu-

ene affords decahydropyrrolo[3,4-e]isoindole cycload-

ducts in good yields.

EXPERIMENTAL

Melting points were uncorrected and were determined on a
Reichert Kofler thermopan apparatus. NMR spectra were
measured in CDCl3 using the Bruker DRX 500 spectrometer
operating at 500.13 MHz (1H), 125.77 MHz (13C). Tetrame-

thylsilane was used as internal standard for 1H (d 0.05). The
13C NMR spectra were standardized by means of the middle
signal of the solvent multiplet (d 76.9).

General procedure for the reaction of compounds 2a–e

and 4 with sarcosine and paraformaldehyde. A mixture of

compound 2 or 4 (1 mmol), paraformaldehyde (0.18 g, 6
mmol), and N-methylglycine (0.44 g, 5 mmol) in dry toluene
(15 mL) was refluxed for 2 h until all the starting material dis-
appeared by TLC. Then the reaction mixture was cooled,

Scheme 1

Scheme 2

Scheme 3
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filtered and the solvent was removed by rotary evaporation.
The products were purified by dissolving in minimal volume
of THF, following by adding of excess of hexane to this solu-
tion with further filtering of the precipitate formed.

5,8-Dimethyl-3b,6b-dinitro-1-phenyl-3b,4,5,6,6a,6b,7,8,9,9a-
decahydro-1H-dipyrrolo[3,4-e:30,40-g]indazole (3a). This com-
pound was obtained as yellow needles, yield 69%; mp 175–
176�C; 1H NMR d 1.89 (dd, 1H, J ¼ 5.1, 4.5 Hz), 2.10 (s,
3H), 2.32 (s, 3H), 2.55–2.60 (m, 2H), 2.88 (t, 1H, J ¼ 8.8

Hz), 3.09 (t, 1H, J ¼ 8.9 Hz), 3.19 (d, 1H, J ¼ 10.0 Hz), 3.61
(d, 1H, J ¼ 11.0 Hz), 3.77 (d, 1H, J ¼ 10.0 Hz), 4.34 (t, 1H,
J ¼ 8.8 Hz), 4.77–4.90 (m, 1H), 7.45–7.48 (m, 1H), 7.55 (m,
4H), 7.91 (s, 1H); 13C NMR d 36.1, 40.6, 41.5, 45.0, 57.2,
59.5, 63.8, 69.7, 89.6, 98.8, 122.9, 124.2, 128.6, 129.7, 139.0,

139.2, 139.6; Anal. Calcd. for C19H22N6O4: C, 57.28; H, 5.57;
N, 21.09. Found: C, 56.98; H, 5.68; N, 20.92.

5,8-Dimethyl-3b,6b-dinitro-3b,4,5,6,6a,6b,7,8,9,9a-deca-
hydroisoxazolo[3,4-e]pyrrolo[3,4-g]isoindole (3b). This
compound was obtained as dark brown solid, yield 50%; mp

193–195�C; 1H NMR d 2.27 (s, 6H), 2.53 (t, 1H, J ¼ 9.1 Hz),
2.71 (d, 1H, J ¼ 11.3 Hz), 2.87–2.91 (m, 2H), 3.08 (d, 1H,
J ¼ 9.9 Hz), 3.52 (d, 1H, J ¼ 11.3 Hz), 3.59 (t, 1H, J ¼ 8.1
Hz), 3.67 (d, 1H, J ¼ 9.9 Hz), 4.36–4.45 (m, 2H), 8.77 (s,
1H); 13C NMR d 35.6, 41.0, 41.1, 44.3, 56.9, 60.0, 63.4, 70.3,

88.2, 97.6, 112.3, 158.7, 160.5. Anal. Calcd. for C13H17N5O5:
C, 48.29; H, 5.30; N, 21.66. Found: C, 48.38; H, 5.18; N,
21.51.

5,8-Dimethyl-3b,6b-dinitro-3b,4,5,6,6a,6b,7,8,9,9a-decahy-
dropyrrolo[3,4-e][1,2,5]thiadiazolo[3,4-g]isoindole (3c). This
compound was obtained as brown solid, yield 40%; mp 123–

124�C; 1H NMR d 2.26 (s, 3H), 2.27 (s, 3H), 2.51 (t, 1H, J ¼
8.6 Hz), 2.87–2.90 (m, 2H), 2.94 (t, 1H, J ¼ 9.3 Hz), 3.40 (d,
1H, J ¼ 10.1 Hz), 3.48 (d, 1H, J ¼ 11.2 Hz), 3.60 (dd, 1H, J
¼ 9.5, 7.4 Hz), 3.87 (d, 1H, J ¼ 10.1 Hz), 4.27 (t, 1H, J ¼
8.6 Hz), 4.62–4.64 (m, 1H); 13C NMR d 40.9, 41.3, 41.5,

47.6, 57.3, 60.6, 64.2, 67.3, 90.1, 97.2, 151.3, 160.4; Anal.
Calcd. for C12H16N6O4S: C, 42.35; H, 4.74; N, 24.69. Found:
C, 42.35; H, 4.87; N, 24.75.

2,5,8-Trimethyl-3b,6b-dinitro-3b,4,5,6,6a,6b,7,8,9,9a-decahydro-
2H-pyrrolo[3,4-e][1,2,3]triazolo[4,5-g]isoindole (3d). This com-

pound was obtained as brown solid, yield 67%; mp 118–
120�C; 1H NMR d 2.25 (s, 3H), 2.27 (s, 3H), 2.46 (t, 1H, J ¼
9.4 Hz), 2.65 (dd, 1H, J ¼ 9.3 Hz, 3.7 Hz), 2.75 (d, 1H, J ¼
11.3 Hz), 2.86 (t, 1H, J ¼ 9.0 Hz), 3.25 (d, 1H, J ¼ 10.1),
3.50 (d, 1H, J ¼ 11.2), 3.58 (t, 1H, J ¼ 7.7), 3.79 (d, 1H, J ¼
10.1 Hz), 4.20–4.23 (m, 1H), 4.25 (s, 3H), 4.46 (dd, 1H, J ¼
7.6 Hz, 3.4 Hz); 13C NMR d 36.1, 41.0, 41.4, 42.6, 47.3, 57.2,
60.3, 63.6, 67.4, 88.3, 97.9, 137.1, 146.1; Anal. Calcd. for
C13H19N7O4: C, 46.29; H, 5.68; N, 29.07. Found: C, 46.56; H,

6.00; N, 28.81.
6,9-Dimethyl-7a,10a-dinitro-4b,5,6,7,7a,7b,8,9,10,10a-dec-

ahydrodipyrrolo[3,4-f:30,40-h]quinoline (3e). This compound
was obtained as yellow-brown solid, yield 24%; mp 159–
160�C; 1H NMR d 2.29 (s, 6H), 2.39 (t, 1H, J ¼ 9.4 Hz), 2.59

(dd, 1H, J ¼ 5.5 Hz, 3.5 Hz), 2.97 (m, 2H), 3.24 (d, 1H, J ¼
11.0 Hz), 3.62, (m, 2H), 4.00 (t, 1H, J ¼ 8.8 Hz), 4.13 (d, 1H,
J ¼ 11.0 Hz), 4.55 (t, 1H, J ¼ 6.0 Hz), 7.37 (dd, 1H, J ¼ 7.9
Hz, 4.2 Hz), 7.58 (d, 1H, J ¼ 7.9 Hz), 8.61 (d, 1H, J ¼ 4.2
Hz). 13C NMR d 41.1, 41.7, 41.8, 47.6, 58.3, 63.0, 64.6, 67.2,

95.0, 95.5, 124.9, 132.6, 137.0, 147.9, 149.5; Anal. Calcd. for
C15H19N5O4: C, 54.05; H, 5.75; N, 21.01. Found: C, 53.83; H,
5.81; N, 20.37.

7b-Nitro-7,7a,7b,8,10,10a-hexahydro-5H-imidazo[1,5-c]pyr-
rolo[3,4-e][1,2,4]triazolo[1,5-a]pyrimidine-6,9-diamine (5). This
compound was obtained as white needles, yield 42%; mp 147–
148�C; 1H NMR d 2.36 (s, 3H), 2.37 (s, 3H), 2.79 (dd, 1H,
J ¼ 10.2 Hz, 5.9 Hz),z), 3.07–3.10 (m, 1H), 3.15–3.22 (m,
2H), 3.43 (d, 1H, J ¼ 10.6 Hz), 3.96 (d, 1H, 10.6 Hz), 4.13

(d, 1H, J ¼ 5.1 Hz), 4.18–4.21 (m, 2H), 4.90 (dd, 1H, J ¼
7.7, 5.8 Hz), 7.61 (s, 1H). 13C NMR d 40.1, 41.0, 56.0, 60.2,
60.3, 60.8, 71.1, 88.4, 151.0, 152.1; Anal. Calcd. for
C11H17N7O2: C, 47.30; H, 6.14; N, 35.10. Found: C, 47.36; H,
6.02; N, 35.23.
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A series of ethyl 2-(1,5-diaryl-1H-pyrazol-3-yloxy)acetate derivatives (5a–5i) have been efficiently

synthesized by the reaction of 1,5-diaryl-1H-pyrazol-3-ols (4a–4i) with ethyl 2-bromoacetate. The struc-
tures of the newly synthesized compounds were characterized by 1H NMR spectra and elemental analy-
sis, and the crystal structure of the compound ethyl 2-(5-(4-chlorophenyl)-1-phenyl-1H-pyrazol-3-
yloxy)acetate (5c) was determined by single crystal X-ray diffraction analysis. The compound 5c

belongs to triclinic system with space group P(-1), a ¼ 5.8170(12) Å, b ¼ 11.804(2) Å, c ¼ 12.783(2)
Å, a ¼ 83.89(2)�, b ¼ 89.24(3)�, c ¼ 89.73(3)�, Formula weight: 356.80, Triclinic V ¼ 872.7(3) Å3,
Dc ¼ 1.358 mg/m3, Z ¼ 2, F (000) ¼ 372. Bioassay results indicated that the compound ethyl 2-(5-(4-
fluorophenyl)-1-phenyl-1H-pyrazol-3-yloxy)acetate (5d) exhibited moderate inhibitory activity against
Gibberella zeae at the dosage of 10 lg/mL.

J. Heterocyclic Chem., 47, 897 (2010).

INTRODUCTION

Biological studies of the pyrazole nucleus have been

shown to posses a variety of biological activities such as

fungicidal [1], insecticidal [2], herbicidal [3], and plant

growth regulatory activities [4]. Furthermore, several bi-

ological studies have also pointed out the value of alky-

loxyacetate [5] and aryloxyacetate [6] as biologically

active groups. These findings primarily focused on

incorporating alkyloxyacetate and aryloxyacetate groups

with 1H-pyrazole derivatives in the hope of obtaining

compounds of potential insecticidal, fungicidal, and her-

bicidal activities.

1,5-Diaryl-1H-pyrazol-3-ols, one important kind of

1H-pyrazole derivatives, have been developed for their

synthesis since the early twentieth century. The first syn-

thesis of 1,5-diaryl-1H-pyrazol-3-ol from a pyrazolidone

derivative was published by Japp and Maitland [7].

Then the reaction of arylpropiolic acids and their esters

with phenylhydrazine became one of the most popular

methods for the synthesis of 1,5-diaryl-1H-pyrazol-3-ols
[8–11]. In recent years, synthesis of 1,5-diaryl-1H-pyra-
zol-3-ols by the reactions of 4-arylidene-1-phenyl-3,5-

pyrazolidinediones with oxidizing agents has been

achieved [12]. However, very few representatives of

biologically active 1,5-diaryl-1H-pyrazol-3-oxyacetate
derivatives have hitherto been described in the literature.

3-Arylacrylic acids and their esters are convenient and

easily available starting materials or intermediates for the

synthesis of a wide variety of heterocyclic compounds

[13,14]. In our previous studies, we have successfully

improved the procedure for the synthesis of 1,5-diaryl-

1H-pyrazol-3-ols by the reaction of methyl 3-arylacry-

lates with arylhydrazines in high yields and have

reported some crystal structures [15–17]. In continuation

of our program directed toward the synthesis of
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biologically active novel 1,5-diaryl-1H-pyrazol-3-oxy-
acetate derivatives, we report herein the synthesis and

fungicidal activity of a series of novel ethyl 2-(1,5-dia-

ryl-1H-pyrazol-3-yloxy)acetates (5a–5i), and the single

crystal structure of the compound ethyl 2-(5-(4-chloro-

phenyl)-1-phenyl-1H-pyrazol-3-yloxy)acetate (5c). A

preliminary in vitro bioassay indicated that some of these

newly synthesized compounds displayed fungicidal

activity.

RESULTS AND DISCUSSION

Methyl 3-arylacrylates (1) (Scheme 1) were prepared

by the reaction of 3-arylacrylic acids with methanol,

using p-toluenesulfonic acid as catalyst. Intermediates

arylhydrazines (2) (Scheme 2) were prepared according

to the reported methods from the substituted anilines

through diazotization reactions [18].

A previous report by Gaede and McDermott [19]

described that addition of methylhydrazine to a variety

of haloalkyl-substituted a,b-unsaturated ethers could

give 1,5-disubstituted-3-hydroxypyrazoles. Motivated by

this finding, in our procedure, methyl 3-arylacrylates (1)

were allowed to react with arylhydrazines (2) in boiling

n-butanol in the presence of sodium methoxide to afford

1,5-diarylpyrazolidin-3-ones (3a–3i) (Scheme 3) as sole

isolable products. No other pyrazoline type compounds

could be detected in the crude products. It was found

that the desired mode of initial Michael addition to

methyl 3-arylacrylates (1) could be achieved. The crude

solid 1,5-diarylpyrazolidin-3-ones (3a–3i) were recrys-

tallized from ethyl acetate.

The conversions from 1,5-diarylpyrazolidin-3-ones

(3a–3i) to 1,5-diaryl-1H-pyrazol-3-ols (4a–4i) (Scheme

3) were carried out in organic solvents, using oxygen as

oxidizing agent and iron (III) chloride as catalyst. To

optimize the reaction conditions, different organic sol-

vents, such as ethanol and DMF were tested in the syn-

thesis of 1,5-diphenyl-1H-pyrazol-3-ol (4a). When the

conversion was carried out using iron (III) chloride in

refluxing ethanol, the yield was low and the separation

of the product from the iron (II) salts was tedious. How-

ever, the conversion in DMF gave good results. More-

over, the most satisfactory result was obtained when the

reaction was stirred in DMF at 80�C for 2 h, and then at

30�C for another 20 h. The crude solid 1,5-diaryl-1H-
pyrazol-3-ols (4a–4i) were recrystallized from ethanol.

The reactions of 1,5-diaryl-1H-pyrazol-3-ols (4a–4i)

with ethyl 2-bromoacetate were carried out in a molar

ratio 1:1.1 in acetone as solvent, and all the reactions

were monitored by thin-layer chromatography (TLC).

The most satisfactory results were obtained when the

reactions were performed under hot acetone for 3 h. The

crude residues were purified via flash chromatography to

give the pure products ethyl 2-(1,5-diaryl-1H-pyrazol-3-
yloxy)acetates (5a–5i) (Scheme 3).

A suitable crystal of ethyl 2-(5-(4-chlorophenyl)-1-

phenyl-1H-pyrazol-3-yloxy)acetate (5c) was obtained by

dissolving the compound in ethyl acetate and evaporat-

ing the solvent slowly at room temperature for about 10

days. Its solid-state structure was determined by single

crystal X-ray diffraction. Details of the structure deter-

mination and refinement are given in the experiment

section. The drawing of the molecular structure with the

Scheme 1

Scheme 2

Figure 1. The molecular structure of 5c. [Color figure can be viewed

in the online issue, which is available at www.interscience.wiley.com.]
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atom-numbering scheme and higher occupancy in the

three-dimensional packing arrangement is shown in Fig-

ures 1 and 2. Hydrogen bond is shown as a dashed line.

Atomic coordinates of nonhydrogen atoms (�10�4) and

their thermal parameters are summarized in Table 1.

The crystal data and structure refinement of 5c are listed

in Table 2.

The compounds 5a–5i were screened for activity

against two fungi, namely Gibberella zeae and Rhizocto-
nia cerealis, at a concentration of 10 lg/mL according

to a reported method [20]. As the results in Table 3

show, most of the compounds have weak fungicidal ac-

tivity. Among these compounds, only compound 5d, in

which X is F group in position 4 of the phenyl ring and

Y is H, exhibited moderate inhibitory activity against

G. zeae. This might imply that the introduction of the F

group to the phenyl ring of 1H-pyrazoles was important

for its fungicidal activity. In terms of X, the substituents

with electron-attracting groups on the phenyl rings seem

to have somewhat higher fungicidal activity. For exam-

ple, compounds 5c and 5d showed better activity than

Figure 2. A partial packing diagram of 5c. [Color figure can be

viewed in the online issue, which is available at www.interscience.

wiley.com.]

Table 1

Atomic coordinates of nonhydrogen atoms (�10�4)

and their thermal parameters.

x y z U(eq)

Cl 2885(2) 58,718(10) 6585(10) 743(4)

O1 16,539(5) �2205(3) 8826(2) 689(11)

O2 12,920(7) �1840(3) 9270(3) 1065(19)

O3 13,728(5) 437(3) 8980(2) 728(11)

N1 12,700(6) 935(3) 7229(2) 545(11)

N2 11,051(5) 1659(3) 6779(2) 509(11)

C1 18,381(9) �3992(5) 8956(4) 960

C2 16,191(10) �3413(4) 9100(4) 870(2)

C3 14,764(8) �1527(4) 8947(3) 606(16)

C4 15,430(7) �319(4) 8637(3) 648(17)

C5 12,367(7) 979(3) 8241(3) 534(12)

C6 10,561(7) 1696(3) 8479(3) 550(14)

C7 9752(6) 2124(3) 7514(3) 468(12)

C8 8028(6) 3022(3) 7255(3) 498(12)

C9 6091(7) 3104(3) 7898(3) 585(16)

C10 4502(7) 3959(3) 7686(3) 585(16)

C11 4829(7) 4762(3) 6843(3) 524(12)

C12 6739(7) 4710(3) 6195(3) 575(12)

C13 8317(7) 3842(3) 6398(3) 554(12)

C14 10,695(6) 1660(3) 5682(3) 465(12)

C15 8648(6) 1285(3) 5333(3) 516(12)

C16 8322(7) 1245(3) 4273(3) 573(14)

C17 10,066(8) 1601(4) 3566(3) 642(16)

C18 12,104(8) 1983(4) 3911(3) 662(17)

C19 12,425(7) 2025(3) 4976(3) 579(16)

Table 2

Crystal data and structure refinement for 5c.

Empirical formula C19H17ClN2O3

Formula weight 356.80

Temperature (K) 293

Wavelength 0.71073 Å

Crystal system Triclinic

Space group P-1

a (Å) 5.8170(12)

b (Å) 11.804(2)

c (Å) 12.783(2)

a (�) 83.89(2)

b (�) 89.24(3)

c (�) 89.73(3)

V (Å3) 872.7(3)

Z 2

Dcalc (mg/m3) 1.358

Absorption coefficient (mm�1) 0.239

F (000) 372

Crystal size (mm) 0.10 � 0.10 � 0.20

y range, deg 1.6–25.3

Reflections collected 3480

Independent reflections 3140(Rint ¼ 0.084)

Date/restraints/parameters 3140/0/220

Goodness-of-fit on F2 1.009

Final R indices [I > 2s(I)]
R1 0.0671

wR2 0.1483

Final R indices (all date)

R1 0.1104

wR2 0.1778

Extinction correction none

Table 3

Antifungal activity of newly synthesized compounds (% inhibition).

Compounds X Y

10 lg/mL

G. zeae R. cerealis

5a H H 21.29 18.44

5b 4-CH3 H 0.00 7.79

5c 4-Cl H 39.20 15.53

5d 4-F H 53.09 24.27

5e 3,4,5-OCH3H3 H 20.06 9.06

5f 3-F H 30.25 17.15

5g H 4-CH(CH3)2 13.89 0.97

5h 4-OCH3 4-CH(CH3)2 14.20 0.97

5i 4-F 4-CH(CH3)2 13.89 1.62
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compounds 5a and 5b. Switching the substituent Y from

H to isopropyl has no effective impact on the inhibition

rates. Furthermore, compound 5d with the F group

in position 4 of the phenyl ring showed better activity

than 5f.

EXPERIMENTAL

All reagents were of analytical reagent grade or were chemi-
cally pure. All solvents were dried by standard methods and
distilled before use. Reactions were monitored by TLC. Ana-
lytical TLC was performed on silica gel GF254. Flash column
chromatography was carried out using 200–300 mesh silica gel

at increased pressure. G. zeae and R. cerealis were obtained
from Jiangsu Research and Development Center for Pesticides,
China.

The melting points were measured on an X-4 microscope
electrothermal apparatus (Taike, China) and were uncorrected.

Elemental analyses were determined on a Vario EL III ele-
mental analyzer. The 1H NMR (solvent CDCl3 or DMSO-d6)
spectra was obtained on a Bruker AV 500 or AV 300 spec-
trometer at room temperature using tetramethylsilane as an in-
ternal standard. Chemical shift values (d) are given in parts

per million. X-ray intensity data were recorded on a Bruker
SMART 1000 CCD diffraction meter using graphite mono-
chromated Mo Ka radiation (k ¼ 0.71073) Å.

The synthesis of 1,5-diarylpyrazolidin-3-ones (3a–3i). A

mixture of n-butanol (40 mL) and ethanolamine (60 mmol) was
added to a solution of sodium (36 mmol) in anhydrous metha-

nol (9 mL). Then, methanol was removed by distillation, and
methyl 3-arylacrylate 1 (30 mmol) was added. The mixture was
refluxed for 40 min, after which arylhydrazine 2 (33 mmol)

was added. The mixture was refluxed for another 8 h and then
left to cool to room temperature. It was then acidified with ace-
tic acid (36%), allowed to stand and filtered. The solid was
recrystallized from ethyl acetate to give the compounds 3a–3i.

1,5-Diphenylpyrazolidin-3-one (3a). White crystal; mp

159–161�C; yield, 85%. 1H NMR (CDCl3, 300 MHz, ppm): d
2.52 (q, J ¼ 3.33, 16.8 Hz, 1H, CH), 3.28 (q, J ¼ 9.18, 16.8
Hz, 1H, CH), 4.93 (q, J ¼ 3.36, 9.17 Hz, 1H, CH), 7.02–7.43
(m, 10H, Ar-H); Anal. Calcd for C15H14N2O: C 75.61, H 5.92,
N 11.76; found C 75.69, H 5.89, N 11.72.

1-Phenyl-5-p-tolylpyrazolidin-3-one (3b). White crystal;
mp 145–146�C; yield, 82%. 1H NMR (CDCl3, 300 MHz,
ppm): d 2.38 (s, 3H, CH3), 2.50 (q, J ¼ 3.45, 16.82 Hz, 1H,
CH), 3.26 (q, J ¼ 9.12, 16.77 Hz, 1H, CH), 4.89 (q, J ¼ 3.48,
9.08 Hz, 1H, CH), 7.01–7.38 (m, 9H, Ar-H), 8.49 (s, 1H, NH);

Anal. Calcd for C16H16N2O: C 76.16, H 6.39, N 11.10; found
C 76.25, H 6.37, N 11.15.

5-(4-Chlorophenyl)-1-phenylpyrazolidin-3-one (3c). White
crystal; mp 160–162�C; yield, 80%. 1H NMR (DMSO-d6, 300
MHz, ppm): d 2.25 (q, J ¼ 2.79, 16.71 Hz, 1H, CH), 3.18 (q,
J ¼ 9.03,16.71 Hz, 1H, CH), 5.07 (q, J ¼ 2.67, 9.03 Hz, 1H,
CH), 6.94–7.58 (m, 9H, Ar-H), 10.45 (s, 1H, NH); Anal. Calcd
for C15H13ClN2O: C 66.06, H 4.80, N 10.27; found C 66.15,
H 4.79, N 10.23.

5-(4-Fluorophenyl)-1-phenylpyrazolidin-3-one (3d). Yellow
crystal; mp 158–159�C; yield, 78%. 1HNMR (CDCl3, 300
MHz, ppm): d 2.50 (q, J ¼ 2.82, 16.77 Hz, 1H, CH), 3.31 (q,
J ¼ 9.06, 16.71 Hz, 1H, CH), 4.95 (q, J ¼ 2.82, 9 Hz, 1H,

Scheme 3
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CH), 7.04–7.44 (m, 9H, Ar-H); Anal. Calcd for C15H13FN2O:
C 70.30, H 5.11, N 10.93; found C 70.22, H 5.10, N 10.98.

1-Phenyl-5-(3,4,5-trimethoxyphenyl)pyrazolidin-3-one

(3e). White crystal; mp 157–159�C; yield, 78%. 1H NMR
(CDCl3, 500 MHz, ppm): d 2.54 (q, J ¼ 3.88, 16.82 Hz, 1H,

CH), 3.28 (q, J ¼ 9.26, 16.82 Hz, 1H, CH), 3.86 (s, 9H,
OCH3), 4.85 (q, J ¼ 3.76, 9.21 Hz, 1H, CH), 6.70–7.32 (m,
7H, Ar-H), 8.45 (s, 1H, NH); Anal. Calcd for C18H20N2O4: C
65.84, H 6.14, N 8.53; found C 65.76, H 6.12, N 8.58.

5-(3-Fluorophenyl)-1-phenylpyrazolidin-3-one (3f). Yellow

crystal; mp 165–167�C; yield, 75%. 1H NMR (CDCl3, 500
MHz, ppm): d 2.50 (d, 1H, CH), 3.30 (q, J ¼ 9.15, 16.85 Hz,
1H, CH), 4.98 (d, 1H, CH), 7.03–7.40 (m, 9H, Ar-H), 8.41 (s,
1H, NH); Anal. Calcd for C15H13FN2O: C 70.30, H 5.11, N
10.93; found C 70.23, H 5.10, N 10.96.

1-(4-Isopropylphenyl)-5-phenylpyrazolidin-3-one (3g). Yellow
crystal; mp 136–137�C; yield, 78%. 1H NMR (CDCl3, 500
MHz, ppm): d 1.22 (d, J ¼ 6.85 Hz, 6H, CH3), 2.50 (q, J ¼
3.35, 16.75 Hz, 1H, CH), 2.86 (m, 1H, CH), 3.26 (q, J ¼
9.15,16.75 Hz, 1H, CH), 4.87 (q, J ¼ 3.35, 8.98 Hz, 1H, CH),
6.99–7.48 (m, 9H, Ar-H); Anal. Calcd for C18H20N2O: C
77.11, H 7.19, N 9.99; found C 77.05, H 7.21, N 9.94.

1-(4-Isopropylphenyl)-5-(4-methoxyphenyl)pyrazolidin-3-

one (3h). Yellow crystal; mp 143–145�C; yield, 81%. 1H

NMR (CDCl3, 500 MHz, ppm): d 1.22 (d, J ¼ 6.90 Hz, 6H,
CH3), 2.55 (m, 1H, CH), 2.87 (m, 1H, CH), 3.21 (m, 1H, CH),
3.83 (s, 3H, OCH3), 4.82 (m, 1H, CH), 6.92–7.39 (m, 8H, Ar-
H); Anal. Calcd for C19H22N2O2: C 73.52, H 7.14, N 9.03;
found C 73.46, H 7.16, N 8.99.

5-(4-Fluorophenyl)-1-(4-isopropylphenyl)pyrazolidin-3-one

(3i). Yellow crystal; mp 126–127�C; yield, 79%. 1H NMR
(CDCl3, 300 MHz, ppm): d 1.25 (d, J ¼ 6.87 Hz, 6H, CH3),
2.52 (q, J ¼ 3.78, 16.82 Hz, 1H, CH), 2.89 (m, 1H, CH), 3.33
(q, J ¼ 9.12, 16.8 Hz, 1H, CH), 4.87 (q, J ¼ 3.69, 9.14 Hz,

1H, CH), 6.94–7.19 (m, 8H, Ar-H); Anal. Calcd for
C18H19FN2O: C 72.46, H 6.42, N 9.39; found C 72.42, H
6.44, N 9.35.

1,5-Diaryl-1H-pyrazol-3-ols (4a–4i). Using oxygen as oxi-

dizing agent, compound 3a–3i (10 mmol) was dissolved in

DMF (40 mL) and mixed with FeCl3 (0.162 g, 1 mmol). The

mixture was heated to 80�C and maintained at that temperature

for 2 h, and then stirred at 30�C for another 20 h. The reaction

mixture was then poured into water (500 mL) with good stirring.

The precipitate which formed was filtered off, washed with

water and dried under reduced pressure. The crude product was

then recrystallized from ethanol to give the compounds 4a–4i.

1,5-Diphenyl-1H-pyrazol-3-ol (4a). White crystal; mp 258–

259�C; yield, 81%. 1H NMR (DMSO-d6, 300 MHz, ppm): d
5.92 (s, 1H, CH), 7.14–7.33 (m, 10H, Ar-H), 10.36 (s, 1H,
OH); Anal. Calcd for C15H12N2O: C 76.25, H 5.12, N 11.86;
found C 75.32, H 5.09, N 11.82.

1-Phenyl-5-p-tolyl-1H-pyrazol-3-ol (4b). White crystal; mp

254–255�C; yield, 84%. 1H NMR (CDCl3, 300 MHz, ppm): d
2.33 (s, 3H, CH3), 5.89 (s, 1H, CH), 7.09–7.36 (m, 9H, Ar-H);
Anal. Calcd for C16H14N2O: C 76.78, H 5.64, N 11.19; found
C 76.69, H 5.63, N 11.25.

5-(4-Chlorophenyl)-1-phenyl-1H-pyrazol-3-ol (4c). White

crystal; mp 285–286�C; yield, 82%. 1H NMR (CDCl3, 300
MHz, ppm): d 5.92 (s, 1H, CH), 7.13–7.46 (m, 9H, Ar-H);
Anal. Calcd for C15H11ClN2O: C 66.55, H 4.10, N 10.35;
found C 66.46, H 4.08, N 10.38.

5-(4-Fluorophenyl)-1-phenyl-1H-pyrazol-3-ol (4d). White
crystal; mp 266–267�C; yield, 81%. 1H NMR (CDCl3, 300
MHz, ppm): d 5.90 (s, 1H, CH), 6.98–7.33 (m, 9H, Ar-H),

11.35 (s, 1H, OH); Anal. Calcd for C15H11FN2O: C 70.86, H
4.36, N 11.02; found C 70.78, H 4.34, N 11.06.

1-Phenyl-5-(3,4,5-trimethoxyphenyl)-1H-pyrazol-3-ol

(4e). Brown crystal; mp 203–205�C; yield, 85%. 1H NMR
(DMSO-d6, 500 MHz, ppm): d 3.62 (s, 9H, OCH3), 5.97 (s,

1H, CH), 6.46 (s, 2H, Ar-H), 7.21–7.39 (m, 5H, Ar-H), 10.09
(s, 1H, OH); Anal. Calcd for C18H18N2O4: C 66.25, H 5.56, N
8.58; found C 66.29, H 5.55, N 8.53.

5-(3-Fluorophenyl)-1-phenyl-1H-pyrazol-3-ol (4f). White
crystal; mp 274–275�C; yield, 78%. 1H NMR (CDCl3, 300

MHz, ppm): d 6.45 (s, 1H, CH), 6.90–7.35 (m, 9H, Ar-H);
Anal. Calcd for C15H11FN2O: C 70.86, H 4.36, N 11.02; found
C 70.78, H 4.35, N 11.06.

1-(4-Isopropylphenyl)-5-phenyl-1H-pyrazol-3-ol (4g). Yellow
crystal; mp 203–205�C; yield, 76%. 1H NMR (CDCl3, 500

MHz, ppm): d 1.24 (d, J ¼ 6.75 Hz, 6H, CH3), 2.90 (m, 1H,
CH), 5.90 (s, 1H, CH), 7.14–7.28 (m, 9H, Ar-H); Anal. Calcd
for C18H18N2O: C 77.67, H 6.52, N 10.06; found C 77.60, H
6.49, N 10.09.

1-(4-Isopropylphenyl)-5-(4-methoxyphenyl)-1H-pyrazol-3-

ol (4h). Yellow crystal; mp 193–194�C; yield, 72%. 1H NMR
(CDCl3, 500 MHz, ppm): d 1.25 (d, J ¼ 7.00 Hz, 6H, CH3),
2.90 (m, 1H, CH), 3.80 (s, 3H, OCH3), 5.86 (s, 1H, CH),
6.80–7.26 (m, 8H, Ar-H); Anal. Calcd for C19H20N2O2: C

74.00, H 6.54, N 9.08; found C 73.94, H 6.53, N 9.12.
5-(4-Fluorophenyl)-1-(4-isopropylphenyl)-1H-pyrazol-3-ol

(4i). Yellow crystal; mp 225–227�C; yield, 78%. 1H NMR
(CDCl3, 300 MHz, ppm): d 1.21 (d, J ¼ 6.96 Hz, 6H, CH3),
2.85 (m, 1H, CH), 6.34 (s, 1H, CH), 6.90–7.26 (m, 8H, Ar-H);

Anal. Calcd for C18H17FN2O: C 72.95, H 5.78, N 9.45; found
C 72.88, H 5.76, N 9.42.

Ethyl 2-(1,5-diaryl-1H-pyrazol-3-yloxy)acetates (5a–5i). To
a solution of 4a–4i (10 mmol) in acetone (30 mL) was added
potassium carbonate (2.07 g, 15 mmol). Then, the mixture was

refluxed and ethyl 2-bromoacetate (1.84 g, 11 mmol) was
added slowly. The mixture was refluxed and monitored by
TLC for about 3 h. The potassium carbonate was filtered off
and the solvent was evaporated under reduced pressure. After
the removal of the solvent, the residue was chromatographed

over silica gel (500 g) eluting with a mixture of ethyl acetate
and petroleum ether to gain the target compounds 5a–5i.

Ethyl 2-(1,5-diphenyl-1H-pyrazol-3-yloxy)acetate (5a). White

crystal; mp 79–80�C; yield, 89%. 1H NMR (CDCl3, 300 MHz,

ppm): d 1.31 (t, J ¼ 7.17, 14.25 Hz, 3H, CH3), 4.28 (q, J ¼
7.17, 14.28 Hz, 2H, CH2), 4.88 (s, 2H, CH2), 6.04 (s, 1H,

CH), 7.20–7.27 (m, 10H, Ar-H); Anal. Calcd for C19H18N2O3:

C 70.79, H 5.63, N 8.69; found C 70.72, H 5.62, N 8.73.

Ethyl 2-(1-phenyl-5-p-tolyl-1H-pyrazol-3-yloxy)acetate

(5b). White crystal; mp 106–107�C; yield, 85%. 1H NMR

(CDCl3, 500 MHz, ppm): d 1.30 (t, J ¼ 7.15, 14.25 Hz, 3H,
CH3), 2.33 (s, 3H, CH3), 4.28 (q, J ¼ 7.15, 14.28 Hz, 2H,
CH2), 4.86 (s, 2H, CH2), 6.00 (s, 1H, CH), 7.09–7.29 (m, 9H,
Ar-H); Anal. Calcd for C20H20N2O3: C 71.41, H 5.99, N 8.33;
found C 71.34, H 5.97, N 8.28.

Ethyl 2-(5-(4-chlorophenyl)-1-phenyl-1H-pyrazol-3-ylox-

y)acetate (5c). Yellow crystal; mp 51–52�C; yield, 88%. 1H
NMR (CDCl3, 300 MHz, ppm): d 1.30 (t, J ¼ 7.20, 14.28 Hz,
3H, CH3), 4.28 (q, J ¼ 7.20, 14.19 Hz, 2H, CH2), 4.86 (s, 2H,
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CH2), 6.03 (s, 1H, CH), 7.13–7.38 (m, 9H, Ar-H); Anal. Calcd
for C19H17ClN2O3: C 63.96, H 4.80, N 7.85; found C 63.88, H
4.82, N 7.82.

Ethyl 2-(5-(4-fluorophenyl)-1-phenyl-1H-pyrazol-3-ylox-

y)acetate (5d). White crystal; mp 76–77�C; yield, 81%. 1H NMR

(CDCl3, 500 MHz, ppm): d 1.33 (t, J ¼ 7.15, 14.3 Hz, 3H, CH3),
4.31 (q, J ¼ 7.15, 14.2 Hz, 2H, CH2), 4.90 (s, 2H, CH2), 6.08 (s,
1H, CH), 7.01–7.28 (m, 9H, Ar-H); Anal. Calcd for C19H17FN2O3:
C 67.05, H 5.03, N 8.23; found C 67.14, H 5.04, N 8.19.

Ethyl 2-(1-phenyl-5-(3,4,5-trimethoxyphenyl)-1H-pyrazol-

3-yloxy)acetate (5e). Yellow crystal; mp 75–76�C; yield,
84%. 1H NMR (CDCl3, 500 MHz, ppm): d 1.21 (t, J ¼ 7,
14.2 Hz, 3H, CH3), 3.58 (s, 6H, OCH3), 3.65 (s, 3H, OCH3),
4.17 (q, J ¼ 7.2, 14.2 Hz, 2H, CH2), 4.83 (s, 2H, CH2), 6.26
(s, 1H, CH), 6.49 (s, 2H, Ar-H), 7.22–7.39 (m, 5H, Ar-H);

Anal. Calcd for C22H24N2O6: C 64.07, H 5.87, N 6.79; found
C 63.98, H 5.85, N 6.75.

Ethyl 2-(5-(3-fluorophenyl)-1-phenyl-1H-pyrazol-3-ylox-

y)acetate (5f). White crystal; mp 67–68�C; yield, 81%. 1H

NMR (CDCl3, 500 MHz, ppm): d 1.30 (t, J ¼ 7.2, 14.25 Hz,
3H, CH3), 4.28 (q, J ¼ 7, 14.35 Hz, 2H, CH2), 4.87 (s, 2H,
CH2), 6.05 (s, 1H, CH), 6.91–7.27 (m, 9H, Ar-H); Anal. Calcd
for C19H17FN2O3: C 67.05, H 5.03, N 8.23; found C 67.14, H
5.04, N 8.20.

Ethyl 2-(1-(4-isopropylphenyl)-5-phenyl-1H-pyrazol-3-

yloxy)acetate (5g). Yellow crystal; mp 133–134�C; yield,
88%. 1H NMR (CDCl3, 500 MHz, ppm): d 1.22 (d, J ¼ 6.85
Hz, 6H, CH3), 1.30 (t, J ¼ 7.15, 14.3 Hz, 3H, CH3), 2.87 (q, J
¼ 7, 13.8 Hz, 1H, CH), 4.28 (q, J ¼ 7.15, 14.15 Hz, 2H,

CH2), 4.87 (s, 2H, CH2), 6.02 (s, 1H, CH), 7.12–7.29 (m, 9H,
Ar-H); Anal. Calcd for C22H24N2O3: C 72.50, H 6.64, N 7.69;
found C 72.43, H 6.66, N 7.66.

Ethyl 2-(1-(4-isopropylphenyl)-5-(4-methoxyphenyl)-

1H-pyrazol-3-yloxy)-acetate (5h). Yellow crystal; mp

127–128�C; yield, 83%. 1H NMR (CDCl3, 500 MHz, ppm): d
1.22 (d, J ¼ 6.8 Hz, 6H, CH3), 1.30 (t, J ¼ 7.15, 14.25 Hz,
3H, CH3), 2.88 (t, J ¼ 6.8, 13.75 Hz, 1H, CH), 3.80 (s, 3H,
OCH3), 4.28 (q, J ¼ 7.15, 14.25 Hz, 2H, CH2), 4.86 (s, 2H,

CH2), 5.96 (s, 1H, CH), 6.81–7.26 (m, 8H, Ar-H); Anal. Calcd
for C23H26N2O4: C 70.03, H 6.64, N 7.10; found C 70.12, H
6.67, N 7.08.

Ethyl 2-(5-(4-fluorophenyl)-1-(4-isopropylphenyl)-1H-pyr-

azol-3-yloxy)-acetate (5i). Yellow crystal; mp 81–82�C; yield,
89%. 1H NMR (CDCl3, 500 MHz, ppm): d 1.22 (d, J ¼ 6.75
Hz, 6H, CH3), 1.30 (t, J ¼ 7.2, 14.2 Hz, 3H, CH3), 2.88 (q, J
¼ 6.85, 13.8 Hz, 1H, CH), 4.15 (q, J ¼ 7.15, 14.18 Hz, 2H,
CH2), 4.83 (s, 2H, CH2), 6.19 (s, 1H, CH), 7.07–7.26 (m, 8H,

Ar-H); Anal. Calcd for C22H23FN2O3: C 69.09, H 6.06, N
7.33; found C 69.15, H 6.11, N 7.31.
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A series of 2-(4-hydroxyphenyl)-4,5-disubstituted imidazoles (1a–e) prepared from a-diketones, am-
monium acetate, and p-hydroxybenzaldehyde, which were glucosylated by using a-acetobromoglucose
to form 2-(4-O-b-D-2,3,4,6-tetra-O-acetyl-glucosidoxyphenyl)-4,5-disubstituted imidazoles (2a–e) which
on catalytic deacetylation with CH3ONa in methanol afforded the title compound 2-(4-O-b-D-glucosidox-
yphenyl)-4,5-disubstituted imidazoles (3a–e). Compounds were characterized by elemental analysis and

by instrumental technique, similarly the title compounds were investigated for antimicrobial and antifun-
gal activity.

J. Heterocyclic Chem., 47, 903 (2010).

INTRODUCTION

In continuation of our work [1] with imidazole ring

which were very important in living systems like vita-

min B12. Imidazole also forms a part of some impor-

tant compounds such as purine, adenine, xanthine, gua-

nine, co-enzyme-a. It is also distributed in essential

amino acid, e.g., 1-histidine. Imidazoles possess, vari-

ous biological activities, viz., antibacterial [2,3], anti-

fungal [4], anti-inflammatory [5], antihistaminic [6],

and hypertensive [7]. Glucoconjugate and the carbohy-

drate containing structure [8,9] exhibit a variety of bio-

logical and therapeutic properties [10]. As a result, the

formation of glucosidic linkage continues to be a domi-

nant theme in carbohydrate chemistry [11,12]. The

attached sugar molecules increase water solubility and

tissue penetration. In addition to acting as a modifier,

carbohydrate can induce biological activity. In view of

various biological activities of imidazoles and the im-

portance of glucose moiety in the metabolism, several

compounds containing imidazole and glucose moiety

have been synthesized. Herein, we reported the synthe-

sis of 2-(4-hydroxyphenyl)-4,5-disubstituted imidazoles

and 2-(4-O-b-D-glucosidoxyphenyl)-4, 5-disubstituted

imidazoles.

RESULTS AND DISCUSSION

Our general synthetic route starts with the aglycon

synthesis 1 it was prepared by condensation between a-
diketones, p-hydroxybenzaldehyde, and ammonium ace-

tate in the acetic acid medium [13]. The series of these

aglycon prepared by changing substitutions at 4,5 posi-

tions (1a–e). The glucosylation is carried out by using

modified Koenigs-Knorr method [14] (Scheme 1).

The mechanism of O-glucosylation reaction gained

immense importance due to its stereo-and regeoselective na-

ture. Glucosylation of 2-(4-hydroxyphenyl)-4,5-disubstituted

imidazole with a-acetobromoglucose (ACBG) followed by

deacetylation leads to the desired O-glucoside with distereose-

lectivity in favors of b-anomer. O-Glucosylation takes place

via SN1 and SN2 mechanism. In the absence of heavy metal

salts or Lewis acid catalyst mostly follows SN2 mechanism

which mainly leads to b-anomer as the preferred product. In

contrast, the presence of Lewis acid catalyst follows SN1

mechanism and is less distereoselective and regioselective.

This leads to the formation of a- and b-anomers. An

ester protecting group on the 2-hydroxyl group of the

donor will lead to the neighboring group participation

during O-glucosylation reaction and only the 1,2-trans-

diaxial glucoside (b-anomer) is the preferred product.
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Scheme 1

Glucosylation of 2-(4-hydroxyphenyl)-4,5-disubstituted

imidazoles with acetobromoglucose (ACBG) followed

by deacetylation leads the desired O-glucoside FT-IR data

of the O-glucoside are in agreement with the assigned

structure. Anomeric configuration confirmed by 1H NMR

since the coupling constant of the compound 8.5 Hz was

observed between H-1 and H-2 proton. 13C NMR

spectrum, C-1 resonated downfield of the other glucosyl

carbon at d 100.26 consistent with the formation of O-b-
glucosides. SN2 mechanism for 1,2-trans glucoside

formation 1,2-dioxyacylcarbonium ion (Scheme 2).

BIOLOGICAL ASSAY

Antibacterial activity. The compounds (3a–e) were

screened for their antibacterial activities against various

pathogenic bacteria Escherichia coli, Klebisilla aero-

gens, Staphyllococcus aureus, and Bacillus substilis by

the cup plate diffusion of 100 lg/mL by using standard

ciprofloxacin and sulphacetamide (100 lg/mL) for bac-

teria. The zone of inhibition after 24 h of incubation at

37�C was compared with standard drugs (Table 1).

Antifungal activity. The compounds (3a–e) were

screened for antifungal activity tasted at 100 lg/mL

concentration in methanol against Aspergillus niger and

Candida albicans by adopting cup plate diffusion

method. The zone of inhibition after 7 days at 37�C was

compared with standard drugs gentamycin and clotrim-

azole (100 lg/mL).

EXPERIMENTAL

The melting points (mp) are taken by using open capillary
method and are uncorrected. The FT-IR spectra were recorded

on Perkin-Elmer spectrophotometer using KBr disc. The 1H
NMR spectra are recorded on Bruker DRX-300 (300 MHz FT-
NMR) instrument using DMSO-d6 as a solvent and TMS as
internal standard, and the chemical shift are expressed in d
ppm values. EI-MS were recorded by direct insertion tech-

nique with a Hitachi Perkin Elmer RMU 6D mass Spectropho-
tometer. Elemental analysis was determined by the FLASH
EA 1112 CHN analyzer, Thermo Finigin, Italy.

General procedure for 2-(4-hydroxyphenyl)-4,5-disubsti-

tuted imidazoles (1a–e). A mixture of 4-hydroxy benzalde-
hyde (5 mmol), a-diketones (5 mmol), ammonium acetate (10

mmol), and glacial acetic acid (50 mL) was refluxed for 2 h. It

was poured on to cold water (200 mL) and neutralized with

NH4OH. The solid obtained was filtered, washed with water,

and crystallized from alcohol.

2-(4-Hydroxyphenyl)-4,5-diphenyl imidazole (1a). Yield
1.4 g (75%), mp 260�C, Rf ¼ 0.78, FT-IR spectrum showed

the 3569.4 (AOH, broad) due to the presence of free phenolic

hydroxyl group and 1608 (C¼¼N, str.), 3165.3–2793.3 cm�1
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(aromatic ring, str.), 1235.6 (CAO bend), 3466.6 (ANH); 1H
NMR: d 7.2–7.5 (m, 14H, ArAH), 6.8 (s, 1H, OH), 7.9 (1H,
ANH, D2O exchangeable) Anal. Calcd. for C21H26N2O (312):
C, 80.75; H, 5.16; N, 8.97; Found: C, 80.65; H, 5.11; N, 8.85.

2-(4-Hydroxyphenyl)-5-phenyl imidazole (1b). Yield 54%;
mp 175�C (ethanol); Rf ¼ 0.70, FT-IR: 3510 (AOH, broad),
3345.5 (ANH), 1612 (C¼¼N, str.), 1218 (CAO bend), 3165.3–
2790.3 cm�1 (aromatic ring, str.).1H NMR: d ¼ 6.8 (s, 1H,

OH), 10.2 (1H, ANH, exchangeable with D2O), 6.5–7.3 (m,
9H, aromatic). Anal. Calcd. for C15H12N2O (236): C, 76.25;
H, 5.12; N, 11.86; Found: C, 76.18; H, 5.20; N, 11.82.

2-(4-Hydroxyphenyl)-imidazole (1c). Yield 72%; mp
190�C (ethanol); Rf ¼ 0.68, FT-IR: 3585 (AOH, broad),

3358.0 (ANH), 1618 (C¼¼N, str.), 1220 (CAO bend), 3105.5–
2788.0 cm�1 (aromatic ring, str.).1H NMR: d ¼ 5.6 (s, 1H,

OH), 9.5 (1H, ANH, exchangeable with D2O), 6.2A7.4 (m,
4H, aromatic). Anal. Calcd. for C9H8N2O (160): C, 67.49; H,
5.03; N, 17.49; Found: C, 67.56; H, 5.10; N, 17.45.

2-(4-Hydroxyphenyl)-4,5-dimethyl imidazole (1d). Yield 62%;

mp 135�C (ethanol); Rf ¼ 0.54, FT-IR: 3424 (AOH, broad),
3269.0 (ANH), 1614 (C¼¼N, str.), 1224 (CAO bend), 3015.5–
2712. cm�1 (aromatic ring, str.). 1H NMR: d ¼ 5.5 (s, 1H,
OH), 9.4 (1H, ANH, exchangeable with D2O), 6.2–7.8 (m,

4H, aromatic). Anal. Calcd. for C11H12N2O (188): C, 70.19;
H, 6.43; N, 14.88; Found: C, 70.25; H, 6.40; N, 14.90.

2-(4-Hydroxyphenyl)-4,5-bis-(4-chlorophenyl)-imidazole

(1e). Yield 60%; mp 245�C (ethanol); Rf ¼ 0.73, FT-IR: 3520
(AOH, broad), 3370.0 (ANH), 1624(C¼¼N, str.), 1222 (CAO

bend), 3085–2712 cm�1 (aromatic ring, str.).1H NMR d ¼ 5.8
(s, 1H, OH), 8.5 (1H, ANH, exchangeable with D2O), 6.1–7.5

Table 1

Antimicrobial activity 4,5-diaryl-2-(4-o-b-D-glucosidoxyphenyl) imidazoles (3a-e).

Zone of inhibitiona (mm) (activity index)std

Compd. No.b

Antibacterial activity

Antifungal activityGram-positive Gram-negative

S. aureus B. substilis E. coli K. aerogens C. albicans A. niger

3a 19(0.55)c (0.61)d 25(0.86)c (0.96)d 18(0.51)c (0.62)d 19(0.83)c (0.90)d 21(1.00)c (0.91)d 23(0.92)c (1.00)d

3b 25(0.73)c (0.80)d 17(0.58)c (0.65)d 26(0.74)c (0.89)d 16(0.72)c (0.76)d 25(1.19)c (1.09)d 17(0.68)c (0.71)d

3c 30(0.88)c (0.96)d 19(0.65)c (0.73)d 22(0.62)c (0.75)d 20(0.90)c (0.95)d 17(0.80)c (0.73)d 19(0.76)c (0.79)d

3d 22(0.64)c (0.70)d 14(0.48)c (0.53)d 16(0.45)c (0.55)d 14(0.63)c (0.66)d 18(0.85)c (0.78)d 20(0.80)c (0.83)d

3e 16(0.47)c (0.51)d 20(0.68)c (0.76)d 19(0.54)c (0.65)d 18(0.81)c (0. 85)d 20(0.95)c (0.86)d 14(0.56)c (0.58)d

Std. 1 34 29 35 22 21 25

Std. 2 31 26 29 21 23 24

aAverage zone of inhibition in mm.
b Concentration of test compounds and standard 100 lg/mL. (Activity index) ¼ Inhibition zone of the sample/inhibition zone of the standard.
c Activity index against std. 1.
d Activity index against std. 2.For antibacterial activity: Std. 1 ¼ Ciprofloxacin and Std. 2 ¼ Sulphacetamide, for antifungal activity: Std. 1 ¼ Gen-

tamycin and Std. 2 ¼ Clotrimazole.

Scheme 2
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(m, 12H, aromatic). Anal. Calcd. for C21H14Cl2N2O (380): C,
66.16; H, 3.70; N, 7.35; Found: C, 66.32; H, 3.76; N, 7.32.

General procedure for 2-(4-o-b-D-2,3,4,6-tetra-o-acetyl-
glucosidoxyphenyl)-4,5-disubstituted imidazoles (2a–e). A
solution of 3 g potassium salt of 4,5-disubstituted-2-(4-hydrox-

yphenyl)-imidazole in 10 mL of 5% methanolic KOH was
added drop wise to a solution of 5 g of a acetobromoglucose
in 20 mL of dry acetone. The resulting mixture was stirred at
0�C for 2 h. The reaction was allowed to proceed for an addi-
tional 24 h and the solvent remove under reduced pressure.

The reaction was monitored by TLC, A brown syrupy mass of
4,5-disubstituted-2-(4-O-b-D-2,3,4,6-tetra-O-acetyl glucosidoxy-
phenyl)imidazoles were obtained.

2-(4-o-b-D-2,3,4,6-Tetra-o-acetyl glucosidoxyphenyl)-4,5-di-
phenyl imidazole (2a). Yield 3.57 g (65%). Rf ¼ 0.28. The

compound was found to be optically active and the specific
rotation [a]D

30 in DMSO was found to be �8.12. FT-IR spec-
trum of the compound showed following characteristic bands at
vmax 3424 (ANH), 1607 (C¼¼N), and 1074 (CAO) cm�1. The

characteristic band due to phenolic hydroxyl group (3300–3500
cm�1) was absent and the band due to CAOAC which appear at
1231 cm�1 confirms the formation of O-glucoside.1H NMR: 2.02,
1.95,1.97, 2.01 (s, 3H) (COCH3), 4.8 (d, 1H, anomeric proton),
6.4–7.1 (m, 14H, ArAH), 10.5 (s, 1H, ANH). Anal. Calcd. for

C35H34N2O10 (642): C, 65.41; H, 5.33; N, 4.36; Found: C, 65.35;
H, 5.30; N, 4.38.

2-(4-o-b-D-2,3,4,6-Tetra-o-acetyl glucosidoxyphenyl)-5-phe-
nyl imidazole (2b). Yield 72%; [a]D

30 ¼ �12.56 (c, 0.1,
DMSO); brown syrup; Rf ¼ 0.12; FT-IR: 3420 (ANH), 2855

(glucosidic CH), 2420 (ArACH), 1610 (C¼¼N), 1089 (CAO),
and 1225 cm�1 (CAOAC). 1H NMR: 2.02, 1.94, 1.97, 2.01 (s,
3H) (COCH3), 5.1 (d, 1H, anomeric proton), 6.2 �7.0 (m, 9H,
ArAH), 9.6 (s, 1H, ANH). Anal. Calcd. for C29H30N2O10

(566): C, 61.48; H, 5.34; N, 4.94; Found: C, 61.42; H, 5.30;

N, 4.93.
2-(4-o-b-D-2,3,4,6-Tetra-o-acetyl glucosidoxyphenyl) imid-

azole (2c). Yield 82%; [a]D
30 ¼ �2.24 (c, 0.1, DMSO); brown

syrup; Rf ¼ 0.22; FT-IR: 3428 (ANH), 2828 (glucosidic CH),

2610 (ArACH), 1618 (C¼¼N), 1085 (CAO), and 1210 cm�1

(CAOAC). 1H NMR: 2.02, 1.90, 1.96, 2.01 (s, 3H) (COCH3),
5.4 (d, 1H, anomeric proton), 6.0–7.3 (m, 4H, ArAH), 9.8 (s,
1H, ANH). Anal. Calcd. for C23H26N2O10 (490): C, 56.32; H,
5.34; N, 5.71; Found: C, 56.38; H, 5.32; N, 5.76.

2-(4-o-b-D-2,3,4,6-Tetra-o-acetyl glucosidoxyphenyl)-

4,5-dimethyl imidazole (2d). Yield 78%; [a]D
30 ¼ �8.16 (c,

0.1, DMSO); brown syrup; Rf ¼ 0.21; FT-IR (KBr): 3430
(ANH), 2832(glucosidic CH), 2612(ArACH), 1625 (C¼¼N),
1087 (CAO), and 1218 cm�1 (CAOAC). 1H NMR: 2.00, 1.92,

1.98, 2.01 (s, 3H) (COCH3), 5.1 (d, 1H, anomeric proton),
6.2–6.9 (m, 4H, ArAH), 10.2 (s, 1H, ANH). Anal. Calcd. for
C25H30N2O10 (518): C, 57.91; H, 5.83; N, 5.40; Found: C,
57.95; H, 5.84; N, 5.42.

2-(4-o-b-D-2,3,4,6-Tetra-o-acetyl glucosidoxyphenyl)- 4,5-

bis-(4-chlorophenyl) imidazole (2e). Yield 75%; [a]D
30 ¼

�4.10 (c, 0.1, DMSO); brown syrup; Rf ¼ 0.28; FT-IR (KBr):
3440 (ANH), 2795 (glucosidic CH), 2610 (ArACH), 1620
(C¼¼N), 1090 (CAO), and 1215 cm�1 (CAOAC). 1H NMR:

2.00, 1.94, 1.96, 2.02 (s, 3H) (COCH3), 5.5 (d, 1H, anomeric
proton), 6.2–6.8 (m, 12H, ArAH), 11.4 (s, 1H, ANH). Anal.
Calcd. for C35H32Cl2N2O10 (710): C, 59.08; H, 4.53; N, 3.94;
Found: C, 59.05; H, 4.56; N, 3.96.

General procedure for 2-(4-o-b-D-glucosidoxyphenyl)-4,5-
disubstituted imidazoles (3a–e). A solution of 4,5-disubsti-
tuted-2-(4-O-b-D-2,3,4,6-tetra-O-acetyl glucosidoxyphenyl) im-

idazole (2 g) in 25 mL of dry methanol was added 1.5 mL of
5% CH3ONa solution .The reaction mixture was kept at room
temperature for additional 24 h. It was neutralized with ion-
exchange resin (Amberlite IR 120, s.d. fine, Hþ form) filtered
and concentrated in vacuum to afford viscous, strongly hygro-

scopic brown colored syrupy.
2-(4-o-b-D-Glucosidoxyphenyl)-4,5-diphenyl imidazole

(3a). Yield 65%; [a]D
30 ¼ �9.88 (c, 0.1, DMSO); brown sy-

rup; Rf ¼ 0.12; FT-IR: 3200–3391.7 (AOH, broad, stretching).
2361.9 (aromatic str.), 1073.7 (CAOAC), 1609.9 cm�1

(C¼¼N). 1H NMR: 6.8–7.7 Hz (H, ArAH), 10.5 (s, ANH), 4.8
(d, 1H, J1, 2 ¼ 8.5 Hz, 10H) anomeric proton, 3.9 (1H, 20H),
3.4 (dd, 1H, 30H), 3.7 (1H, 40H), 3.2 (1H, 50H). 13C NMR:
d115–128 (ArAC), sugar moiety: d 100.26 (s, C-10) anomeric
carbon, 81 (s, C-60), 77 (s, C-50), 72 (s, C-40), 70.5 (s, C-30),
62 (s, C-20). EI-MS the molecular ion peak were observed at
474 (M þ 1) (46%) base peak observed at 312 (100 %), 118
(10 %), 77 (08 %). Anal.Calcd. for C27H26N2O6 (474): C,
68.34; H, 5.52; N, 5.90; Found: C, 68.37; H, 5.50; N, 5.86.

2-(4-o-b-D-Glucosidoxyphenyl)-5-phenyl imidazole (3b). Yield
58%; [a]D

30 ¼ �15.20 (c, 0.1, DMSO); brown syrup; Rf ¼ 0.8;
FT-IR: 3300 (AOH, broad), 2718.1 cm�1 (aromatic str.), 1079.2
(CAOAC), 1620.6 cm�1 (C¼¼N). 1H NMR: 6.8–7.8 (m, 9H,
ArAH), 10.4 (s, 1H, ANH), 3.3 (1H,50H), 3.5 (1H,40H), 3.4
(1H,30H), 3.8 (1H,20H), 5.0 (dd, 1H, J1, 2 ¼ 8.8 Hz, 10H).13C
NMR: d115–128 (ArAC), sugar moiety: d108 (s, C-10) anomeric
carbon, 80 (s, C-60), 76 (s, C-50), 71.5 (s, C-40), 70.5 (s, C-30), 60
(s, C-20). EI-MS: 398 (M) (20%), 220 (58%) 116 (100%) base
peak, 105 (10%), 78(4%). Anal.Calcd. for C21H22N2O6 (398): C,

63.31; H, 5.57; N, 7.03; Found: C, 63.34; H, 5.50; N, 7.06.
2-(4-o-b-D-Glucosidoxyphenyl) imidazole (3c). Yield 60%;

[a]D
30 ¼ �5.22 (c, 0.1, DMSO); brown syrup; Rf ¼ 0.15; FT-

IR: 3400 (AOH, broad), 2818.1 (aromatic str.), 1088.2
(CAOAC) glucosidic linkage, 1624 cm-1 (C¼¼N). 1H NMR:

6.5–7.9 (m, ArAH), 11.4 (s, 1H,ANH), 3.2 (1H, 50H), 3.4 (1H,
40H), 3.5 (1H, 30H), 3.9 (1H, 20H), 5.5 (dd, 1H, J1, 2 ¼ 10.2
Hz, 10H) anomeric proton. 13C NMR: d116–130 (ArAC), sugar
moiety: d110 (s, C-10) anomeric carbon, 82 (s, C-60), 77 (s, C-
50), 72.5 (s, C-40), 71.5 (s, C-30), 63 (s, C-20). EI-MS: 322 (M)

(28 %), 160 (100 %) base peak 146 (15 %), 77 (4 %). Anal.-
Calcd. for C15H18N2O6 (322): C, 55.90; H, 5.63; N, 8.69;
Found: C, 55.88; H, 5.60; N, 8.65.

2-(4-o-b-D-Glucosidoxyphenyl)-4,5-dimethyl imidazole

(3d). Yield 68%; [a]D
30 ¼ �11.10 (c, 0.1, DMSO); brown sy-

rup; Rf ¼ 0.16; FT-IR: 3380 (AOH, broad), 2910 (aromatic
str.), 1085.0 (CAOAC) glucosidic linkage, 1630 cm�1 (C¼¼N).
1H NMR: 6.0–7.4 (m, ArAH), 10.2 (s,1H,ANH), 3.0 (1H,50H),
3.2 (1H,40H), 3.5 (1H,30H), 3.7 (1H,20H), 5.6 (dd, 1H, J1, 2 ¼
9.8 Hz, 10H) anomeric proton.13C NMR: d120–136 (ArAC),
sugar moiety: d115 (s, C-10) anomeric carbon, 88 (s, C-60), 86
(s, C-50), 76 (s, C-40), 70. (s, C-30), 65 (s, C-20). EI-MS: 350
(M) (25 %), 170 (100 %) base peak 118 (12 %), 78 (8 %).
Anal.Calcd. for C17H22N2O6 (350): C, 58.28; H, 6.33; N, 8.00;

Found: C, 58.32; H, 6.36; N, 8.05.
2-(4-o-b-D-Glucosidoxyphenyl)-4,5-bis-(4-chlorophenyl) imid-

azole (3e). Yield 62%; [a]D
30 ¼ �6.80 (c, 0.1, DMSO); brown

syrup; Rf ¼ 0.20; FT-IR: 3420 (AOH, broad), 3015 (aromatic
str.), 1088.0 (CAOAC) glucosidic linkage, 1630 cm�1 (C¼¼N).
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1H NMR: 6.0–7.3 (m, ArAH), 10.5 (s, 1H,ANH), 3.0 (1H, 50H),
3.4 (1H, 40H), 3.5 (1H, 30H), 3.8 (1H, 20H), 5.2(dd, 1H, J1, 2 ¼
9.0 Hz, 10H) anomeric proton. 13C NMR: d114–136 (ArAC),
sugar moiety: d103 (s, C-10) anomeric carbon, 78 (s, C-60), 77
(s, C-50), 75 (s, C-40), 73 (s, C-30), 67 (s, C-20). EI-MS: 542 (M)

(32 %), 380 (10 %) 246 (100 %) base peak, 163 (24 %), 137 (12
%), 77 (32 %). Anal.Calcd. for C27H24Cl2N2O6 (542): C, 59.68;
H, 4.45; N, 5.16; Found: C, 59.72; H, 4.48; N, 5.15.
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2-(4-Substituted aryl)-4H-[1,3]thiazolo[3,2-a][1,3,5]triazine-4-thiones (3a-3b) and 2-(2-thiophene)-4H-
[1,3]thiazolo[3,2-a][1,3,5]triazine-4-thione (3d) were synthesized by the reaction of arylisothiocyanates/

thiophene-2-isothiocyanate with 2-aminothiazole in the presence of tetrabutylammonium bromide as
phase transfer catalyst. Compound 3c was synthesized by the catalytic reduction (10% Pd-C) of 3a.
Compounds 3a–d were characterized by IR, 1H NMR, 13C NMR, and elemental analysis. All the com-
pounds were tested in vitro against Fusarium solani, A.fumigatus, and Aspergillus flavus using standard
drugs. The crystal structure of 3a was determined from single crystal X-ray diffraction data.

J. Heterocyclic Chem., 47, 908 (2010).

INTRODUCTION

Heterocyclic compounds containing nitrogen and sul-

phur possess potential pharmacological activities [1–4].

Recent years have seen a dramatic increase in fungal

infections, mostly caused by Candida albicans; these

infections are often spread through the use of broad-

spectrum antibiotics, immunosuppressive agents, anti-

cancer, and anti-AIDS drugs [5]. The main problem in

the treatment of fungal infections is the increasing prev-

alence of drug resistance, especially in patient’s chroni-

cally subjected to antimycotic therapy such as persons

infected with HIV [6]. For these reasons, serious atten-

tion has recently been directed toward the discovery and

development of new antifungal drugs.

Fused heterocyclic 1,3,5-triazines possess a wide

array of biological activities such as herbicidal and fun-

gicidal activity [7], antitumor activity [8], and inhibitory

activity against the enzymes phosphodiesterase (PED)

[9,10], which is expected to be the target for the treat-

ment of diseases such as asthma, diabetes mellitus, and

thrombosis. They are also able to block dihydrofolate

reductase, the inhibition of which leads to cell death

[11]. The title compounds are examples of such fused

heterocyclic 1,3,5-triazines.

We became interested in the synthesis of fused heter-

ocyclic 1,3,5-triazine compounds containing aryl and

thiophene moieties and in the systematic study of their

biological activity. All the structures of these novel tar-

get compounds were characterized by spectroscopic

techniques. We have also confirmed the structure of one

representative by X-ray crystallography.

RESULTS AND DISCUSSION

A series of new fused heterocyclic 1,3,5-triazines 3a–d

with thiophene and aroyl substituents (Scheme 1) were

prepared by slight modification of published procedures

[12,13]. The use of phase transfer catalysts (PTCs) as a

method of agitating a heterogeneous reaction system is

gaining recognition [14,15]. In search of improved meth-

ods to prepare the target fused heterocyclic 1,3,5-triazines

by reacting isothiocyanates with nucleophiles, we have

found the use of tetrabutylammonium bromide (TBAB)

as PTC, which can afford thiophenoyl and aroyl isothio-

cyanates in good yield, as reported here.

All the structures of newly synthesized compounds

were assigned on the basis of their elemental analysis

and spectroscopic data, IR, and 1H NMR. All the
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compounds were soluble in DMF, DMSO, ethanol, and

ethyl acetate.

Surprisingly, to the best of our knowledge, 2-(4-sub-

stituted phenyl)-4H-[1,3]thiazolo [3,2-a][1,3,5]triazine-4-

thiones (3a–c) and 2-(2-thiophene)-4H-[1,3]thiazolo

[3,2-a][1,3,5]triazine-4-thione (3d) have never been

described in the literature. The formation of 3a–d would

be explained through the formation of an unstable inter-

mediate form containing thiazole, alcoholic, and isothio-

cyanate functional groups as shown in Scheme 2.

The yield of the target products was very sensitive to

the reaction conditions. Two types of products were

obtained during the reaction of arylisothiocyanate with

2-aminothiazole. The major product, using a molar ratio

of 1:1 between arylisothiocyanate and 2-aminothiazole,

was a fused heterocyclic 1,3,5-triazine with about 75%

yield and the minor product was a thiourea derivative

with about 20% yield. Initially, the experiments were

performed three times and these yields remained. How-

ever, the yield of fused heterocyclic 1,3,5-triazine prod-

ucts increased to above 90% when the molar concentra-

tion of 2-aminothiazole was doubled and refluxed time

increased to 4.5 h.

The cyclization of 2a–d to fused heterocyclic 1,3,5-tria-

zines 3a–d was monitored by the IR spectra, where the car-

bonyl chloride peak disappeared on the expense of the

appearance of thioamide (C¼¼S) peak in the region of

1445–1440 cm�1. The thioamide group was also confirmed

by 13C NMR, with signals at d 182–179 ppm.

Single crystals of 3a suitable for X-ray diffraction

studies were obtained by evaporation from dichlorome-

thane/ethanol. The molecular structure is shown in

Figure 1. Molecular dimensions may be regarded as nor-

mal. The bicyclic thiazolotriazine system is planar

(mean deviation 0.01 Å) and subtends an interplanar

angle of 11.9� to the phenyl ring. The molecular pack-

ing (Fig. 2) displays two contacts, H16���O2 2.36 Å and

S1���O1 3.01 Å, which combine to form ribbons parallel

to the vector [100] and to the plane (012). These ribbons

are connected by N1���O2 3.03 Å (not shown).

Primary bioassay screening provides the first indica-

tion of bioactivities and helps in the selection of lead

compounds for secondary screening for detailed pharma-

cological evaluation. The synthesized fused heterocyclic

1,3,5-triazines 3a–d were checked for their antifungal

activity against three fungal strains: Fusarium solani,
A.fumigatus, and Aspergillus flavus. The antifungal ac-

tivity was carried out in DMSO using the agar tube dilu-

tion method [16]. Growth in the media was determined

by measuring linear growth (mm) and growth inhibition

was calculated with reference to the negative control.

No significant activity against yeast was detected. All

the compounds in the series showed weak antimicrobial

activity against Fusarium solani, A.fumigatus, and

Aspergillus flavus with 30–40% inhibition, which shows

low activity. However, the compound 2-(2-thiophene)-

4H-[1,3]thiazolo [3,2-a][1,3,5]triazine-4-thione (3d)

showed 40% inhibition.

Scheme 1. Preparation of compounds (3a–d).
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EXPERIMENTAL

Melting points were recorded on Electrothermal IA9000 se-
ries digital melting point apparatus. The proton NMR and 13C
spectra were recorded in DMSO-d6 solvent on Bruker 300
MHz spectrophotometer using tetramethylsilane as an internal

reference, respectively. The apparent resonance multiplicity is
described as s (singlet), br s (broad singlet), d (doublet), dd

(doublet of doublets), t (triplet), q (quartet), and m (multiplet).
Infrared measurements were recorded in the range 400–4000
cm�1 on spectrum 2000 by Perkin Elmer. Elemental analysis
was carried out using Perkin Elmer CHNS/O 2400. Obtained
results were within 0.4% of the theoretical values. Thin layer
chromatography (TLC) analysis were carried out on 5 �
20 cm plate coated with silica gel GF254 type 60 (25–250
mesh) using an ethyl acetate-petroleum ether mixture (1:2) as
solvent.

2-(4-Nitrophenyl)-4H-[1,3]thiazolo[3,2-a][1,3,5]triazine-4-

thione (3a). A solution of 4-nitrobenzoyl chloride (1.85 g,
0.01 mol) in anhydrous acetone (80 mL) and 3% TBAB in
acetone was added dropwise to a suspension of ammonium thi-
ocyanate (0.76 g, 0.01 mol) in acetone (50 mL), and the reac-
tion mixture was refluxed for 45 min. After cooling to room
temperature, a solution of 2-aminothiazole (1.0 g, 0.01 mol) in
acetone (25 mL) was added and the resulting mixture refluxed
for 4.5 h. The reaction mixture was poured into five times its
volume of cold water, to precipitate the product, which was
recrystallized from ethanol: dichloromethane (1:2) as intensely
yellow crystals. Yield: 1.50 g (93%), m.p. 196�C; IR (KBr pel-
let) in cm�1: 1529 (benzene ring), 1512 (NO2), 1401 (CAN
stretching), 1140 (C¼¼S); 1H NMR (300 MHz, DMSO-d6) in d
(ppm) and J (Hz): 8.10(2H, d, J ¼ 8.41), 7.34 (2H, d, J ¼ 8.7
Hz); 13C NMR (300 MHz, DMSO-d6) in d (ppm): 179.2
(C¼¼S), 165.5 (C), 162.0 (C), 150.4 (C), 145.6 (C), 141.3 (C),
135.1 (C), 128.4 (C) .Anal.Calcd. for C11H6N4O2S2 (290.32):
C, 45.51; H, 2.08; N, 19.30; S, 22.09. Found: C, 45.50; H,
2.09; N, 19.30; S, 22.07.

2-(4-Methylphenyl)-4H-[1,3]thiazolo[3,2-a][1,3,5]triazine-

4-thione (3b). A solution of 4-methylbenzoyl chloride (1.54 g,
0.01 mol) in anhydrous acetone (80 mL) and 3% TBAB in ac-
etone was added dropwise to a suspension of ammonium thio-
cyanate (0.76 g, 0.01 mol) in acetone (50 mL), and the reac-
tion mixture was refluxed for 45 min. After cooling to room
temperature, a solution of 2-aminothiazole (1.0 g, 0.01 mol) in
acetone (25 mL) was added and the resulting mixture refluxed
for 4.5 h. The reaction mixture was poured into five times its
volume of cold water to precipitate the product, which was
recrystallized from ethanol as a pale yellow power. Yield: 1.50
g (90%), m.p. 175�C; IR (KBr pellet) in cm�1: 1531 (benzene
ring), 1403 (CAN stretching), 1143 (C¼¼S); 1H NMR (300
MHz, DMSO-d6) in d (ppm) and J (Hz): 8.04(2H, d, J ¼
8.33), 7.24 (2H, d, J ¼ 8.5 Hz), 2.46 (3H,s, ACH3);

13C NMR
(300 MHz, DMSO-d6) in d (ppm) : 180.1 (C¼¼S), 165.0 (C),
162.7 (C), 150.4(C), 145.5 (C), 140.7 (C), 135.3 (C), 127.8(C),
25.0 (C). Anal.Calcd. for C12H9N3S2 (259.35): C, 55.57; H,
3.50; N, 16.20; S, 24.73.Found: C, 55.59; H, 3.52; N, 16.18;
S, 24.72.

2-(4-Aminophenyl)-4H-[1,3]thiazolo[3,2-a][1,3,5]triazine-4-

thione (3c). Compound 3a (2.60 g, 0.01 mol), 5 mL hydrazine
monohydrate, 70 mL ethanol and 0.03 gm of 10% PdAC was
transferred into 250-mL two-necked round-bottom flask and
refluxed for 18 h. The reaction was monitored by TLC. After

completion, the reaction mixture was allowed to stand for 1
day and then filtered. The solvent was removed by rotary
evaporation. The crude product was recrystallized from ethyl
acetate. Yield: 1.50 g (85%), m.p. 165�C; IR (KBr pellet) in
cm�1: 1529 (benzene ring), 1405 (CAN stretching), 1140

(C¼¼S); 1H NMR (300 MHz, DMSO-d6) in d (ppm) and J
(Hz): 8.10(2H, d, J ¼ 8.41), 7.34 (2H, d, J ¼ 8.7 Hz),
4.01(2H, br s, NH2);

13C NMR (300 MHz, DMSO-d6) in

Scheme 2. Proposed reaction mechanism.
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d (ppm): 180.2 (C¼¼S), 163.3 (C), 162.1 (C), 150.8 (C), 144.6

(C), 140.3 (C), 134.9 (C), 128.7 (C). Anal. Calcd. for
C11H8N4S2 (260.34): C, 50.75; H, 3.10; N, 21.52; S, 24.63.
Found: C, 50.78; H, 3.12; N, 21.52; S, 24.64.

2-(2-Thiophene)-4H-[1,3]thiazolo[3,2-a][1,3,5]triazine-4-

thione (3d). A solution of thiophene-2-carbonyl chloride (1.46

g, 0.01 mol) in anhydrous acetone (80 mL) and 3% TBAB in
acetone was added dropwise to a suspension of ammonium thio-
cyanate (0.76 g, 0.01 mol) in acetone (50 mL), and the reaction
mixture was refluxed for 45 min. After cooling to room tempera-

ture, a solution of 2-aminothiazole (1.0 g, 0.01 mol) in acetone
(25 mL) was added and the resulting mixture refluxed for 5 h.
The reaction mixture was poured into five times its volume of
cold water to precipitate the product, which was recrystallized
from ethanol as an intense yellow powder. Yield: 1.50 g (93%),

m.p. 184�C; IR (KBr pellet) in cm�1: 1402 (CAN stretching),
1144 (C¼¼S); 1H NMR (300 MHz, DMSO-d6) in d (ppm) and J
(Hz): 8.10 (1H, d, J ¼ 7.2 Hz, Thiophene CH), 7.91 (1H, dd, J1
¼ 7.5 Hz, J2 ¼ 8.2 Hz, Thiophene CH), 7.80 (1H, d, J ¼ 6.7

Hz, Thiophene CH); 13C NMR (300 MHz, DMSO-d6) in d
(ppm): 179.2 (C¼¼S), 165.5 (C), 162.0 (C), 150.4 (C) , 145.6
(C), 141.3 (C), 135.1 (C), 128.4 (C) . Anal. Calcd. for C9H5N3S3
(251.35): C, 43.01; H, 2.01; N, 16.72; S, 38.27. Found: C, 43.01;
H, 2.01; N, 16.72; S, 38.27.

Single crystal X-ray diffraction analysis of 3a. Crystal

data: C11H6N4O2S2, orthorhombic, space group Pbca, a ¼
12.4958(6), b ¼ 8.9836(5), c ¼ 20.5812(12) Å, V ¼ 2310.4(2)
Å3, T ¼ 100 K, Z ¼ 8, F (000) ¼ 1184, Dx ¼ 1.669 g cm�3,
l ¼ 4.236 mm�1. Single crystals suitable for X-ray diffraction

studies were obtained by evaporation from dichloromethane/
ethanol. A yellow plate 0.08 � 0.04 � 0.015 mm3 was
mounted on a glass fiber in inert oil. Measurements were per-
formed at 100 K on an Oxford Diffraction Xcalibur Nova dif-
fractometer with mirror-focused Cu-Ka radiation to 2ymax

152� (99.4% complete to 145�). The data were corrected for
absorption using the multiscan method. Of 26,206 intensities,
2367 were independent (Rint 0.071). The structure was refined
anisotropically using SHELXL-97 [17]. Hydrogen atoms were

Figure 1. The structure of 2-(4-nitrophenyl)-4H-[1,3]thiazolo[3,2-a][1,3,5]triazine-4-thione (3a) with displacement ellipsoids plotted at 50% proba-

bility level.

Figure 2. Packing diagram of compound 3a.
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included using a riding model. The final wR2 was 0.124, with
a conventional R1 of 0.046, for 172 parameters; S ¼ 0.94;
max. Dq 0.39 e Å�3.

CCDC 754654 contains the supplementary crystallographic
data for this article. Copies of this information may be

obtained free of charge from the Director, CCDC, 12 Union
Road, Cambridge, CBZ IEZ, UK. Facsimile (44) 01223 336
033, E-mail: deposit@ccdc.cam.ac.uk or http//www.ccdc.
com.ac.uk/deposit.

ANTIFUNGAL SCREENING

The antifungal activity was carried out in DMSO

using the agar tube dilution method. Sabouraud dextrose

agar (Merck) was prepared by dissolving 6.5 g/mL in

distilled water and the pH was adjusted to 5.6. The con-

tents were dissolved and dispensed in 4-mL aliquots

into screw-capped tubes and were autoclaved at 121�C
for 21 min. The tubes were allowed to cool to 50

�
C and

nonsolidified SDA was loaded with 66.6 lL of com-

pound by pipette from stock solution, giving a final con-

centration of 200 lg/mL. The tubes were then allowed

to solidify in a leaning position at room temperature.

Tubes were prepared in triplicate for each fungus spe-

cies. The tubes containing solidified media and test

compound were inoculated with 4-mm diameter pieces

of inocula, taken from a 7-day-old culture of fungus.

Other media supplemented with DMSO and nystatin

were used as negative and positive control, respectively.

The tubes were incubated at 27�C for 7 days. Cultures

were examined twice weekly during the incubation.

Growth in media was determined by measuring linear

growth (mm) and growth inhibition was calculated with

reference to the negative control.
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In this study, the possibility of 5-substituted 1-H-tetrazoles synthesis using clays as catalyst was investi-
gated. The reaction of a series of aromatic nitriles with sodium azide was catalyzed by montmorillonite
K-10 or kaolin clays in water or DMF as solvent. Conventional heating or ultrasonic irradiation was used

to promote reaction. The amount of nitrile to sodium azide mole ratio, amount of catalyst, reaction time,
and solvent type were optimized. The versatility of this method was checked by using various nitriles,
which showed reasonable yields of tetrazole formation. It was found that using nitriles with electron-with-
drawing groups result in both higher yields and lower reaction times. The catalysts could be reused sev-
eral times without significant loss of their catalytic activity. Compared to conventional heating, ultrasonic

irradiation reduced reaction times and increased catalyst activity. The present procedure is green and
offers advantages, such as shorter reaction time, simple workup, and recovery and reusability of catalyst.

J. Heterocyclic Chem., 47, 913 (2010).

INTRODUCTION

Tetrazoles are important heterocyclic compounds in

medicinal chemistry [1–3]. Among them 5-substituted 1-

H-tetrazoles are often used as metabolically stable surro-

gates for carboxyl group and for cis-amide bond [4,5].

Also, an enormous number of biologically active com-

pounds are known, which contain tetrazole [6–8]. The

[2þ3] cycloaddition of nitriles and azides is a common

method for the synthesis of tetrazole derivatives. Because

of biological importance of tetrazoles, various synthetic

methodologies have been developed for their synthesis. In

most of these methods, highly toxic and explosive hydra-

zoic acid generates through activation of the azide by

using strong Lewis acids [9,10], expensive and toxic met-

als [11–13], or amine salts [14]. The ‘‘click’’ chemistry

approach using zinc catalysis in aqueous solution is a

magnificent improvement over previous methods [15,16],

but still requires the tedious and time-consuming steps

such as removal of zinc salts from the acidic products.

Clay-catalyzed organic transformations have been recently

developed and obtained great interest as green methods.

This has been attributed to their inexpensive nature and

special catalytic activity under heterogeneous reaction

conditions [17–22]. Acidic clays are suitable replacement

of various homogeneous acid catalysts. They have been

used in the synthesis of 1,5-benzodiazepines [23], aceto-

nide protection [24], alkylation of benzene [25], Diels-

Alder reaction [26], dihydrofuran synthesis [27], and bro-

mination and chlorination of aromatic compounds [28]. In

continuing with our research in tetrazole chemistry [29–

31] and application of clays in organic transformations

[32,33], herein we report a new process for synthesis of

1-H-5-substituted tetrazoles using clays as safe, environ-

mentally benign, and inexpensive catalysts.

RESULTS AND DISCUSSION

Synthesis of tetrazoles derivatives under reflux

condition. In the reaction between benzonitrile 1a and

sodium azide (Scheme 1), effect of the catalyst amount

was investigated. The different catalyst amounts (20, 50,

and 100 mg) were used, and it was found that the maxi-

mum reaction yield obtained using 50 mg of catalyst.

The results show that for K-10 when the catalyst amount
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increased to 20 and 50 mg, the conversion increased to

45 and 94% and 56 and 95% in water and DMF as sol-

vent, respectively. However for kaolin, increase of cata-

lyst amount from 20 to 50 mg increased the conversion

from 27 to 95% and 43 to 94% in water and DMF,

respectively. Also, it is obvious that the catalyst amount

more than 50 mg has no significant effect on the conver-

sion of benzonitrile to corresponding tetrazole. Any

attempts to carry out the reactions in the absence of

montmorillonite K-10 and kaolin were failed, and no

products were found despite prolonged reaction times,

which emphasis the clay catalytic role. To see whether

the action of clays is truly catalytic, we reduced the

amount of clays in the reaction between sodium azide

and benzonitrile from 20 to 10 mg.

Upon our results, it is evident that a low loading of

K-10 and kaolin is still effective, although the reactivity

was decreased consequently (see Table 1, entries 13,

14). Even 10 mg of K-10 and kaolin afforded the

desired product after 24 h in 29 and 40% yields in water

and 38 and 17% yields in DMF, respectively. Although

the activity of K-10 in DMF was slightly higher than

kaolin, but there is no significant difference between

specific activities of these two catalysts in both solvents.

One important advantage of clays as catalyst is the easy

workup of the reaction. After completion of the reaction,

simple filtration of the reaction mixture followed by

acidification of filtrate result in precipitating the product

as a white powder. Another advantage of this method is

its large-scale applicability. For this, we examine a run

with 30 mmol of benzonitrile in DMF as the solvent,

and the results were comparable to those obtained in the

small-scale experiments. The effect of solvent was

examined using water and DMF. The results showed

that DMF because of its higher boiling point is more ef-

ficient. However, the use of water as a clean, inexpen-

sive, and universal solvent combines features of both

economic and environmental advantages. A close look

at Figure 1 reveals that conversion rate of benzonitrile

to phenyl tetrazole for both K-10 and kaolin in the

DMF is faster. For example, with using montmorillonite

K-10 as catalyst after 6 h, benzonitrile conversion was

72 and 53% in DMF and water, respectively. At the

same condition, the conversion values for kaolin were

66 and 54% in DMF and water, respectively (see Fig.

1). The variation of the reaction conversion with the

amount of sodium azide was studied, and the experi-

mental results are tabulated in Table 1. It is apparent

that the reaction conversion increased as the mole ratio

of benzonitrile to sodium azide increased from 1:1 to

1:3 (from 50 to 94% and 69 to 95% for K-10 and from

20 to 95% and 27 to 94% for kaolin in DMF and water,

respectively).

Scheme 1. Clay-catalyzed synthesis of 5-substituted 1-H-tetrazoles.

Table 1

Initial screening of reaction parameters for the formation of tetrazole derivatives.a

Entry Solvent Benzonitrile/Sodium azide Catalyst amount (mg) % Conversionb

1 H2O 1:1 50 50 20

2 DMF 1:1 50 69 27

3 H2O 1:3 50 94 95

4 DMF 1:3 50 95 94

5 H2O 1:3 100 43 13

6 DMF 1:3 100 94 24

7 H2O 1:3 20 45 27

8 DMF 1:3 20 56 43

9 H2O 1:1 20 30 7

10 DMF 1:1 20 21 12

11 H2O 1:5 50 74 81

12 DMF 1:5 50 75 78

13 H2O 1:3 10 29 38

14 DMF 1:3 10 40 17

15 H2O 1:3 0 0 0

16 DMF 1:3 0 0 0

a Reaction time (24 h).
b Conversion was calculated using HPLC. Left (K-10) and right (kaolin).
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Further increase in mole ratio to 1:5, the benzonitrile

conversion decreased slightly to 74 and 75% for K-10

and 81 and 78% for kaolin in the DMF and water,

respectively (Table 1, entries 11, 12). This observation

suggesting that the excess values of sodium azide may

block active sites of catalysts.

The catalytic role of clays in the synthesis of tetra-

zoles was investigated by two reaction without use of

catalysts. The results indicate that no progress was

observed. (Table 1, entries 15 and 16).

The effect of time on the product yield using mont-

morillonite K-10 and kaolin is shown in Figure 1. The

conversion increases from 12 to 91% and 9 to 82% as

the time increased from 2 to 18 h. With further increase

in reaction time to 24 h, formation of phenyl tetrazole

marginally increases and reaches to 94 and 95% for K-

10 in the water and DMF, respectively. Moreover for

kaolin, as the time increased from 2 to 24 h conversion

increases from 18 and 13% to 95 and 94% in the water

and DMF, respectively.

One of the most important advantages of heterogene-

ous catalysis over the homogeneous counterpart is the

possibility of reusing the catalyst by simple filtration,

without loss of activity. The recovery and reusability of

the catalyst was investigated in the tetrazole formation

with benzonitrile. After completion of the reaction, the

catalyst was separated by filtration, washed three times

with 5 mL acetone, then with doubly distilled water sev-

eral times, and dried at 110�C. Then, the recovered cata-

lyst was used in the next run. The results of three con-

secutive runs showed that the catalyst can be reused sev-

eral times without significant loss of its activity (see

Fig. 2).

Several substituted nitriles reacted with sodium azide

to give the corresponding tetrazoles in good yields. Het-

eroaromatic nitriles such as 2, 3, and 4-pyridinecarboni-

triles give the corresponding tetrazoles with excellent

yields (Table 2, entries 3–5). Interestingly, phthaloni-

triles afford the monoaddition product (Table 2, entries

7–9). The nature of the substituents on the nitriles has a

significant effect on the tetrazole yield (Table 2). The

highest conversions were observed for nitriles with elec-

tron-withdrawing substituents (Table 2, entries 1–11).

However, electron-donating groups (e.g., OH and

NH2) were the least reactive ones. With acetylation of

4-hydroxy benazonitrile, the reaction yield was

improved, but for acetylated 4-amino benzonitrile even

with long reaction times no product was formed (Table

2, entries 14–16). A probable mechanistic pathway for

synthesis of tetrazoles from nitriles has been shown in

Figure 3. Based on this mechanism, the nitrile activated

Figure 1. Effect of time on conversion of benzonitrile to phenyl tetrazole in DMF and water under reflux condition using montmorillonite K-10

and kaolin. Condition: 2 mmol benzonitrile and 6 mmol sodium azide.

Figure 2. The results obtained from catalyst reuse montmorillonite

K10 (black bars) and kaolin (white bars) in the tetrazole formation.
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Table 2

Synthesis of 5-substituted 1-H-tetrazoles catalyzed by clay.a,b

Entry Nitrile Tetrazole

Yieldsc

Montmorillonite K-10 Kaolin

H2O DMF H2O DMF

1 80 90 82 90

2 88 96 80 90

3 72 86 74 91

4 88 98 74 96

5 90 95 80 90

6 76 95 91 98

7 88 90 82 95

(Continued)
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Table 2

(Continued)

Entry Nitrile Tetrazole

Yieldsc

Montmorillonite K-10 Kaolin

H2O DMF H2O DMF

8 83 95 53 95

9 43 91 53 95

10 55 96 53 56

11 45 64 57 64

12 37 81 30 57

13 >10d 30 6 37

(Continued)
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by clay in the first stage and this activated fragment

attacked by azide ion to produce the imidoyl azide. The

imidoyl azide then converted to tetrazole derivative.

Synthesis of tetrazole derivatives under ultrasonic

irradiation. Ultrasound has been used recently to accel-

erate a number of synthetically useful reactions [34,35].

The ultrasound effects observed on organic reactions are

due to cavitation, a physical process that create, enlarge,

and implode gaseous and vaporous cavities in an irradi-

ated liquid. Impulsion of the cavitational bubbles,

extreme temperatures, and pressures is generated at the

center of the collapsed bubble [36–38]. These effects

may enhance liquid–solid mass transfer and cause physi-

cochemical change in the processed medium consider-

ably [39,40]. Advantages and attractive features of sono-

chemistry led us to explore the effect of ultrasonic

waves on this catalytic system. For this reason, reactions

were exposed to ultrasonic irradiation using two clay

catalysts in the water as the solvent.

The obtained results within reaction conditions are

summarized in Table 3. The effect of catalyst amount

on reaction times tested, and it was found that with

increasing of catalyst amount all reaction times reduced.

For example, for phenyl tetrazole with increase of cata-

lyst amounts from 50 to 100 mg, the reaction times

reduced from 90 to 40 and 120 to 50 min for montmo-

rillonite and kaolin, respectively (Table 3 entry 1).

Again a close look at Table 3 reveals that there is no

significant difference between montmorillonite K-10 and

kaolin, although the activity of K-10 in water under

ultrasound irradiation is slightly higher than kaolin. A

comparison of results obtained with nonultrasound reac-

tions (Tables 1 and 2) shows that with ultrasound irradi-

ation the reaction times reduced.

Table 2

(Continued)

Entry Nitrile Tetrazole

Yieldsc

Montmorillonite K-10 Kaolin

H2O DMF H2O DMF

14 Traced Trace Trace Trace

15 Traced Trace Trace Trace

16 <10d <10 Trace Trace

a The products were characterized by IR, 1H NMR, 13C NMR, and mass spectroscopy.
b Reaction time (24 h).
c Isolated yields after recrystallization.
d The product was not isolated.
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CONCLUSION

In conclusion, we developed a simple, environmentally

benign, and efficient method for the preparation of 5-sub-

stituted 1-H-tetrazoles using clay catalysts. Various nitriles

reacted with NaN3 at 100–130�C to yield the correspond-

ing 5-substituted 1-H-tetrazoles with moderate to good

yields. This methodology may find widespread use in or-

ganic synthesis for the preparation of tetrazoles. The

advantages of this catalytic system are as follows: mild

reaction condition, high product yields, easy preparation

of the catalysts, nontoxicity of the catalysts, and simple

and clean workup of the desired products.

EXPERIMENTAL

Materials and instruments. Montmorillonite K-10, kaolin,
sodium azide, and nitriles all were procured from Aldrich and
Merck. A JASCO FT/IR-680 PLUS spectrometer was used to

record IR spectra using KBr pellets. NMR spectra were
recorded on a Bruker 400 Ultrasheild NMR, and DMSO-d6
was used as a solvent. Melting points reported were deter-
mined by open capillary method using a Galen Kamp melting

point apparatus and are uncorrected. Mass spectra were
recorded on a Shimadzu gas chromatograph mass spectrometer

GCMS-QP5050A/Q P5000 apparatus. HPLC analysis was per-
formed using a series 1100 Agilent instrument equipped with

Zorbax eclips C18 as column, detection at 254 nm, and 30%
methanol in water as mobile phase. Reactions under ultrasonic
irradiation were performed in an ultrasonic bath with heating
system (Tecno-GAZ SPA Ultra Sonic System) at 40 kHz of

frequency and 500 W of power. Catalysts were activated
before the reaction runs with HCl (2M) in the solid to liquid
ratio of 1:4 (40 mL, 2M HCl for 10 g clay) for a period of 45
min and then filtered. To remove chloride ions, catalysts were
washed thoroughly with doubly distilled water and dried in an

air oven at 100�C for 6 h.
General procedure for preparation of tetrazoles under

reflux condition. The procedure for the synthesis of the tetra-
zole 2a (Scheme 1) is representative. In a round bottom flask,
benzonitrile (0.2 g, 2 mmol), sodium azide (0.4 g, 6mmol),

montmorillonite K-10 (50 mg), and DMF or water (20 mL)
were charged. Then, the reaction mixture was refluxed for 24
h. The progress of reaction (after 2, 4, 6, 12, 18, and 24 h)
was followed by HPLC and TLC (75:25 ethyl acetate/n-hex-
ane). After that the reaction was cooled to room temperature,

and insoluble material was filtered and washed with doubly
distilled water and acetone to separate the catalyst. The solu-
tion was acidified with HCl (5 mL, 12M). The precipitate was
collected, dried, and recrystallized from water/ethanol to afford

pure 5-phenyl-1H-tetrazole (1b) as a white powder weight, mp
¼ 212–214�C; 0.26 g (90% yield). 1H NMR (DMSO-d6, 400

Figure 3. Proposed mechanism for conversion of nitriles to tetrazoles over K-10 clay.
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Table 3

Preparation of tetrazole derivatives under ultrasound irradiation using clays as catalyst.

Entry Nitrile Tetrazole

Reaction times

K-10 amount Kaolin amount

50 mg 100 mg 50 mg 100 mg

1 90 40 120 50

2 130 110 150 120

3 240 160 220 160

4 240 180 240 210

5 200 180 220 200

6 300 200 320 210

7 320 180 300 220

(Continued)
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MHz): 7.6–8.1 ppm (m, 5H); 13C NMR (DMSO-d6, 100
MHz); 124.5, 127.4, 129.9, 131.7, 155.8; MS (70 eV) m/z:
146, 118, 103, 91, 77, 63, 39; IR (KBr) t: 3054, 2981, 2914,
2837, 2794, 2701, 2610, 1608, 726 cm�1; HPLC retention
time Rt ¼ 14.7 min.

5-(Thiophen-2yl)-1H-tetrazole (2b). White solid; mp¼ 201–
203�C; 1H NMR (DMSO-d6, 400 MHz): 7.1 (t, J ¼ 4 Hz, 1H), 7.6
(d, J¼ 4 Hz, 1H), 7.7 (d, J¼ 4 Hz, 1H) ppm; 13C NMR (DMSO-d6,
100 MHz); 149, 134, 130, 125 ppm; MS (70 eV)m/z: 154, 152, 124,
109, 97, 69, 45; IR (KBr) t: 3108, 3093, 3076, 2952, 2890, 2789,
2685, 1505, 1434, 964 cm�1;Rt¼ 9.62min.

2-(1-H-tetrazole-5-yl) pyridine (3b). White solid; mp ¼
208–210�C; 1H NMR (DMSO-d6, 400 MHz): 7.4 (t, J ¼ 6.4
Hz, 1H), 7.8 (t, J ¼ 6.4 Hz, 1H), 8.0 (t, J ¼ 8.0 Hz, 1H), 8.5
(d, J ¼ 3.2 Hz, 1H) ppm; 13C NMR (DMSO-d6, 100 MHz);

167, 158, 149, 137, 124, 121 ppm; MS (70 eV) m/z: 147, 119,
105, 91, 78, 51; IR (KBr) t: 3278, 3181, 2929, 1662, 1578,
1390, 923 cm�1; Rt ¼ 9.78 min.

3-(1-H-tetrazole-5-yl) pyridine (4b). White solid; mp ¼ 238–

240�C; 1H NMR (DMSO-d6, 400 MHz): 9.1 (s, 1H), 8.8 (d, J¼ 3.8
Hz, 1H), 8.3 (d, J¼ 3.8 Hz, 1H), 7.6 (1H, m); 13C NMR (DMSO-d6,

100 MHz); 165, 153, 150, 136, 126, 123; IR (KBr) t: 3080, 2950,
2890, 2850, 2761, 1480, 1200 cm�1;Rt¼ 9.50min.

4-(1-H-tetrazole-5-yl) pyridine (5b). White solid; mp ¼ 254–
258�C; 1H NMR (DMSO-d6, 400MHz): 8.0 (d, J¼ 7.8 Hz, 2H), 8.8
(d, J ¼ 7.8 Hz, 2H) ppm; 13C NMR (DMSO-d6, 100 MHz); 165,

149, 134, 121 ppm; MS (70 eV) m/z: 147, 119, 92, 78, 62, 50; IR
(KBr) t: 3080, 3060, 3028, 2955, 2917, 2832, 2751, 2689, 1608,
1581, 1492, 1065, 784 cm�1;Rt¼ 8.16min.

5-(4-Nitrophenyl)-1H-tetrazole (6b). White solid; mp ¼
218–220�C; 1H NMR (DMSO-d6, 400 MHz): 8.1 (d, J
¼ 8 Hz, 2H), 8.2 (d, J ¼ 8 Hz, 2H) ppm; 13C NMR
(DMSO-d6, 100 MHz); 156, 130, 128, 124 ppm; MS (70
eV) m/z: 191, 163, 149, 134, 90, 63; IR (KBr) t: 3103,
2914, 2853, 2752, 2621, 1605, 1526, 1487, 861 cm�1;
Rt ¼ 11 min.

4-(1H-tetrazole-5-yl)benzonitrile (7b). White solid; mp ¼
258–260�C; 1H NMR (DMSO-d6, 400 MHz): 8.0 (d, J ¼ 7.8
Hz, 2H), 8.2 (d, J ¼ 7.8 Hz, 2H) ppm; 13C NMR (DMSO-d6,
100 MHz); 160, 135, 132, 130, 126, 114 ppm; MS (70 eV) m/
z: 171, 143, 129, 103, 62; IR (KBr) t: 3100, 2848, 2750,
2250, 1480, 781 cm�1; Rt ¼ 7.47 min.

Table 3

(Continued)

Entry Nitrile Tetrazole

Reaction times

K-10 amount Kaolin amount

50 mg 100 mg 50 mg 100 mg

8 300 200 280 220

9 180 150 180 160

10 180 150 180 170

Reaction progress followed by TLC.

Temperature: 70�C.
Reaction times in min.

Solvent H2O with 5–6 drops of DMF.

Nitrile/Sodium azide ratio 1:3.
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3-(1H-tetrazole-5-yl)benzonitrile (8b). White solid; mp ¼
214–216�C; 1H NMR (DMSO-d6, 400 MHz): 7.7–8.1 (5H, m);
13C NMR (DMSO-d6, 100 MHz); 164, 134, 133, 132, 131, 129,

115 ppm; MS (70 eV) m/z: 171, 143, 102, 62; IR (KBr) t: 3113,
2981, 2780, 2442, 2237, 1476, 870, 780 cm�1; Rt ¼ 8.0 min.

2-(1H-tetrazole-5-yl)benzonitrile (9b). White solid; mp ¼
208–210�C; 1H NMR (DMSO-d6, 400 MHz): 7.6 (t, J¼ 6.8 Hz, 1H),
7.7 (t, J ¼ 6.8 Hz, 1H), 7.8 (m, 2H) ppm; 13C NMR (DMSO-d6, 100
MHz); 166, 140, 136, 133, 132, 128, 126, 118, ppm; MS (70 eV)m/z:
171, 143, 129, 115, 88, 76, 62, 57; IR (KBr) t: 3096, 2531, 2110, 2023,
1632, 1436, 845 cm�1;Rt¼ 12min.

4-(1H-tetrazole-5-yl)benzaldehyde (10b). White solid; mp ¼
180–182�C; 1H NMR (DMSO-d6, 400 MHz): 7.9 (d, J ¼ 7.2 Hz,

2H), 8.0 (d, J¼ 7.2 Hz, 2H), 9.1 (s, 1H) ppm; 13C NMR (DMSO-
d6, 100 MHz); 188, 156, 138, 131, 129, 128 ppm; MS (70 eV) m/
z: 174, 146, 130, 116, 102, 90, 57, 43; IR (KBr) t: 3015, 2924,
2854, 2713, 2612, 1667, 1440, 776 cm�1; Rt¼ 6.4 min.

4-(1H-tetrazole-5-yl) benzoic acid (11b). White solid; mp ¼
248–250�C; 1H NMR (DMSO-d6, 400MHz): 7–8 (m, 4H) ppm; 13C
NMR (DMSO-d6, 100MHz); 188, 166, 138, 131, 129, 128 ppm;MS
(70 eV)m/z: 190, 174, 146, 130, 116, 102, 90, 75, 57; (KBr) t: 3600–
3000 (br), 2500, 1760, 1500, 1480, 780 cm�1;Rt¼ 6.9min.

4-(1H-tetrazole-5-yl)phenyl acetate (12b). White solid; mp
¼ 212–214�C; 1H NMR (DMSO-d6, 400 MHz): 7.9 (d, J¼ 7.4 Hz,
2H), 7.7 (d, J¼ 7.4 Hz, 2H), 2.59 (s, 3H); ppm; 13C NMR (DMSO-
d6, 100 MHz); 170, 164, 152, 131, 128, 124, 22 ppm; MS (70 eV)
m/z: 204, 189, 173, 160, 145, 130, 102, 90; (KBr) t: 3097, 2925,
2865, 2700, 2625, 1678, 1580, 1269, 843 cm�1; Rt¼ 12.84min.

General procedure for preparation of tetrazoles under

ultrasonic irradiation. In a round bottom flask, benzonitrile
(0.2 g, 2 mmol,), sodium azide (0.4 g, 6mmol), and DMF or
water (20 mL) were charged. The flask was suspended into the

ultrasonic bath at the reaction temperature (333 K). Then, 50
mg of catalyst (montmorillonite K-10 or kaolin) was added
and the reaction time measured. The flask was suspended at
the center of the bath. The progress of the reaction was moni-
tored by TLC. After that the reaction was cooled to room tem-

perature, and product was recovered as mentioned.
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A series of 1,3,4-oxadiazolyl-quinazolin-4(3H)ones have been synthesized using known methods. All
the compounds have been established on basis of elemental analysis, IR and NMR spectral data. The in
vitro antimicrobial screening of the synthesized compounds were carried out against two gram-positive
bacteria (S. aureus, S. pyogenes), two gram-negative bacteria (E. coli, P. aeruginosa), and three fungal
species (C. albicans, A. niger, A. clavatus) using the broth microdilution method. The compounds 7d,
7g, 7l, 7o, 7p, and 7r possessed pronounced antibacterial activity whereas compound 7p exhibited
promising antifungal activity.

J. Heterocyclic Chem., 47, 923 (2010).

INTRODUCTION

Heterocyclic skeleton contained nitrogen atom is the

basic of many pharmaceuticals, to be an active com-

pound. 1,3,4-Oxadiazoles are five member nitrogen

atom contained heterocycles, represent broad spectrum

of biological activity in both agrochemicals and pharma-

ceuticals such as insecticidal [1], herbicidal [2], antibac-

terial [3], antifungal [4], analgesic [5], anti-inflammatory

[6], antimalarial [7], antiviral [8], anti-HBV [9], antia-

nexiety [10], anticancer [11], anti-HIV [12], antitubercu-

lar [13], and anticonvulsant [14]. Quinazolin-4(3H)one
derivatives are six member fused heterocycles, possess

potent pharmacological activities like antibacterial [15],

antifungal [16], analgesic [17], anti-inflammatory [18],

anthelminthic [19], antitumor [20], anticonvulsant [21],

antihistaminic [22], anti HIV [23], antiproliferative [24],

antitubercular [25], antiviral [26], CNS depressant [27],

cytotoxicity [28], diuretic [29], and hypolipidemic [30].

The 1,3,4-oxadiazole and quinazolin-4(3H)one containing
various heterocycle exhibited good pharmacological activ-

ities. The aim of this work was to attach 1,3,4-oxadiazole to

quinazolin-4(3H)one in order to find new biologically active

molecule. Thus, synthesis of novel 1,3,4-oxadiazolyl-quina-

zolin-4(3H)one derivatives has been achieved.

RESULT AND DISCUSSION

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3,1-benzoxazin-

4(H)ones 3a-c were synthesized from substituted anthra-

nilic acids and acid chloride according to the reported

process (Scheme 1) [31,32]. The required 2-[(2,6-dichlo-

rophenyl)amino]phenyl acetyl chloride 2, which is mois-

ture sensitive and easily hydrolysable compound, was

synthesized by reported method [33] and used directly in

the next step. The cyclization reaction of acid chloride

and substituted anthranilic acid in highly basic medium

of pyridine at 0–5�C afforded 2-[2-(2,6-dichlorophenyl)-

amino]benzyl-3,1-benzoxazin-4(H)ones 3a-c. The struc-

tural determinations of these compounds have been

Scheme 1
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carried out using IR and NMR spectral data. IR spectra

showed strong C¼¼O and C¼¼N stretching at around 1740

and 1620 cm�1 while 13C-NMR spectra showed C¼¼O

and C¼¼N signal at around d 159 ppm and d 165 ppm

respectively. 2-(4-Aminophenyl)-5-substitutedphenyl-1,3,

4-oxadiazoles 6a-f were synthesized according to reported

method (Scheme 2) [34]. All amino substituted 1,3,4-oxa-

diazole derivatives showed satisfactory IR and NMR

spectral results. Finally the condensation reaction of

4-benzoxazinones 3a-c with amino substituted 1,3,4-oxa-

diazoles 6a-f in pyridine afforded the desired compounds

7a-r (Scheme 3) [35]. IR spectra showed strong C¼¼O

and C¼¼N stretching of quinazolin-4(3H)ones at around

1680 and 1610 cm�1, respectively. 13C-NMR spectra

showed C¼¼O and C¼¼N signal of quinazolin-4(3H)ones
near d 161 ppm and d 163 ppm respectively. All the syn-

thesized compounds showed satisfactory 1H-NMR spec-

tral results and for all compounds satisfactory elemental

analyses were obtained.

The in vitro antibacterial activities of the synthesized

compounds are shown in Table 1. The antibacterial

activities are expressed in terms of Minimal Bactericidal

Concentrations (MBCs lg/mL). The synthesized com-

pounds were screened against two gram positive bacteria

(S. aureus MTCC 96, S. pyogenes MTCC 443) and two

Scheme 2 Scheme 3

Table 1

Antibacterial activity of compounds 6a-f and 7a-r.

Compound R1 R2

Minimal bactericidal concentration (MBC) (lg/mL)

Gram positive bacteria Gram negative bacteria

S. aureus S. pyogenes E. coli P. aeruginosa
MTCC-96 MTCC-443 MTCC-442 MTCC-441

6a – H 250 250 250 200

6b – 2-OH 500 500 500 250

6c – 4-OH 250 500 500 500

6d – 3-NO2 250 250 250 500

6e – 4-NO2 500 500 500 1000

6f – 4-OCH3 250 250 500 500

7a H H 500 1000 250 200

7b H 2-OH 500 250 150 100

7c H 4-OH 500 1000 250 200

7d H 3-NO2 200 250 250 250

7e H 4-NO2 250 250 500 500

7f H 4-OCH3 500 250 200 100

7g Br H 200 250 100 250

7h Br 2-OH 500 500 150 200

7i Br 4-OH 500 500 250 250

7j Br 3-NO2 500 500 250 500

7k Br 4-NO2 500 500 500 1000

7l Br 4-OCH3 200 250 100 250

7m I H 500 500 250 200

7n I 2-OH 250 500 100 150

7o I 4-OH 250 250 125 150

7p I 3-NO2 200 200 150 250

7q I 4-NO2 150 250 500 200

7r I 4-OCH3 200 150 100 250

Ampicillin – – 250 100 100 100
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gram negative bacteria (E. coli MTCC 442, P. aerugi-
nosa MTCC 441). Ampicillin was used as a standard

drug. The results show that some of the amino substi-

tuted 1,3,4-oxadiazoles possessed good activity against

S. aureus while moderate activity against S. pyogenes,
E. coli and P. aeruginosa compared to ampicillin but its

4-quinazolinonyl derivative displayed very good activity

in some cases. Compounds 7d, 7e, 7g, 7l, 7n, 7o, 7p,

7q, and 7r showed very good activity (150–250 lg/mL)

against S. aureus. Compounds 7b, 7d, 7e, 7f, 7g, 7l, 7o,

7p, 7q, and 7r exhibited moderate activity (150–250 lg/
mL) against S. pyogenes. Compounds 7g, 7l, 7n, 7o,

and 7r possessed good activity (100–125 lg/mL) while

7a, 7b, 7c, 7d, 7f, 7h, 7i, 7j, 7m, and 7p showed mod-

erate activity (150–250 lg/mL) against E. coli. Com-

pounds 7b and 7f exhibited good activity (100 lg/mL)

while 7a, 7c, 7d, 7g, 7h, 7i, 7l, 7m, 7n, 7o, 7p, 7q, and

7r possessed moderate activity (150–250 lg/mL) against

P. aeruginosa.
In vitro antifungal activity results are shown in Table

2. Antifungal activities are shown in minimal fungicidal

concentrations (MFCs lg/mL). The synthesized com-

pounds were screened against three fungal species C.

albicans, A. niger and A. clavatus. Greseofulvin was

used as a standard drug. Results show that amino substi-

tuted 1,3,4-oxadiazoles possessed good activity while its

4-quinazolinonyl derivative showed increased activity

against C. albicans. Compounds 7d, 7e, 7g, 7j, 7k, 7l,

7m, 7p, and 7q showed pronounced activity (200–250

lg/mL) against C. albicans. Amino substituted 1,3,4-

oxadiazoles possessed poor activity against A. niger and

A. clavatus while some of its 4-quinazolinonyl deriva-

tive exhibited moderate activity. Compound 7p was

found active against A. niger (MFC ¼ 250 lg/mL)

whereas compounds 7b, 7c, and 7p were found active

against A. clavatus (MFC ¼ 200–250 lg/mL) among

the whole series.

CONCLUSION

The in vitro antimicrobial screening results were found

satisfactory. Amino substituted 1,3,4-oxadiazoles pos-

sessed good antibacterial activity but its 4-quinazolinonyl

derivative showed increased activity in most of cases. All

the compounds displayed very good antifungal activity

Table 2

Antifungal activity of compounds 6a-f and 7a-r.

Compound R1 R2

Minimal Fungicidal Concentration (MFC) (lg/mL)

Fungal species

C. albicans A. niger A. clavatus
MTCC-227 MTCC-282 MTCC-323

6a – H 500 > 1000 >1000

6b – 2-OH 250 500 >1000

6c – 4-OH 500 1000 >1000

6d – 3-NO2 250 >1000 >1000

6e – 4-NO2 500 >1000 >1000

6f – 4-OCH3 >1000 >1000 >1000

7a H H 500 500 500

7b H 2-OH 500 500 200

7c H 4-OH >1000 500 250

7d H 3-NO2 250 500 500

7e H 4-NO2 200 >1000 >1000

7f H 4-OCH3 500 1000 >1000

7g Br H 200 >1000 >1000

7h Br 2-OH 500 500 500

7i Br 4-OH 500 500 1000

7j Br 3-NO2 200 500 500

7k Br 4-NO2 250 500 500

7l Br 4-OCH3 200 >1000 >1000

7m I H 250 >1000 >1000

7n I 2-OH 1000 >1000 >1000

7o I 4-OH 500 500 1000

7p I 3-NO2 200 250 250

7q I 4-NO2 250 500 500

7r I 4-OCH3 1000 1000 >1000

Greseofulvin – – 500 100 100
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against C. albicans while poor activity was observed

against A. niger and A. clavatus, except 7p, 7b, and 7c

(7p was found active against A. niger and A. clavatus
while 7b and 7c were found active against A. clavatus).

EXPERIMENTAL

All chemical were of analytical grade and used directly.
Melting points were determined in PMP-DM scientific melting

point apparatus and are uncorrected. The purity of compound
was confirmed by TLC using Merck silica gel 60 F254. Infra-
red spectra were recorded on a Perkin-Elmer RX 1 FTIR spec-
trophotometer, using potassium bromide (KBr) pellets, the fre-
quencies are expressed in cm�1. The nuclear magnetic reso-

nance spectra were recorded with a Bruker Avance II 400
NMR spectrometer, using tetramethylsilane (TMS) as the inter-
nal reference, with dimethylsulphoxide (DMSO-d6) as solvent.
The chemical shifts are reported in parts per million (d ppm).

Elemental analyses were performed on a Heraeus Carlo Erba
1180 CHN analyzer.

General procedure for the synthesis of 2-[2-(2,6-dichloro-

phenyl)amino]benzyl-3,1-benzoxazin-4(H)ones (3a-c). The
mixture of 3.05 g (0.01 mole) of acid chloride (2) and 1.37 g

(0.01 mole) of anthranilic acid (1a) in 20 mL of dry pyridine
were stirred at 0–5 �C for 1 h, further stirred for 1 h at room
temperature. Progress of reaction was check by TLC using tol-
uene:ethylacetate (80:20) as mobile phase. After completion of
reaction, a pasty mass obtained, was washed thoroughly with

sodium bicarbonate (5% w/v) to remove unreacted acid. A
solid separated was filtered, dried and recrystallized from
methanol. Other benzoxazinone derivatives 3b, c were synthe-
sized by the same method.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3,1-benzoxazin-4(H)
one (3a). This compound was obtained as reddish solid, yield
53%, mp 183–186�C; IR (KBr): NH 3449, CH2 2925, 2851,
CO 1742, CN 1620, CN 1316, CO 1151, CCl 745 cm�1; 1H-
NMR (DMSO-d6): d 3.52 (s, 2H, CH2), 6.39 (d, 1H, 14-H, J

¼ 7.96 Hz), 6.88 (t, 1H, 16-H, J ¼ 7.4 Hz), 7.04–7.09 (m, 2H,
15- and 22-H), 7.21 (d, 1H, 17-H, J ¼ 7.54 Hz), 7.42 (d, 2H,
21- and 23-H, J ¼ 8.08 Hz), 7.51 (d, 1H, 8-H, J ¼ 8.12 Hz),
7.84 (t, 1H, 7-H, J ¼ 7.8 Hz), 8.06 (t, 1H, 6-H, J ¼ 7.64 Hz),
8.12 (d, 1H, 5-H, J ¼ 7.72 Hz), 9.12 ppm (br s, 1H, NH); 13C-

NMR (DMSO-d6): d 32.47 (CH2), 116.27 (16-C), 116.54 (10-
C), 120.54 (14-C), 122.35 (8-C), 124.15 (22-C), 126.61 (15-
C), 127.12 (12-C), 127.32 (21- and 23-C), 127.54 (6-C),
129.34 (20- and 24-C), 131.23 (17-C), 131.52 (5-C), 135.43
(7-C), 137.23 (19-C), 141.76 (13-C), 149.53 (9-C), 159.36

(4-C), 164.51 ppm (2-C). Anal. Calcd. for C21H14Cl2N2O2

(397.25): C, 63.49; H, 3.55; N, 7.05. Found: C, 63.45; H,
3.56; N, 7.03.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-6-bromo-3,1-benzoxa-
zin-4(H)one (3b). This compound was obtained as orange

solid, yield 55%, mp 194–198�C; IR (KBr): NH 3446, CH2

2926, 2850, CO 1740, CN 1618, CO 1153, CCl 743, CBr 565
cm�1; 1H-NMR (DMSO-d6): d 3.53 (s, 2H, CH2), 6.40 (d, 1H,
14-H, J ¼ 8 Hz), 6.88 (t, 1H, 16-H, J ¼ 7.44 Hz), 7.03–7.08

(m, 2H, 15- and 22-H), 7.22 (d, 1H, 17-H, J ¼ 7.58 Hz), 7.41
(d, 2H, 21- and 23-H, J ¼ 8.16 Hz), 7.65 (d, 1H, 8-H, J ¼
8.32 Hz), 8.12 (d, 1H, 7-H, J ¼ 8.32 Hz), 8.16 (s, 1H, 5-H),
9.10 ppm (br s, 1H, NH); 13C-NMR (DMSO-d6): d 32.43

(CH2), 116.31 (16-C), 118.64 (10-C), 120.62 (14-C), 121.67
(6-C), 124.31 (22-C), 124.57 (8-C), 126.54 (15-C), 127.17 (12-
C), 127.43 (21- and 23-C), 129.41 (20- and 24-C), 131.12 (17-
C), 135.22 (5-C), 137.29 (19-C), 138.23 (7-C), 141.78 (13-C),
148.73 (9-C), 159.23 (4-C), 164.33 ppm (2-C). Anal. Calcd.
for C21H13BrCl2N2O2 (476.15): C, 52.97; H, 2.75; N, 5.88.
Found: C, 52.94; H, 2.74; N, 5.90.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-6-iodo-3,1-benzoxa-
zin-4(H)one (3c). This compound was obtained as brown
solid, yield 58%, mp 189–193�C; IR (KBr): NH 3450, CH2

2923, 2848, CO 1745, CN 1617, CO 1148, CCl 747, CI 620
cm�1; 1H-NMR (DMSO-d6): d 3.53 (s, 2H, CH2), 6.41 (d, 1H,
14-H, J ¼ 7.92 Hz), 6.89 (t, 1H, 16-H, J ¼ 7.36 Hz), 7.04–
7.09 (m, 2H, 15- and 22-H), 7.22 (d, 1H, 17-H, J ¼ 7.54 Hz),
7.25 (d, 1H, 8-H, J ¼ 8.28 Hz), 7.42 (d, 2H, 21- and 23-H, J

¼ 8.12 Hz), 8.05 (d, 1H, 7-H, J ¼ 8.28 Hz), 8.48 (s, 1H, 5-H),
9.10 ppm (br s, 1H, NH); 13C-NMR (DMSO-d6): d 32.53
(CH2), 93.14 (6-C), 116.25 (16-C), 118.23 (10-C), 120.57 (14-
C), 123.74 (8-C), 124.19 (22-C), 126.58 (15-C), 127.05 (12-

C), 127.33 (21- and 23-C), 129.39 (20- and 24-C), 131.14 (17-
C), 137.42 (19-C), 138.87 (5-C), 141.81 (13-C), 144.27 (7-C),
148.62 (9-C), 159.53 (4-C), 164.47 ppm (2-C). Anal. Calcd.
for C21H13Cl2IN2O2 (523.15): C, 48.21; H, 2.50; N, 5.35.
Found: C, 48.25; H, 2.49; N, 5.33.

General procedure for the synthesis of 2-(4-amino-

phenyl)-5-substitutedphenyl-1,3,4-oxadiazoles (6a-f). A mix-
ture of 0.69 g (0.005 mole) of 4-amino benzoic acid and sub-
stituted benzoic acid hydrazides (0.005 mole) in 5 mL of phos-
phorus oxychloride was refluxed on water bath for 7–10 h.

The progress of the reaction was monitored by TLC using tol-
uene:ethylacetate:methanol (70:20:10) as mobile phase. After
the completion of reaction, it was cooled and poured onto
crushed ice with continuous stirring. The solid mass separated
was neutralized with sodium bicarbonate solution (10% w/v).

The resulting solid thus obtained was collected by filtration,
washed well with cold water, dried and crystallized from abso-
lute ethanol.

2-(4-Aminophenyl)-5-phenyl-1,3,4-oxadiazole (6a). This
compound was obtained as white solid, yield 72%, mp 196–
200�C; IR (KBr): NH2 3495, 3405, CN 1655, COC 1277,
1035 cm�1; 1H-NMR (DMSO-d6): d 5.44 (s, 2H, NH2), 6.81
(d, 2H, 8- and 10-H, J ¼ 8.4 Hz), 7.30 (d, 2H, 7- and 11-H, J
¼ 8.4 Hz), 7.41 (t, 3H, 14-, 15- and 16-H, J ¼ 6.24 Hz), 7.80

ppm (dd, 2H, 13- and 17-H, J ¼ 6.48 Hz, 1.96 Hz); 13C-NMR
(DMSO-d6): d 107.47 (6-C), 114.53 (8- and 10-C), 124.34
(12-C), 124.87 (13- and 17-C), 128.53 (15-C), 128.74 (7- and
11-C), 129.82 (14- and 16-C), 148.56 (9-C), 163.15 ppm (2-
and 5-C). Anal. Calcd. for C14H11N3O (237.26): C, 70.87; H,

4.67; N, 17.71. Found: C, 70.78; H, 4.65; N, 17.77.
2-(4-Aminophenyl)-5-(2-hydroxyphenyl)-1,3,4-oxadiazole

(6b). This compound was obtained as white solid, yield 74%,
mp 167–171�C; IR (KBr): NH2 3502, 3408, OH 3135, CN
1661, COC 1265, 1058 cm�1; 1H-NMR (DMSO-d6): d 5.46 (s,

2H, NH2), 6.78 (d, 2H, 8- and 10-H, J ¼ 8.36 Hz), 6.92 (t,
1H, 16-H, J ¼ 7.56 Hz), 6.97 (d, 1H, 14-H, J ¼ 8.12 Hz),
7.24 (t, 1H, 15-H, J ¼ 7.76 Hz), 7.29 (d, 2H, 7- and 11-H, J
¼ 8.36 Hz), 7.45 (dd, 1H, 17-H, J ¼ 7.72 Hz), 10.05 ppm (br

s, 1H, OH); 13C-NMR (DMSO-d6): d 107.52 (6-C), 109.15
(12-C), 114.48 (8- and 10-C), 116.58 (14-C), 119.57 (16-C),
125.42 (17-C), 128.82 (7- and 11-C), 131.63 (15-C), 148.65
(9-C), 155.67 (13-C), 162.74 ppm (2- and 5-C). Anal. Calcd.
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for C14H11N3O2 (253.26): C, 66.40; H, 4.38; N, 16.59. Found:
C, 66.34; H, 4.41; N, 16.64.

2-(4-Aminophenyl)-5-(4-hydroxyphenyl)-1,3,4-oxadiazole
(6c). This compound was obtained as white solid, yield 78%,
mp 190–195�C; IR (KBr): NH2 3475, 3415, OH 3152, CN 1653,

COC 1285, 1023 cm�1; 1H-NMR (DMSO-d6): d 5.45 (s, 2H,
NH2), 5.61 (br s, 1H, OH), 6.80 (d, 2H, 8- and 10-H, J ¼ 8.36),
6.93 (d, 2H, 14- and 16-H, J ¼ 8.46 Hz), 7.32 (d, 2H, 7- and
11-H, J ¼ 8.36 Hz), 7.69 ppm (d, 2H, 13- and 17-H, J ¼ 8.46
Hz); 13C-NMR (DMSO-d6): d 107.37 (6-C), 114.42 (8- and 10-

C), 116.63 (14- and 16-C), 118.22 (12-C), 128.34 (13- and 17-
C), 128.66 (7- and 11-C), 148.46 (9-C), 160.18 (15-C), 163.57
ppm (2- and 5-C). Anal. Calcd. for C14H11N3O2 (253.26): C,
66.40; H, 4.38; N, 16.59. Found: C, 66.43; H, 4.35; N, 16.57.

2-(4-Aminophenyl)-5-(3-nitrophenyl)-1,3,4-oxadiazole (6d). This
compound was obtained as pale yellow solid, yield 80%, mp
210–214�C; ir (KBr): NH2 3489, 3407, CN 1658, NO2 1531,
1352, COC 1280, 1024 cm�1; 1H-NMR (DMSO-d6): d 5.47 (s,
2H, NH2), 6.78 (d, 2H, 8- and 10-H, J ¼ 8.4 Hz), 7.31 (d, 2H,

7- and 11-H, J ¼ 8.4 Hz), 7.82 (t, 1H, 16-H, J ¼ 7.84 Hz),
8.23 (d, 1H, 17-H, J ¼ 7.12 Hz), 8.34 (d, 1H, 15-H, J ¼ 7.72
Hz), 8.45 ppm (s, 1H, 13-H); 13C-NMR (DMSO-d6): d 107.59
(6-C), 114.68 (8- and 10-C), 120.17 (13-C), 124.37 (15-C),
125.68 (12-C), 128.64 (7- and 11-C), 130.74 (16-C), 133.43

(17-C), 148.42 (14-C), 148.55 (9-C), 163.95 ppm (2- and 5-C).
Anal. Calcd. for C14H10N4O3 (282.25): C, 59.57; H, 3.57; N,
19.85. Found: C, 59.51; H, 3.54; N, 19.80.

2-(4-Aminophenyl)-5-(4-nitrophenyl)-1,3,4-oxadiazole (6e). This
compound was obtained as light yellow solid, yield 85%, mp

201–205�C; ir (KBr): NH2 3498, 3410, CN 1655, NO2 1535,
1354, COC 1283, 1027 cm�1; 1H-NMR (DMSO-d6): d 5.45 (s,
2H, NH2), 6.81 (d, 2H, 8- and 10-H, J ¼ 8.36 Hz), 7.32 (d,
2H, 7- and 11-H, J ¼ 8.36 Hz), 8.07 (d, 2H, 13- and 17-H, J
¼ 8.76 Hz), 8.32 ppm (d, 2H, 14- and 16-H, J ¼ 8.76 Hz);
13C-NMR (DMSO-d6): d 107.56 (6-C), 114.57 (8- and 10-C),
124.55 (14- and 16-C), 127.18 (13- and 17-C), 128.75 (7- and
11-C), 131.23 (12-C), 148.18 (15-C), 148.67 (9-C), 164.28
ppm (2- and 5-C). Anal. Calcd. for C14H10N4O3 (282.25): C,

59.57; H, 3.57; N, 19.85. Found: C, 59.54; H, 3.59; N, 19.83.
2-(4-Aminophenyl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole

(6f). This compound was obtained as white solid, yield 75%,
mp 203–207�C; ir (KBr): NH2 3505, 3415, CN 1660, COC
1257, 1025 cm�1; 1H-NMR (DMSO-d6): d 3.59 (s, 3H,

OCH3), 5.43 (s, 2H, NH2), 6.77 (d, 2H, 8- and 10-H, J ¼ 8.4
Hz), 6.80 (d, 2H, 14- and 16-H, J ¼ 8.72 Hz), 7.26 (d, 2H, 7-
and 11-H, J ¼ 8.4 Hz), 7.46 ppm (d, 2H, 13- and 17-H, J ¼
8.72 Hz); 13C-NMR (DMSO-d6): d 55.19 (OCH3), 107.43 (6-
C), 114.28 (14- and 16-C), 114.45 (8- and 10-C), 116.85 (12-

C), 126.57 (13- and 17-C), 128.62 (7- and 11-C), 148.51 (9-
C), 160.61 (15-C), 163.77 ppm (2- and 5-C). Anal. Calcd. for
C15H13N3O2 (267.28): C, 67.40; H, 4.90; N, 15.72. Found: C,
67.48; H, 4.86; N, 15.75.

General procedure for the synthesis of 2-[2-(2,6-dichloro-

phenyl)amino]benzyl-3-{4-[5-(substituted phenyl)-1,3,4-oxa-

diazol-2-yl]phenyl}quinazolin-4(3H)ones (7a-r). A mixture
of 4-benzoxazinone (0.0025 mole) and 2-(4-aminophenyl)-5-
substitutedphenyl-1,3,4-oxadiazole (0.0025 mole) in 10 mL of

pyridine was refluxed on an oil bath for 6–8 h. After comple-
tion of the reaction, the oily mass was slowly poured onto
crushed ice cold water contained HCl (5 mL) with continues
stirring. For TLC monitoring toluene:ethylacetate:methanol

(70:20:10) was used as mobile phase. The product obtained
was filtered and washed several times with cold water, dried
and recrystallized from ethanol.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-[4-(5-phenyl-1,3,4-
oxadiazol-2-yl)phenyl] quinazolin-4(3H)one (7a). This com-

pound was obtained as white solid, yield 57%, mp 240–244�C;
IR (KBr): NH 3445, CH2 2927, 2852, CO 1681, CN 1649,
1611, COC 1273, 1057, CCl 748 cm�1; 1H-NMR (DMSO-d6):
d 3.52 (s, 2H, CH2), 6.39 (d, 1H, 14-H, J ¼ 7.96 Hz), 6.89 (t,
1H, 16-H, J ¼ 7.4 Hz), 7.04–7.09 (m, 2H, 15- and 22-H), 7.21

(d, 1H, 17-H, J ¼ 7.56 Hz), 7.38–7.45 (m, 7H, 21-, 23-, 26-,
30-, 38-, 39- and 40-H), 7.49–7.55 (m, 3H, 6-, 27- and 29-H),
7.59 (d, 1H, 8-H, J ¼ 8.12 Hz), 7.75 (t, 1H, 7-H, J ¼ 7.8 Hz),
7.83 (dd, 2H, 37- and 41-H, J ¼ 6.44 Hz, 1.92 Hz), 8.11 (d,
1H, 5-H, J ¼ 7.68 Hz), 9.12 ppm (br s, 1H, NH); 13C-NMR

(DMSO-d6): d 32.47 (11-C), 116.18 (16-C), 120.41 (14-C),
120.82 (10-C), 121.46 (28-C), 121.84 (26- and 30-C), 122.57
(8-C), 124.28 (22-C), 124.36 (36-C), 124.85 (37- and 41-C),
126.79 (15-C), 127.25 (12-C), 127.48 (21- and 23-C), 127.63

(6-C), 127.73 (27- and 29-C), 128.55 (39-C), 128.81 (5-C),
129.42 (20- and 24-C), 129.84 (38- and 40-C), 131.16 (17-C),
132.69 (25-C), 133.72 (7-C), 137.22 (19-C), 141.75 (13-C),
147.21 (9-C), 160.67 (4-C), 162.65 (2-C), 163.07 ppm (32-
and 35-C). Anal. Calcd. for C35H23Cl2N5O2 (616.5): C, 68.19;

H, 3.76; N, 11.36. Found: C, 68.12; H, 3.71; N, 11.41.
2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(2-hydrox-

yphenyl)-1,3,4-oxadiazol-2-yl]phenyl}quinazolin-4(3H)one
(7b). This compound was obtained as off white solid, yield
61%, mp 228–232�C; IR (KBr): NH 3451, OH 3130, CH2

2924, 2850, CO 1678, CN 1661, 1610, COC 1263, 1060, CCl
745 cm�1; 1H-NMR (DMSO-d6): d 3.54 (s, 2H, CH2), 6.41 (d,
1H, 14-H, J ¼ 8 Hz), 6.88 (t, 1H, 16-H, J ¼ 7.44 Hz), 6.93 (t,
1H, 40-H, J ¼ 7.52 Hz), 6.98 (d, 1H, 38-H, J ¼ 8.12 Hz),
7.03–7.08 (m, 2H, 15- and 22-H), 7.21–7.26 (m, 2H, 17- and

39-H), 7.41 (d, 2H, 21- and 23-H, J ¼ 8.12 Hz), 7.45 (d, 2H,
26- and 30-H, J ¼ 8.32 Hz), 7.47–7.54 (m, 4H, 6-, 27-, -29
and 41-H), 7.58 (d, 1H, 8-H, J ¼ 8.16 Hz), 7.77 (t, 1H, 7-H, J
¼ 7.84 Hz), 8.09 (d, 1H, 5-H, J ¼ 7.72 Hz), 9.08 (br s, 1H,

NH), 10.04 ppm (br s, 1H, OH); 13C-NMR (DMSO-d6): d
32.54 (11-C), 109.22 (36-C), 116.14 (16-C), 116.61 (38-C),
119.63 (40-C), 120.51 (14-C), 120.84 (10-C), 121.48 (28-C),
121.76 (26- and 30-C), 122.53 (8-C), 124.32 (22-C), 125.42
(41-C), 126.73 (15-C), 127.28 (12-C), 127.44 (21- and 23-C),

127.62 (6-C), 127.85 (27- and 29-C), 128.75 (5-C), 129.36
(20- and 24-C), 131.11 (17-C), 131.64 (39-C), 132.52 (25-C),
133.68 (7-C), 137.23 (19-C), 141.83 (13-C), 147.25 (9-C),
155.75 (37-C), 160.58 (4-C), 162.55 (2-C), 162.68 ppm (32-
and 35-C). Anal. Calcd. for C35H23Cl2N5O3 (632.49): C,

66.46; H, 3.67; N, 11.07. Found: C, 66.53; H, 3.63; N, 11.03.
2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(4-hydrox-

yphenyl)-1,3,4-oxadiazol-2-yl]phenyl}quinazolin-4(3H)one
(7c). This compound was obtained as white solid, yield 65%,
mp 251–255�C; IR (KBr): NH 3453, OH 3151, CH2 2928,

2855, CO 1677, CN 1650, 1607, COC 1278, 1022, CCl 741
cm�1; 1H-NMR (DMSO-d6): d 3.51 (s, 2H, CH2), 5.59 (br s,
1H, OH), 6.40 (d, 1H, 14-H, J ¼ 7.96 Hz), 6.90–6.95 (m, 3H,
16-, 38- and 40-H), 7.04–7.10 (m, 2H, 15- and 22-H), 7.23 (d,

1H, 17-H, J ¼ 7.52 Hz), 7.39 (d, 2H, 21- and 23-H, J ¼ 8.08
Hz), 7.44 (d, 2H, 26- and 30-H, J ¼ 8.36 Hz), 7.50 (t, 1H, 6-
H, J ¼ 7.56 Hz), 7.55 (d, 2H, 27- and 29-H, J ¼ 8.36 Hz),
7.61 (d, 1H, 8-H, J ¼ 8.12 Hz), 7.70 (d, 2H, 37- and 41-H, J

July 2010 927Synthesis and Antimicrobial Activity of Novel 1,3,4-Oxadiazolyl-quinazolin-4(3H)ones

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



¼ 8.44 Hz), 7.78 (t, 1H, 7-H, J ¼ 7.76 Hz), 8.12 (d, 1H, 5-H,
J ¼ 7.64 Hz), 9.13 ppm (br s, 1H, NH); 13C NMR (DMSO-
d6): d 32.51 (11-C), 116.12 (16-C), 116.68 (38- and 40-C),
118.31 (36-C), 120.54 (14-C), 120.78 (10-C), 121.53 (28-C),
121.87 (26- and 30-C), 122.46 (8-C), 124.32 (22-C), 126.84

(15-C), 127.31 (12-C), 127.37 (21- and 23-C), 127.64 (6-C),
127.77 (27- and 29-C), 128.29 (37- and 41-C), 128.82 (5-C),
129.44 (20- and 24-C), 131.19 (17-C), 132.63 (25-C), 133.74
(7-C), 137.22 (19-C), 141.76 (13-C), 147.23 (9-C), 160.22 (39-
C), 160.64 (4-C), 162.74 (2-C), 163.52 ppm (32- and 35-C);

Anal. Calcd. for C35H23Cl2N5O3 (632.49): C, 66.46; H, 3.67;
N, 11.07. Found: C, 66.42; H, 3.72; N, 11.01.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(3-nitrophenyl)-
1,3,4-oxadiazol-2-yl] phenyl}quinazolin-4(3H)one (7d). This
compound was obtained as light orange solid, yield 58%, mp

280–285�C; IR (KBr): NH 3443, CH2 2918, 2847, CO 1675,
CN 1653, 1610, NO2 1533, 1351, COC 1275, 1024, CCl 744
cm�1; 1H NMR (DMSO-d6): d 3.55 (s, 2H, CH2), 6.42 (d, 1H,
14-H, J ¼ 7.96 Hz), 6.91 (t, 1H, 16-H, J ¼ 7.44 Hz), 7.03–

7.09 (m, 2H, 15- and 22-H), 7.23 (d, 1H, 17-H, J ¼ 7.6 Hz),
7.42 (d, 2H, 21- and 23-H, J ¼ 8.16 Hz), 7.47 (d, 2H, 26- and
30-H, J ¼ 8.28 Hz), 7.52 (t, 1H, 6-H, J ¼ 7.6 Hz), 7.57 (d,
2H, 27- and 29-H, J ¼ 8.28 Hz), 7.62 (d, 1H, 8-H, J ¼ 8.12
Hz), 7.74 (t, 1H, 7-H, J ¼ 7.8 Hz), 7.84 (t, 1H, 40-H, J ¼ 7.8

Hz), 8.11 (d, 1H, 5-H, J ¼ 7.68 Hz), 8.26 (d, 1H, 41-H, J ¼
7.12 Hz), 8.36 (d, 1H, 39-H, J ¼ 7.68 Hz), 8.46 (s, 1H, 37-H),
9.11 ppm (br s, 1H, NH); 13C-NMR (DMSO-d6): d 32.46 (11-
C), 116.23 (16-C), 120.22 (37-C), 120.53 (14-C), 120.64 (10-
C), 121.47 (28-C), 121.75 (26- and 30-C), 122.45 (8-C),

124.34 (22-C), 124.46 (39-C), 125.73 (36-C), 126.73 (15-C),
127.21 (12-C), 127.47 (21- and 23-C), 127.58 (6-C), 127.65
(27- and 29-C), 128.85 (5-C), 129.52 (20- and 24-C), 130.78
(40-C), 131.21 (17-C), 132.54 (25-C), 133.45 (41-C), 133.62
(7-C), 137.19 (19-C), 141.68 (13-C), 147.07 (9-C), 148.51 (38-

C), 160.53 (4-C), 162.77 (2-C), 163.89 ppm (32- and 35-C).
Anal. Calcd. for C35H22Cl2N6O4 (661.49): C, 63.55; H, 3.35;
N, 12.70. Found: C, 63.48; H, 3.39; N, 12.75.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(4-nitrophenyl)-
1,3,4-oxadiazol-2-yl] phenyl}quinazolin-4(3H)one (7e). This
compound was obtained as pale yellow solid, yield 74%, mp
245–249�C; IR (KBr): NH 3448, CH2 2927, 2852, CO 1676,
CN 1652, 1612, NO2 1537, 1356, COC 1282, 1028, CCl 747
cm�1; 1H-NMR (DMSO-d6): d 3.53 (s, 2H, CH2), 6.39 (d, 1H,

14-H, J ¼ 7.92 Hz), 6.89 (t, 1H, 16-H, J ¼ 7.36 Hz), 7.04–
7.10 (m, 2H, 15- and 22-H), 7.21 (d, 1H, 17-H, J ¼ 7.52 Hz),
7.39 (d, 2H, 21- and 23-H, J ¼ 8.04 Hz), 7.45 (d, 2H, 26- and
30-H, J ¼ 8.36 Hz), 7.48 (t, 1H, 6-H, J ¼ 7.64 Hz), 7.55 (d,
2H, 27- and 29-H, J ¼ 8.36 Hz), 7.61 (d, 1H, 8-H, J ¼ 8.16

Hz), 7.76 (t, 1H, 7-H, J ¼ 7.84 Hz), 8.05 (d, 2H, 37- and 41-
H, J ¼ 8.72 Hz), 8.10 (d, 1H, 5-H, J ¼ 7.72 Hz), 8.34 (d, 2H,
38- and 40-H, J ¼ 8.72 Hz), 9.13 ppm (br s, 1H, NH); 13C
NMR (DMSO-d6): d 32.61 (11-C), 116.27 (16-C), 120.63 (14-
C), 120.73 (10-C), 121.54 (28-C), 121.82 (26- and 30-C),

122.58 (8-C), 124.26 (22-C), 124.47 (38- and 40-C), 126.62
(15-C), 127.12 (37- and 41-C), 127.33 (12-C), 127.55 (21- and
23-C), 127.63 (6-C), 127.74 (27- and 29-C), 128.76 (5-C),
129.44 (20- and 24-C), 131.18 (36-C), 131.27 (17-C), 132.63

(25-C), 133.56 (7-C), 137.29 (19-C), 141.77 (13-C), 147.15 (9-
C), 148.13 (39-C), 160.65 (4-C), 162.63 (2-C), 164.25 ppm
(32- and 35-C). Anal. Calcd. for (661.49): C, 63.55; H, 3.35;
N, 12.70. Found: C, 63.46; H, 3.41; N, 12.74.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(4-methoxy-
phenyl)-1,3,4-oxadiazol-2-yl] phenyl}quinazolin-4(3H)one
(7f). This compound was obtained as off white, yield 67%,

mp 265-268�C; ir (KBr): NH 3453, CH2 2924, 2850, CO
1672, CN 1654, 1608, COC 1257, 1023, CCl 743 cm�1; 1H
nmr (DMSO-d6): d; 3.51 (s, 2H, CH2), 3.60 (s, 3H, OCH3),
6.38 (d, 1H, 14-H, J ¼ 7.96 Hz), 6.79 (d, 2H, 38- and 40-H, J
¼ 8.68 Hz), 6.88 (t, 1H, 16-H, J ¼ 7.36 Hz), 7.03–7.08 (m,

2H, 15- and 22-H), 7.19 (d, 1H, 17-H, J ¼ 7.52 Hz), 7.39–
7.56 (m, 9H, 6-, 21-, 23-, 26-, 27-, 29-, 30-, 37- and 41-H),
7.62 (d, 1H, 8-H, J ¼ 8.16 Hz), 7.75 (t, 1H, 7-H, J ¼ 7.84
Hz), 8.12 (d, 1H, 5-H, J ¼ 7.68 Hz), 9.15 ppm (br s, 1H, NH);
13C-NMR (DMSO-d6): d 32.53 (11-C), 55.23 (OCH3), 114.32

(38- and 40-C), 116.14 (16-C), 116.79 (36-C), 120.47 (14-C),
120.74 (10-C), 121.54 (28-C), 121.83 (26- and 30-C), 122.56
(8-C), 124.27 (22-C), 126.62 (37- and 41-C), 126.74 (15-C),
127.22 (12-C), 127.42 (21- and 23-C), 127.51 (6-C), 127.75
(27- and 29-C), 128.76 (5-C), 129.43 (20- and 24-C), 131.13

(17-C), 132.70 (25-C), 133.66 (7-C), 137.23 (19-C), 141.72
(13-C), 147.16 (9-C), 160.56 (39-C), 160.73 (4-C), 162.78
(2-C), 163.75 ppm (32- and 35-C). Anal. Calcd. for
C36H25Cl2N5O3 (646.52): C, 66.88; H, 3.90; N, 10.83. Found:

C, 66.97; H, 3.88; N, 10.78.
2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-[4-(5-phenyl-1,

3,4-oxadiazol-2-yl)phenyl]-6-bromo-quinazolin-4(3H)one
(7g). This compound was obtained as light reddish, yield
63%, mp 261–264�C; IR (KBr): NH 3452, CH2 2929, 2855,

CO 1682, CN 1651, 1614, COC 1272, 1053, CCl 742, CBr
574 cm�1; 1H nmr (DMSO-d6): d 3.54 (s, 2H, CH2), 6.41 (d,
1H, 14-H, J ¼ 8 Hz), 6.89 (t, 1H, 16-H, J ¼ 7.48 Hz), 7.04–
7.09 (m, 2H, 15- and 22-H), 7.22 (d, 1H, 17-H, J ¼ 7.6 Hz),
7.39–7.44 (m, 5H, 21-, 23-, 38-, 39- and 40-H), 7.46 (d, 2H,

26- and 30-H, J ¼ 8.32 Hz), 7.55 (d, 2H, 27- and 29-H, J ¼
8.32 Hz), 7.65 (d, 1H, 8-H, J ¼ 8.36 Hz), 7.81 (dd, 2H, 37-
and 41-H, J ¼ 6.48 Hz, 1.96 Hz), 8.06 (d, 1H, 7-H, J ¼ 8.36
Hz), 8.15 (s, 1H, 5-H), 9.11 ppm (br s, 1H, NH); 13C-NMR
(DMSO-d6): d 32.55 (11-C), 116.16 (16-C), 120.57 (14-C),

121.41 (28-C), 121.54 (6-C), 121.74 (26- and 30-C), 123.18
(10-C), 124.26 (22-C), 124.35 (36-C), 124.58 (8-C), 124.84
(37- and 41-C), 126.85 (15-C), 127.24 (12-C), 127.47 (21-
and 23-C), 127.62 (27- and 29-C), 128.54 (39-C), 129.46
(20- and 24-C), 129.80 (38- and 40-C), 131.15 (17-C),

132.26 (5-C), 132.53 (25-C), 136.41 (7-C), 137.31 (19-C),
141.82 (13-C), 146.23 (9-C), 160.71 (4-C), 162.74 (2-C),
163.11 ppm (32- and 35-C). Anal. Calcd. for
C35H22BrCl2N5O2 (695.39): C, 60.45; H, 3.19; N, 10.07.

Found: C, 60.54; H, 3.12; N, 10.11.
2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(2-hydroxy-

phenyl)-1,3,4-oxadiazol-2-yl] phenyl}-6-bromo-quinazolin-4(3H)one
(7h). This compound was obtained as white solid, yield 55%,
mp 246–250�C; IR (KBr): NH 3448, OH 3128, CH2 2928,

2850, CO 1679, CN 1658, 1607, COC 1260, 1055, CCl 745,
C-Br 566 cm�1; 1H-NMR (DMSO-d6): d 3.53 (s, 2H, CH2),
6.39 (d, 1H, 14-H, J ¼ 7.96 Hz), 6.88–6.93 (m, 2H, 16- and
40-H), 6.96 (d, 1H, 38-H, J ¼ 8.12 Hz), 7.04–7.10 (m, 2H,
15- and 22-H), 7.21 (d, 1H, 17-H, J ¼ 7.56 Hz), 7.26 (t, 1H,

39-H, J ¼ 7.76 Hz), 7.40–7.46 (m, 5H, 21-, 23-, 26-, 30- and
41-H), 7.54 (d, 2H, 27- and 29-H, J ¼ 8.28 Hz), 7.67 (d, 1H,
8-H, J ¼ 8.32 Hz), 8.08 (d, 1H, 7-H, J ¼ 8.32 Hz), 8.16 (s,
1H, 5-H), 9.08 (br s, 1H, NH), 10.06 ppm (br s, 1H, OH);
13C-NMR (DMSO-d6): d 32.48 (11-C), 109.18 (36-C), 116.12
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(16-C), 116.59 (38-C), 119.54 (40-C), 120.53 (14-C), 121.46
(6-C), 121.57 (28-C), 121.86 (26- and 30-C), 123.14 (10-C),
124.33 (22-C), 124.66 (8-C), 125.38 (41-C), 126.75 (15-C),
127.15 (12-C), 127.36 (21- and 23-C), 127.79 (27- and 29-C),
129.34 (20- and 24-C), 131.10 (17-C), 131.57 (39-C),

132.17 (5-C), 132.74 (25-C), 136.39 (7-C), 137.22 (19-C),
141.76 (13-C), 146.34 (9-C), 155.66 (37-C), 160.67 (4-C),
162.58 (2-C), 162.74 ppm (32- and 35-C). Anal. Calcd. for
C35H22BrCl2N5O3 (711.39): C, 59.09; H, 3.12; N, 9.84. Found:
C, 58.95; H, 3.17; N, 9.89.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(4-hydroxy-
phenyl)-1,3,4-oxadiazol-2-yl] phenyl}-6-bromo-quinazolin-
4(3H)one (7i). This compound was obtained as off white
solid, yield 66%, mp 232–236�C; IR (KBr): NH 3450, OH
3143, CH2 2924, 2849, CO 1672, CN 1656, 1610, COC 1274,

1022, CCl 739, CBr 571 cm�1; 1H-NMR (DMSO-d6): d 3.55
(s, 2H, CH2), 5.62 (br s, 1H, OH), 6.43 (d, 1H, 14-H, J ¼ 8
Hz), 6.90–6.96 (m, 3H, 16-, 38-, and 40-H), 7.04–7.09 (m, 2H,
15- and 22-H), 7.23 (d, 1H, 17-H, J ¼ 7.6 Hz), 7.41 (d, 2H,

21- and 23-H, J ¼ 8.12 Hz), 7.47 (d, 2H, 26- and 30-H, J ¼
8.32 Hz), 7.56 (d, 2H, 27- and 29-H, J ¼ 8.32 Hz), 7.64 (d,
1H, 8-H, J ¼ 8.36 Hz), 7.71 (d, 2H, 37- and 41-H, J ¼ 8.48
Hz), 8.05 (d, 1H, 7-H, J ¼ 8.36 Hz), 8.12 (s, 1H, 5-H), 9.14
ppm (br s, 1H, NH); 13C NMR (DMSO-d6): d 32.55 (11-C),

116.18 (16-C), 116.65 (38- and 40-C), 118.26 (36-C), 120.52
(14-C), 121.53 (6-C), 121.64 (28-C), 121.89 (26- and 30-C),
123.24 (10-C), 124.37 (22-C), 124.45 (8-C), 126.85 (15-C),
127.21 (12-C), 127.53 (21- and 23-C), 127.72 (27- and 29-C),
128.32 (37- and 41-C), 129.44 (20- and 24-C), 131.22 (17-C),

132.26 (5-C), 132.71 (25-C), 136.47 (7-C), 137.18 (19-C),
141.75 (13-C), 146.21 (9-C), 160.15 (39-C), 160.62 (4-C),
162.72 (2-C), 163.64 ppm (32- and 35-C); Anal. Calcd. for
C35H22BrCl2N5O3 (711.39): C, 59.09; H, 3.12; N, 9.84. Found:
C, 58.98; H, 3.08; N, 9.86.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(3-nitrophenyl)-
1,3,4-oxadiazol-2-yl] phenyl}-6-bromo-quinazolin-4(3H)one
(7j). This compound was obtained as yellow solid, yield 62%,
mp 274–277�C; ir (KBr): NH 3444, CH2 2920, 2846, CO 1682,

CN 1647, 1612, NO2 1528, 1345, COC 1280, 1025, CCl 748,
CBr 569 cm�1; 1H NMR (DMSO-d6): d 3.53 (s, 2H, CH2), 6.41
(d, 1H, 14-H, J ¼ 7.96 Hz), 6.89 (t, 1H, 16-H, J ¼ 7.36 Hz),
7.03–7.08 (m, 2H, 15- and 22-H), 7.21 (d, 1H, 17-H, J ¼ 7.52
Hz), 7.39 (d, 2H, 21- and 23-H, J ¼ 8.12 Hz), 7.44 (d, 2H, 26-

and 30-H, J ¼ 8.36 Hz), 7.53 (d, 2H, 27- and 29-H, J ¼ 8.36
Hz), 7.66 (d, 1H, 8-H, J ¼ 8.4 Hz), 7.81 (t, 1H, 40-H, J ¼ 7.88
Hz), 8.06 (d, 1H, 7-H, J ¼ 8.4 Hz), 8.14 (s, 1H, 5-H), 8.25 (d,
1H, 41-H, J ¼ 7.16 Hz), 8.36 (d, 1H, 39-H, J ¼ 7.76 Hz), 8.44
(s, 1H, 37-H), 9.11 ppm (br s, 1H, NH); 13C NMR (DMSO-d6):

d 32.47 (11-C), 116.22 (16-C), 120.12 (37-C), 120.48 (14-C),
121.57 (6-C), 121.68 (28-C), 121.91 (26- and 30-C), 123.15 (10-
C), 124.26 (22-C), 124.35 (39-C), 124.49 (8-C), 125.64 (36-C),
126.82 (15-C), 127.21 (12-C), 127.42 (21- and 23-C), 127.82
(27- and 29-C), 129.52 (20- and 24-C), 130.69 (40-C), 131.17

(17-C), 132.25 (5-C), 132.65 (25-C), 133.37 (41-C), 136.46 (7-
C), 137.22 (19-C), 141.79 (13-C), 146.32 (9-C), 148.41 (38-C),
160.56 (4-C), 162.78 (2-C), 163.93 ppm (32- and 35-C). Anal.
Calcd. for C35H21BrCl2N6O4 (740.39): C, 56.78; H, 2.86; N,

11.35. Found: C, 56.87; H, 2.82; N, 11.29.
2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(4-nitrophenyl)-

1,3,4-oxadiazol-2-yl] phenyl}-6-bromo-quinazolin-4(3H)one
(7k). This compound was obtained as yellow solid, yield 65%,

mp 258–262�C; IR (KBr): NH 3440, CH2 2918, 2844, CO
1673, CN 1647, 1605, NO2 1536, 1356, COC 1267, 1023, CCl
741, CBr 561 cm�1; 1H NMR (DMSO-d6): d 3.52 (s, 2H,
CH2), 6.43 (d, 1H, 14-H, J ¼ 7.92 Hz), 6.91 (t, 1H, 16-H, J ¼
7.36 Hz), 7.04–7.09 (m, 2H, 15- and 22-H), 7.20 (d, 1H, 17-H,

J ¼ 7.52 Hz), 7.41 (d, 2H, 21- and 23-H, J ¼ 8.08 Hz), 7.46
(d, 2H, 26- and 30-H, J ¼ 8.36 Hz), 7.57 (d, 2H, 27- and 29-
H, J ¼ 8.36 Hz), 7.65 (d, 1H, 8-H, J ¼ 8.36 Hz), 8.05 (d, 1H,
7-H, J ¼ 8.36 Hz), 8.08 (d, 2H, 37- and 41-H, J ¼ 8.68 Hz),
8.15 (s, 1H, 5-H), 8.31 (d, 2H, 38- and 40-H, J ¼ 8.68 Hz),

9.13 ppm (br s, 1H, NH); 13C NMR (DMSO-d6): d 32.55 (11-
C), 116.27 (16-C), 120.56 (14-C), 121.54 (6-C), 121.63 (28-
C), 121.85 (26- and 30-C), 123.05 (10-C), 124.36 (22-C),
124.42 (8-C), 124.64 (38- and 40-C), 126.94 (15-C), 127.15
(37- and 41-C), 127.26 (12-C), 127.54 (21- and 23-C), 127.77

(27- and 29-C), 129.43 (20- and 24-C), 131.17 (36-C), 131.24
(17-C), 132.19 (5-C), 132.59 (25-C), 136.54 (7-C), 137.20 (19-
C), 141.91 (13-C), 146.24 (9-C), 148.15 (39-C), 160.72 (4-C),
162.81 (2-C), 164.33 ppm (32- and 35-C). Anal. Calcd. for

C35H21BrCl2N6O4 (740.39): C, 56.78; H, 2.86; N, 11.35.
Found: C, 56.68; H, 2.89; N, 11.31.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(4-methoxy-
phenyl)-1,3,4-oxadiazol-2-yl] phenyl}-6-bromo-quinazolin-4(3H)one
(7l). This compound was obtained as orange solid, yield 70%,

mp 289–292�C; ir (KBr): NH 3443, CH2 2918, 2844, CO
1683, CN 1659, 1610, COC 1255, 1023, CCl 743, CBr 565
cm�1; 1H NMR (DMSO-d6): d 3.53 (s, 2H, CH2), 3.61 (s, 3H,
OCH3), 6.39 (d, 1H, 14-H, J ¼ 8 Hz), 6.77 (d, 2H, 38- and
40-H, J ¼ 8.72 Hz), 6.89 (t, 1H, 16-H, J ¼ 7.44 Hz), 7.04–

7.10 (m, 2H, 15- and 22-H), 7.21 (d, 1H, 17-H, J ¼ 7.56 Hz),
7.39 (d, 2H, 21- and 23-H, J ¼ 8.12 Hz), 7.43 (d, 2H, 26- and
30-H, J ¼ 8.32 Hz), 7.48 (d, 2H, 37- and 41-H, J ¼ 8.72 Hz),
7.55 (d, 2H, 27- and 29-H, J ¼ 8.32 Hz), 7.67 (d, 1H, 8-H, J
¼ 8.4 Hz), 8.08 (d, 1H, 7-H, J ¼ 8.4 Hz), 8.16 (s, 1H, 5-H),

9.10 ppm (br s, 1H, NH); 13C NMR (DMSO-d6): d 32.63 (11-
C), 55.15 (OCH3), 114.25 (38- and 40-C), 116.27 (16-C),
116.83 (36-C), 120.47 (14-C), 121.57 (6-C), 121.68 (28-C),
121.88 (26- and 30-C), 123.13 (10-C), 124.34 (22-C), 124.46

(8-C), 126.55 (37- and 41-C), 126.91 (15-C), 127.17 (12-C),
127.56 (21- and 23-C), 127.82 (27- and 29-C), 129.38 (20-
and 24-C), 131.25 (17-C), 132.19 (5-C), 132.73 (25-C), 136.52
(7-C), 137.23 (19-C), 141.94 (13-C), 146.12 (9-C), 160.56 (39-
C), 160.68 (4-C), 162.65 (2-C), 163.80 ppm (32- and 35-C).

Anal. Calcd. for C36H24BrCl2N5O3 (725.42): C, 59.61; H,
3.33; N, 9.65. Found: C, 59.69; H, 3.37; N, 9.58.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-[4-(5-phenyl-1,3,4-
oxadiazol-2-yl)phenyl]-6-iodo-quinazolin-4(3H)one (7m). This
compound was obtained as light brownish solid, yield 63%,

mp 256–258�C; IR (KBr): NH 3452, CH2 2926, 2852, CO
1680, CN 1648, 1613, COC 1270, 1052, CCl 749, CI 618
cm�1; 1H-NMR (DMSO-d6): d 3.52 (s, 2H, CH2), 6.42 (d, 1H,
14-H, J ¼ 8 Hz), 6.92 (t, 1H, 16-H, J ¼ 7.48 Hz), 7.03–7.09
(m, 2H, 15- and 22-H), 7.23 (d, 1H, 17-H, J ¼ 7.64 Hz), 7.29

(d, 1H, 8-H, J ¼ 8.4 Hz), 7.38–7.43 (m, 5H, 21-, 23-, 38-, 39-
and 40-H), 7.45 (d, 2H, 26- and 30-H, J ¼ 8.28 Hz), 7.56 (d,
2H, 27- and 29-H, J ¼ 8.28 Hz), 7.78 (dd, 2H, 37- and 41-H,
J ¼ 6.44 Hz, 1.92 Hz), 7.97 (d, 1H, 7-H, J ¼ 8.4 Hz), 8.30 (s,

1H, 5-H), 9.13 ppm (br s, 1H, NH); 13C NMR (DMSO-d6): d
32.46 (11-C), 93.17 (6-C), 116.22 (16-C), 120.45 (14-C),
121.53 (28-C), 121.84 (26- and 30-C), 122.43 (10-C), 124.18
(8-C), 124.25 (22-C), 124.37 (36-C), 124.86 (37- and 41-C),
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126.76 (15-C), 127.33 (12-C), 127.44 (21- and 23-C), 127.78
(27- and 29-C), 128.55 (39-C), 129.34 (20- and 24-C), 129.77
(38- and 40-C), 131.27 (17-C), 132.75 (25-C), 136.24 (5-C),
137.18 (19-C), 141.86 (13-C), 142.38 (7-C), 146.05 (9-C),
160.62 (4-C), 162.82 (2-C), 163.21 ppm (32- and 35-C). Anal.
Calcd. for C35H22Cl2IN5O2 (742.39): C, 56.62; H, 2.99; N,
9.43. Found: C, 56.73; H, 2.91; N, 9.36.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(2-hydroxy-
phenyl)-1,3,4-oxadiazol-2-yl] phenyl}-6-iodo-quinazolin-4(3H)one
(7n). This compound was obtained as light reddish solid, yield

67%, mp 266–270�C; IR (KBr): NH 3446, OH 3135, CH2

2921, 2846, CO 1673, CN 1656, 1611, COC 1255, 1048, CCl
743, CI 620 cm�1; 1H NMR (DMSO-d6): d 3.53 (s, 2H, CH2),
6.40 (d, 1H, 14-H, J ¼ 7.96 Hz), 6.87–6.95 (m, 2H, 16- and
40-H), 6.98 (d, 1H, 38-H, J ¼ 8.12 Hz), 7.04–7.09 (m, 2H,

15- and 22-H), 7.21 (d, 1H, 17-H, J ¼ 7.52 Hz), 7.23–7.28 (m,
2H, 8- and 39-H), 7.40 (d, 2H, 21- and 23-H, J ¼ 8.12 Hz),
7.44–7.47 (m, 3H, 26-, 30- and 41-H), 7.57 (d, 2H, 27- and
29-H, J ¼ 8.28 Hz), 7.95 (d, 1H, 7-H, J ¼ 8.36 Hz), 8.28 (s,

1H, 5-H), 9.11 (br s, 1H, NH), 10.06 ppm (br s, 1H, OH); 13C
NMR (DMSO-d6): d 32.62 (11-C), 93.33 (6-C), 109.28 (36-C),
116.19 (16-C), 116.67 (38-C), 119.68 (40-C), 120.46 (14-C),
121.48 (28-C), 121.80 (26- and 30-C), 122.53 (10-C), 124.16
(8-C), 124.25 (22-C), 125.51 (41-C), 126.85 (15-C), 127.31

(12-C), 127.45 (21- and 23-C), 127.68 (27- and 29-C), 129.44
(20- and 24-C), 131.18 (17-C), 131.72 (39-C), 132.64 (25-C),
136.30 (5-C), 137.21 (19-C), 141.82 (13-C), 142.47 (7-C),
146.22 (9-C), 155.61 (37-C), 160.73 (4-C), 162.52 (2-C),
162.69 ppm (32- and 35-C). Anal. Calcd. for C35H22Cl2IN5O3

(758.39): C, 55.43; H, 2.92; N, 9.23. Found: C, 55.40; H,
2.95; N, 9.29.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(4-hydroxy-
phenyl)-1,3,4-oxadiazol-2-yl] phenyl}-6-iodo-quinazolin-4(3H)one
(7o). This compound was obtained as off white solid, yield

65%, mp 269–273�C; IR (KBr): NH 3453, OH 3145, CH2

2927, 2854, CO 1681, CN 1657, 1614, COC 1273, 1024, CCl
740, CI 619 cm�1; 1H-NMR (DMSO-d6): d 3.51 (s, 2H, CH2),
5.63 (br s, 1H, OH), 6.38 (d, 1H, 14-H, J ¼ 7.96 Hz), 6.88 (t,

1H, 16-H, J ¼ 7.4 Hz), 6.94 (d, 2H, 38- and 40-H, J ¼ 8.44
Hz), 7.03–7.08 (m, 2H, 15- and 22-H), 7.19 (d, 1H, 17-H, J ¼
7.56 Hz), 7.26 (d, 1H, 8-H, J ¼ 8.4 Hz), 7.38 (d, 2H, 21- and
23-H, J ¼ 8.08 Hz), 7.43 (d, 2H, 26- and 30-H, J ¼ 8.36 Hz),
7.54 (d, 2H, 27- and 29-H, J ¼ 8.36 Hz), 7.70 (d, 2H, 37- and

41-H, J ¼ 8.44 Hz), 7.94 (d, 1H, 7-H, J ¼ 8.4 Hz), 8.27 (s,
1H, 5-H), 9.09 ppm (br s, 1H, NH); 13C NMR (DMSO-d6): d
32.45 (11-C), 93.21 (6-C), 116.13 (16-C), 116.71 (38- and 40-
C), 118.32 (36-C), 120.48 (14-C), 121.46 (28-C), 121.76 (26-
and 30-C), 122.42 (10-C), 124.16 (8-C), 124.25 (22-C), 126.76

(15-C), 127.20 (12-C), 127.49 (21- and 23-C), 127.67 (27- and
29-C), 128.39 (37- and 41-C), 129.52 (20- and 24-C), 131.11
(17-C), 132.56 (25-C), 136.35 (5-C), 137.26 (19-C), 141.81
(13-C), 142.36 (7-C), 146.14 (9-C), 160.22 (39-C), 160.74 (4-
C), 162.83 (2-C), 163.60 ppm (32- and 35-C); Anal. Calcd. for
C35H22Cl2IN5O3 (758.39): C, 55.43; H, 2.92; N, 9.23. Found:
C, 55.48; H, 2.98; N, 9.18.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(3-nitrophenyl)-
1,3,4-oxadiazol-2-yl] phenyl}-6-iodo-quinazolin-4(3H)one
(7p). This compound was obtained as brown solid, yield 61%,
mp 286–290�C; IR (KBr): NH 3444, CH2 2926, 2853, CO
1675, CN 1653, 1610, NO2 1530, 1346, COC 1276, 1028, CCl
742, CI 613 cm�1; 1H NMR (DMSO-d6): d 3.53 (s, 2H, CH2),

6.40 (d, 1H, 14-H, J ¼ 7.96 Hz), 6.91 (t, 1H, 16-H, J ¼ 7.36
Hz), 7.04–7.09 (m, 2H, 15- and 22-H), 7.21 (d, 1H, 17-H, J ¼
7.52 Hz), 7.28 (d, 1H, 8-H, J ¼ 8.44 Hz), 7.39 (d, 2H, 21- and
23-H, J ¼ 8.08 Hz), 7.44 (d, 2H, 26- and 30-H, J ¼ 8.32 Hz),
7.55 (d, 2H, 27- and 29-H, J ¼ 8.32 Hz), 7.80 (t, 1H, 40-H, J

¼ 7.84 Hz), 7.96 (d, 1H, 7-H, J ¼ 8.44 Hz), 8.22 (d, 1H, 41-
H, J ¼ 7.12 Hz), 8.29 (s, 1H, 5-H), 8.35 (d, 1H, 39-H, J ¼
7.72 Hz), 8.45 (s, 1H, 37-H), 9.10 ppm (br s, 1H, NH); 13C
NMR (DMSO-d6): d 32.61 (11-C), 93.17 (6-C), 116.22 (16-C),
120.23 (37-C), 120.52 (14-C), 121.52 (28-C), 121.83 (26- and

30-C), 122.57 (10-C), 124.10 (8-C), 124.30 (22-C), 124.35 (39-
C), 125.72 (36-C), 126.84 (15-C), 127.32 (12-C), 127.53 (21-
and 23-C), 127.74 (27- and 29-C), 129.47 (20- and 24-C), 130.76
(40-C), 131.22 (17-C), 132.64 (25-C), 133.44 (41-C), 136.46 (5-
C), 137.34 (19-C), 141.92 (13-C), 142.46 (7-C), 146.21 (9-C),

148.38 (38-C), 160.62 (4-C), 162.77 (2-C), 164.05 ppm (32- and
35-C). Anal. Calcd. for C35H21Cl2IN6O4 (787.39): C, 53.39; H,
2.69; N, 10.67. Found: C, 53.47; H, 2.63; N, 10.61.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(4-nitrophenyl)-
1,3,4-oxadiazol-2-yl] phenyl}-6-iodo-quinazolin-4(3H)one
(7q). This compound was obtained as light brownish solid,
yield 70%, mp 254–257�C; IR (KBr): NH 3440, CH2 2918,
2846, CO 1684, CN 1656, 1613, NO2 1535, 1348, COC 1278,
1025, CCl 750, CI 618 cm�1; 1H-NMR (DMSO-d6): d 3.54 (s,

2H, CH2), 6.42 (d, 1H, 14-H, J ¼ 8 Hz), 6.89 (t, 1H, 16-H, J
¼ 7.44 Hz), 7.04–7.10 (m, 2H, 15- and 22-H), 7.22 (d, 1H,
17-H, J ¼ 7.6 Hz), 7.29 (d, 1H, 8-H, J ¼ 8.36 Hz), 7.41 (d,
2H, 21- and 23-H, J ¼ 8.12 Hz), 7.47 (d, 2H, 26- and 30-H, J
¼ 8.36 Hz), 7.56 (d, 2H, 27- and 29-H, J ¼ 8.36 Hz), 7.95 (d,

1H, 7-H, J ¼ 8.36 Hz), 8.06 (d, 2H, 37- and 41-H, J ¼ 8.72
Hz), 8.31 (s, 1H, 5-H), 8.35 (d, 2H, 38- and 40-H, J ¼ 8.72
Hz), 9.12 ppm (br s, 1H, NH); 13C-NMR (DMSO-d6): d 32.51
(11-C), 93.25 (6-C), 116.15 (16-C), 120.47 (14-C), 121.60 (28-
C), 121.87 (26- and 30-C), 122.50 (10-C), 124.16 (8-C),

124.22 (22-C), 124.61 (38- and 40-C), 126.78 (15-C), 127.23
(37- and 41-C), 127.26 (12-C), 127.45 (21- and 23-C), 127.82
(27- and 29-C), 129.42 (20- and 24-C), 131.12 (17-C), 131.28
(36-C), 132.68 (25-C), 136.34 (5-C), 137.25 (19-C), 141.84

(13-C), 142.39 (7-C), 146.15 (9-C), 148.24 (39-C), 160.72 (4-
C), 162.85 (2-C), 164.30 ppm (32- and 35-C). Anal. Calcd. for
C35H21Cl2IN6O4 (787.39): C, 53.39; H, 2.69; N, 10.67. Found:
C, 53.52; H, 2.61; N, 10.63.

2-[2-(2,6-Dichlorophenyl)amino]benzyl-3-{4-[5-(4-methoxy-
phenyl)-1,3,4-oxadiazol-2-yl] phenyl}-6-iodo-quinazolin-4(3H)one
(7r). This compound was obtained as light orange solid, yield
68%, mp 276–278�C; IR (KBr): NH 3453, CH2 2925, 2850,
CO 1676, CN 1651, 1609, COC 1258, 1074, CCl 746, CI 618
cm�1; 1H NMR (DMSO-d6): d 3.52 (s, 2H, CH2), 3.58 (s, 3H,

OCH3), 6.39 (d, 1H, 14-H, J ¼ 7.96 Hz), 6.78 (d, 2H, 38- and
40-H, J ¼ 8.68 Hz), 6.88 (t, 1H, 16-H, J ¼ 7.36 Hz), 7.04–
7.09 (m, 2H, 15- and 22-H), 7.20 (d, 1H, 17-H, J ¼ 7.52 Hz),
7.26 (d, 1H, 8-H, J ¼ 8.4 Hz), 7.39 (d, 2H, 21- and 23-H, J ¼
8.08 Hz), 7.44–7.49 (m, 4H, 26-, 30-, 37- and 41-H), 7.54 (d,

2H, 27- and 29-H, J ¼ 8.36 Hz), 7.97 (d, 1H, 7-H, J ¼ 8.4
Hz), 8.28 (s, 1H, 5-H), 9.10 ppm (br s, 1H, NH); 13C-NMR
(DMSO-d6): d 32.43 (11-C), 55.22 (OCH3), 93.21 (6-C),
114.32 (38- and 40-C), 116.13 (16-C), 116.92 (36-C), 120.42

(14-C), 121.58 (28-C), 121.87 (26- and 30-C), 122.56 (10-C),
124.17 (8-C), 124.33 (22-C), 126.63 (37- and 41-C), 126.82 (15-
C), 127.21 (12-C), 127.48 (21- and 23-C), 127.69 (27- and 29-
C), 129.42 (20- and 24-C), 131.14 (17-C), 132.57 (25-C), 136.39
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(5-C), 137.28 (19-C), 141.83 (13-C), 142.44 (7-C), 146.12 (9-C),
160.54 (39-C), 160.67 (4-C), 162.74 (2-C), 163.77 ppm (32- and
35-C). Anal. Calcd. for C36H24Cl2IN5O3 (772.42): C, 55.98; H,
3.13; N, 9.07. Found: C, 55.89; H, 3.07; N, 9.14.

General procedure for in vitro antimicrobial screening. The

MICs of synthesized compounds were carried out by broth
microdilution method as described by Rattan [36]. Antibacterial
activity was screened against two gram-positive bacteria (S. aur-
eus MTCC 96, S. pyogenes MTCC 443) and two gram-negative
bacteria (E. coli MTCC 442, P. aeruginosa MTCC 441). Ampi-

cillin was used as a standard antibacterial agent. Antifungal ac-
tivity was screened against three fungal species C. albicans
MTCC 227, A. niger MTCC 282 and A. clavatus MTCC 1323.
Greseofulvin was used as a standard antifungal agent.

All MTCC cultures were collected from Institute of Microbial

Technology, Chandigarh and tested against above mentioned
known drugs. Mueller Hinton broth was used as nutrient medium
to grow and dilute the drug suspension for the test. Inoculum size
for test strain was adjust to 108 CFU (Colony Forming Unit) per

milliliter by comparing the turbidity. DMSO was used as diluents
to get desired concentration of drugs to test upon standard bacterial
strains. Serial dilutions were prepared in primary and secondary
screening. The control tube containing no antibiotic was immedi-
ately sub cultured (before inoculation) by spreading a loopful

evenly over a quarter of plate of medium suitable for the growth of
the test organism and put for incubation at 37�C overnight. The
tubes were then incubated overnight. The MIC of the control orga-
nism was read to check the accuracy of the drug concentrations.
The lowest concentration inhibiting growth of the organism was

recorded as the MIC. All the tubes not showing visible growth (in
the same manner as control tube described above) was sub cultured
and incubated overnight at 37�C. The amount of growth from the
control tube before incubation (which represents the original inocu-
lum) was compared. Subcultures might show: similar number of

colonies indicating bacteriostatic; a reduced number of colonies
indicating a partial or slow bactericidal activity and no growth if
the whole inoculum has been killed. The test must include a second
set of the same dilutions inoculated with an organism of known

sensitivity. Each synthesized drug was diluted obtaining 2000 lg/
mL concentration, as a stock solution. In primary screening 500,
250, and 125 lg/mL concentrations of the synthesized drugs were
taken. The active synthesized drugs found in this primary screening
were further tested in a second set of dilution against all microor-

ganisms. The drugs found active in primary screening were simi-
larly diluted to obtain 100, 50, 25, 12.5, 6.250, 3.125, and 1.5625
lg/mL concentrations. The highest dilution showing at least 99 %
inhibition is taken as MIC.
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Lophine hydroperoxides underwent base-triggered 1,5-phenyl migration in DMSO to afford imidazo-
lones in high yields, instead of amidines with chemiluminescence (CL). The corresponding imidazolols
were believed to intermediates and they were successfully obtained by treating the peroxides with
DMSO without the base. The diminished CL was because of the reduction of the hydroperoxides with

DMSO. The imidazolols subsequently underwent smooth base-mediated rearrangement to afford imida-
zolones. Furthermore, the chiral imidazolols provided stereoselective imidazolones in high enantiomeric
excess (>92%), which supported the mechanism of an intramolecular ring for the migration.

J. Heterocyclic Chem., 47, 932 (2010).

INTRODUCTION

The chemiluminescent reactions of lophine hydroper-

oxides (1) have attracted considerable attention for

many decades [1,2]. Many studies have been reported

[3] and these studies mainly focused on the chemilumi-

nescence (CL) efficiency. The other reactions occurring

in this chemiluminescent process are still not clear.

Recently, we reported that 1 underwent three different

but simultaneous reactions upon treatment with a base

to yield the corresponding amidines (2) accompanied

with CL, imidazoles (3) with singlet oxygen, and a trace

of imidazolones (4) (Scheme 1) [4]. However, the CL of

peroxides 1 can be observed by base-triggered reactions

in typical solvents, but not in DMSO. It is well known

that a CL system like dioxetane can provide the most

efficient CL in DMSO [5]. We first believed that a polar

aprotic solvent like DMSO should enhance the CL effi-

ciency of lophine peroxides. However, the CL efficiency

of hydroperoxides 1 in was so low that it could not be

detected. The results were quite unexpected, and there-

fore, they attracted our attention. The subsequent inves-

tigation showed that hydroperoxides 1 underwent an

exclusive 1,5-phenyl migration in DMSO to afford imi-

dazolones 4 in high yields via imidazolols (5) as inter-

mediates (Scheme 2) [6]. Further investigation showed

that these imidazolols 5 could be easily obtained under

milder conditions, when treated with DMSO without the

trigger base [6b]. In addition, these imidazolols 5 sub-

sequently underwent base-mediated rearrangement to

afford imidazolones in high yields.

Scheme 1
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Although imidazolol has been long proposed as one

of the intermediate byproducts in the CL reaction of lo-

phine, it has not been obtained thus far because it is

unstable under basic reaction conditions [1b]. The pres-

ent research provides an easy method to obtain these

intermediates, and this should help in completely under-

standing the reactions occurring in the CL reaction of

lophine peroxides. In addition, the sigmatropic migration

of an aryl group is known for 1,2,3,4,5-pentaphenylcy-

clo-pentadienol [7], which is a p-conjugated analogue of

5; however, its stereochemistry has not yet been investi-

gated. In a previous investigation, [6a] the 1,5-phenyl

rearrangement of silyl-protected hydroperoxides was

reported. However, the stereospecificities were low

under thermal conditions and the enantiomeric excesses

(EEs) were less than 60%; these factors made it difficult

to understand the stereochemistry. In the previous study,

we first believed that the low stereospecificities resulted

from the racemization of imidazolones through a ring

opening/closing sequence, and therefore, a control

experiment was carried out with imidazolone; however,

it was found that it did not racemize. Therefore, we

believed that the alkoxide racemized through a ring

opening/closing sequence under strong thermal condi-

tions that lowered the stereochemical specificities. In

this study, the absence of strong thermal activation pre-

vents ring opening from occurring, as a result of which

imidazolols can serve as a good system for the study of

1,5-phenyl migration.

Furthermore, it should be noted that many natural

compounds include imidazolol and/or imidazolone moi-

eties [8]. In this article, we report the preparation and

the stereoselective 1,5-phenyl rearrangement of imidazo-

lols. We expect that imidazolols will find numerous

applications in the synthesis of natural compounds.

RESULTS AND DISCUSSION

The reaction of the peroxides 1 proceeded smoothly

proceeded to afford imidazolols in good yields in DMSO

at room temperature (entries 1–8, Table 1). The reaction

completed within 4–6 h. Aromatic substituents containing

electron-donating as well as electron-withdrawing groups

underwent the elimination of oxygen facilely. In the case

of unstable 1c, which is difficult to isolate, [2] 5c was

consequently prepared by treating the mixture by the pho-

tooxidation of the corresponding imidazole with DMSO.

In the cases of 1g, h, the mixtures with their isomers

(10g, h) were used to afford mixtures of 5g, h with their

isomers (50g, h), as shown in Scheme 3.

On treatment with the base, the imidazolols 5 were

smoothly converted into the imidazolones 4 via phenyl

migration from C4 to C5 within 3 h in good yields in

DMSO at room temperature (Table 1). From the Wood-

ward–Hoffmann rules, the phenyl migration is recog-

nized as a thermally allowed 1,5-sigmatropic migration.

To elucidate the stereochemistry of the migration,

imidazolols 5g, h were successfully isolated from their

mixtures with their isomers 50g, h by crystallization

from 2-propanol, respectively. The chiral imidazolols

(5g and h) were isolated using a chiral HPLC column.

To determine the absolute configurations, the circular

dichroism (CD) spectra were recorded, and the calcu-

lated CD spectra were processed using Gaussian 03w

software package [6a,9]. The absolute configurations

were assigned by comparing the experimental CD spec-

tra with the calculated ones (for details, see Experimen-

tal section). When the chiral imidazolols (5g and h)

Scheme 2

Table 1

Preparation of imidazolols and imidazolones.

Entry Reactants Producta Yield (%)b

1 1a 5a 77

2 1b 5b 87

3 1c 5c 64

4 1d 5d 76

5 1e 5e 70

6 1f 5f 72

7 1g
c

5g
c 78

8 1h
c

5h
c 82

9 5a 4a 78

10 5b 4b 85

11 5c 4c 68

12 5d 4d 73

13 5e 4e 70

14 5f 4f 76

15 5g
c

4g 79

16 5hc 4h 74

a The structure of products were determined from spectral data (1H

NMR, MS, and E.A.).
b Isolated yields after column chromatography.
cMixture with its isomer.
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were subjected to phenyl migration under the action of

the base (Scheme 4), the corresponding imidazolones 4g

and h were exclusively obtained in >92% EE in DMSO

(Table 2). When compared with the previous study in

which silyl-protected peroxides under thermal condition

were used, the stereoselectivities were largely increased.

The reaction mechanism was confirmed to be stereose-

lective 1,5-phenyl migration via an intramolecular ring

(Scheme 5).

In conclusion, we have demonstrated that an imidazo-

lol derivative can easily be prepared in good yield from

the corresponding peroxide. The imidazolol can be

smoothly converted to an imidazolone via a stereoselec-

tive phenyl migration from C4 to C5 under the action of

a base.

EXPERIMENTAL

General procedure. All melting points were measured
using a Yanagimoto micro melting point apparatus. The IR
spectra were recorded by a JASCO FT/IR-5000 spectropho-
tometer. The UV-vis spectra were measured by a JASCO V-
530 spectro-photometer. The 1H and 13C NMR spectra were

recorded using a Varian MERCURY (FT, 300 MHz) spectrom-
eter or a Varian VXR-500 (FT, 500 MHz) spectrometer. Ele-
mental analyses were performed by a Perkin Elmer CHNS/O

Scheme 3

Scheme 4
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Analyzer 2400. The fast atom bombardment (FAB) mass spec-
tra were recorded by a Micromass 70-SE. 2,4,5-Triarylphenyl-
1H-imidazoles were prepared by the method of Davidson et al.
[6,8a]. 4-Hydroperoxy-2,4,5-triphenyl-4H-imidazoles were pre-

pared by the method of White and Harding [2]. HPLC analy-
ses were performed on a Hitachi 655 liquid chromatography
and recorded on a Hitachi 561 recorder; Column for EE and
optical resolution was Daicel Chiralpak AD-H: 4.6 mm � 250

mm. CD spectra were recorded on a JASCO J-820
spectropolarimeter.

Preparation of imidazolols. A solution of hydroperoxides 1
(0.2 mmol) in DMSO (5 mL) was stirred for 4–6 h at room
temperature. After the reaction, the solution was poured into

water, and the crude product 5 was obtained by filtration. The
crude product was purified by chromatography (silica, hexa-
ne:AcOEt ¼ 10 � 8:1).

2,4,5-Triphenyl-4-hydroxy-4H-isoimidazole (5a). mp 128–
130�C; IR (KBr) 1613 (C¼¼N) cm�1, 1H NMR (500 MHz,

CDCl3) d 7.16–7.22 (m, 3H), 7.34 (dd, J ¼ 7.5, 5.5 Hz, 2H),
7.38 (t, J ¼ 7.5 Hz, 2H), 7.47 (t, J ¼ 7.5 Hz, 1H), 7.49 (d, J
¼ 7.5 Hz, 2H), 7.56 (t, J ¼ 7.5 Hz, 1H), 8.16 (d, J ¼ 7.5 Hz,
2H), 8.41 (d, J ¼ 7.5 Hz, 2H), 6.49 (br s, 1H); 13C NMR (300
MHz, CDCl3) d 107.66 (s), 124.9 (d), 128.3 (d), 128.6 (d),

128.7 (d), 128.8 (d), 129.8 (d), 130.2 (d), 130.6 (d), 130.9 (s),
132.5 (d), 133.0 (d), 137.6 (s), 172.5 (s), 194.3 (s); UV-vis
kmax (EtOH) 281 (log e 4.31) nm; MS (FAB) m/z 313

(Mþþ1); E.A. Calcd for C21H16N2O: C, C, 80.75; H, 5.16; N,
8.97. Found: C, 80.70; H, 5.14; N, 8.96.

2-(p-Nitrophenyl)-4-hydroxy-4,5-diphenyl-4H-isoimidazole
(5b.) Pale yellow powder, mp 168–169�C; IR (KBr) 1633
(C¼¼N), 1524 (NO2), 1350 (NO2) cm

�1; 1H NMR (500 MHz,

CDCl3) d 7.33–7.38 (m, 3H), 7,43 (dd, J ¼ 8.4, 2.0 Hz, 2H),
7.56 (t, J ¼ 8.1 Hz, 2H), 7.66 (t, J ¼ 8.1 Hz, 1H), 8.09 (d, J
¼ 9.2 Hz, 2H), 8.19 (d, J ¼ 9.2 Hz, 2H), 8.36 (d, J ¼ 8.1 Hz,
2H), 6.94 (s, 1H); MS (FAB) m/z 358 (Mþþ1); E.A. Calcd for
C21H15N3O3: C, 70.58; H, 4.23; N, 11.76. Found: C, 70.53; H,

4.30; N, 11.73%.
2-(p-Dimethylaminophenyl)-4-hydroxy-4,5-diphenyl-4H-iso-

imidazole (5c). Orange powder, mp 126–128�C; IR (KBr)
1603 (C¼¼N) cm�1; 1H NMR (500 MHz CDCl3) d 3.00 (s,
6H), 6.44 (d, J ¼ 7.5 Hz, 2H), 7.26–7.31 (m, 3H), 7.47 (dd, J
¼ 7.0, 7.53 Hz, 2H), 7.48–7.51 (m, 2H), 7.53 (d, J ¼ 7.53 Hz,
1H), 7.93 (d, J ¼ 7.5 Hz, 2H), 8.35 (d, J ¼ 7.0 Hz, 2H), 6.32
(br s, 1H); MS (FAB) m/z 356 (Mþþ1); E.A. Calcd for
C23H21N3O: C, 77.72; H, 5.96; N, 11.82. Found: C, 77.77; H,

5.98; N, 11.81.
2-(p-Hydroxyphenyl)-4-hydroxy-4,5-diphenyl-4H-isoimida-

zole (5d). Yellow powder; mp 103–105�C (dec.); IR (KBr)
3326 (OAH), 1607 (C¼¼N) cm�1; 1H NMR (500 MHz,
CDCl3) d 7.00–7.03 (m, 2H), 7.30–7.34 (m, 5H), 7.41–7.51

(m, 3H), 7.59 (d, J ¼ 7.5 Hz,2H), 8.29 (d, J ¼ 7.5 Hz, 2H).
MS (FAB) m/z 329 (MþHþ). E.A. Calcd for C21H16N2O2�1/
2H2O: C, 74.76; H, 5.08; N, 8.30. Found: C, 74.69; H, 5.02;
N, 8.81.

2-(p-Dimethylaminophenyl)-4-hydroxy-4,5-bis(p-fluorophe-
nyl)4H-isoimidazole (5e). Orange powder; mp 138–140�C
(dec.); IR (KBr) 1603 (C¼¼N) cm�1; 1H NMR (500 MHz,
CDCl3) d 3.04 (s, 6H), 6.64 (d, J ¼ 8.9 Hz, 2H), 6.97 (t, J ¼
8.8 Hz, 2H), 7.15 (t, J ¼ 9.0 Hz, 2H), 7.40 (d, J ¼ 8.8, 2H),
7.98 (d, J ¼ 8.9 Hz, 2H), 8.35 (d, J ¼ 9.0 Hz, 2H), 6.52 (br s,

1H); E.A. Calcd for C23H19F2N3O: C, 67.81; H, 4.70; N,
10.31. Found: C, 67.78; H, 4.76; N, 10.31.

2-(p-Dimethylaminophenyl)-4-hydroxy-4,5-bis(p-chlorophe-
nyl)4H-isoimidazole (5f). Orange powder; mp 142–144�C
(dec.); IR (KBr) 1601 (C¼¼N) cm�1; 1H NMR (500 MHz,
CDCl3) d 3.02 (s, 6H), 6.65 (d, J ¼ 8.9 Hz, 2H), 6.90 (t, J ¼
8.8 Hz, 2H), 7.12 (t, J ¼ 9.0 Hz, 2H), 7.41 (d, J ¼ 8.8, 2H),
7.86 (d, J ¼ 8.9 Hz, 2H), 8.25 (d, J ¼ 9.0 Hz, 2H), 6.49 (br s,

Table 2

The analyses of the enantiomeric excess.

Entry Imidazolols

Productsa,b

R-4 S-4 EE (%)

1 R-5g 2 98 96

2 S-5g 97 3 94

3 R-5h 3 97 94

4 S-5h 96 4 92

aYields calculated on the base of HPLC integral quantity.
b The conversion was estimated to be 100% because of no other peak

appearing on the 1H NMR spectra.

Scheme 5
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1H); E.A. Calcd for C23H19F2N3O: C, 67.81; H, 4.70; N,
10.31. Found: C, 67.35; H, 4.66; N, 10.12.

Mixture of 2-phenyl-4-hydroxy-4-(p-trifluoromethyl-phe-
nyl)-5-(p-fluorophenyl)-4H-isoimidazole (5g) and 2-phenyl-4-
hydroxy-4-(p-fluorophenyl)-5-(p-trifluoromethyl-phenyl)-4H-
isoimidazole (50g). Molar ratio ¼ 4:1, determined by 1H
NMR. Colorless powder; mp 136–139�C; IR (KBr) 1603

(C¼¼N), 1325 (CF3), 1272 (CAF) cm�1; UV-vis kmax

(CH2Cl2) 281 (4.28) nm. MS (FAB) m/z 399 (Mþþ1); E.A.
Calcd for C22H14F4N2O�1/2H2O: C, 64.87; H, 3.71; N, 6.88;.
Found: C, 64.83; H, 3.75; N, 6.88%. 5g: 1H NMR (500 MHz,

CDCl3) d 7.18–7.28 (m, 4H), 7.38–7.44 (m, 1H), 7.55 (d, J ¼
8.5 Hz, 2H), 7.61 (d, J ¼ 8.5 Hz, 2H), 7.97 (d, J ¼ 7.5 Hz,
2H), 8.33 (dd, J ¼ 8.5, 5.5 Hz, 2H); 50g: 1H NMR (500 MHz,
CDCl3) 7.03 (t, J ¼ 8.5 Hz, 2H), 7.18–7.27 (m, 2H), 7.37–
7.44 (m, 3H), 7.78 (d, J ¼ 8.2 Hz, 2H), 7.95 (d, J ¼ 7.5 Hz,

2H), 8.46 (d, J ¼ 8.2 Hz, 2H).
Mixture of 2-phenyl-4-hydroxy-4-(p-trifluoromethyl-phe-

nyl)-5-(p-methoxyphenyl)-4H-isoimidazole (5h) and 2-phenyl-
4-hydroxy-4-(p-methoxyphenyl)-5-(p-trifluoro-methylphenyl)-
4H-isoimidazole (50h). Molar ratio ¼ 10:1, determined by 1H

NMR. Pale yellow powder; mp 123–125�C; IR (KBr) 1607
(C¼¼N), 1328 (CF3), 1263, 1069 (CAOAC) cm�1; UV-vis
kmax (CH2Cl2) 308 (log e 4.27), 318 (4.16), 347 (4.12) nm;
MS (FAB) m/z 427 (Mþþ1); E.A. Calcd for C23H17F3N2O2:
C, 67.31; H, 4.18; N, 6.83; Found: C, 67.33; H, 4.15; N,

6.85%. 5h: 1H NMR (500 MHz, CDCl3) d 3.91 (s, 3H), 7.02
(d, J ¼ 9.0 Hz, 2H), 7.28 (t, J ¼ 7.0 Hz, 2H), 7.37 (t, J ¼ 7.0
Hz, 1H), 7.58 (d, J ¼ 9.2 Hz, 2H), 7.62 (d, J ¼ 9.2 Hz, 2H),
8.01 (d, J ¼ 7.0 Hz, 2H), 8.28 (d, J ¼ 9.0 Hz, 2H).

Preparation of imidazolones.. 0.5 ml of TBAF/THF (1.0
N) was added to a solution of 5 (0.1 mmol) in DMSO, and the

mixed solution was stirred for 3 h. Then the reaction mixture
was poured into water and the product 4 was precipitated. The
crude product was purified by chromatography (silica, hexa-
ne:AcOEt ¼ 8:1).

2,5,5-Triphenyl-1H-imidazol-4(5H)-one (4a). mp 222–

224�C (lit.3 220–222�C); IR (KBr) 1721 (C¼¼O), 1628 (C¼¼N),
698 (Phenyl) cm�1; 1H NMR (500 MHz, CDCl3) d 7.28 (t, J
¼ 7.0 Hz, 2H), 7.34 (t, J ¼ 7.0 Hz, 4H), 7.52 (t, J ¼ 7.5 Hz,
2H), 7.58 (t, J ¼ 7.5 Hz, 1H), 7.60 (d, J ¼ 7.0 Hz, 4H), 7.97
(d, J ¼ 7.5 Hz, 2H), 9.11 (br s, 1H); UV-vis kmax (EtOH) 255

(log e 4.07) nm; MS (FAB) m/z 313 (Mþþ1); E.A. Calcd for
C21H16N2O: C, 80.75; H, 5.16; N, 8.97. Found: C, 80.47; H,
5.06; N, 8.94%.

2-(p-Nitrophenyl)-5,5-diphenyl-1H-imidazol-4(5H)-one (4b.)
Pale yellow powder; mp 205–206�C; IR (KBr) 1524 (NO2),

1350 (NO2) cm�1; 1H NMR (CDCl3, 300 MHz) d 7.32 (t,
2H), 7,43 (m, 4H), 7.65 (t, 4H), 8.08 (d, J ¼ 9.2 Hz, 2H),
8.18 (d, J ¼ 9.2 Hz, 2H), 9.40 (br s, 1H); MS (FAB) m/z 358
(Mþþ1); E.A. Calcd for C21H15N3O3: C, 66.75; H, 4.13; N,

11.12. Found: C, 66.73; H, 4.00; N, 11.13%.
2-(p-Dimethylaminophenyl)-5,5-diphenyl-1H-imidazol-4(5H)-

one (4c). Orange powder, mp 86–88�C; IR (KBr) 1604 (C¼¼N)
cm�1; 1H NMR (500 MHz CDCl3) d 3.04 (s, 6H), 6.45 (d, J
¼ 7.5 Hz, 2H), 7.26–7.31 (m, 6H), 7.47–7.51 (m, 4H), 7.93

(d, J ¼ 7.5 Hz, 2H), 9.02 (br s, 1H); MS (FAB) m/z 356
(Mþþ1); E.A. Calcd for C23H21N3O: C, 77.72; H, 5.96; N,
11.82. Found: C, 77.70; H, 6.01; N, 11.80.

2-(p-Hydroxyphenyl)-4,5-diphenyl-4H-imidazol-4(5H)-one
(4d). Yellow powder; mp 112–114�C (dec.); IR (KBr) 3323

(OAH), 1605 (C¼¼N) cm�1; 1H NMR (500 MHz, CDCl3) d
7.05 (d, J ¼ 7.6 Hz, 2H), 7.25–7.31 (m, 6H), 7.45–7.50 (m,
4H), 7.98 (d, J ¼ 7.6 Hz, 2H), 9.02 (br s, 1H). MS (FAB) m/z
329 (MþHþ). E.A. Calcd for C21H16N2O2: C, 76.81; H, 4.91;
N, 8.53. Found: C, 76.79; H, 4.92; N, 8.51.

2-(p-Dimethylaminophenyl)-5,5-bis(p-fluorophenyl)-1H-imi-
dazol-4(5H)-one (4e). Orange powder; mp 118–120�C (dec.);
IR (KBr) 1605 (C¼¼N) cm�1; 1H NMR (500 MHz, CDCl3) d
3.06 (s, 6H), 6.67 (d, J ¼ 8.9 Hz, 2H), 6.97–7.15 (t, J ¼ 8.8,

4H), 7.57–7.71 (t, J ¼ 8.8, 4H), 7.92 (d, J ¼ 8.9 Hz, 2H),
9.12 (br s, 1H); MS (FAB) m/z 392 (Mþþ1); E.A. Calcd for
C23H19Cl2N3O: C, 65.10; H, 4.51; N, 9.90. Found: C, 65.12;
H, 4.46; N, 9.92.

Table 3

The conditions of HPLC analysis.

Effluent

Detector

wavelength (nm)

Retention

time/min

I II

5g Hexane:2-PrOH

80:20 (V/V)a
281 6.1 7.1

5h Hexane:EtOH

90:10 (V/V)a
308 6.3 7.8

4g EtOH 100%b 261 5.4 6.4

4h EtOH 100%b 259 7.0 9.0

a Flow rate 1.0 mL/min.
b Flow rate 0.7 mL/min.

Figure 1. HPLC charts for the resolution.
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2-(p-Dimethylaminophenyl)-5,5-bis(p-chlorophenyl)-1H-
imidazol-4(5H)-one (4f). Orange powder; mp 122–124�C
(dec.); IR (KBr) 1603 (C¼¼N) cm�1; 1H NMR (500 MHz,

CDCl3) d 3.03 (s, 6H), 6.65 (d, J ¼ 8.2 Hz, 2H), 6.90–7.12 (t,
J ¼ 8.6 Hz, 4H), 7.61–7.86 (t, J ¼ 8.6, 4H), 7.98 (d, J ¼ 8.2
Hz, 2H), 6.09 (br s, 1H); MS (FAB) m/z 425 (Mþþ1); E.A.
Calcd for C23H19F2N3O: C, 67.81; H, 4.70; N, 10.31. Found:
C, 67.35; H, 4.66; N, 10.12.

2-Phenyl-5-(p-fluorophenyl)-5-(p-trifluoromethylphenyl)-1H-
imidazol-4(5H)-one (4g). Colorless crystals; mp 82–88�C; IR
(KBr) 1734 (C¼¼O), 1618 (C¼¼N), 1328 (CF3) cm

�1; 1H NMR
(500 MHz, CDCl3) d 7.04 (t, J ¼ 8.8 Hz, 2H), 7.55 (t, J ¼ 7.5
Hz, 2H), 7.57–7.64 (m, 5H), 7.75 (d, J ¼ 8.0 Hz, 2H), 7.98

(d, J ¼ 7.5 Hz, 2H), 9.19 (br s, 1H);UV-vis kmax (EtOH) 214
(log e 4.30), 231 (4.33), 259 (4.02) nm; MS (FAB) m/z 399
(Mþþ1); E.A. Calcd for C22H14F4N2O: C, 66.33; H, 3.54; N,
7.03. Found: C, 66.40; H, 3.56; N, 6.98%.

2-Phenyl-5-(p-methoxyphenyl)-5-(p-trifluoromethyl-phenyl)-
1H-imidazol-4(5H)-one (4h). Colorless crystals; mp 86–90�C;
IR (KBr) 1727 (C¼¼O), 1618 (C¼¼N), 1328 (CF3), 1253, 1071

(CAOAC) cm�1; 1H NMR (500 MHz, CDCl3) d 3.77 (s, 3H),
6.86 (d, J ¼ 9.0 Hz, 2H), 7.48 (d, J ¼ 9.0 Hz, 2H), 7.53 (t, J
¼ 7.0 Hz, 2H), 7.58 (d, J ¼ 8.3 Hz, 2H), 7.60 (t, J ¼ 7.0 Hz,
1H), 7.75 (d, J ¼ 8.3 Hz, 2H), 8.02 (d, J ¼ 7.0 Hz, 2H); UV-
vis kmax (EtOH) 214 (log e 4.33), 232 (4.41) 259 4.08) nm;

MS (FAB) m/z 411 (Mþþ1); E.A. Calcd for C23H17F3N2O2:
C, 67.31; H, 4.18; N, 6.83; Found: C, 67.40; H, 4.16; N,
6.88%

HPLC analysis. The resolution of the racemic imidazolols
5 and the analysis of the EE were carried out using a chiral

HPLC column and a HITACHI 561 recorder, as shown in Fig-
ure 1. The conditions are summarized in Table 3.

Assignment of absolute configuration by comparison of

experimental and calculated CD spectra. To determine the

absolute configuration, the CD spectra were recorded and cal-
culated using the Gaussian 03w software package, [9] as
shown in Figures 2 and 3. A geometry optimization was per-
formed using the B3LYP functional with 6-31G* basis sets.
The absolute configurations of 5-I and 5-II in the HPLC spec-

tra were assigned as S-5 and R-5, respectively, as shown in

Figure 3. The CD spectra (above) of 4g, h recorded in EtOH and the calculated CD spectra (below) of 4g, h using the TDDFT-B3LYP method.

Rotational strengths (R) are given in cgs (10�40 erg esu cm/Gauss).

Figure 2. The CD spectra (above) of 5g, h recorded in EtOH and the calculated CD spectra (below) of 5g, h using the TDDFT-B3LYP method.

Rotational strengths (R) are given in cgs (10�40 erg esu cm/Gauss).
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Figure 2. In the same manner, the absolute configurations of
products 4-I (HPLC: first fraction) and 4-II (HPLC: second
fraction) were also assigned to R-4 and S-4, respectively, as
shown in Figure 3.
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A facile synthetic method using SnCl2�2H2O system to promote the novel reductive cyclization of 2-
nitrobenzamides and isothiocyanates is described. Sequentially, a series of 2,3-dihydro-2-thioxoquinazo-

lin-4(1H)-ones were synthesized in good yields.

J. Heterocyclic Chem., 47, 939 (2010).

INTRODUCTION

It has been reported that quinazolineones are responsi-

ble for a variety of biological responses, including appli-

cations for hypertension [1], diabetes [2], cancer [3],

inflammation [4], and immunosuppression [4]. The qui-

nazolindione moiety, in particular, is widely found in

natural purine bases [5], alkaloids, intermediates in or-

ganic synthesis [6], and many biologically active com-

pounds. For example, 6,7-dimethoxy-1H-quinazoline-
2,4-dione is a key intermediate for the production of the

following medicines (Prazosin (Minipress) [7], Bunazo-

sin (Detantol) [8], and Doxazosin (Cardenalin [9]). 7-

Chloro-1H-quinazoline-2,4-diones is also a key interme-

diate for the production of the medicines such as FK366

[10] and KF31327 [11].

The conventional syntheses of quinazolinedione ring

system are carried out by anthranilic acid with urea

[12a,b], anthranilamide with phosgene [13], and anthra-

nilic acid with potassium cyanate [14] or chlorosulfonyl

isocyanate [15]. Recently, several methods have been

developed for synthesizing this heterocyclic system, for

example, Mizuno and Iahino have reported the simple

solvent-free synthesis of 1H-quinazoline-2,4-diones
using supercritical carbon dioxide and catalytic amount

of base [16]. Buckman and Mohan have reported the

solid-phase synthesis of quinazoline-2,4-diones [17–20].

Li et al. reported the synthesis of 2,4(1H,3H)-quinazoli-
nediones and 2-thioxoquinazolines [21]. Alagarsamy et
al. reported the synthesis of 3-phenyl-2-substituted-3H-
quinazolin-4-ones by reaction of the amino group of 2-

hydrazino-3-phenyl-3H-quinazolin-4-one with different

aldehydes and ketones [22]. Our group also have

reported the synthesis of quinazolinones [23], quinazo-

line-2,4-diones [24], imidazo[1,2-c]quinazolinones [24],

and 2-thioxo- quinazolinones [25,26] by the reaction of

nitro-compounds with orthoformates, triphosgene,

ketones, and isothiocyanates, respectively, induced by

low-valent titanium reagent. However, these methods

suffer from some disadvantages such as drastic condi-

tions, unsatisfactory yields, long-reaction time, higher

temperature, complex manipulation, and inaccessible

starting materials. Therefore, the development of more

efficient methods for preparing this kind of compounds

with milder reaction conditions is highly desired.

In recent years, our interest has been focused on the

usage of SnCl2 reagent. We have previously reported

the synthesis of 2-aryl-2H-indazoles [27], 1-hydroxy

quinazolinones [28], imidazo[1,2-c]quinazoline-5(6H)-
thione, and imidazo[1,2-c]quinazolin-5(6H)-one [29],

respectively, mediated by SnCl2 reagent. As our earlier

works goes, herein, we will describe a new approach to

synthesizing 2,3-dihydro-2-thioxoquinazolin-4(1H)-ones
by treating 2-nitrobenzamides with isothiocyanates

mediated by SnCl2 reagent.

RESULTS AND DISCUSSION

On the basis of our previous experience, we selected

2-nitrobenzamide 1a and the 3-methylphenyl isothiocya-

nate 2a as model substrates to optimize the experimental

conditions for the proposed reductive cyclization reac-

tion (Scheme 1). The results are summarized in Table 1.
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As shown in Table 1, we firstly examined the effect

of different reductive systems (entries 1–4), and con-

cluded that SnCl2�2H2O was the best. Then, we also

briefly examined the effect of different temperatures,

different solvents, and ratio of 1a:SnCl2�2H2O. The

results showed that at refluxing temperature the reaction

preceded smoothly in high yield. To further evaluate the

influence of the ratio of 1a:SnCl2�2H2O, the reaction

was carried out in acetonitrile using a 1:1 to 1:5 ratio of

1a:SnCl2�2H2O (Table 1, entries 8, 9, 10, 1, 11), leading

to 3a in 26%, 33%, 60%, 75%, and 72% yields, respec-

tively. We concluded the best ratio of 1a:SnCl2�2H2O

was 1:4. Moreover, different organic solvents were fur-

ther investigated as shown in Table 1; we concluded

that acetonitrile was the best solvent for this reaction.

With the optimized conditions in hand, we then per-

formed the reaction of a variety of 2-nitrobenzamides 1

and isothiocyanates 2 via tin(II) chloride systerm

(Scheme 2, Table 2).

As shown in Table 2, it can be seen that this protocol

can be applied not only to the aryl isothiocyanates with

electron-withdrawing groups (such as halide groups) or

electron-donating groups (such as alkyl groups) but also

to aliphatic isothiocyanates under the same conditions,

which highlighted the wide scope of this reaction. Fur-

thermore, it was particularly noteworthy that the effects

of substituted o-nitrobenzamides were also investigated.

3-Methyl and 4-chloro substitution can also give moder-

ate to good yields.

Moreover, we also studied the reaction of a variety of

N-substitued-o-nitrobenzamides 4 and isothiocyanates 2

under optimized conditions. The desired products 3

were obtained in good yields (Scheme 3, Table 3).

Similarly, N-substitued-o-nitrobenzamides containing

electron-donating and electron-withdrawing substituents

were reacted well with aryl isothiocyanates and aliphatic

isothiocyanates; therefore, we can conclude that the

electronic nature of the substituents has no significant

effect on this reaction. Meanwhile, it was found that

o-nitrobenzamides showed better reactivity trends than

N-substituted-o-nitrobenzamides.

A plausible mechanistic pathway to products 3 is

illustrated in Scheme 4, although the details are still

unclear. In the initial step, 1 or 4 are reduced by tin (II)

chloride to A. The amine compounds A then reacted

with isothiocyanates to give intermediate B. Intermedi-

ate C was formed by attack of the amino group onto the

the central carbon atom of the carbonyl. Finally, prod-

ucts 3 were obtained by eliminating of an amine

molecule.

For the investigation of the reaction mechanism, the

intermediate of 3j (2-amino-N-(4-methoxy- phenyl)ben-

zamide) was isolated and characterized by spectroscopic

methods. When the intermediate and 1-isothiocyanato-4-

Scheme 1

Table 1

Optimization for the reductive cyclization reaction.

Entry

Reductive

system

Temperature

(�C) Ratioa Solvent

Yield

(%)

1 SnCl2�2H2O reflux 1:4 CH3CN 75

2 Fe/HCl reflux 1:4 CH3CN 47

3 Zn/HOAc reflux 1:4 CH3CN 38

4 Mg/HCl reflux 1:4 CH3CN 0

5 SnCl2�2H2O r.t 1:4 CH3CN 0

6 SnCl2�2H2O 40 1:4 CH3CN 20

7 SnCl2�2H2O 60 1:4 CH3CN 45

8 SnCl2�2H2O reflux 1:1 CH3CN 26

9 SnCl2�2H2O reflux 1:2 CH3CN 33

10 SnCl2�2H2O reflux 1:3 CH3CN 60

11 SnCl2�2H2O reflux 1:5 CH3CN 72

12 SnCl2�2H2O reflux 1:4 CH3CH2OH 0

13 SnCl2�2H2O reflux 1:4 CHCl3 56

14 SnCl2�2H2O reflux 1:4 DMF 30

a Ratio of 1 and reductive agent.

Scheme 2

Table 2

Synthesis of compounds 3 from o-nitrobenzamides 1 and

isothiocyanates 2.

X Y Z R Yield (%)

3a H H H 3-CH3C6H4 75

3b H H H C6H5CH2 83

3c H H H n-Butyl 91

3d CH3 H H 4-ClC6H4 81

3e H Cl H n-Butyl 91

3f H Cl H 4-ClC6H4 76

3g H H Cl C6H5 87

3h H H Cl 3-CH3C6H4 83

3i H H Cl n-Butyl 80
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methylbenzene 2j were reacted under the same reaction

conditions, the product 3j was obtained in 82% yield.

The structures of products 3 were confirmed by IR

and 1H NMR.

In summary, a series of 2,3-dihydro-2-thioxo-quinazo-

lin-4(1H)-ones were synthesized via SnCl2�2H2O

induced reductive cyclization of isothiocyanates with 2-

nitrobenzamides. A variety of substrates can participate

in the process with good yields. The new method has

advantages such as easily accessible starting materials,

handy manipulation (only one pot), moderate to high

yields, and isolation of products via simple recrystalliza-

tion to give higher purities.

EXPERIMENTAL

Commercial solvents and reagents were used as received.

Melting points are uncorrected. IR spectra were recorded on
Varian F-1000 spectrometer in KBr with absorptions in cm�1.
1H NMR was determined on Varian-400 MHz spectrometer in
DMSO-d6 or CDCl3-d6 solution. J values are in Hz. Chemical
shifts are expressed in ppm downfield from internal standard

TMS.
General procedure for synthesis of 2,3-dihydro-2-thioxo-

quinazolin-4(1H)-ones 3. A solution of 1 or 4 (1 mmol), iso-
thiocyanates 2 (1 mmol), and SnCl2�2H2O (4 mmol) in
CH3CN (5 mL) was stirred at reflux for 2–3 h. After this pe-

riod, the TLC analysis of the mixture showed the reaction to
be completed. The mixture was quenched with 3% HCl (10
mL) and filtered, and the crude product was purified by recrys-
tallization from 95% ethanol and DMF.

2-Thioxo-3-m-tolyl-2,3-dihydroquinazolin-4(1H)-one (3a). This
compound was obtained as solid with mp 280–281�C (ref.

21; 286–288�C); IR (KBr) m: 3248, 3134, 3028, 1664, 1621,
1529, 1488, 1402, 1340, 1271, 1203, 913, 798, 692,
651 cm�1. 1H NMR (DMSO-d6): 2.34 (s, 3H, CH3), 7.07 (d,
J ¼ 8.8 Hz, 2H, ArH), 7.22 (d, J ¼ 7.6 Hz, 1H, ArH), 7.33–

7.38 (m, 2H, ArH), 7.45 (d, J ¼ 8.4 Hz, 1H, ArH), 7.78 (t,
J ¼ 7.2 Hz, 1H, ArH), 7.95 (d, J ¼ 8.0 Hz, 1H, ArH), 13.02
(s, 1H, NH).

3-Benzyl-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (3b). This
compound was obtained as solid with mp 238–240�C (ref. 25;

235–236�C); IR (KBr) m: 3201, 3129, 3073, 1688, 1623, 1542,
1489, 1436, 1340, 1291, 1181, 959, 760, 705, 686 cm�1. 1H
NMR (DMSO-d6): 5.67 (s, 2H, CH2), 7.21–7.24 (m, 1H, ArH),
7.27–7.37 (m, 5H, ArH), 7.43 (d, J ¼ 8.0 Hz, 1H, ArH), 7.77
(t, J ¼ 7.2 Hz, 1H, ArH), 7.96 (d, J ¼ 8.0 Hz, 1H, ArH),

13.07 (s, 1H, NH).
3-Butyl-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (3c). This

compound was obtained as solid with mp 164–166�C (ref. 25;
166–167�C); IR (KBr) m: 3250, 3144, 2955, 2935, 1652, 1626,
1538, 1490, 1340, 1272, 1184, 1128, 990, 798, 758, 690 cm�1.
1H NMR (DMSO-d6): 0.93 (t, J ¼ 7.6 Hz, 3H, CH3), 1.30–
1.40 (m, 2H, CH2), 1.63–1.70 (m, 2H, CH2), 4.40 (t, J ¼ 7.6
Hz, 2H, CH2), 7.32–7.40 (m, 2H, ArH), 7.74 (t, J ¼ 8.8 Hz,
1H, ArH), 7.96 (d, J ¼ 8.0 Hz, 1H, ArH), 12.92 (s, 1H, NH).

3-(4-Chlorophenyl)-8-methyl-2-thioxo-2,3-dihydro-quinazo-
lin-4(1H)-one (3d). This compound was obtained as solid with
mp 186–188�C (ref. 26; 182–184�C); IR (KBr) m: 3275, 3144,
2974, 2873, 1704, 1699, 1616, 1524, 1492, 1410, 1213, 1090,
988, 795, 758, 736 cm�1. 1H NMR (DMSO-d6): 3.36 (s, 3H,

CH3), 7.27 (t, J ¼ 7.6 Hz, 1H, ArH), 7.33 (d, J ¼ 8.8 Hz, 2H,
ArH), 7.55 (d, J ¼ 8.8 Hz, 2H, ArH), 7.63 (d, J ¼ 7.2 Hz,
1H, ArH), 7.83 (d, J ¼ 7.6 Hz, 1H, ArH), 11.89 (s, 1H, NH).

3-Butyl-7-chloro-2-thioxo-2,3-dihydroquinazolin-4(1H)-one
(3e). This compound was obtained as solid with mp 232–

233�C (ref. 25; 225–226�C); IR (KBr) m: 3182, 3119, 2957,
2870, 1652, 1619, 1533, 1484, 1436, 1390, 1338, 1197, 1122,
946, 863, 765, 739 cm�1. 1H NMR (DMSO-d6): 0.93 (t, J ¼
7.2 Hz, 3H, CH3), 1.30–1.40 (m, 2H, CH2), 1.62–1.70 (m, 2H,
CH2), 4.37 (t, J ¼ 8.0 Hz, 2H, CH2), 7.36–7.40 (m, 2H, ArH),

7.96 (d, J ¼ 8.4 Hz, 1H, ArH), 12.96 (s, 1H, NH).
7-Chloro-3-(4-chlorophenyl)-2-thioxo-2,3–dihydro-quinazo-

lin-4(1H)-one (3f). This compound was obtained as solid with
mp 296–298�C; IR (KBr) m: 3197, 3078, 3041, 2938, 1658,

1617, 1530, 1492, 1387, 1280, 1220, 1194, 1091, 925, 857,
815, 758 cm�1. 1H NMR (DMSO-d6): 7.34 (d, J ¼ 8.4 Hz,

Scheme 3

Table 3

Synthesis of compounds 3 from N-substitued-o-nitrobenzamides 4 and

isothiocyanates 2.

Y R1 R Yield (%)

3j H 4-CH3OC6H4 4-CH3C6H4 75

3k H 4-BrC6H4 4-ClC6H4 81

3l H CH3(CH2)7 C6H5 93

3m Cl 4-ClC6H4CH2 3-CH3C6H4 83

3n Cl C5H11 C6H5CH2 85

Scheme 4
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2H, ArH), 7.39 (dd, J 1¼ 2.0 Hz, J 2¼ 8.4 Hz, 1H, ArH), 7.46
(s, 1H, ArH), 7.55 (d, J ¼ 8.4 Hz, 2H, ArH), 7.95 (d, J ¼ 8.8
Hz, 1H, ArH), 13.13 (s, 1H, NH).

6-Chloro-3-phenyl-2-thioxo-2,3-dihydroquinazolin-4(1H)-
one (3g). This compound was obtained as solid with mp 293–

294�C; IR (KBr) m: 3241, 3113, 3037, 2942, 1691, 1666,
1616, 1525, 1481, 1390, 1269, 1194, 1100, 993, 815, 772
cm�1. 1H NMR (DMSO-d6): 7.28 (d, J ¼ 7.2 Hz, 2H, ArH),
7.42–7.51 (m, 4H, ArH), 7.83–7.89 (m, 2H, ArH), 13.15 (s,
1H, NH).

6-Chloro-2-thioxo-3-m-tolyl-2,3-dihydroquinazolin-4(1H)-
one (3h). This compound was obtained as solid with mp 268–
270�C; IR (KBr) m: 3243, 3037, 2890, 1663, 1617, 1524,
1482, 1387, 1270, 1222, 1200, 1100, 834, 771, 708 cm�1. 1H
NMR (DMSO-d6): 2.35 (s, 3H, CH3), 7.07 (d, J ¼ 8.8 Hz, 2H,

ArH), 7.23 (d, J ¼ 7.6 Hz, 1H, ArH), 7.37 (t, J ¼ 7.6 Hz, 1H,
ArH), 7.46 (d, J ¼ 8.8 Hz, 1H, ArH), 7.83–7.88 (m, 2H,
ArH), 13.14 (s, 1H, NH).

3-Butyl-6-chloro-2-thioxo-2,3-dihydroquinazolin 4(1H)-one
(3i). This compound was obtained as solid with mp 236–
237�C; IR (KBr) m: 3249, 3040, 2965, 1650, 1621, 1528,
1483, 1373, 1345, 1274, 1183, 1141, 1103, 828, 759 cm�1. 1H
NMR (DMSO-d6): 0.93 (t, J ¼ 7.6 Hz, 3H, CH3), 1.30–1.39
(m, 2H, CH2), 1.62–1.69 (m, 2H, CH2), 4.37 (t, J ¼ 7.6 Hz,

2H, CH2), 7.39 (d, J ¼ 8.8 Hz, 1H, ArH), 7.79 (dd, J1 ¼ 2.0
Hz, J2 ¼ 8.4 Hz, 1H, ArH), 7.88 (d, J ¼ 2.0 Hz, 1H, ArH),
13.03 (s, 1H, NH).

2-Thioxo-3-p-tolyl-2,3-dihydroquinazolin-4(1H)-one (3j). This
compound was obtained as solid with mp 296–298�C (ref. 25;

294–296�C); IR (KBr) m: 3245, 3132, 3029, 2980, 1664, 1621,
1533, 1489, 1408, 1270, 1232, 1200, 990, 807, 759, 710 cm�1.
1H NMR (DMSO-d6): 2.38 (s, 3H, CH3), 7.14 (d, J ¼ 8.0 Hz,
2H, ArH), 7.28 (d, J ¼ 7.6 Hz, 2H, ArH), 7.35 (t, J ¼ 7.6 Hz,
1H, ArH), 7.45 (d, J ¼ 8.0 Hz, 1H, ArH), 7.79 (t, J ¼ 8.4 Hz,

1H, ArH), 7.95 (d, J ¼ 8.0 Hz, 1H, ArH), 13.02 (s, 1H, NH).
3-(4-Chlorophenyl)-2-thioxo-2,3-dihydroquinazolin-4(1H)-one

(3k). This compound was obtained as solid with mp >300�C
(ref. 25; >300�C); IR (KBr) m: 3246, 3138, 3038, 1664, 1621,
1532, 1489, 1407, 1268, 1234, 1201, 1094, 990, 812, 760, 737
cm�1. 1H NMR (DMSO-d6): 7.33–7.38 (m, 3H, ArH), 7.46 (d,
J ¼ 8.8 Hz, 1H, ArH), 7.55 (d, J ¼ 8.4 Hz, 2H, ArH), 7.80 (t,
J ¼ 7.6 Hz, 1H, ArH), 7.96 (d, J ¼ 7.6 Hz, 1H, ArH), 13.09
(s, 1H, NH).

3-Phenyl-2-thioxo-2,3-dihydroquinazolin-4(1H)-one (3l). This
compound was obtained as solid with mp 294–296�C (ref. 25;
>300�C); IR (KBr) m: 3246, 3137, 3029, 1662, 1623, 1533,
1489, 1406, 1267, 1227, 1197, 988, 843, 799, 760 cm�1. 1H
NMR (DMSO-d6): 7.26–7.28 (m, 2H, ArH), 7.34–7.50 (m,

5H, ArH), 7.71–7.76 (m, 1H, ArH), 8.05 (d, J ¼ 8.0 Hz, 1H,
ArH), 13.09 (s, 1H, NH).

7-Chloro-2-thioxo-3-m-tolyl-2,3-dihydroquinazolin-4(1H)-one
(3m). This compound was obtained as solid with mp 228–
230�C (ref. 25; 230–232�C); IR (KBr) m: 3190, 3074, 3021,

1660, 1616, 1526, 1479, 1417, 1385, 1258, 1193, 1073, 927,
857, 803, 781, 757 cm�1. 1H NMR (DMSO-d6): 2.35 (s, 3H,
CH3), 7.08–7.10 (m, 2H, ArH), 7.25–7.27 (m, 1H, ArH),
7.33–7.35 (m, 2H, ArH), 7.45 (d, J ¼ 1.6 Hz, 1H, ArH), 7.95

(d, J ¼ 8.4 Hz, 1H, ArH), 13.01 (s, 1H, NH).
3-Benzyl-7-chloro-2-thioxo-2,3-dihydroquinazolin-4(1H)-one

(3n). This compound was obtained as solid with mp 260–
262�C (ref. 25; 255–257�C); IR (KBr) m: 3204, 3127, 3041,

1648, 1617, 1529, 1482, 1387, 1335, 1290, 1164, 1150, 1075,
948, 862, 762, 726 cm�1. 1H NMR (DMSO-d6): 5.64 (s, 2H,
CH2), 7.22–7.25 (m, 1H, ArH), 7.28–7.34 (m, 4H, ArH), 7.39
(d, J ¼ 8.4 Hz, 1H, ArH), 7.44 (s, 1H, ArH), 7.96 (d, J ¼ 8.4
Hz, 1H, ArH), 13.11 (s, 1H, NH).

2-amino-N-(4-methoxyphenyl)benzamide. This compound
was obtained as solid with mp 116–118�C (ref. [30] 117–
118�C); IR (KBr) m: 3400, 3330, 3250, 1640, 1604, 1535,
1507, 1429, 1220, 1160, 987, 752 cm�1. 1H NMR (CDCl3-d6):
3.35 (s, 3H, OCH3), 5.02 (s, 2H, NH), 6.24 (t, J ¼ 8.0 Hz,

2H, ArH), 6.44 (d, J ¼ 8.8 Hz, 2H, ArH), 6.78 (t, J ¼ 8.4 Hz,
1H, ArH), 6.99 (d, J ¼ 8.8 Hz, 3H, ArH), 7.26 (s, 1H, NH).
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3-Hydroxy-2-(polyfluoroalkyl)chromones were obtained in good yields via the nitrozation reaction of
2-(polyfluoroalkyl)chroman-4-ones with isopropyl nitrite in the presence of hydrochloric acid. Treatment
of 3-acetoxy-2-(trifluoromethyl)chromone with primary amines and hydrazine gave the corresponding

ammonium salts. Reaction of 3-hydroxychromone, prepared by this method, with formaldehyde and a-
aminoacids has been studied.

J. Heterocyclic Chem., 47, 944 (2010).

INTRODUCTION

The chromone ring is an integral part of many natural

and biologically active substances. The biological po-

tency of chromone derivatives and, in particular, halo-

gen-containing chromones, has been widely documented

[1,2]. Therefore, considerable efforts have been paid to

explore new synthetic route to halogenated derivatives

of chromone and to study their chemical properties. Pol-

yfluoroalkyl groups, especially the CF3 group, are highly

important substituents in the field of organic chemistry.

The introduction of these groups into organic molecules

can bring about some remarkable changes in the physi-

cal properties, chemical reactivity, and biological activ-

ity of the derived fluorinated compounds [3]. Thus, it is

well known that the insertion of polyfluoroalkyl sub-

stituents into the 2-position of chromones activates mol-

ecules of these compounds and reveals significant differ-

ences in the reactivity of 2-alkyl- and 2-(polyfluoroal-

kyl)chromones with respect to nucleophilic reagents [4].

The variety of the reactions of 2-RF-chromones makes this

class of compounds very useful for synthesis of RF-con-

taining heterocycles with potential biological activity [2].

However, to the best of our knowledge, very little is

known about the synthesis and properties of 3-substi-

tuted 2-RF-chromones. There have been only some

papers on the preparation of 3-chloro- [5], 3-bromo- [6],

3-cyano- [7], 3-carbamoyl- [7], and 3-carbethoxychro-

mones [8] with a RF group at the 2-position. 2-(Poly-

fluoroalkyl)chromones containing electron-donating sub-

stituents at the 3-position had not been described yet. In

view of the unique biological properties displayed by

chromones [1,2] on one hand and by many fluorine-con-

taining heterocycles [9] on the other hand, it was of in-

terest to obtain 2-RF-chromones with an electron-donat-

ing hydroxy group at the C-3 atom and their derivatives.

It is worth to note that 3-hydroxyflavone is the most

simple model of aglucones of polyhydroxyflavones

VC 2010 HeteroCorporation
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which, linked by glucoside bond at the C-3 atom, are

very widely spread heterocycles in the nature.

Recently [10], we have reported that reduction of

readily available 2-(polyfluoroalkyl)chromones 1 with

sodium borohydride provides a simple preparative pro-

cedure to cis-2-(polyfluoroalkyl)chroman-4-ols 2, the ox-

idation of which to 2-(polyfluoroalkyl)chroman-4-ones 3

was performed with chromic acid in ethyl ether. We

regarded these compounds as desirable targets because

of their relationship to naturally occurring benzopyran

derivatives and usefulness as RF-containing building

blocks for the preparation of more complex partially flu-

orinated heterocycles and other highly functionalized

biologically and medicinally important products.

RESULTS AND DISCUSSION

Now we wish to report the successful nitrozation

reaction of 2-RF-chroman-4-ones 3 for the synthesis of

previously unknown 3-hydroxy-2-(polyfluoroalkyl)chro-

mones 4. We found that treatment of an alcoholic solu-

tion of 3a–c with an excess of isopropyl nitrite (3.0

equiv) and concentrated hydrochloric acid at 0–80�C for

3 h gave chromones 4a–c in 42–68% yields as colorless

crystals (Scheme 1). In the 1H NMR spectra of these

products in DMSO-d6, a singlet at d 10.4–10.7 ppm for

the OH proton appeared in place of the disappearance of

signals at d 2.9–3.0 and 4.8–4.9 ppm associated with the

C-3 methylene and C-2 methine protons of the starting

2-RF-chroman-4-ones 3. It was also observed that all

protons of the benzene ring shifted to lower field and,

hence, formation of the pyrone ring took place under

the action of isopropyl nitrite.

To demonstrate the ability of compounds 4 to

undergo alkylation and acylation reactions, chromone 4a

as a representative example was allowed to react with

MeI and Ac2O. Our results showed that 4a smoothly

reacts with an excess of MeI (refluxing acetone, K2CO3,

8 h) and Ac2O (pyridine, �20�C, 2 days) to produce the

expected 3-methoxy- and 3-acetoxy-2-(trifluoromethyl)-

chromones 5 and 6 in 87% and 77% yields, respectively

(Scheme 2). The most notable feature in the 1H NMR

spectra of 5 and 6 is the absence of a signal of the

hydroxy group and the appearance of singlets at d 4.04

and 2.41 ppm due to the MeO and MeCO groups. Previ-

ously, their non-fluorinated analogs, 3-methoxy-, 3-ace-

toxy-, and 3-hydroxy-2-methylchromones, were obtained

by reaction of x-bromo-2-hydroxyacetophenone with

acetic acid anhydride and sodium acetate [11]. The syn-

thesis of 3-hydroxy-2-methylchromone has been also

achieved by oxidation of 2-methylchroman-4-one with

isoamyl nitrite [12].

It is known that reactions of 2-RF-chromones 1 with

amines and hydrazines proceed at the C-2 atom with py-

rone ring opening to form b-aminovinylketones [13] and

pyrazoles [14]. However, the acetylated derivative 6 did

not show any analogous behavior to 1 and reacted with

isoamyl-, benzyl-, and p-fluorobenzylamines in ethanol

at room temperature immediately to give the corre-

sponding salts 7a–c as the sole isolated products in 47–

85% yields. Similarly, reaction with hydrazine hydrate

leads to hydrazinium 4-oxo-2-(trifluoromethyl)-4H-chro-
men-3-olate 7d in 69% yield (Scheme 2). These salts

are stable compounds and can be stored at room

Scheme 1

Scheme 2
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temperature within several months. Thus, the salts for-

mation was achieved without destruction of the chro-

mone ring system. However, when an ethanolic solution

of 4a or 6 with benzylamine or hydrazine was heated,

the reaction did not occur and only resinification was

observed. Also, we were unable to obtain the corre-

sponding salts from 6 and tert-butylamine, cyclohexyla-

mine, and ethylenediamine. It should be noted that 3-

hydroxychromone reacts with hydrazine hydrate in

methanol to give 4-hydroxy-3-(2-hydroxyphenyl)-1H-
pyrazole [15].

Reaction of the chromone derivative 6 with amines

and hydrazine under mild conditions represents an easy

access to the ammonium salts of 3-hydroxy-2-(trifluoro-

methyl)chromone 7a–d, which could not be directly pre-

pared from chromone 4a and amines. The salts produced

by this addition-elimination sequence gave the starting

compound 4a when treated by an ethanolic solution of

hydrochloric acid at �30�C. The lack of chromone reac-

tivity towards amines and hydrazine can be caused by

the conjugation effect of the electron releasing OH and

OAc groups, which decrease the electrophilic character

of the C-2 atom, which is usually attacked first in the

reaction of a chromone system with nucleophiles [2].

The IR spectra of 7a–d display two distinct absorp-

tion bands at approximately 1630 and 1610 cm–1

assigned to the C¼¼O and C¼¼C functions, respectively,

as in the case of the protonated form 4a. In the 1H

NMR spectra of these compounds, the ammonium pro-

tons appeared as broad singlets within the range d 3.0–

7.2 ppm (CDCl3). The
13C spectra of compounds 7a,d

are much more informative and display low field signals

at ca. d 180.3, 154.2, and 152.1 ppm, which are

assigned to C-4, C-8a, and C-3, respectively. The aro-

matic carbons fall within the range d 118–133 ppm; the

C-2 atom, adjacent to the CF3 group, appeared as a

quartet at d 131.8–132.0 ppm (2JC,F ¼ 32.0 Hz), shifted

upfield compared with C-2 of chromones 1, 4, and 6.

The 1H-coupled 13C NMR spectrum of 7a was used to

assign signals for the quaternary carbon atoms. The

chemical shifts of the pyrone carbon atoms are pre-

sented in Table 1 to demonstrate the deshielding and

shielding effects of the oxygen substituent at the 3-posi-

tion on the C-3 and C-2 atoms compared with H-3 of

chromone 1a. As can been seen from Table 1, the

appearance of the 3-OH group leads to considerable

shielding of the C-2 atom, which is related to the lack

of usual chromone reactivity.

Next, taking into account the above results and that

the 3-hydroxychromone ring is an important structural

fragment of many natural and biologically active sub-

stances [18], we decided to investigate the possibility of

preparing 3-hydroxychromone 8 through nitrozation

reaction of chroman-4-one under our reaction condi-

tions. Previously, this compound was prepared by oxida-

tion of chromone and 3-formylchromone using different

reagents in two steps [17]. We found that the reaction

between commercially available chroman-4-one and iso-

propyl nitrite is a useful method for the preparation of 8

because it requires only one step, cheap common

reagents, and short reaction times (2–3 h in this case),

albeit in only 35% yield (Scheme 3).

The replacement of a H-3 atom in 2- and 3-unsubsti-

tuted chromones by an alkyl- or dialkylaminomethyl

group in the Mannich reaction is well known [19]. Very

recently [20], it has been shown that 3-formylchromones

react with a-aminoacids in the presence of excess form-

aldehyde to produce N-(chromone-3-ylmethyl)-a-amino-

acids by a deformylative Mannich type reaction. It was

also observed that a-aminoacids can be used as the

amine component in a Mannich reaction with kojic acid

[21]. However, the use of 3-hydroxychromones in this

reaction has not been reported in the literature. Our pre-

liminary results showed that 3-hydroxychromone 8

smoothly reacted with such a-aminoacids as sarcosine

Table 1

Selected 13C NMR data of chromones 1a [16], 6, 4a, 7a, and 8 [17a].

Chromone

Chemical shifts, d (ppm)

C-2 C-3 C-4

1a
a 152.2 110.4 176.8

6a 144.8 135.2 171.7

4a
b 133.7 141.3 173.6

7ab 131.8 152.3 180.4

8
a 139.9 142.1 174.0

a In CDCl3.
b In DMSO-d6.

Scheme 3
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and valine in the presence of 37% formalin in refluxing

ethanol for 5 h to give the corresponding chromone

derivatives 9a,b in high yields (70–80%). The resulting

products represent an important class of chromone

derivatives, in which two different fragments with

remarkably interesting biological and pharmaceutical

activities are linked at the same carbon atom.

In conclusion, we have shown that the reaction of 2-

(polyfluoroalkyl)chroman-4-ones with isopropyl nitrite is a

simple and practical method for the preparation of 3-

hydroxy-2-(polyfluoroalkyl)chromones and 3-hydroxychro-

mone. Treatment of 3-acetoxy-2-(trifluoromethyl)chromone

with primary amines and hydrazine gave the corresponding

ammonium salts. 3-Hydroxychromone reacts with formal-

dehyde and a-aminoacids to form previously unknown N-
(3-hydroxychromone-2-ylmethyl)-a-aminoacids.

EXPERIMENTAL

1H (400 MHz), 19F (376 MHz), and 13C (100 MHz) NMR
spectra were recorded on a Bruker DRX-400 spectrometer in
DMSO-d6 and CDCl3 with TMS and CFCl3 as the internal
standards. IR spectra were recorded on Perkin-Elmer Spectrum
BX-II and Bruker Alpha instruments as KBr discs and ATR

(ZnSe), respectively. Elemental analyses were performed at the
Microanalysis Services of the Institute of Organic Synthesis,
Ural Branch, Russian Academy of Sciences. Melting points are
uncorrected. All solvents used were dried and distilled per stand-
ard procedures. The starting 2-(polyfluoroalkyl)chroman-4-ones

3a–c were prepared according to described procedure [10].
General procedure for the synthesis of 3-hydroxy-2-(poly-

fluoroalkyl)chromones (4a–c). Concentrated hydrochloric acid
(3.4 mL) was added dropwise over 1 h to a cold stirred solu-
tion of chroman-4-one 3 (2.0 mmol) and isopropyl nitrite (6.0

mmol) in ethanol (5 mL) and methanol (2 mL). On completion
of the addition, the reaction mixture was allowed to warm to
room temperature (1 h) and was then heated to 80�C for 2–3
h. After cooling, the precipitated product was isolated by filtra-

tion and washed with water to give colorless crystals.
3-Hydroxy-2-(trifluoromethyl)chromone (4a). Yield 290 mg

(68%), mp 166–167�C; IR (ATR) 3275, 1634, 1612, 1576 cm–1;
1H NMR (400 MHz, DMSO-d6) d 7.53 (ddd, 1H, H-6, J ¼ 8.0,
7.1, 1.0 Hz), 7.73 (dd, 1H, H-8, J ¼ 8.6, 1.0 Hz), 7.88 (ddd, 1H,

H-7, J ¼ 8.6, 7.1, 1.7 Hz), 8.14 (dd, 1H, H-5, J ¼ 8.0, 1.7 Hz),
10.71 (s, 1H, OH); 19F NMR (376 MHz, DMSO-d6) d �64.90
(s, CF3);

13C NMR (100 MHz, DMSO-d6) d 118.48 (C8),
120.33 (q, CF3,

1JC,F ¼ 273.4 Hz), 121.48 (C4a), 125.16 (C5/6),
125.39 (C6/5), 133.71 (q, C2, 2JC,F ¼ 36.5 Hz), 135.04 (C7),

141.29 (C3), 154.07 (C8a), 173.59 (C¼¼O). Anal. Calcd. for
C10H5F3O3: C, 52.19; H, 2.19. Found: C, 52.15; H, 2.39.

3-Hydroxy-2-(difluoromethyl)chromone (4b). Yield 180 mg
(42%), mp 184–185�C; IR (KBr) 3265, 1633, 1609 cm–1; 1H
NMR (400 MHz, DMSO-d6) d 7.33 (t, 1H, CF2H,

2JH,F ¼
51.8 Hz), 7.51 (ddd, 1H, H-6, J ¼ 8.0, 7.1, 1.0 Hz), 7.73 (dd,
1H, H-8, J ¼ 8.6, 1.0 Hz), 7.86 (ddd, 1H, H-7, J ¼ 8.6, 7.1,
1.7 Hz), 8.13 (dd, 1H, H-5, J ¼ 8.0, 1.7 Hz), 10.38 (s, 1H,
OH); 19F NMR (376 MHz, DMSO-d6) d �122.80 (d, CF2H,
2JF,H ¼ 51.8 Hz). Anal. Calcd. for C10H6F2O3: C, 56.61; H,
2.85. Found: C, 56.72; H, 2.86.

3-Hydroxy-2-(1,1,2,2-tetrafluoroethyl)chromone (4c). Yield
470 mg (66%), mp 134–135�C; IR (KBr) 3238, 1628, 1611,

1575 cm–1; 1H NMR (400 MHz, DMSO-d6) d 6.96 (tt, 1H,

CF2CF2H,
2JH,F ¼ 51.9 Hz, 3JH,F ¼ 5.5 Hz), 7.54 (ddd, 1H,

H-6, J ¼ 8.0, 7.1, 1.0 Hz), 7.71 (dd, 1H, H-8, J ¼ 8.6, 1.0

Hz), 7.88 (ddd, 1H, H-7, J ¼ 8.6, 7.1, 1.7 Hz), 8.14 (dd, 1H,

H-5, J ¼ 8.0, 1.7 Hz), 10.70 (s, 1H, OH). Anal. Calcd. for

C11H6F4O3: C, 50.40; H, 2.31. Found: C, 50.66; H, 2.46.

3-Methoxy-2-(trifluoromethyl)chromone (5). To a solution

of chromone 4a (400 mg, 1.74 mmol) and MeI (740 mg, 5.22

mmol) in acetone (10 mL) was added K2CO3 (600 mg, 4.35

mmol) and the mixture was reflux for 8 h. After cooling, the

inorganic salts were filtered off and washed with acetone (10

mL). Evaporation of the filtrate at heating gave a solid, which

was recrystallized from hexane to give colorless crystals. Yield

370 mg (87%), mp 57�C; IR (ATR) 1614 cm–1; 1H NMR (400

MHz, CDCl3) d 4.04 (s, 3H, MeO), 7.46 (ddd, 1H, H-6, J ¼
8.1, 7.1, 1.0 Hz), 7.55 (dd, 1H, H-8, J ¼ 8.6, 1.0 Hz), 7.75

(ddd, 1H, H-7, J ¼ 8.6, 7.1, 1.7 Hz), 8.24 (dd, 1H, H-5, J ¼
8.1, 1.7 Hz). Anal. Calcd. for C11H7F3O3: C, 54.11; H, 2.89.

Found: C, 54.03; H, 3.14.

3-Acetoxy-2-(trifluoromethyl)chromone (6). A solution of

6 (330 mg, 1.43 mmol) and acetic anhydride (300 mg, 2.87

mmol) in pyridine (5 mL) was kept at room temperature for 2

days. Then the reaction mixture was poured into diluted hydro-

chloric acid (1:10) and allowed to stand for 1 day at room

temperature. The resulting colorless solid was filtered and

washed with water. Yield 300 mg (77%), mp 110�C; IR

(ATR) 1790, 1664, 1611 cm–1; 1H NMR (400 MHz, DMSO-

d6) d 2.41 (s, 3H, Me), 7.64 (ddd, 1H, H-6, J ¼ 8.0, 7.1, 1.0

Hz), 7.85 (ddd, 1H, H-8, J ¼ 8.6, 1.0, 0.4 Hz), 7.98 (ddd, 1H,

H-7, J ¼ 8.6, 7.1, 1.7 Hz), 8.13 (ddd, 1H, H-5, J ¼ 8.0, 1.7,

0.4 Hz); 19F NMR (376 MHz, CDCl3) d �67.87 (s, CF3);
13C

NMR (100 MHz, CDCl3) d 20.00 (Me), 118.44 (C8), 118.75

(q, CF3,
1JC,F ¼ 275.8 Hz), 123.56 (C4a), 126.27 (C5/6),

126.29 (C6/5), 135.18 (C7/3), 135.26 (C3/7), 144.80 (q, C2,
2JC,F ¼ 37.7 Hz), 154.73 (C8a), 167.17 (OC¼¼O), 171.73

(C¼¼O). Anal. Calcd. for C12H7F3O4: C, 52.95; H, 2.59.

Found: C, 52.99; H, 2.79.

General procedure for the synthesis of ammonium salts

of 3-hydroxy-2-(trifluoromethyl)chromone (7a–d). To a so-
lution of 6 (270 mg, 1.0 mmol) in absolute ethanol (5 mL)

was added the corresponding amine (4.0 mmol). The resulting
colorless solid was filtered, washed with cooled ethanol, and
dried at 60–70�C.

Isoamylammonium 2-(trifluoromethyl)chromone-3-olate (7a). Yield
150 mg (47%), mp 132–133�C; IR (ATR) 3035, 2958, 2874,
1633, 1609, 1584, 1557 cm–1; 1H NMR (CDCl3) d 0.70 (d,
6H, 2Me, J ¼ 6.6 Hz), 1.29–1.36 (m, 2H, CH2), 1.48 (sept,
1H, CH, J ¼ 6.6 Hz), 2.85–2.90 (m, 2H, NCH2), 6.70 (br s,
3H, NH3

þ), 7.31 (ddd, 1H, H-6, J ¼ 8.1, 7.0, 1.0 Hz), 7.46 (d,

1H, H-8, J ¼ 8.6 Hz), 7.63 (ddd, 1H, H-7, J ¼ 8.6, 7.0, 1.7
Hz), 8.17 (dd, 1H, H-5, J ¼ 8.1, 1.7 Hz); 13C NMR (100
MHz, DMSO-d6) d 22.60 (qm, 2 Me, JC,H ¼ 125.0 Hz), 25.50
(dm, CH, JC,H ¼ 127.0 Hz), 36.70 (tm, CH2, JC,H ¼ 127.0
Hz), 37.77 (tm, CH2, JC,H ¼ 140.0 Hz), 118.60 (dd, C8, JC,H
¼ 165.4, 7.0 Hz), 121.99 (dd, C4a, JC,H ¼ 7.7, 4.0 Hz),
123.40 (dd, C5/6, JC,H ¼ 163.6, 7.3 Hz), 123.84 (q, CF3,

1JC,F
¼ 270.7 Hz), 125.75 (dd, C6/5, JC,H ¼ 164.3, 8.0 Hz), 131.75
(q, C2, 2JC,F ¼ 31.5 Hz), 133.10 (dd, C7, JC,H ¼ 164.3, 8.8
Hz), 152.27 (br s, C3), 154.20 (t, C8a, JC,H ¼ 8.8 Hz), 180.38
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(s, C¼¼O). Anal. Calcd. for C15H18F3NO3: C, 56.78; H, 5.72;
N, 4.41. Found: C, 56.34; H, 5.38; N, 4.18.

Benzylammonium 2-(trifluoromethyl)chromone-3-olate
(7b). Yield 250 mg (74%), mp 167–168�C; IR (ATR) 3167,
1597, 1547 cm–1; 1H NMR (CDCl3) d 3.93 (s, 2H, CH2), 4.72

(br s, 3H, NH3
þ), 7.11 (tt, 1H, H-4’, J ¼ 7.3, 1.3 Hz), 7.18–

7.22 (m, 2H, H-3’, H-5’), 7.25–7.29 (m, 2H, H-2’, H-6’), 7.40
(ddd, 1H, H-6, J ¼ 8.1, 7.1, 1.0 Hz), 7.51 (ddd, 1H, H-8, J ¼
8.6, 1.0, 0.4 Hz), 7.72 (ddd, 1H, H-7, J ¼ 8.6, 7.1, 1.7 Hz),
8.18 (ddd, 1H, H-5, J ¼ 8.1, 1.7, 0.4 Hz). Anal. Calcd. for

C17H14F3NO3: C, 60.54; H, 4.18; N, 4.15. Found: C, 60.47; H,
4.21; N, 4.23.

(4-Fluorobenzyl)ammonium 2-(trifluoromethyl)chromone-
3-olate (7c). Yield 300 mg (85%), mp 156–157�C; IR (ATR)
2895, 1633, 1608, 1585, 1546, 1512 cm–1; 1H NMR (CDCl3)

d 2.96 (br s, 3H, NH3
þ), 3.87 (s, 2H, CH2), 6.96–7.02 (m, 2H,

arom.), 7.26–7.30 (m, 2H, arom.), 7.47 (ddd, 1H, H-6, J ¼
8.1, 7.1, 1.0 Hz), 7.57 (dd, 1H, H-8, J ¼ 8.6, 1.0 Hz), 7.78
(ddd, 1H, H-7, J ¼ 8.6, 7.1, 1.7 Hz), 8.23 (dd, 1H, H-5, J ¼
8.1, 1.7 Hz); 19F NMR (376 MHz, CDCl3) d �65.14 (s, CF3),
�115.23 (br s, F). Anal. Calcd. for C17H13F4NO3: C, 57.47;
H, 3.69; N, 3.94. Found: C, 57.85; H, 3.49; N, 3.92.

Hydrazinium 2-(trifluoromethyl)chromone-3-olate (7d). Yield
180 mg (69%), mp 118–119�C; IR (ATR) 3320, 3243, 1630,
1610, 1594, 1550 cm–1; 1H NMR (DMSO-d6) d 7.20 (br s,
5H, NH2NH3

þ), 7.34 (ddd, 1H, H-6, J ¼ 8.0, 7.0, 1.0 Hz),
7.54 (d, 1H, H-8, J ¼ 8.6 Hz), 7.69 (ddd, 1H, H-7, J ¼ 8.6,
7.0, 1.7 Hz), 8.04 (dd, 1H, H-5, J ¼ 8.0, 1.7 Hz); 13C NMR
(100 MHz, DMSO-d6) d 118.63 (C8), 121.94 (C4a), 123.58
(C5/6), 123.64 (q, CF3,

1JC,F ¼ 270.7 Hz), 125.74 (C6/5),
131.98 (q, C2, 2JC,F ¼ 32.3 Hz), 133.28 (C7), 151.90 (br s,
C3), 154.19 (C8a), 180.29 (C¼¼O). Anal. Calcd. for
C10H9F3N2O3�0.5H2O: C, 44.29; H, 3.72; N, 10.33. Found: C,
44.63; H, 3.50; N, 10.20.

3-Hydroxychromone (8). This compound was prepared
from chroman-4-one analogously to 4. Yield 290 mg (35%),
mp 178–180�C (lit. [17a] mp 179–180�C); 1H NMR (400
MHz, DMSO-d6) d 7.46 (ddd, 1H, H-6, J ¼ 8.0, 7.0, 1.0 Hz),

7.63 (dd, 1H, H-8, J ¼ 8.5, 1.0 Hz), 7.77 (ddd, 1H, H-7, J ¼
8.5, 7.0, 1.7 Hz), 8.12 (dd, 1H, H-5, J ¼ 8.0, 1.7 Hz), 8.24 (s,
1H, H-2), 9.15 (s, 1H, OH).

N-(3-hydroxychromone-2-ylmethyl)-N-methylglycine (9a). A
solution of 8 (200 mg, 1.23 mmol), sarcosine (110 mg, 1.23
mmol) and formaldehyde as 37% formalin (500 mg, 6.15
mmol) in ethanol (5 mL) was refluxed for 5 h. The reaction
mixture was refrigerated until a crystalline precipitate
appeared. The colorless solid was filtered off and washed with
ethanol. Yield 260 mg (80%), mp 274–275�C; IR (ATR):
3018, 1630, 1608, 1574 cm–1; 1H NMR (400 MHz, DMSO-d6)
d 2.39 (s, 3H, Me), 3.34 (s, 2H, CH2), 3.89 (s, 2H, CH2), 7.44
(br t, 1H, H-6, J ¼ 7.5 Hz), 7.61 (d, 1H, H-8, J ¼ 8.5 Hz),
7.76 (ddd, 1H, H-7, J ¼ 8.5, 7.2, 1.5 Hz), 8.09 (br d, 1H, H-5,
J ¼ 8.0 Hz), 8.5–12.0 (br s, 2H, 2OH). Anal. Calcd. for
C13H13NO5: C, 59.31; H, 4.98; N, 5.32. Found: C, 59.41; H,
4.93; N, 5.02.

N-(3-hydroxychromone-2-ylmethyl)valine (9b). This com-

pound was prepared from 8 and valine analogously to 9a.
Yield 200 mg (70%), mp 126–127�C; IR (ATR): 3295, 1613
cm–1; 1H NMR (400 MHz, DMSO-d6) d 0.85 (d, 3H, Me, J ¼
6.8 Hz), 0.89 (d, 3H, Me, J ¼ 6.8 Hz), 1.85–1.95 (m, 1H,

CH), 3.00 (d, 1H, NCH, J ¼ 5.1 Hz), 3.85 (AB-system, 2H,
CH2, J ¼ 14.6 Hz), 7.44 (ddd, 1H, H-6, J ¼ 8.0, 7.1, 1.0 Hz),

7.60 (d, 1H, H-8, J ¼ 8.5 Hz), 7.75 (ddd, 1H, H-7, J ¼ 8.5,
7.1, 1.7 Hz), 8.08 (dd, 1H, H-5, J ¼ 8.0, 1.7 Hz), OH non
observed. Anal. Calcd. for C15H17NO5: C, 61.85; H, 5.88; N,
4.81. Found: C, 62.05; H, 5.74; N, 4.92.
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In a one-pot procedure, the 3-phenacylideneoxindoles 1a–d were reacted with hydrazine and then

in situ with lead(IV) acetate and new diastereoisomers of spiro[cyclopropane-1,30-[3H]indol]-20(10H)-
ones were prepared. Compounds 1a–d underwent a highly diastereoselective cyclopropanation leading
to diastereoisomers 2a–d. These new compounds containing both 2-oxindole and cyclopropane moieties
may be valuable in medicinal chemistry.

J. Heterocyclic Chem., 47, 949 (2010).

INTRODUCTION

Isatin or 1H-indole-2,3-dione is an indole derivative.

This compound was found in many plants. Isatin is an

endogenous compound identified in humans that pos-

sesses wide range of biological activities. It has anxio-

genic, anticonvulsant activity, and acts as a potent an-

tagonist on atrial natriuretic peptide receptors in vitro
[1]. Isatin Mannich or Schiff bases had antibacterial,

antifungal, antiviral, anti HIV, antiprotozoal, anticancer,

muscle relaxant, and antiallergic activity [2–5].

The cyclopropane ring is a main structural part in

many synthetic and natural compounds that exhibits a

wide range of biological activities from enzyme inhibi-

tion to antibiotic, herbicidal, antitumor, and antiviral

properties [6–18]. Some derivatives of cyclopropane

have shown potent HIV antiviral activities as non-

nucleoside reverse transcriptase inhibitors [19]. Because

of diversity of cyclopropane-containing compounds with

biological activity, chemists have tried to find novel and

facile methods for synthesis of these compounds [20–

24].

In this study along our pervious works on the synthe-

sis of spiro derivatives of isatins and other biologically

active compounds [25,26], we report a simple one-pot

procedure for the synthesis of some spiro[cyclopropane-

1,30-[3H]indol]-20(10H)-ones 2a–d and 3a–d, which

directly prepared from various 3-phenacylideneoxindoles

1a–d derivatives of isatin. These new compounds con-

taining both active 2-oxindole and cyclopropane moi-

eties may be of value in pharmaceutical and medicinal

chemistry.

RESULTS AND DISCUSSION

Among the synthetic procedures for preparation of

cyclopropane rings, the Michael initiated ring closure

reaction [6,14,21,23,24] of a,b-unsaturated carbonyl

compounds such as a,b-enones with dimethylsulfoxo-

nium methylides or Corey–Chaykovsky reaction [27,28]

is the well-known method. In this reaction, the cyclopro-

pane ring forms between carbon atoms of positions 2

and 3 of enones by addition of a new methylene group

(Scheme 1).

The Kishner cyclopropanation reaction is another pro-

cedure [29–31]. In the Kishner’s method, the cyclopro-

pane derivatives were prepared by thermal decomposi-

tion of 2-pyrazolines. The Kishner reaction needs higher

VC 2010 HeteroCorporation
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temperatures for removing the nitrogen from 2-pyrazo-

line to afford cyclopropane (Scheme 2).

In this work, we report a novel one-pot procedure to

synthesis the cyclopropane derivatives with connecting

the C-1 and C-3 positions of a,b-enones (Scheme 3).

This is a direct and useful method toward preparation of

cyclopropanes through the 2-pyrazoline intermediate.

Using the lead(IV) acetate renders decomposition of 2-

pyrazolines easy [32] and formation of highly substi-

tuted cyclopropanes will be possible [33].

For the synthesis of new spiro molecules in this study,

we needed the various 3-phenacylideneoxindoles 1a–d.

They have been prepared in our pervious work by the

reaction of isatin with acetophenones in a solvent free

condition catalyzed first by dimethylamine and then

with glacial acetic acid and hydrochloric acid (Scheme

4) [26].

The 1a–d were reacted with hydrazine hydrate in tol-

uene and then in situ with lead(IV) acetate to afford a

series of new spiro[cyclopropane-1,30-[3H]indol]-
20(10H)-one derivatives 2a–d and 3a–d (Scheme 5).

The reaction intermediate was a spiro[[3H]indole-3,30-
[3H]pyrazol]-2(1H)-one 4 which is the product of hydra-

zine addition to 3-phenacylideneoxindoles. This reaction

is the main method used for preparation of 2-pyrazolines

in last century [34–36]. The intermediate 4 was not sep-

arated and reacted in situ with lead(IV) acetate to form

new diastereoisomers 2a–d and 3a–d. The reaction of 2-

pyrazolines with lead(IV) acetate was performed by

Freeman [32] and Kennedy et al. [33]. The reaction in-

termediate is a 1-pyrazoline similar to compound 5. Par-

ticularly, Kennedy’s method is a general approach for

synthesis of highly substituted cyclopropanes. Bonding

of oxidant atom lead(IV) to the nitrogen atom of inter-

mediate 4 increases the polarity of imino group of 2-

pyrazoline ring and will facilitate the attack of the ace-

tate anion to the carbon of imino double bond. There-

fore, the unstable intermediate 5 forms and readily

decomposes to the products by loss of nitrogen. The

mechanism of the reaction may be as the Scheme 6.

In comparison with the Kishner reaction, the lead(IV)

acetate used here catalyzed the reaction and reacted

with intermediate 4 and caused rapid nitrogen extrusion

and then the reaction carried out in lower temperatures,

whereas the Kishner reaction needs higher temperatures

[29–31] for nitrogen loss. This is an advantage of this

work. Furthermore, the starting material in the Kishner’s

method was a 2-pyrazoline derivative, but we used a,b-
enones (3-phenacylideneoxindoles) as the starting com-

pounds and then the separation and purification steps for

intermediate 4 were omitted. Therefore, the overall yield

of the reaction increased.

The reaction gave diastereoisomers 2a–d as major

products together with their isomers 3a–d as minor

products. In this case, a high diastereoselectivity was

obtained. For instance, the diastereomeric ratios were

determined by integration of separated signals in the 1H

NMR spectra of the mixture of compounds 2c and 3c in

the reaction product (Fig. 1). The resulted diastereo-

meric ratios for products were 2a:3a ¼ 2.70:1, 2b:3b ¼
4.26:1, 2c:3c ¼ 1.78:1, 2d:3d ¼ 1.94:1.

All compounds 2a–d and 3a–d are new derivatives of

spiro[cycloprapane-1,30-[3H]indol]-20(10H)-ones and

have not reported in literature. Their structures were

deduced from their IR, 1H, and 13C NMR spectra. Their

purity was tested by CHN elemental analysis. The

experimentally obtained CHN data have shown good

agreements (about 60.2%) with calculated values.

For example, the 1H NMR spectrum of 2b indicated

two doublets at d 2.18 and 2.69 ppm (J ¼ 7 Hz), which

belong to diastereotopic methylene protons at position 3

of cyclopropane ring and a singlet at d 2.04 ppm for

methyl protons of acetate group. The multiplets at d
6.85–7.95 ppm showed the aromatic protons. A singlet

at d 8.91 ppm indicates the secondary amino proton.

The 1H decoupled 13C NMR spectrum of 2b exhibited

spiro carbon at d 37.97, C-2 carbon atom of cyclopro-

pane ring at d 70.84, methyl carbon at d 21.25, methyl-

ene carbon at d 27.05, carbonyl carbon of acetate group

at d 169.76, and amido carbon of 2-oxindole moiety at

d 175.42 ppm.

In the 1H NMR spectrum of compound 3a, a doublet

was appeared at d 5.65 ppm (J ¼ 0.02 � 400 ¼ 8 Hz)

for the H-40 hydrogen of 2-oxindole part. This proton

Scheme 1

Scheme 2

Scheme 3
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was shielded by the magnetic anisotropy effect of phe-

nyl ring attached to the position 2 of cyclopropane ring

(Fig. 2, the structure was not optimized). Similar dou-

blets were appeared for other synthesized compounds

3b–d.

CONCLUSION

In summary, some novel spiro[cyclopropane-1,30-
[3H]indol]-20(10H)-ones were synthesized from 3-phena-

cylideneoxindoles in a one-pot simple and rapid proce-

dure, and the products were obtained in good yields.

These compounds may be active biological substances

and worthy of attention for the medicinal and pharma-

ceutical chemists.

EXPERIMENTAL

All chemicals used in this study were purchased from Merck
and Fluka companies. Melting points were measured on a Qal-
lenkamp melting point apparatus in open capillary tubes. The
melting point measurement showed that the synthesized com-

pounds decompose before they melt because they have highly
crowded structure at cyclopropane ring. The IR spectra were
taken from a Bruker Vector 22 FTIR spectrometer, and sam-
ples were used as a potassium bromide pellet. 1H NMR was
recorded on a Bruker DRX-400 Avance instrument, and 13C

NMR (125 MHz) was run on a Bruker DRX-500 Avance
instrument using deuteriochloroform as the solvent and tetra-
methylsilane as the internal standard. The purity of prepared
spiro compounds was tested by the elemental analysis of C, H,
and N elements using a Heraus CHN rapid analyzer. All pre-

pared compounds were filtered and fractionally crystallized
from ethanol/water solution.

The starting materials, 3-phenacylideneoxindoles 1a–d, were
prepared in this laboratory according to the procedure reported
in literature [26].

General procedure for preparation of spiro[cyclopro-

pane-1,30-[3H]indol]-20(10H)-ones 2a–d and 3a–d. The 1a–d

(10 mmoles) were dissolved in toluene (20 mL) and then hy-
drazine hydrate (11 mmoles) was added to this solution and
the mixture was stirred and refluxed at 70–80�C for 1 h. Then,
11 mmoles of solid lead(IV) acetate was added to the reaction

mixture at 40–50�C and nitrogen extrusion began. The reaction
was continued for about 10–20 min, and the spiro compounds
2a–d and 3a–d were prepared (Scheme 5). The products were
filtered and fractionally crystallized from ethanol-water.

rel-(1R,2R)-2-Acetyloxy-2-phenylspiro[cyclopropane-1,30-[3H]
indol]-20(10H)-one (2a). Light yellow solid (1.96 g), yield 67%,
decomp.>98�C; IR (potassium bromide): 3419 (NAH), 3058,
3027, 2928, 2884, 1762 (C¼¼O of acetate), 1709 (C¼¼O of ox-
indole), 1621, 1597 cm�1; 1H NMR: d 2.04 (s, 3H, CH3), 2.19
(d, 1H, J ¼ 7 Hz, CH2a), 2.77 (d, 1H, J ¼ 7 Hz, CH2b), 6.93–

8.06 (m, 9H, ArH), 8.40 (s, 1H, NH); 13C NMR: d 21.30
(CH3), 27.05 (CH2), 37.98 (spiro carbon), 71.70
(PhACAOAc), 110.52, 122.17, 122.46, 128.36, 128.70,
129.21, 129.75, 130.47, 134.27, 141.86, 169.77 (ACOOA),
175.57 (ACONHA); Anal. Calcd. for C18H15NO3: C, 73.71;

H, 5.15; N, 4.78. Found: C, 73.67; H, 5.14; N, 4.75%.
rel-(1R,2S)-2-Acetyloxy-2-phenylspiro[cyclopropane-1,30-[3H]

indol]-20(10H)-one (3a). Light yellow solid (0.64 g), yield 22%,
decomp.>98�C; IR (potassium bromide): 3419 (NAH), 3056,

3025, 2928, 2884, 1760 (C¼¼O of acetate), 1709 (C¼¼O of ox-
indole), 1620, 1597 cm�1; 1H NMR: d 2.03 (s, 3H, CH3), 2.26
(d, 1H, J ¼ 7 Hz, CH2a), 2.52 (d, 1H, J ¼ 7 Hz, CH2b), 5.65
(d, 1H, J ¼ 8 Hz, H-40 of oxindole), 6.63–7.84 (m, 8H, ArH),
8.45 (s, 1H, NH); 13C NMR: d 21.47 (CH3), 27.94 (CH2),

Scheme 4

Scheme 5
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37.47 (spiro carbon), 71.08 (PhACAOAc), 110.02, 121.69,

122.77, 127.93, 128.65, 129.16, 129.80, 131.90, 134.20,
141.35, 170.85 (ACOOA), 175.96 (ACONHA); Anal. Calcd.
for C18H15NO3: C, 73.71; H, 5.15; N, 4.78. Found: C, 73.58;
H, 5.05; N, 4.61%.

rel-(1R,2R)-2-Acetyloxy-2-(4-chlorophenyl)spiro[cyclopro-
pane-1,30-[3H]indol]-20(10H)-one (2b). Light yellow solid
(2.41 g), yield 74%, decomp.>101�C; IR (potassium bromide):
3417 (NAH), 3059, 3027, 2927, 2886, 1751 (C¼¼O of acetate),
1703 (C¼¼O of oxindole), 1622, 1597 cm�1; 1H NMR: d 2.04
(s, 3H, CH3), 2.18 (d, 1H, J ¼ 7 Hz, CH2a), 2.69 (d, 1H, J ¼
7 Hz, CH2b), 6.85–7.95 (m, 8H, ArH), 8.91 (s, 1H, NH); 13C
NMR: d 21.25 (CH3), 27.05 (CH2), 37.97 (spiro carbon),
70.84 (ClC6H4ACAOAc), 110.61, 122.31, 122.46, 127.13,
128.65, 128.99, 129.41, 131.89, 135.09, 141.80, 169.76

(ACOOA), 175.42 (ACONHA); Anal. Calcd. for

C18H14ClNO3: C, 65.96; H, 4.31; N, 4.27. Found: C, 65.89; H,

4.31; N, 4.25%.
rel-(1R,2S)-2-Acetyloxy-2-(4-chlorophenyl)spiro[cyclopro-

pane-1,30-[3H]indol]-20(10H)-one (3b). Light yellow solid
(0.58 g), yield 18%, decomp.>101�C; IR (potassium bromide):
3417 (NAH), 3057, 3026, 2927, 2884, 1751 (C¼¼O of acetate),

1705 (C¼¼O of oxindole), 1621, 1597 cm�1; 1H NMR: d 2.02
(s, 3H, CH3), 2.21 (d, 1H, J ¼ 7 Hz, CH2a), 2.50 (d, 1H, J ¼
7 Hz, CH2b), 5.69 (d, 1H, J ¼ 8 Hz, H-40 of oxindole), 6.66–
7.79 (m, 7H, ArH), 8.83 (s, 1H, NH); 13C NMR: d 21.39
(CH3), 27.79 (CH2), 37.40 (spiro carbon), 70.10

(ClC6H4ACAOAc), 110.14, 121.89, 122.81, 127.80, 128.14,
128.58, 129.46, 133.42, 135.77, 141.33, 170.88 (ACOOA),
175.8 (ACONHA); Anal. Calcd. for C18H14ClNO3: C, 65.96;
H, 4.31; N, 4.27. Found: C, 65.81; H, 4.26; N, 4.19%.

rel-(1R,2R)-2-Acetyloxy-2-(4-bromophenyl)spiro[cyclopro-
pane-1,30-[3H]indol]-20(10H)-one (2c). Light yellow solid
(2.22 g), yield 60%, decomp.>110�C; IR (potassium bromide):
3419 (NAH), 3058, 3029, 2926, 2893, 1715 (broad, C¼¼O of

Figure 2. Shielding of H-40 proton by anisotropic effect of phenyl ring.

[Color figure can be viewed in the online issue, which is available at

www.interscience.wiley.com.]

Scheme 6

Figure 1.
1H NMR signal integrations used for determination of dia-

stereomeric ratio.
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acetate and C¼¼O of oxindole overlapped), 1621, 1597 cm�1;
1H NMR: d 2.09 (s, 3H, CH3), 2.21 (d, 1H, J ¼ 7 Hz, CH2a),
2.74 (d, 1H, J ¼ 7 Hz, CH2b), 6.99–7.98 (m, 8H, ArH), 8.48
(s, 1H, NH); Anal. Calcd. for C18H14BrNO3: C, 58.08; H,
3.79; N, 3.76. Found: C, 57.98; H, 3.73; N, 3.75%.

rel-(1R,2S)-2-Acetyloxy-2-(4-bromophenyl)spiro[cyclopro-
pane-1,30-[3H]indol]-20(10H)-one (3c). Light yellow solid
(1.15 g), yield 31%, decomp.>110�C; IR (potassium bromide):
3419 (NAH), 3056, 3028, 2926, 2892, 1715 (broad, C¼¼O of
acetate and C¼¼O of oxindole overlapped), 1620, 1597 cm�1;
1H NMR: d 2.07 (s, 3H, CH3), 2.22 (d, 1H, J ¼ 7 Hz, CH2a),
2.55 (d, 1H, J ¼ 7 Hz, CH2b), 5.76 (d, 1H, J ¼ 8 Hz, H-40 of
oxindole), 6.73–7.87 (m, 7H, ArH), 8.39 (s, 1H, NH); Anal.
Calcd. for C18H14BrNO3: C, 58.08; H, 3.79; N, 3.76. Found:
C, 57.93; H, 3.65; N, 3.69%.

rel-(1R,2R)-2-Acetyloxy-2-(4-nitrophenyl)spiro[cyclopro-
pane-1,30-[3H]indol]-20(10)-one (2d). Light yellow solid (2.09
g), yield 62%, decomp.>154�C; IR (potassium bromide): 3420
(NAH), 3080, 3031, 2925, 2890, 1719 (broad, C¼¼O of acetate

and C¼¼O of oxindole overlapped), 1624, 1597 cm�1; 1H NMR:
d 2.09 (s, 3H, CH3), 2.24 (d, 1H, J ¼ 7 Hz, CH2a), 2.80 (d, 1H,
J ¼ 7 Hz, CH2b), 6.96–8.35 (m, 8H, ArH), 9.59 (s, 1H, NH);
13C NMR: d 21.13 (CH3), 26.87 (CH2), 38.23 (spiro carbon),
70.9 (NO2C6H4ACAOAc), 110.58, 122.56, 122.72, 123.60,

123.95, 126.52, 128.48, 131.23, 141.27, 141.70, 169.82
(ACOOA), 175.54 (ACONHA); Anal. Calcd. for C18H14N2O5:
C, 63.90; H, 4.17; N, 8.28. Found: C, 63.91; H, 4.11; N, 8.26%.

rel-(1R,2S)-2-Acetyloxy-2-(4-nitrophenyl)spiro[cyclopropane-
1,30-[3H]indol]-20(10H)-one (3d). Light yellow solid (0.94 g),

yield 28%, decomp.>154�C; IR (potassium bromide): 3420
(NAH), 3082, 3031, 2924, 2890, 1719 (C¼¼O of acetate and
C¼¼O of oxindole overlapped), 1622, 1597 cm�1; 1H NMR: d
2.04 (s, 3H, CH3), 2.26 (d, 1H, J ¼ 7 Hz, CH2a), 2.59 (d, 1H,
J ¼ 7 Hz, CH2b), 5.8 (d, 1H, J ¼ 8 Hz, H-40 of oxindole),

6.66–8.65 (m, 7H, ArH), 9.49 (s, 1H, NH); 13C NMR: d 21.39
(CH3), 27.15 (CH2), 38.59 (spiro carbon), 71.11
(NO2C6H4ACAOAc), 110.22, 122.15, 122.76, 122.90, 123.77,
126.89, 128.25, 131.08, 141.16, 141.60, 170.87 (ACOOA),

175.94 (ACONHA); Anal. Calcd. for C18H14N2O5: C, 63.90;
H, 4.17; N, 8.28. Found: C, 63.78; H, 4.09; N, 8.20%.
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A series of isoxazolidine derivates (isomeric 2,3,5-trisubstitutedperhydropyrrolo[3,4-d]isoxazole-4,6-
diones) used as anti-inflammatory, immunosuppressive, antibacterial agent, and inhibitor for some
enzymes were synthesized. These compounds were prepared by 1,3-dipolar cycloaddition of N-methyl

maleimide and N-phenyl maleimide with nitrones. Diastereomeric products obtained in this reaction
were separated by column chromatography and recrystallized. All compounds synthesized were charac-
terized by elemental analysis and spectroscopic methods (1H NMR, 13C NMR, and FTIR).

J. Heterocyclic Chem., 47, 954 (2010).

INTRODUCTION

1,3-Dipolar cycloaddition reactions have been used

for the synthesis of heterocyclic compounds [1]. High

stereospecificity/stereoselectivity associated with these

reactions make them synthetically important [2–5]. It

has been found that 1,3-dipolar cycloaddition reactions

proceed through a concerted mechanism [6]. The

nitrone-olefin 1,3-dipolar cycloaddition reaction is inter-

esting, as it can create as many as three new contiguous

stereogenic centers in a single step [7,8]. Both inter and

intramolecular nitrone–alkene cycloaddition reactions

have received attention because they are useful methods

for the formation of heterocycles of biological interest

[9–12].

Isoxazolidines, the products of 1,3-dipolar cycloaddi-

tion reactions [13–20] between nitrones and alkenes, are

saturated, five membered heterocycles containing adja-

cent nitrogen and oxygen atoms. As a result of the labile

nature of the NAO bond under mildly reducing condi-

tions, isoxazolidines have long been regarded as impor-

tant synthetic intermediates and have been extensively

utilized as 1,3-amino alcohol in a similar way to a wide

variety of natural products and related molecules, partic-

ularly alkaloids [20] amino acids and amino sugars.

Among a plethora of functional groups, the nitrone func-

tionality has etched a place of distinction in organic syn-

thesis. Remarkable regio-, stereo-, face-, and chemose-

lectivity along with efficient incorporation of multiple

stereocenters have made nitrone cycloaddition reactions

an attractive and efficient key step in the synthesis of a

great many natural products of biological interest. In

recent years, focus has been shifted toward asymmetric

nitrone cycloaddition reactions; enantioselective [21],

catalytic enantioselective [22], and diastereoselective

[23] synthetic methodologies, as well as metal-assisted

stereocontrol [24] have been reported. Isoxazolidines

have been found to exhibit antimicrobial activity [25–

28] and have been used as enzyme inhibitors [29–31].

Isoxazolidine nucleoside analogues, in which a furanose

ring has been replaced by an N,O-heterocyclic system,

are a particularly interesting group of compounds due to

their potential antiviral activity [32–36]. Isoxazolidines

have also been used as useful building blocks in the

synthesis of various natural and unnatural compounds,

including alkaloids, biologically active b-aminoacids,

b-lactams, amino sugars, and simple 1,3-aminoalcohols

owing to the facile cleavage of the NAO bond [37–39].
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A review of the literature revealed that no more reports

have been published on the synthesis of sulphur contain-

ing isomeric 2,3,5-trisubstitutedperhydropyrrolo[3,4-d]

isoxazole-4,6-diones. The aim of this work is to synthe-

sis a new type of isoxazolidine derivatives and charac-

terizes their structures by using spectroscopic techniques

such as 1H NMR, 13C NMR.

RESULTS AND DISCUSSION

The 1,3-dipolar cycloaddition reactions between nitro-

nes and an alkene is an extremely powerful synthetic

method for the creation of complex heterocyclic struc-

tures. Best regarded as a concerted but asynchronous

[4p þ 2 p] suprafacial process, the reaction allows up to

three contiguous carbon stereocentres to be created in a

single step. In a manner analogous to the famous [4p þ
2p] cycloaddition reactions first noted by Diels and

Alder [40], nitrone–alkene cycloadditions can occur

with the nitrone and alkene approaching each other. The

reaction results in two possible products an endo- or

exo- fashion; the two possible transition states giving

rise to two diastereomeric products [41].

The 1,3-dipolar cycloaddition of nitrones to alkenes

has been the most efficient approach used for the con-

struction of isoxazolidines because the stereochemistry

of the reaction is predictable, and the mechanism has

been established. A wide range of acyclic and cyclic

nitrones has been reacted with substituted alkenes lead-

ing to the formation of structurally diverse and highly

functionalized nitrogen-containing compounds. Studies

on both inter- and intramolecular nitrone to alkene dipo-

lar cycloadditions have received much interest from a

stereochemical point of view, as up to three new stereo-

genic centers can be created in the isoxazolidines

depending on the structural features of the starting mate-

rials. Despite the known existence of acyclic nitrones as

mixtures of (E)- and (Z)-isomers, or as single isomer in

the case of cyclic analogues, the diastereoselectivity of

cycloaddition depends also on the structures of the

alkene dipolarophiles. In most cases, cycloadducts were

formed in a predictable stereocontrolled manner due to

steric and electronic effects [42].

In this study, a diastereomeric couple of two isoxazo-

lidines was produced by 1,3 dipolar cycloaddition reac-

tion of nitrons to alkenes, and the 1,3 dipolar cycloaddi-

tion reactions of substituted-N-methyl nitrons with

N-methyl and N-phenyl maleimide were investigated

(Schemes 1 and 2).

The evaluation of 1H NMR spectra of cis-isomers of

isoxazolidines exhibited that Ha protons have chemical

shifting between 4 and 5 ppm giving doublet peak with

a coupling constant (J � 7 Hz); chemical shift value of

Hb protons 3–4 ppm and doublet’s doublet peak J ¼
8/7 Hz; Hc chemical shifting 3–4 ppm and doublet peak

with J ¼ 8.5 Hz.Cis-isomers of isoxazolidines have

greater coupling constant of Hb-Hc protons (J ¼ 6–8

Hz) than trans-isomers (J ¼ 2–5 Hz). Hc proton gives a

double peak approximately at 3.8–4.0 ppm for cis- iso-

mers but a broad singlet peak at 4.3–4.5 ppm for trans
isomers. It was observed that cis-isomers were obtained

in higher yield than trans-isomers in the reaction of

N-methyl-C-substituted nitrons with N-methyl maleimi-

de.The peak multiplicity due to the spin spin coupling

of Ha and Hb protons are clearly seen from 1H NMR

spectra of the trans addition products. On the other

hand, the spin spin coupling between Hb and Hc protons

could not be seen. The peak belonging to Hc proton,

appeared as a wide singlet. This situation is well

Scheme 2. ii: Benzene, reflux, 4a: R ¼ 2-thiophenyl, R1 ¼ Me; 4b: R ¼ 5-methyl-2-thiophenyl, R1 ¼ Me; 4c: R ¼ 3-methyl-2-thiophenyl, R1 ¼
Me; 4d: R ¼ 4-phenyl-2-thiophenyl, R1 ¼ Me; 4e: R ¼ 5-phenyl-2-thiophenyl, R1 ¼ Me; 4f: R ¼ 4-methylsulfanylphenyl, R1 ¼ Me; 4g: R ¼
2-furanyl, R1 ¼ Me; 4h: R ¼ 5-methyl-2-furanyl, R1 ¼ Me; 4i: R ¼ 1H-pyrrole-2-yl, R1 ¼ Me; 4j: R ¼ 1-methyl-1-H-indole-3-yl, R1 ¼ Me; 4k:

R ¼ 2-thiophenyl, R1 ¼ Ph; 4l: R ¼ 5-methyl-2-thiophenyl, R1 ¼ Ph; 4m: R ¼ 3-methyl-2-thiophenyl, R1 ¼ Ph; 4n: R ¼ 4-phenyl-2-thiophenyl,

R1 ¼ Ph; 4o: R ¼ 5-phenyl-2-thiophenyl, R1 ¼ Ph; 4p: R ¼ 4-methylsulfanylphenyl, R1 ¼ Ph; 4q: R ¼ 2-furanyl, R1 ¼ Ph; 4r: R ¼ 5-methyl-2-

furanyl, R1 ¼ Ph.

Scheme 1. i: K2CO3, CH2Cl2, MgSO4, reflux. 2a: R ¼ 2-thiophenyl;

2b: R ¼ 5-methyl-2-thiophenyl; 2c: R ¼ 3-methyl-2-thiophenyl; 2d:

R ¼ 4-phenyl-2-thiophenyl; 2e: 5-phenyl-2-thiophenyl; 2f: R ¼ 4-

methylsulfanylbenzyl; 2g: R ¼ 2-furanyl; 2h: R ¼ 5-methyl-2-furanyl;

2i: 1H-pyrrole-2-yl; 2j: R ¼ 1-methyl-1-H-indole-3-yl.
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adjusted with the literatures. Because of the free rotation

of NAC single bond, the proton in the methyl group

and the Hc proton are sterically push each other. The

electronic circle of Hc proton is consistently changed.

Therefore, the peak due to Hc proton and methyl pro-

tons bonded to N atom on the isoxazolidine ring caused

to occur a wide peak. The Ortep diagrams obtained

from X-Ray analyzes of isoxazolidines (for example,

cis-4c compound [43] and cis-4e compound [44]) it

exhibited that Ha, Hb, and Hc protons are at the same

side of the plane.The 13C NMR spectra of the trans
addition products showed that some singlet’s carbons

did not appear. However, the other data (such as X-Ray

analyses of these compounds) confirm the proposed

structures.

EXPERIMENTAL

All melting points were determined by an Electrothermal
9100 apparatus and are uncorrected. 1H NMR and 13C NMR
spectra were recorded on a Bruker 400 (400 MHz) NMR spec-
trometer. Samples were prepared in CDCl3 and DMSO-d6 with
TMS as internal standard. Chemical shifts are given in ppm

and coupling constant are given in Hz. Microanalyses were
performed on a LECO-932 CHNS-O element analyzer. FTIR
spectra were recorded on a Mattson 1000 spectrometer as KBr
pellets. Column chromatography was carried out on Merck
Kieselgel (particle size 0.063–0.200 mm) and solvents were

distilled before use. N-Methylhydroxylamine hydrochloride,
N-methylmaleimide, N-phenylmaleimide and substituted alde-
hydes, and other chemicals were obtained from Sigma–
Aldrich.

General procedure for the synthesis of substituted nitro-

nes (2a–j). Substituted aldehydes (10 mmol) were added to a
solution of N-methylhydroxylamine hydrochloride (1.65 g, 20
mmol) in CH2Cl2 (50 mL). K2CO3 (3.03 g, 22 mmol) and
MgSO4 (0.60 g, 5 mmol) were added and the mixture refluxed

for 12 h, and the reaction was monitored by TLC. The reaction
mixture was filtered and solvent was evaporated. Then, column
chromatography of the residue (n-hexane/ethyl acetate 1:1)
gave nitrone (compound 2). The crude product was recrystal-
lized from CH2Cl2/n-hexane [45].

General procedure for the synthesis of substituted 2,5-

dimethy tetrahydro-pyrrolo[3,4-d]isoxazole-4,6-dione, (exem-

plified by cis-4a, trans-4a). A mixture of N-methyl-C-(thio-
phene-2-yl) nitrone 2a (3 mmol, 0,429 g) and N-methylmalei-
mide 3a (3.3 mmol, 0.370 g) was dissolved in 50 mL ben-

zene. The reacting mixture was refluxed for 6–12 h. During
this time, the reaction was monitored by TLC. Then, the sol-
vent was evaporated. The products were separated by column
chromatography [46]. The mixture of ethylacetate and petro-
leum ether was used as an eluent. The cis- and trans-isomers

were recrystallized separately from CHCl3/n-hexane mixture.
Spectroscopic and analytical data of new compounds are given
below.

2,5-Dimethyl-3-(thiophen-2-yl)-tetrahydro-pyrrolo[3,4-d]iso-
xazole-4,6-dione, cis-4a, trans-4a. Cis-4a. Yield: 63%, mp
149–150�C. IR (cm�1): 1714 s (C¼¼O); 1H NMR: (in CDCl3,

d, ppm): 2.5 (s, 3H, CH3), 3.1 (s, 3H, CH3), 3.8 (dd, 1H, Hb,
J � 8.4/7.5 Hz), 4.2 (d, 1H, Hc, J � 8.8 Hz), 5.0 (d, 1H, Ha,
J � 7.2 Hz), 7.0–7.4 (m, 3H, ArAH), 13C NMR (in CDCl3, d,
ppm): 25, 43, 54, 71.35, 77, 127.0–127.9 (3C), 136, 173, 176.
Anal. Calcd. For C11H12N2O3S: C 52.37; H, 4.79; N, 11.10; S,

12.71. Found: C, 51.93; H, 4.73; N, 10.96; S, 12.58.

Trans-4a. Yield: 35%, mp 168–169�C. IR (cm�1): 1700 s

(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.5 (s, 3H, CH3), 3.1
(s, 3H, CH3), 3.8 (d,1H, Hb, J � 7.2 Hz), 4.8 (very broad, 1H,
Hc), 5.0 (d, 1H, Ha, J � 7 Hz), 7.0–7.4 (m, 3H, ArAH); 13C
NMR (in CDCl3, d, ppm): 24, 41, 56, 72, 76, 127.0–128.2
(3C), 135, 174, 175. Anal. Calcd. For C11H12N2O3S: C 52,37;

H, 4,79; N, 11,10; S, 12,71. Found: C, 52,06; H, 4,72; N,
11,04; S, 12,30.

2,5-Dimethyl-3-(5-methyl-thiophen-2-yl)-tetrahydro-pyr-
rolo[3,4-d]isoxazole-4,6-dione cis-4b. Cis-4b. Yield:
64%, mp 121–122�C. IR (cm�1): 1707 s (C¼¼O); 1H NMR: (in
CDCl3, d, ppm): 2.4 (s, 3H, CH3), 2.7 (s, 3H, CH3), 3.0 (s,

3H, CH3), 3.7 (dd, 1H, Hb, J � 8.3/7.7 Hz), 4.1 (d, 1H, Hc, J
� 8.8 Hz), 4.9 (d, 1H, Ha, J � 7.3 Hz), 6.6–6.9 (dd, 2H,
ArAH); 13C NMR (in CDCl3, d, ppm): 15, 25, 42, 54, 71.35,
77, 126–142 (4C), 174, 176. Anal. Calcd. For C12H14N2O3S:
C 54.12; H, 5.30; N, 10.52; S, 12.04. Found: C, 54.90; H,

5.33; N, 10.04; S, 11.64.

2,5-Dimethyl-3-(3-methyl-thiophen-2-yl)-tetrahydro-pyr-
rolo[3,4-d]isoxazole-4,6-dione, cis-4c, trans-4c. Cis-
4c. Yield: 61%, mp 130–132�C IR (cm�1): 1704 s (C¼¼O); 1H
NMR: (in CDCl3, d, ppm): 2.3 (s, 3H, CH3), 2.7 (s, 3H, CH3),
3.0 (s, 3H, CH3), 3.6–3.8 (dd, 1H, Hb, J � 8.7/7.5 Hz), 4.2 (t,

1H, Hc, J � 8.8 Hz), 4.9–5.0 (d, 1H, Ha, J � 7.3 Hz), 6.8–7.2
(dd, 2H, ArAH, J � 5.05); 13C NMR (in CDCl3, d, ppm): 14,
25, 43, 53, 70, 77, 126–137 (4C), 174, 176. Anal. Calcd. For
C12H14N2O3S: C 54.12; H, 5.30; N, 10.52; S, 12.04. Found: C,
53.71; H, 5.21; N, 10.39; S, 12.03.

Trans-4c. Yield: 30%, mp 137–138�C IR (cm�1): 1714 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.3 (s, 3H, CH3), 2.4

(s, 3H, CH3), 3.1 (s, 3H, CH3), 3.6–3.8 (dd,1H, Hb J � 7.2
Hz), 4.5–4.8 (very broad, 1H, Hc), 4.8–5.0 (d, 1H, Ha, J � 6
Hz),, 6.5–6.9(dd, 2H, ArAH, J � 5.05 ); 13C NMR (in CDCl3,
d, ppm): 15, 25, 39, 57, 67, 72, 75, 125–142 (4C), 173, 176.
Anal. Calcd. For C12H14N2O3S: C 54.12; H, 5.30; N, 10.52; S,

12.04. Found: C, 53.81; H, 5.38; N, 10.78; S, 12.02.

2,5-Dimethyl-3-(4-phenyl-thiophen-2-yl)-tetrahydro-pyr-
rolo[3,4-d]isoxazole-4,6-dione, cis-4d, trans-4d. Cis-
4d. Yield: 65%, mp 146–148�C IR (cm�1): 1716 s (C¼¼O); 1H
NMR: (in CDCl3, d, ppm): 2.7 (s, 3H, CH3), 3.1 (s, 3H, CH3),
3.7–3.8 (dd, 1H, Hb, J � 8.4/7.7 Hz), 4.2 (d, 1H, Hc, J � 8.8

Hz), 4.9–5.0 (d, 1H, Ha, J � 7.3 Hz), 7.3–7.6 (m, 7H, ArAH);
13C NMR (in CDCl3, d, ppm): 25, 43, 54, 71, 77, 122–143 (8C),
173, 176.15. Anal. Calcd. For C17H16N2O3S: C 62.18; H, 4.91;
N, 8.53; S, 9.76. Found: C, 62.75; H, 4.88; N, 8.24; S, 10.01.

Trans-4d. Yield: 32%, mp 158–160�C IR (cm�1): 1700 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.5 (s, 3H, CH3), 3.1
(s, 3H, CH3), 3.7–3.8 (d, 1H, Hb, J � 7.2 Hz), 4.8 (very
broad, 1H, Hc ), 4.9–5.0 (d, 1H, Ha, J � 7.1 Hz), 7.3–7.7 (m,
7H, ArAH); 13C NMR (in CDCl3, d, ppm): 25, 39, 57, 67, 75,
119–142 (8C), 175, 176. Anal. Calcd. For C17H16N2O3S: C
62.18; H, 4.91; N, 8.53; S, 9.76. Found: C, 39.17; H, 3.05; N,
5.32; S, 5.68.

2,5-Dimethyl-3-(5-phenyl-thiophen-2-yl)-tetrahydro-pyr-
rolo[3,4-d]isoxazole-4,6-dione, cis-4e, trans-4e. Cis-
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4e. Yield: 60%, mp 180–181�C IR (cm�1): 1704 s (C¼¼O); 1H
NMR: (in CDCl3, d, ppm): 2.8 (s, 3H, CH3), 3.1 (s, 3H, CH3),
3.7–3.8 (dd, 1H, Hb, J � 8.4/7.7 Hz), 4.1– 4.2 (d, 1H, Hc, J
� 8.8 Hz), 4.9–5.0 (d, 1H, Ha, J � 7.3 Hz), 7.2–7.6 (m, 7H,
ArAH); 13C NMR (in CDCl3, d, ppm): 25, 43, 54, 71, 77,
123–128 (4C),134–135 (3C), 172, 175. Anal. Calcd. For
C17H16N2O3S: C 62.18; H, 4.91; N, 8.53; S, 9.76. Found: C,
60.94; H, 5.22; N, 8.59; S, 9.17.

Trans-4e. Yield: 33%, mp 126–128�C IR (cm�1): 1700 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.5 (s, 3H, CH3), 3.1

(s, 3H, CH3), 3.8 (d, 1H, Hb, J � 7.2 Hz), 4.6–4.8 (very
broad, 1H, Hc ), 4.9.5.0 (d, 1H, Ha, J � 7.2 Hz), 6.8–7.7 (m,
7H, ArAH); 13C NMR (in CDCl3, d, ppm): 25, 75, 122–133
(5C). Anal. Calcd. For C17H16N2O3S: C 62.18; H, 4.91; N,
8.53; S, 9.76. Found: C, 62.52; H, 5.06; N, 8.56; S, 9.55.

2,5-Dimethyl-3-(4-methylsulfanyl-phenyl)-tetrahydro-pyrrolo[3,
4-d]isoxazole-4,6-dione, cis-4f, trans-4f. Cis-4f. Yield: 62%,
mp 140–141�C IR (cm�1): 1718 s (C¼¼O); 1H NMR: (in
CDCl3, d, ppm): 2.5 (s, 3H, CH3), 2.7 (s, 3H, CH3), 3.1 (s,
3H, CH3), 3.7–3.8 (dd, 1H, Hb, J � 8.4/7.4 Hz), 3.8 (d, 1H,
Hc, J � 8.6 Hz), 4.9 (d, 1H, Ha, J � 7.2 Hz), 7.1–7.3 (dd,

4H, ArAH, J � 8 Hz); 13C NMR (in CDCl3, d, ppm): 15, 25,
42.8, 54.6, 75, 76.75, 127–128 (2C), 134–135 (3C), 174, 176.
Anal. Calcd. For C14H16N2O3S: C 57.52; H, 5.52; N, 9.58; S,
10.97. Found: C, 60.79; H, 7.26; N, 8.15; S, 9.29.

Trans-4f. Yield: 32%, mp 148–150�C IR (cm�1): 1696 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.4–2.8 (6H, 2CH3),
3.1 (s, 3H, CH3), 3.6–3.8 (d, 1H, Hb, J � 7.2 Hz), 4.6–4.8

(very broad, 1H, Hc ), 4.9.5.0 (d, 1H, Ha, J � 7.2 Hz), 7.2–
7.7.4 (m, 4H, ArAH); 13C NMR (in CDCl3, d, ppm): 17, 26,
43, 54, 71, 77, 122–143 (5C), 161, 176. Anal. Calcd. For
C14H16N2O3S: C 57.52; H, 5.52; N, 9.58; S, 10.97. Found: C,

57.91; H, 6.63; N, 9.43; S, 10.73

2,5-Dimethyl-3-(furan-2-yl)-tetrahydro-pyrrolo[3,4-d]isoxa-
zole-4,6-dione, cis-4g, trans-4g. Cis-4g. Yield: 52%, mp
143–144�C IR (cm�1): 1717 s (C¼¼O); 1H NMR: (in CDCl3,
d, ppm): 2.7 (s, 3H, CH3), 3.1 (s, 3H, CH3), 3.7–3.8 (dd, 1H,
Hb, J � 8.1/7.8 Hz), 3.9 (d, 1H, Hc, J � 8.5 Hz), 4.9 (d, 1H,
Ha, J � 7.3 Hz), 6.2–7.5 (m, 3H, ArAH); 13C NMR (in

CDCl3, d, ppm): 25, 40, 44, 50, 69, 76, 110–147 (4C), 174,
176. Anal. Calcd. For C11H12N2O4: C 55.93; H, 5.12; N,
11.86. Found: C, 58.02; H, 5.47; N, 12.03.

Trans-4g. Yield: 40%, mp 150–152�C IR (cm�1): 1704 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.4 (s, 3H, CH3), 3.1
(s, 3H, CH3), 3.7 (d, 1H, Hb, J � 7.3 Hz), 4.6 (very broad,

1H, Hc ), 4.9 (d, 1H, Ha, J � 7.4 Hz), 6.3–7.5 (m, 3H,
ArAH); 13C NMR (in CDCl3, d, ppm): 25, 40, 54, 71, 77,
135–150 (4C), 173, 176. Anal. Calcd. For C11H12N2O4: C
55.93; H, 5.12; N, 11.86. Found: C, 55.77; H, 4.75; N, 11.65.

2,5-Dimethyl-3-(5-methylfuran-2-yl)-tetrahydro-pyrrolo[3,4-
d]isoxazole-4,6-dione, cis-4h, trans-3h. Cis-4h. Yield: 64%,

mp 150–151�C IR (cm�1): 1702 s (C¼¼O); 1H NMR: (in
CDCl3, d, ppm): 2.3 (s, 3H, CH3), 2.7 (s, 3H, CH3), 3.1 (s,
3H, CH3), 3.7–3.8 (dd, 1H, Hb, J � 8.2/7.7 Hz), 3.9 (d, 1H,
Hc, J � 8.6 Hz), 4.9 (d, 1H, Ha, J � 7.3 Hz), 5.9–6.2 (dd,
2H, ArAH); 13C NMR (in CDCl3, d, ppm): 13, 25, 39, 54, 69,

76, 110–153 (4C), 175, 176. Anal. Calcd. For C12H14N2O4: C
57.59; H, 5.64; N, 11.19. Found: C, 57.37; H, 5.59; N, 11.25.

Trans-4h. Yield: 33%, mp 154–155�C IR (cm�1): 1701 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.3 (s, 3H, CH3), 2.4
(s, 3H, CH3), 3.1 (s, 3H, CH3), 3.8 (d, 1H, Hb, J � 7 Hz), 4.5

(very broad, 1H, Hc ), 4.9–5.0 (d, 1H, Ha, J � 7.4 Hz), 5.98–
6.25 (m, 2H, ArAH); 13C NMR (in CDCl3, d, ppm): 13, 25,
53, 75, 106, 111. Anal. Calcd. For C12H14N2O4: C 57.59; H,
5.64; N, 11.19. Found: C, 58.08; H, 5.46; N, 11.21.

2,5-Dimethyl-3-(1-methyl-1H-pyrrol-2-yl)-tetrahydro-pyrrolo[3,
4-d]isoxazole-4,6-dione, cis-4i, trans-4i. Cis-4i. Yield: 62%,
mp 179–180�C IR (cm�1): 1703 s (C¼¼O); 1H NMR: (in

CDCl3, d, ppm): 2.7 (s, 3H, CH3), 2.9–3.0 (s, 3H, CH3), 3.7
(s, 3H, CH3), 3.7–3.8 (dd, 1H, Hb, J � 7.8 Hz), 3.9 (d, 1H,
Hc, J � 8.6 Hz), 4.9 (d, 1H, Ha, J � 7.3 Hz), 6.2–7.5 (m, 3H,
ArAH); 13C NMR (in CDCl3, d, ppm): 25, 34, 43, 53, 69, 76,
110–125 (4C), 174, 176. Anal. Calcd. For C12H15N3O3: C

57.82; H, 6.07; N, 16.86. Found: C, 58.28; H, 5.96; N, 17.01.

Trans-4i. Yield: 29%, mp 145–146�C IR (cm�1): 1705 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.5 (s, 3H, CH3), 3.1
(s, 3H, CH3), 3.7 (s, 3H, CH3), 3.7–3.8 (d, 1H, Hb, J � 7 Hz),
4.6 (very broad, 1H, Hc ), 4.9–5.0 (d, 1H, Ha, J � 7.5 Hz),
6.0–6.7 (m, 3H, ArAH); 13C NMR (in CDCl3, d, ppm): 25, 37

43, 54, 71, 77, 135–150 (4C), 175, 176. Anal. Calcd. For
C12H15N3O3: C 57.82; H, 6.07; N, 16.86. Found: C, 57.72; H,
6.09; N, 17.09.

2,5-Dimethyl-3-(1-methyl-1H-indol-3-yl)-tetrahydro-pyrrolo[3,4-
d]isoxazole-4,6-dione, cis-4j, trans-4j. Cis-4j. Yield: 60%, mp
198–200�C IR (cm�1): 1703 s (C¼¼O); 1H NMR: (in CDCl3,
d, ppm): 2.7 (s, 3H, CH3), 3.0 (s, 3H, CH3), 3.8 (s, 3H, CH3),

3.6–3.7 (dd, 1H, Hb, J � 8.0/7.7 Hz), 4.1–4.2 (d, 1H, Hc, J �
8.6 Hz), 4.9–5.0 (d, 1H, Ha, J � 7.3 Hz), 6.9–7.0 (s,1H), 7.1–
7.6 (m, 4H, ArAH); 13C NMR (in CDCl3, d, ppm): 25, 33, 43,
54, 70, 76, 106, 109–127 (6C), 173, 176. Anal. Calcd. For

C16H17N3O3: C 64.20; H, 5.72; N, 14.04. Found: C, 63.67; H,
5.79; N, 14.17.

Trans-4j. Yield: 32%, mp 131–133�C IR (cm�1): 1704 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.5 (s, 3H, CH3), 3.1
(s, 3H, CH3), 3.9 (s, 3H, CH3), 3.7–3.8 (d, 1H, Hb, J � 7 Hz),
4.8 (very broad, 1H, Hc ), 4.9–5.0 (d, 1H, Ha, J � 7.1 Hz),
6.9–7.0 (s,1H), 7.1–7.8 (m, 4H, ArAH); 13C NMR (in CDCl3,
d, ppm): 24, 25, 30, 32, 56, 76, 108, 109–128 (6C). Anal.
Calcd. For C16H17N3O3: C 64.20; H, 5.72; N, 14.04. Found:
C, 65.21; H, 5.34; N, 14.50.

2-Methyl-5-phenyl-3-(thiophen-2-yl)-tetrahydro-pyrrolo[3,4-
d]isoxazole-4,6-dione, cis-4k. Cis-4k. Yield: 43%, mp 154–
156�C IR (cm�1): 1711 s (C¼¼O); 1H NMR: (in CDCl3, d,
ppm): 2.8 (s, 3H, CH3), 3.8–3.9 (dd, 1H, Hb, J � 8.3/8.0 Hz),
4.4 (d, 1H, Hc, J � 8.8 Hz), 5.0–5.1 (d, 1H, Ha, J � 7.5 Hz),
7.0–7.5 (m, 8H, ArAH); 13C NMR (in CDCl3, d, ppm): 43,
55, 72, 77, 112–136 (8C), 173, 176. Anal. Calcd. For
C16H14N2O3S: C 61.13; H, 4.49; N, 8.91; S, 10.20. Found: C,

62.42; H, 4.49; N, 8.92; S, 10.17.

2-Methyl-5-phenyl-3-(5-methylthiophen-2-yl)-tetrahydro-pyr-
rolo[3,4-d]isoxazole-4,6-dione, cis-4l, trans-4l. Cis-4l. Yield:
41%, mp 139–141�C IR (cm�1): 1722 s (C¼¼O); 1H NMR: (in
CDCl3, d, ppm): 2.5 (s, 3H, CH3), 2.7 (s, 3H, CH3) 3.7–3.8
(dd, 1H, Hb, J � 8.5/7.7 Hz), 4.2 (d, 1H, Hc, J � 8.8 Hz),

5.0–5.1 (d, 1H, Ha, J � 7.5 Hz), 6.6–7.5 (m, 7H, ArAH); 13C
NMR (in CDCl3, d, ppm): 16, 43, 54, 72, 77, 126–142 (8C),
173, 176. Anal. Calcd. For C17H16N2O3S: C 62.18; H, 4.91;
N, 8.53; S, 9.76. Found: C, 61.96; H, 4.86; N, 8.72; S, 9.55.

Trans-4l. Yield: 47%, mp 152–155�C IR (cm�1): 1718 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.4 (s, 3H, CH3), 2.6

(s, 3H, CH3), 3.8–3.9 (d, 1H, Hb, J � 7,2 Hz), 4.8–4.9 (very
broad, 1H, Hc), 5.0–5.1 (d, 1H, Ha, J � 7.1 Hz), 6.6–7.6 (m,
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8H, ArAH); 13C NMR (in CDCl3, d, ppm): 15, 39, 53, 71, 77,
125–142 (8C), 175.0, 175.46. Anal. Calcd. For C17H16N2O3S:
C 62.18; H, 4.91; N, 8.53; S, 9.76. Found: C, 61.91; H, 4.90;
N, 8.41; S, 10.16.

2-Methyl-5-phenyl-3-(3-methylthiophen-2-yl)-tetrahydro-pyrrolo
[3,4-d]isoxazole-4,6-dione, cis-4m, trans-4m. Cis-4m. Yield:
40%, mp 108–109�C IR (cm�1): 1722 s (C¼¼O); 1H NMR: (in

CDCl3, d, ppm): 2.5 (s, 3H, CH3), 2.8 (s, 3H, CH3) 3.8–3.9
(dd, 1H, Hb, J � 8.5/7.9 Hz), 4.2–4.4 (d, 1H, Hc, J � 8.9 Hz),
5.0–5.1 (d, 1H, Ha, J � 7.5 Hz), 6.8–7.6 (m, 7H, ArAH); 13C
NMR (in CDCl3, d, ppm): 14, 43, 53, 70, 77, 125–137 (8C),
171, 175. Anal. Calcd. For C17H16N2O3S: C 62.18; H, 4.91; N,

8.53; S, 9.76. Found: C, 62.63; H, 5.15; N, 8.65; S, 9.46.

Trans-4m. Yield: 46%, mp 144–145�C IR (cm�1): 1718 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.4 (s, 3H, CH3), 2.6
(s, 3H, CH3), 3.8–3.9 (d, 1H, Hb J � 7 Hz), 5.0–5.1 (very
broad, 1H, Hc), 5.1–5.2 (d, 1H, Ha, J � 7.1 Hz), 6.8–7.6 (m,
7H, ArAH); 13C NMR (in CDCl3, d, ppm): 14, 44, 54, 67, 77,

126–144 (8C), 175, 177. Anal. Calcd. For C17H16N2O3S: C
62.18; H, 4.91; N, 8.53; S, 9.76. Found: C, 61.91; H, 4.90; N,
8.41; S, 10.16

2-Methyl-5-phenyl-3-(4-phenylthiophen-2-yl)-tetrahydro-
pyrrolo[3,4-d]isoxazole-4,6-dione, cis-4n, trans-4n. Cis-
4n. Yield: 41%, mp 145–146�C IR (cm�1): 1723 s (C¼¼O); 1H
NMR: (in CDCl3, d, ppm): 2.8–2.9 (s, 3H, CH3) 3.7–3.8 (dd,

1H, Hb, J � 8.7/7.7 Hz), 4.3 (d, 1H, Hc, J � 8.8 Hz), 5.0–5.1
(d, 1H, Ha, J � 7.5 Hz), 7.2–7.6 (m, 12H, ArAH); 13C NMR
(in CDCl3, d, ppm): 43, 55, 72, 77, 122–143 (12C), 173, 176.
Anal. Calcd. For C22H18N2O3S: C 67.67; H, 4.65; N, 7.17; S,

8.21. Found: C, 67.83; H, 4.68; N, 7.11; S, 7.92.

Trans-4n. Yield: 44%, mp 134–138�C IR (cm�1): 1710 s

(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.6 (s, 3H, CH3), 3.8–
3.9 (d, 1H, Hb J � 7.3 Hz), 4.9–5.0 (very broad, 1H, Hc),
5.1–5.2 (d, 1H, Ha, J � 7.1 Hz), 6.8–7.6 (m, 7H, ArAH); 13C
NMR (in CDCl3, d, ppm): 49, 76, 120–142 (11C), 175. Anal.
Calcd. For C22H18N2O3S: C 67.67; H, 4.65; N, 7.17; S, 8.21.

Found: C, 67.23; H, 4.67; N, 6.99; S, 7.36.

2-Methyl-5-phenyl-3-(5-phenylthiophen-2-yl)-tetrahydro-pyr-
rolo[3,4-d]isoxazole-4,6-dione, cis-4o, trans-4o. Cis-
4o. Yield: 43%, mp 166–167�C IR (cm�1): 1717 s (C¼¼O); 1H
NMR: (in CDCl3, d, ppm): 2.9 (s, 3H, CH3), 3.9 (dd, 1H, Hb,
J � 8.5/7.8 Hz), 4.3 (d, 1H, Hc, J � 8.8 Hz), 5.1–5.2 (d, 1H,

Ha, J � 7.5 Hz), 7.2–7.6 (m, 12H, ArAH); 13C NMR (in
CDCl3, d, ppm):: 43, 55, 72, 77, 122–135 (12C), 173, 175.
Anal. Calcd. For C22H18N2O3S: C 67.67; H, 4.65; N, 7.17; S,
8.21. Found: C, 67.64; H, 4.59; N, 7.27; S, 8.08.

Trans-4o. Yield: 48%, mp 175–176�C IR (cm�1): 1718 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.7 (s, 3H, CH3), 3.9
(d, 1H, Hb J � 7.3 Hz), 4.3 (very broad, 1H, Hc), 5.1–5.2 (d,

1H, Ha, J � 7.3 Hz), 7.0–7.7 (m, 12H, ArAH); 13C NMR (in
CDCl3, d, ppm): 122–135 (9C). Anal. Calcd. For
C22H18N2O3S: C 67.67; H, 4.65; N, 7.17; S, 8.21. Found: C,
67.82; H, 4.64; N, 7.11; S, 8.00.

2-Methyl-5-phenyl-3-(4-methylsulfanyl-phenyl)-tetrahydro-
pyrrolo[3,4-d]isoxazole-4,6-dione, cis-4p, trans-4p. Cis-
4p. Yield: 40%, mp 172–174�C IR (cm�1): 1714 s (C¼¼O); 1H
NMR: (in CDCl3, d, ppm): 2.5 (s, 3H, CH3), 2.7 (s, 3H, CH3),
3.8–3.9 (dd, 1H, Hb, J � 7.3/7.4 Hz), 3.9–4.0 (d, 1H, Hc, J �
8.7 Hz), 5.0–5.1 (d, 1H, Ha, J � 7.3 Hz), 7.2–7.5 (m, 9H,

ArAH); 13C NMR (in CDCl3, d, ppm): 16, 43, 55, 76, 77,
127–140 (8C), 174, 176. Anal. Calcd. For C19H18N2O3S: C

64.39; H, 5.12; N, 7.90; S, 9.05. Found: C, 64.43; H, 5.14; N,
7.75; S, 8.87.

Trans-4p. Yield: 42%, mp 184–185�C IR (cm�1): 1718 s
(C¼¼O); 1H NMR: (in CDCl3, d, ppm): 2.0–3.0 (6H, 2CH3),
3.8–3.9 (d, 1H, Hb, J � 7.5 Hz), 4.8 (broad, 1H, Hc), 5.0–5.1

(d, 1H, Ha, J � 7.4 Hz), 7.2–7.6 (m, 9H, ArAH); 13C NMR
(in CDCl3, d, ppm): 15, 75, 126–139 (6C). Anal. Calcd. For
C19H18N2O3S: C 64.39; H, 5.12; N, 7.90; S, 9.05. Found: C,
64.43; H, 5.50; N, 8.07; S, 7.67.

2-Methyl-5-phenyl-3-(furan-2-yl)-tetrahydro-pyrrolo[3,4-
d]isoxazole-4,6-dione, cis-4q. Cis-4q. Yield: 40%, mp
101–103�C IR (cm�1): 1710 s (C¼¼O); 1H NMR: (in CDCl3,
d, ppm): 2.7 (s, 3H, CH3), 3.8–3.9 (dd, 1H, Hb, J � 8.5/7.7
Hz), 4.0–4.1 (d, 1H, Hc, J � 8.7 Hz), 5.0–5.1 (d, 1H, Ha, J �
7.5 Hz), 6.3–7.6 (m, 8H, ArAH); 13C NMR (in CDCl3, d,
ppm): 43, 53, 71, 77, 110–147 (7C), 172, 175. Anal. Calcd.
For C16H14N2O4: C 64.42; H, 4.73; N, 9.39 Found: C, 56.33;
H, 5.02; N, 12.10.

2-Methyl-5-phenyl-3-(5-methylfuran-2-yl)-tetrahydro-pyrrolo
[3,4-d]isoxazole-4,6-dione, cis-4r. Cis-4r. Yield: 42%, mp
137–140�C IR (cm�1): 1701 s (C¼¼O); 1H NMR: (in CDCl3,
d, ppm): 2.4 (s, 3H, CH3), 2.7 (s, 3H, CH3), 3.8–3.9 (dd, 1H,
Hb, J � 8.5/7.7 Hz), 3.9–4.0 (d, 1H, Hc, J � 8.7 Hz), 5.1–5.2
(d, 1H, Ha, J � 7.5 Hz), 6.3–7.6 (m, 7H, ArAH); 13C NMR

(in CDCl3, d, ppm): 14, 43, 50, 53, 77, 111–147 (8C), 155,
176. Anal. Calcd. For C17H16N2O4: C 65.38; H, 5.16; N, 8.97.
Found: C, 68.07; H, 5.19; N, 9.14.
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Naphthoquinones undergo 1,3-dipolar cycloaddition with bicyclic münchnones generated from thiazo-

lidines affording new pyrrolo-thiazoles with a fused quinone nucleus. The products were obtained as
single enantiomers in good yields. These benzo[f]thiazolo[4,3-a]isoindole-6,11(1H,3H)-diones are com-
prised of four fused rings and present a very planar structure. The evaluation of their anticancer activity
against melanoma A375 and colorectal adenocarcinoma WiDr human cell lines showed only moderate
activity but gave insight into the modeling of new structures. [Color figure can be viewed in the online

issue, which is available at www.interscience.wiley.com.]

J. Heterocyclic Chem., 47, 960 (2010).

INTRODUCTION

Quinone-containing drugs such as adriamycin, dau-

norubicin, and mitoxantrone have been established as

one of the most effective classes of antitumor agents in

clinical use. However, the drawbacks are the risk of

dose-related cardiotoxicity and the development of re-

sistance toward these compounds. To overcome these

problems, there is a demand for the search of new lead

compounds retaining the ‘‘core quinone’’ chromophore

[1–4]. Hence, there is particular interest in combining

the nucleus of a quinone with heterocyclic rings to

achieve molecules with anticancer activity [5,6]. On the

other hand, the thiazolidine ring is known to be involved

in biologically active compounds with anti-inflammatory

[7], anti-HIV [8], antimicrobial [9,10], or anticancer

properties [11,12]. Particularly relevant is the anticancer

activity of 2-arylthiazolidine carboxylic acid derivatives

that are effective against the melanoma [13,14].

Our goal was to prepare structures combining the

‘‘core quinone’’ chromophore with a thiazolidine ring

via the construction of the 1H,3H-pyrrolo[1,2-c]thiazoles
ring system. One important mechanism of action of qui-

none-containing drugs is thought to be related to interca-

lation processes with DNA in which planarity of the

active nucleus is important.6 Thus, a naphthoquinone

ring system fused to a pyrrolo[1,2-c]thiazole should

allow the system to attain the required planarity. On the

other hand, pyrrolo[1,2-c]thiazoles are a class of com-

pounds some of which showing biological activity

namely antitumoral activity [15,16].

We have been interested in exploring a straightfor-

ward approach to new chiral 1H,3H-pyrrolo[1,2-c]thia-
zole derivatives via 1,3-dipolar cycloaddition of bicyclic

münchnones [17–19]. Therefore, we used this synthetic

strategy to prepare a range of new chiral 1H,3H-pyr-
rolo[1,2-c]thiazoles retaining the ‘‘core quinone’’

VC 2010 HeteroCorporation
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chromophore using 1,4-naphthoquinones as dipolaro-

philes. The new heterocycles were tested against two

cancer cell lines namely A375 melanoma and WiDr

colorectal adenocarcinoma.

RESULTS AND DISCUSSION

Chemistry. (R)-2-Substituted-thiazolidine-4-carboxylic
acids 1 was obtained as mixture of the (2S,4R) and

(2R,4R)-diastereoisomers from the reaction of an alde-

hyde and L-cysteine [20]. The synthesis of the corre-

sponding 1H,3H-pyrrolo[1,2-c]thiazoles 4 was carried out

by heating a solution of the appropriate thiazolidine in

acetic anhydride in the presence of 1,4-naphthoquinone.

In this process, the thiazolidine undergoes in situ acyla-

tion followed by cyclodehydration to give a bicyclic

münchnone 3, which reacts further with 1,4-naphthoqui-

none to afford the corresponding 1,3-dipolar cycloadduct.

The benzo[f]thiazolo[4,3-a]isoindole-6,11(1H,3H)-diones
4 was obtained in yields ranging from 60 to 76%. It is

worth to emphasize that derivatives 4b–4e were isolated

as single enantiomers with R configuration (Scheme 1).

The structure of compound 4b was established by X-

ray crystallography (Fig. 1) determining the absolute

configuration of chiral 1H,3H-pyrrolo[1,2-c]thiazole
derivatives 4b as being R. The compound 4b crystallizes

in the chiral space group P32, with three symmetry

related molecules in the unit cell. The molecules are

comprised of four fused rings that are essentially planar.

Only the carbon atom C30 deviates significantly from

the molecular plane, the C1-S2-C3-C30 torsion angle is

124.1(2)�. In the solid state, due to the lack of conven-

tional donors, only weak CAH. . .O and CAH. . .p inter-

molecular interactions join the molecules in a three-

dimensional network.

The selectivity observed can be explained considering

that 2-substituted-1,3-thiazolidine-4-carboxylic acids can

undergo selective inversion at C-2 through a mechanism

involving the opening of the ring with the formation of

the corresponding Schiff base. However, the N-acylation

of the 2-substituted-1,3-thiazolidine-4-carboxylic acids

prevents this epimerization and allows the isolation of

pure diastereoisomers [22–26]. Therefore, starting with

(2S,4R) and (2R,4R)-2-substituted-1,3-thiazolidine-4-car-
boxylic acids mixture 1, diastereoisomerically pure N-
acetyl-2-substituted-1,3-thiazolidine-4-carboxylic acids 2

was generated allowing the synthesis of chiral cycload-

ducts. The chirality of the thiazolidine at C-4 is

lost, and the chirality at C-2 is retained.

Scheme 1

Figure 1. Ortep diagrams [21] for (R)-3,5-dimethylbenzo[f]thiazolo[4,3-a]isoindole-6,11(1H,3H)-dione 4b. The displacement ellipsoids are drawn

at the 50% probability level. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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Juglone (5-hydroxy-1,4-naphthoquinone) 5 can also be

used as dipolarophile in the 1,3-dipolar cycloaddition of

the bicyclic münchnone generated from thiazolidine 1a.

However, a mixture of the two possible regioisomers 6a

and 6b was obtained in 46% overall yield (Scheme 2).

Similar chemistry can be carried to prepare the chiral

benzo[f]thiazolo[4,3-a]isoindole-6,11(1H,3H)-dione 8. In

this case, D-penicilamine, an a-amino acid with S con-

figuration, was condensed with acetaldehyde leading to

(4S)-2,5,5-trimethyl-1,3-thiazolidine-4-carboxylic acid

(7) [27]. Therefore, the 1,3-dipolar cycloaddition of the

bicyclic münchnone generated from thiazolidine 7 with

1,4-naphthoquinone afforded heterocycle 8 with S con-

figuration (Scheme 3).

The synthetic strategy to prepare the chiral benzo[f]-
thiazolo[4,3-a]isoindole-6,11(1H,3H)-dione 10 required

the synthesis of (2R,4S)-3-(4-fluorophenylcarbonyl)-
2,5,5-trimethylthiazolidine-4-carboxylic acid (9) in dia-

stereoisomeric pure form. Thus, the N-acylation of the

starting thiazolidine 7 was carried out with the 4-fluoro-

benzoyl chloride following a general procedure previ-

ously reported [28,29]. Heating a solution of the hetero-

cycle 9 in acetic anhydride in the presence of 1,4-naph-

thoquinone afforded the corresponding cycloadduct 10

with R configuration (Scheme 3).

Anticancer activity. Studies of the anticancer activ-

ity of the new benzo[f]thiazolo[4,3-a]isoindole-

6,11(1H,3H)-diones (except compound 4a due to low

solubility) have been carried out against WiDR colo-

rectal adenocarcinoma and A375 melanoma human can-

cer cell lines. The results of the cell viability using dif-

ferent concentrations of the compounds in cultures of

WiDr and A375 cells are presented in Figures 2 and 3.

Cells were incubated during 48 h with DMSO solution

of the selected compounds, washed, and then cell viabil-

ity was evaluated by MTT test and compared with con-

trol experiments, where the incubation was carried out

with only DMSO solution.

Values of cell viability show that the pyrrolo-thiazoles

do not show considerable anticancer activity against the

two cell lines tested. Nevertheless, the compounds are

more active against melanoma cells than against colon

adenocarcinoma cells. The comparison of the activity is

clearer when the corresponding IC50 values (Table 1)

calculated from the dose-response curves (Figs. 2 and 3)

are analysed. In the case of WiDr cells, with the excep-

tion of compound 4b (IC50 ¼ 86 lM), using concentra-

tions of up to 100 lM, the IC50 was not reached. For

melanoma cells, with exception of compounds 8 and 6,

the values for IC50 allow a comparison of the activity of

the different structures. In this case, the anticancer activ-

ity order is 4c > 10,4b,4e > 4d > 8,6. Looking at the

results of the two cell lines, it seems that compound 4b

with a methyl groups at positions 3 and 5 is the most

active. Curiously, the similar structure 6 with only an

additional hydroxyl substituent at the naphthoquinone

moiety showed a much lower activity. Relatively to

A375 melanoma cells, the pyrrolo-thiazole compounds

synthesized are less active than 2-arylthiazolidine com-

pounds described [14]. Also the activities of the pyrrolo-

thiazoles are lower than those observed for 4-thiazolidi-

nones for human colon carcinoma, albeit refering to dif-

ferent cell line [12]. The only exception to our results is

Scheme 2

Scheme 3
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the parent quinone, juglone (5), which shows potent cy-

totoxicity against the two cell lines, particularly in the

case of the melanoma cells with lower IC50, 1.23 lM
for A375 cells and 8.8 lM for WiDr cells.

It is evident from the results that the incorporation of

a thiazolidine ring to the quinone structure drastically

reduce the anticancer activity as can be seen by the

observed activity of juglone (5) and that of the corre-

sponding 1,3-dipolar cycloadducts 6. This can be

explained by the fact that one important mechanism of

action of quinones is related to the oxidation–reduction

properties [30], which are probably altered by the intro-

duction of the extra ring in compound 6. Another plausi-

ble explanation for the observed low activity is related

to the fact that juglone or quinone derivatives are good

Michael acceptors that can react with the thiol group of

proteins causing their deactivation as described for Pin 1

isomerase [31]. Our pyrrolo-thiazole compounds without

the a,b-unsaturated carbonyl system lost this ability.

Nevertheless, the low cytotoxycity of the pyrrolo-thia-

zole compounds was somewhat unexpected considering

the geometry of the molecule (see Fig. 1). Molecular

shape of thiazolidinones, characterized by the preferen-

cial ‘‘butterfly-like’’ conformation, is particularly impor-

tant regarding the activity as HIV [8]. However, in the

case of quinones others suggest that planarity is an im-

portant factor to achieve biological activity because

DNA intercalation is another possible mechanism of

action [6]. For anthracene-9,10-diones which interfere

with topoisomerase II, the derivatives need to be planar

and also need another structural feature, like alkyl

amino side chains, to interact with protein as observed

for mixoxantrone [32]. In our case, the very planar

structure of the benzo[f]thiazolo[4,3-a]isoindole-
6,11(1H,3H)-diones caused by the extended conjugation

is not sufficient to allow a high anticancer activity possi-

ble because of the lack of this type of side chains. Stud-

ies are underway to construct new structures via our

synthetic methodology aiming to obtain higher activities.

CONCLUSIONS

Herein, we describe the successful synthesis of new

naphthoquinone-containing heterocyclic compounds.

Two kinds of chiral benzo[f]thiazolo[4,3-a]isoindole-
6,11(1H,3H)-diones, one derived from 1,4-naphthoqui-

none and the other from juglone, were prepared in good

yield and high stereoselectivity. The new heterocylic

systems are comprised of four fused rings that are

Figure 2. Values of cell viability of tested compounds against A375 melanoma cells. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]

Figure 3. Values of cell viability of tested compounds against WiDr colon adenocarcinoma cells. [Color figure can be viewed in the online issue,

which is available at www.interscience.wiley.com.]
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essentially planar, only the substituent at C-3 deviates

significantly from the molecular plane.

Anticancer activity of the synthesized compounds

against WiDR colorectal adenocarcinoma and A375

melanoma cancer cells lines was determined. These het-

erocyclic compounds bearing a range of different func-

tionalities showed low anticancer activity.

EXPERIMENTAL

Reagents were commercial grade and were used as supplied.

Chromatographic separations were performed using 70–230

mesh silica gel. Juglone (5) was prepared by a known proce-

dure [33]. 1H NMR spectra were recorded on an instrument

operating at 300 MHz or at 400 MHz. 13C NMR spectra were

recorded on an instrument operating at 75.5 MHz or at 100

MHz. The solvent is deuteriochloroform except where indi-

cated otherwise; chemical shifts are expressed in parts per mil-

lion related to internal TMS, and coupling constants (J) are in

hertz. Microanalyses were performed using an EA 1108-HNS-

O Fisons instrument. Mass spectra were recorded under elec-

tron impact (EI) at 70 eV. HRMS spectra were obtained on a

VG Autospect M spectrometer (TOF MS EIþ).
General procedure for the synthesis of benzo[f]thia-

zolo[4,3-a]isoindole-6,11(1H,3H)-diones 4, 6, and 8. The
appropriate 1,3-thiazolidine-4-carboxylic acid (5 mmol), 1,4-
naphthoquinone or juglone (7.5 mmol), and acetic anhydride
(20 mL) were heated at 110–120�C for 2 h. The crude product
was purified by flash chromatography [hexane/ethyl acetate].

5-Methylbenzo[f]thiazolo[4,3-a]isoindole-6,11(1H,3H)-dione
(4a). Yellow solid; mp > 250�C; IR (KBr): 721, 1255, 1553,
1650, 1659 cm�1; 1H NMR (DMSO-d6, 400 MHz): d 2.60 (s,
3H), 4.35 (s, 2H), 5.19 (s, 2H), 7.79–7.82 (m, 2H, ArH), 8.07–
8.12 (m, 2H, ArH); 13C NMR (DMSO-d6, 100MHz): d 11.8,

25.3, 58.4, 117.4, 118.8, 122.0, 123.2, 123.5, 132.1, 135.3,
135.5, 138.7, 185.5, 186.0; HRMS (EI) Calcd. for
(Mþ)C15H11NO2S 269.0511. Found: 269.0519.

(R)-3,5-Dimethylbenzo[f]thiazolo[4,3-a]isoindole-6,11(1H,3H)-
dione (4b). Yellow solid; mp 227–229�C (ethyl acetate/hex-
ane); IR (KBr): 721, 1257, 1546, 1650, 1659 cm�1; 1H NMR
(CDCl3, 300 MHz): d 1,81 (d, J ¼ 6.3 Hz, 3H), 2.69 (s, 3H),
4.35 (d, J ¼ 15.7 Hz, 1H), 4.49 (dd, J1 ¼ 1.6 Hz and J2 ¼
15.6 Hz, 1H), 5.47 (m, 1H), 7.67–7.70 (m, 2H, ArH), 8.18–
8.25 (m, 2H, ArH); 13C NMR (CDCl3,100MHz): d 11.8, 25.3,
28.4, 58.2, 113.9, 122.1, 126.5, 126.8, 131.4, 132.8, 132.9,
135.2, 136.1, 138.2, 180.1, 181.2; MS (EI) m/z 283 (Mþ,
100%), 268 (82), 250 (21), 224 (74), 196 (9), 126 (10); HRMS
(EI) Calcd. for (Mþ)C16H13NO2S 283.0667. Found: 283.0671:

[a]D20 ¼ þ 140 (c 0.5, CH2Cl2).
(R)-5-Methyl-3-phenylbenzo[f]thiazolo[4,3-a]isoindole-

6,11(1H,3H)-dione (4c). Yellow solid; mp 196–198�C (ethyl
acetate/hexane); IR (KBr): 721, 1254, 1546, 1660 cm�1; 1H NMR
(CDCl3, 300 MHz,): d 2.31 (s, 3H), 4.48 (d, J ¼ 15.6 Hz, 1H), 4.64

(dd, J1 ¼ 1.7 Hz and J2 ¼ 15.7 Hz, 1H), 6.37 (d, J ¼ 1.7 Hz, 1H),
7.12–7.16 (m, 2H, ArH), 7.35–7.40 (m, 3H, ArH), 7.70–7.73 (m,
2H, ArH), 8.22–8.26 (m, 2H, m, ArH); 13C NMR (CDCl3,
100MHz): d 11.8, 29.4, 64.5, 113.9, 122.4, 125.8, 126.6, 126.9,

129.3, 129.4, 132.6, 132.9, 133.1, 135.6, 136.2, 139.1, 139.3, 180.3,
181.3; MS (EI) m/z 334 ([M-Me]þ, 80%), 207 (12), 187 (100), 118

Table 1

IC50 values of the tested compounds.

Compound

IC50 (lM)a

WiDr A375

8.8 6 1.14 1.23 6 0,22

>100 >100

86.0 6 6.0 46.2 6 2.8

>100 36.2 61.8

>100 65.7 6 4.6

>100 47.8 6 3.8

>100 46.0 6 6.4

>100 >100

a Concentration needed to inhibit cell growth by 50% as determined

from dose-response curves by exponential decay fitting (r2 > 0.9).
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(32); HRMS (EI) Calcd. for (Mþ)C16H13NO2S 283.0667. Found:
283.0671. HRMS (EI) Calcd. for (Mþ)C21H15NO2S 345.0824.
Found: 345.0838; [a]D20 ¼ þ 230 (c 0.5, CH2Cl2).

(R)-3-(4-Fluorophenyl)-5-methylbenzo[f]thiazolo[4,3-a]iso-
indole-6,11(1H,3H)-dione (4d). Yellow solid; mp 221–224�C
(ethyl acetate/hexane); IR (KBr): 722, 1253, 1547, 1579, 1659

cm�1; 1H NMR (CDCl3, 300 MHz): d 2.30 (s, 3H), 4.46 (d, J
¼ 15.7 Hz, 1H), 4.62 (dd, J1 ¼ 1.6 Hz and J2 ¼ 15.6 Hz,

1H), 6.36 (s, 1H), 7.05–7.18 (m, 4H, ArH), 7.69–7.72 (m, 2H,

ArH), 8.22–8.25 (m, 2H, ArH); 13C NMR (CDCl3, 100MHz):

d 11.8, 29.4, 63.9, 114.0, 116.4, 116.6, 122.6, 126.6, 126.9,

127.8, 127.9, 132.3, 132.9, 133.1, 135.2, 136.2, 138.9, 163.0

(d, J ¼ 248 Hz), 180.3, 181.2; MS (EI) m/z 345 ([M-F]þ,
100%), 312 (22), 224 (21), 121 (54); Anal. Calcd for

C21H14FNO2S: C, 69.41; H, 3.88; N, 3.85. Found: C,69.33; H,

3.82; N, 3.65; [a]D20 ¼ þ 210 (c 0.5, CH2Cl2).

(R)-3-(4-Chlorophenyl)-5-methylbenzo[f]thiazolo[4,3-a]iso-
indole-6,11(1H,3H)-dione (4e). Yellow solid; mp 213–215�C
(ethyl acetate/hexane); IR (KBr): 720, 1255, 1547, 1573, 1647,

1659 cm�1; 1H NMR (CDCl3, 300 MHz): d 2.32 (s, 3H), 4.47

(d, J ¼ 15.6 Hz, 1H), 4.62 (dd, J1 ¼ 1.7 Hz and J2 ¼ 15.7 Hz,

1H), 6.36 (d, J ¼ 1.7 Hz, 1H), 7.07–7.10 (m, 2H, ArH), 7.34–
7.38 (m, 2H, ArH), 7.69–7.73 (m, 2H, ArH), 8.22–8.25 (m, 2H,

ArH); 13C NMR (CDCl3, 100MHz): d 11.8, 29.4, 63.9, 114.1,

122.6, 126.6, 126.9, 127.9, 129.7, 132.3, 132.9, 133.3, 135.2,

135.3, 136.2, 137.9, 138.9, 180.3, 181.2; MS (EI) m/z 363 ([M-

Me]þ, 100%), 330 (16), 224 (31), 139 (61); Anal. Calcd for

C21H14ClNO2S: C, 66.40; H, 3.71; N, 3.69. Found:; C, 66.19; H,

3.71; N, 3.42; [a]D20 ¼ þ 280 (c 0.5, CH2Cl2).

(R)-7-Hydroxy-3,5-dimethylbenzo[f]thiazolo[4,3-a]isoindole-
6,11(1H,3H)-dione (6a) and (R)-10-hydroxy-3,5-dimethylben-
zo[f]thiazolo[4,3-a]isoindole-6,11(1H,3H)-dione (6b). (R)-7-
Hydroxy-3,5-dimethylbenzo[f]thiazolo[4,3-a]isoindole-6,11(1H,

3H)-dione (6a) and (R)-10-hydroxy-3,5-dimethylbenzo[f]thia-

zolo[4,3-a]isoindole-6,11(1H,3H)-dione (6b) was obtained as a

mixture of regioisomers with a 56:44 distribution; mp 196.2–

198.9�C (ethyl acetate/hexane); IR (KBr): 1159, 1249, 1551,

1575, 1624, 1654 cm�1.

Major component. 1H NMR (CDCl3, 300 MHz): d 1.82 (d, J
¼ 6.3 Hz, 3H), 2.69 (s, 3H), 4.34 (d, J ¼ 15.8 Hz, 1H), 4.45–4.51

(m, 1H), 5.45–5.51 (m, 1H), 7.16–7.20 (m, 1H, ArH), 7.55–7.59
(m, 1H, ArH), 7.70–7.75 (m, 1H, ArH), 12.94 (s, 1H, OH).

Minor Component. 1H NMR (CDCl3, 300 MHz): d 1.82 (d,

J ¼ 6.3 Hz, 3H), 2.69 (s, 3H), 4.34 (d, J ¼ 15.8 Hz, 1H),

4.45–4.51 (m, 1H), 5.45–5.51 (m, 1H), 7.16–7.20 (m, 1H,

ArH), 7.55–7.59 (m, 1H, ArH), 7.70–7.75 (m, 1H, ArH), 13.18
(s, 1H, OH); 13C NMR (CDCl3, 100MHz): d 11.8, 25.3, 28.4,

58.3, 58.4, 117.4, 118.6, 118.8, 122.0, 123.2, 123.6, 132.1,

135.3, 135.5, 136.4, 138.7, 162.6, 162.8, 186.0; MS (EI) m/z
299 (Mþ, 100%), 284 (79), 266 (24), 240 (61), 212 (12); Anal.

Calcd for C16H13NO3S: C, 64.20; H, 4.38; N, 4.68. Found: C,

64.04; H, 4.25; N, 4.64; [a]D20 ¼ þ 130 (c 0.5, CH2Cl2).

(S)-1,1,3,5-Tetramethylbenzo[f]thiazolo[4,3-a]isoindole-
6,11(1H,3H)-dione (8). Yellow solid; mp 185.4–188.2�C
(ethyl acetate/hexane); IR (KBr): 732, 1262, 1418, 1541, 1589,
1655 cm�1; 1H NMR (CDCl3, 300 MHz): d 1,85 (d, J ¼ 6.3

Hz, 3H), 1.98 (s, 3H), 2.03 (s, 3H), 2.69 (s, 3H), 5.55 (q, J ¼
6.3 Hz, 1H), 7.67–7.72 (m, 2H, ArH), 8.19–8.24 (m, 2H,
ArH); 13C NMR (CDCl3, 100 MHz): d 11.8, 26.6, 28.8, 31.7,

52.2, 58.7, 112.3, 122.7, 126.6, 126.7, 130.6, 132.8, 132.9,
135.5, 135.6, 147.4, 179.7, 181.6; MS (EI) m/z 311 (Mþ,
45%), 296 (100), 281 (7), 250 (14), 236 (30); Anal.Calcd for
C18H17NO2S: C, 69.43; H, 5.50; N, 4.50. Found: C,69.65; H,
5.30; N, 4.52; [a]D20 ¼ þ 40 (c 0.5, CH2Cl2).

Synthesis of (R)-5-(4-fluorophenyl)-1,1,3-trimethylbenzo[f]-
thiazolo[4,3-a]isoindole-6,11(1H,3H)-dione (10). The (2R,4S)-
3-(4-fluorophenylcarbonyl)-2,5,5-trimethylthiazolidine-4-carboxylic
acid (9) [7] (1.49 g, 5 mmol), 1,4-naphthoquinone (0.79 g, 7.5

mmol), and acetic anhydride (20 mL) were heated at 110–120�C
for 2 h. The solvent was removed under reduced pressure and the
crude product was purified by flash chromatography [hexane/ethyl
acetate]. Compound 10 was obtained as a yellow solid; mp 183.4–

185.0�C (ethyl acetate/hexane); IR (KBr): 735, 1268, 1498, 1542,
1594, 1609, 1656 cm�1. 1H NMR (CDCl3, 300 MHz): d 1.37 (d,
J ¼ 6.3 Hz, 3H), 2.04 (s, 3H), 2.08 (s, 3H), 5.72 (q, J ¼ 6.3 Hz,
1H), 7.19–7.26 (m, 2H, ArH), 7.56–7.71 (m, 4H, ArH), 8.13–8.25
(m, 2H, ArH); 13C NMR (CDCl3, 100MHz): d 26.1, 29.0, 31.4,

52.2, 59.6, 112.8, 115.8, 116.1, 123.2, 125.4, 125.43, 126.7, 130.9,
131.6, 131.7, 133.0, 133.1, 135.3, 135.5, 148.6, 163.3 (d, J ¼ 249
Hz), 179.8, 180.5; MS (EI) m/z 391 (Mþ, 65%), 376 (100), 331
(50), 316 (52); Anal. Calcd for C23H18FNO2S: C, 70.57; H, 4.63;
N, 3.58. Found: C, 70.58; H, 4.58; N, 3.61; [a]D20 ¼ þ 50 (c 0.5,

CH2Cl2).

Crystal data for (R)-3,5-dimethylbenzo[f]thiazolo[4,3-a]iso-
indole-6,11(1H,3H)-dione (4b). C16H13N1O2S1, M ¼ 283.33,

hexagonal, a ¼ 16.1968(3) Å, c ¼ 4.44350(10) Å, V ¼
1009.52(3) Å3, T ¼ 293(2) K, space group P32, Z ¼ 3,
m(MoKa) ¼ 0.240 mm�1, 3340 reflections measured, of which
1677 unique, used for direct methods structure determination
[34] and full matrix least-squares refinement. The H atoms

were placed at calculated idealized positions and refined as ri-
ding atoms. The final R (F2) was 0.053 (for I > 2r(I)) and
RW(F

2) was 0.150 (for all reflections). The crystal used in data
collection was twinned. Twin ratios refined to nearly
0.80:0.20. The Flack parameter refined to 0.0(2) [35].

Measurement of cell viability. The in vitro cytotoxic effect

of the molecules was evaluated in human colorectal adenocar-

cinoma (WiDR) and human melanoma (A375) cell lines both

purchased from American Type Culture Collection. The cells

were cultured in Dulbecco’s Modified Eagle Medium supple-

mented with 10% heat-inactivated fetal bovine serum and 100

lM sodium piruvate at 37�C, in a humidified incubator 95%

air and 5% CO2. For each experiment, cells were plated in 48-

well plates, in a concentration of 40,000 cells/mL and kept

overnight in the incubator, allow the attachment of the cells.

The molecules tested were reconstituted on dimethylsulfoxide

(DMSO) to achieve solutions with a concentration of 4 mg/

mL. Several concentrations (1, 5, 10, 20, 50, and 100 lM) of

the molecules were tested by addition to the cell media. Final

concentration of DMSO varied from 0.17 to 0.99%. For each

experiment, two controls were performed: untreated cell cul-

tures and cells treated with 1% DMSO, the vehicle of adminis-

tration of the molecules. Cell-plates were incubated for 48 h.

To analyze the proliferation inhibition, the MTT assay was

performed. The ratio of absorbance of treated cultures to that

of DMSO control cultures was obtained for all concentrations

of every drug. From the dose-response curve obtained, a 50%

inhibitory concentration (IC50) was determined. Each experi-

ment was performed in triplicate and repeated in two different

sets of tests.
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A novel, clean, one-pot and three-component synthesis of new spiro[chromeno[2,3-d]pyrimidine-5,30-
indoline]-20,6(7H)-diones and spiro[chromeno[2,3-c]pyrazole-4,30-indoline]-20,5(6H)-diones via cyclo-
condensation reaction of isatins, 1,3-cyclohexadiones, and 2-methylpyrimidine-4,6-diol or 3-methyl-1-
phenyl-1H-pyrazol-5-ol, in aqueous media is reported.

J. Heterocyclic Chem., 47, 967 (2010).

INTRODUCTION

Multi-step reactions usually produce significant

amount of waste, principally due to a series of isolation

procedures which often involves toxic, hazardous, and

expensive solvents after each step. Thus, multi-compo-

nent reactions (MCRs) constitute an efficient synthetic

strategy for the rapid and effective libratory organic

transformations. Because, products are prepared in a

one-pot and the diversity can be obtained directly by

changing the reacting components [1,2]. On the other

hand, polyfunctionalized heterocycles play considerable

roles in the drug discovery process, and analysis of

drugs shows that most of them are polyfunctionalized

heterocycles [3]. Therefore, research on the multi-com-

ponent synthesis of polyfunctionalized heterocyclic com-

pounds is an interesting challenge.

Pyrimidine and its derivatives are important heterocy-

clic compounds with wide applications in medicinal

chemistry, as antibacterial, antiviral, and antitumor

agents [4]. A number of heterocycles fused with pyrimi-

dines are known for their varied biological activities [5–

8]. Similarly, chromene derivatives are an important

group of compounds, widely exist in plants, including

edible vegetables and fruits [9]. Synthetic analogues

were developed over the years, some of them displaying

remarkable effects as pharmaceuticals [10–13], including

antifungal [12,14] and antimicrobial activity [15–17].

The indole skeleton is common in many natural prod-

ucts and medicinal agents [18]. Furthermore, it has been

reported that sharing of the indole 3-carbon atom in the

formation of spiroindolines can highly enhance biologi-

cal activity [19–21]. The spirooxindole nucleus occurs

in several natural alkaloids and pharmacologically active

substances displaying a broad range of biological activ-

ity [22–25]. Therefore, a number of methods have been

reported for the preparation of spirooxindole fused het-

erocycles [26–30].

In continuation of our previous works for the synthe-

sis of heterocyclic compounds [31–43], we performed

the preparation of some new spirooxindole containing

chromene ring fragments via three-component condensa-

tion reaction employing water as the reaction medium.

Organic transformations in water without using toxic or-

ganic solvents are one of the current focuses today espe-

cially in our environmentally conscious society.

RESULTS AND DISCUSSION

First, we carried out the three-component reaction of

dimedone 1a, isatin 2a, and 2-methylpyrimidine-4,6-diol

3 as a model reaction in different solvents in the presence

of p-toluenesulfonic acid (p-TSA) as an inexpensive cata-

lyst (Scheme 1). It was found that refluxing water was a

best condition for the reaction and the desired product

obtained in good yield after 15 h (Table 1).

Encouraged by this result, we extended the reaction

of cyclic 1,3-dicarbonyls 1a,b and 2-methylpyrimidine-

4,6-diol 3 with a range of isatins 2 under similar
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conditions (Water/p-TSA) for 15 h, furnishing the re-

spective 4-hydroxy-2-methyl-8,9-dihydrospiro[chromeno

[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-diones 4a–n in

good yields (Scheme 2, Table 2).

The results were good in terms of yields and product

purity in the presence of p-TSA, while without p-TSA the

yields of products were very low (<30%) even after 48 h.

To the best of our knowledge, this new procedure

provides the first example of an efficient and three-com-

ponent method for the synthesis of 8,9-dihydrospiro

[chromeno[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-diones.
Compounds 4a–n are stable solids whose structures

were established by IR, 1H NMR, and 13C NMR spec-

troscopy and elemental analysis. We have not estab-

lished an exact mechanism for the formation of spiro

[chromeno[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione
4, however, a reasonable possibility is shown in Scheme 3.

To further explore the potential of this protocol for

spiro-heterocyclic synthesis, we investigated reaction of

malononitrile 5 instead of 1,3-cyclohexadione 1 and

obtained spiro[indoline-3,50-pyrano[2,3-d]pyrimidine]-60-
carbonitriles 6a–d selectively, in good yields for 24 h

(Scheme 4, Table 3).

To further expand the scope of the reaction, we

replaced 2-methylpyrimidine-4,6-diol 3 with 3-methyl-1-

phenyl-1H-pyrazol-5-ol 7 and desired spiro[chro-

meno[2,3-c]pyrazole-4,30-indoline]-20,5(6H)-diones 8

was selectively synthesized in good yields for 24 h

(Scheme 5, Table 4).

Finally, when we extended this reaction to acenaph-

thylene-1,2-dione 9, product of 30,70,70-trimethyl-10-phe-
nyl-70,80-dihydro-10H,2H-spiro[acenaphthylene-1,40-chro-
meno[2,3-c]pyrazole]-2,50(60H)-dione 10 was generated

in 70% yield after 24 h (Scheme 6).

EXPERIMENTAL

Melting points were measured on an Electrothermal 9100
apparatus. Mass spectra were recorded on a FINNIGAN-MAT
8430 mass spectrometer operating at an ionization potential of

70 eV. 1H NMR and 13C NMR spectra were recorded on a
BRUKER DRX-300 AVANCE spectrometer at 300.13 and
75.47 MHz, respectively. IR spectra were recorded using a
Shimadzu IR-470 apparatus. Elemental analyses were per-
formed using a Heracus CHN-O-Rapid analyzer.

Typical procedure for the preparation of 4-hydroxy-2-

methyl-8,9-dihydrospiro[chromeno[2,3-d]pyrimidine-5,30-in-
doline]-20,6(7H)-diones (4a–n). A mixture of dimedone or
1,3-cyclohexadione (1 mmol), 2-methylpyrimidine-4,6-diol (1
mmol), isatins (1 mmol), and p-TSA (0.05 g) in refluxing

water (5 mL) was stirred for 15 h (the progress of the reaction
was monitored by TLC). After completion, the reaction mix-
ture was filtered and the precipitate washed with water (10
mL) and recrystallized by EtOH to afford the pure product 4.

4-Hydroxy-2,8,8-trimethyl-8,9-dihydrospiro[chromeno [2,3-
d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4a). Light Brown
powder (85%); m.p 205�C (dec). IR (KBr): 3450, 2952, 1718,
1670, 1622, 1596 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼
0.97 (3H, s, CH3), 1.03 (3H, s, CH3), 2.05, 2.21 (2H, ABq, J
¼ 15.9 Hz, CH2), 2.25 (3H, s CH3), 2.57, 2.67 (2H, ABq, J ¼
18.4 Hz, CH2), 6.70–6.78 (2H, m, ArH), 6.85–6.87 (1H, m,
ArH), 7.05–7.10 (1H, m, ArH), 10.37 (1H, s, NH), 12.49 (1H,
s, OH). 13C NMR (75 MHz, DMSO-d6): d ¼ 12.2, 27.1, 28.3,
32.2, 46.6, 50.9, 100.6, 108.9, 112.8, 121.2, 123.2, 128.3,

133.9, 144.3, 159.8, 160.5, 161.1, 164.9, 178.1, 195.4. MS, m/

Table 1

Conditions effect on the reaction.a

Entry Conditions Time (h) Yield (%)

1 Water (80�C) 24 63

2 Water (reflux) 15 85

3 CH3CN (reflux) 24 60

4 EtOH (reflux) 24 67

5 DMF (100�C) 24 60

aDimedone (1 mmol), 2-methylpyrimidine-4,6-diol (1 mmol), isatin (1

mmol), and p-TSA (0.05 g).

Table 2

Synthesis of spirochromenopyrimidine-indolines 4a–n.

Product 4 R R’ X Yield (%)a

a Me H H 85

b Me H NO2 89

c Me PhCH2 H 75

d Me Me H 80

e Me Me NO2 84

f Me Me Br 80

g Me Et NO2 82

h H H Br 76

i H H NO2 80

j H Me H 77

k H Et H 75

l H PhCH2 H 74

m H Me Br 75

n H Et NO2 77

a Isolated yields.

Scheme 1 Scheme 2
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z: 377 (Mþ). Anal. Calcd. for C21H19N3O4: C, 66.83; H, 5.07;
N, 11.13. Found: C, 66.88; H, 5.01; N, 11.06.

4-Hydroxy-2,8,8-trimethyl-50-nitro-8,9-dihydrospiro [chro-
meno[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4b).
Light Brown powder (89%); m.p 245�C (dec). IR (KBr):
3445, 2957, 1737, 1680, 1627, 1600 cm�1. 1H NMR (300
MHz, DMSO-d6): d ¼ 1.00 (3H, s, CH3), 1.03 (3H, s, CH3),
2.07–2.22 (2H, m, CH2), 2.26 (3H, s, CH3), 2.60–2.73 (2H, m,

CH2), 6.62–6.96 (1H, m, ArH), 7.87 (1H, m ArH), 8.11 (1H,
d, J ¼ 8.5 Hz, ArH), 11.17 (1H, s, NH), 12.60 (1H,s, OH).
13C NMR (75 MHz, DMSO-d6): d ¼ 21.3, 27.5, 27.7, 32.3,
46.6, 50.6, 99.5, 108.8, 111.8, 119.0, 126.1, 134.8, 142.2,

151.0, 160.4, 160.7, 161.3, 165.0, 166.1, 178.8, 196.0. MS, m/
z: 422 (Mþ). Anal. Calcd. for C21H18N4O6: C, 59.71; H, 4.30;
N, 13.26. Found: C, 59.65; H, 4.35; N, 13.19.

Due to very low solubility of the product 4c, we can not
report the 13C NMR data for this product.

10-Bnzoyl-4-hydroxy-2,8,8-trimethyl-8,9-dihydrospiro [chro-
meno[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4c). Light
Brown powder (74%); mp 125–135�C (dec). IR (KBr): 3452,
2957, 1730, 1673, 1608 cm�1. 1H NMR (300 MHz, DMSO-
d6): d ¼ 1. 21 (3H, t, J ¼ 6.7 Hz, CH3), 0.99 (3H, s, CH3),

1.05 (3H, s, CH3), 2.09, 2.25 (2H, ABq, J ¼ 16.0 Hz, CH2),

2.27 (3H, s, CH2), 2.61, 2.71 (2H, ABq, J ¼ 17.0 Hz, CH2),
4.84, 4.94 (2H, ABq, J ¼ 16.0 Hz, NCH2), 6.53 (1H, d, J ¼
8.8 Hz, ArH), 6.82–6.87 (1H, m, ArH), 6.98 (1H, d, J ¼ 8.4

Hz, ArH), 7.03–7.08 (1H, m, ArH), 7.25–7.34 (3H, m, ArH),
7.63–7.66 (2H, m, ArH), 12.64 (1H, s, OH). MS, m/z: 467
(Mþ). Anal. Calcd. for C28H25N3O4: C, 71.93; H, 5.39; N,
8.99. Found: C, 71.88; H, 5.44; N, 8.91.

4-Hydroxy-10,2,8,8-tetramethyl-8,9-dihydrospiro [chromeno
[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4d). Light
Brown powder (80%); m.p 218�C (dec). IR (KBr): 3527,
2952, 1694, 1671, 1596 cm�1. 1H NMR (300 MHz, DMSO-
d6): d ¼ 0. 98 (3H, s, CH3), 1.03 (3H, s, CH3), 2.04, 2.18 (2H,

ABq, J ¼ 16.0 Hz, CH2), 2.26 (3H, s, CH3), 2.59, 2.67 (2H,
ABq, J ¼ 17.1 Hz, CH2), 3.13 (3H, s, NCH3), 6.82–6.94 (3H,
m, ArH), 7.16–7.21 (1H, m,ArH), 12.44 (1H, s, OH). 13C
NMR (75 MHz, DMSO-d6): d ¼ 21.3, 26.9, 27.2, 28.3, 32.2,
46.1, 50.8, 100.4, 107.8, 112.6, 122.0, 123.0, 128.6, 133.0,

145.7, 159.9, 160.5, 160.9, 165.1, 176.8, 195.4, 195.6. MS, m/
z: 391 (Mþ). Anal. Calcd. for C22H21N3O4: C, 67.51; H, 5.41;
N, 10.74. Found: C, 67.47; H, 5.36; N, 10.69.

4-Hydroxy-10,2,8,8-tetramethyl-50-nitro-8,9-dihydrospiro [chro-
meno[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4e). Light
Brown powder (84%); m.p 207�C (dec). IR (KBr): 3548,
2967, 1740, 1686, 1609 cm�1. 1H NMR (300 MHz, DMSO-
d6): d ¼ 0. 99 (3H, s, CH3), 1.02 (3H, s, CH3), 2.12–2.15 (2H,
m, CH2), 2.27 (3H, s, CH3), 2.63–2.69 (2H, m, CH2), 3.24

(3H, s, NCH3), 7.19 (1H, d, J ¼ 8.7 Hz, ArH), 7.92 (1H, s,
ArH), 8.19 (1H, d, J ¼ 8.7 Hz, ArH), 12.57 (1H, s, OH). 13C
NMR (75 MHz, DMSO-d6): d ¼ 21.4, 27.3, 27.7, 27.8, 32.2,
32.3, 46.0, 50.5, 99.3, 107.9, 111.7, 118.6, 126.2, 133.9, 142.7,
151.8, 160.6, 160.8, 161.2, 166.3, 177.7, 196.0. MS, m/z: 436
(Mþ). Anal. Calcd. for C22H20N4O6: C, 60.55; H, 4.62; N,
12.84. Found: C, 60.61; H, 4.66; N, 12.89.

50-Bromo-4-hydroxy-10,2,8,8-tetramethyl-8,9-dihydrospiro
[chromeno[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4f).
Light Brown powder (80%); m.p 230�C (dec). IR (KBr):

3517, 2952, 1703, 1677, 1653, 1607 cm�1. 1H NMR (300
MHz, DMSO-d6): d ¼ 0. 99 (3H, s, CH3), 1.02 (3H, s, CH3),
2.05–2.10 (2H, m, CH2), 2.26 (3H, s, CH3), 2.63 (2H, brs, CH2),
3.12 (3H, s, NCH3), 6.90 (1H,d, J ¼ 8.4 Hz, ArH), 7.16 (1H, s,
ArH), 7.37 (1H, d, J ¼ 8.6 Hz, ArH), 12.50 (1H, s, OH). 13C

Scheme 3

Scheme 4

Table 3

Synthesis of spiro[indoline-pyranopyrimidine]-carbonitriles 6a–d.

Product 6 R X Yield (%)

a H H 80

b H NO2 82

c Me NO2 65

d Et NO2 63

Scheme 5
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NMR (75 MHz, DMSO-d6): d ¼ 21.3, 27.0, 27.7, 27.8, 32.2,

46.2, 50.7, 99.8, 109.7, 112.1, 113.7, 126.0, 131.2, 135.3, 145.2,
160.2, 160.6, 161.3, 165.7, 176.5, 195.7, 195.8. MS, m/z: 471
(Mþ), 469 (Mþ). Anal. Calcd. for C22H20BrN3O4: C, 56.18; H,
4.29; N, 8.93. Found: C, 56.23; H, 4.23; N, 8.85.

10-Ethyl-4-hydroxy-2,8,8-trimethyl-50-nitro-8,9-dihydrospiro
[chromeno[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4g).
Light Brown powder (82%); m.p 240�C (dec). IR (KBr):
3530, 2952, 1735, 1680, 1608 cm�1. 1H NMR (300 MHz,
DMSO-d6): d ¼ 0. 99 (3H, s, CH3), 1.02 (3H, s, CH3), 1.22

(3H, t, J ¼ 6.9 Hz, CH3), 2.09–2.15 (2H, m, CH2), 2.60–2.74
(2H, m, CH2), 3.80–3.82 (2H, m, NCH2), 7.21 (1H, d, J ¼ 8.7
Hz, ArH), 7.91 (1H, s, ArH), 8.18 (1H, d, J ¼ 8.4 Hz, ArH),
12.57 (1H, s, OH). 13C NMR (75 MHz, DMSO-d6): d ¼ 12.1,
21.4, 27.7, 32.2, 32.3, 35.3, 50.5, 50.6, 99.4, 107.8, 111.7,

118.7, 126.2, 134.1, 142.5, 151.0, 160.5, 160.8, 161.2, 165.2,
166.2, 177.1, 195.9. MS, m/z: 450 (Mþ). Anal. Calcd. for
C23H22N4O6: C, 61.33; H, 4.92; N, 12.44. Found: C, 61.39; H,
4.97; N, 12.38.

50-Bromo-4-hydroxy-2-methyl-8,9-dihydrospiro [chromeno
[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4h). Light
Brown powder (74%); m.p 240�C (dec). IR (KBr): 3404,
2957, 1748, 1704, 1647, 1615 cm�1. 1H NMR (300 MHz,
DMSO-d6): d ¼ 1. 92 (2H, brs, CH2), 2.25 (5H, brs, CH2, and
CH3), 2.71 (2H, brs, CH2), 6.68 (1H, d, J ¼ 8.1 Hz, ArH),

7.11 (1H, s, ArH), 7.25 (1H, d, J ¼ 8.1 Hz, ArH), 10.55 (1H,
s, NH), 12.53 (1H, s, OH). 13C NMR (75 MHz, DMSO-d6): d
¼ 20.1, 21.3, 27.6, 37.2, 46.9, 100.1, 110.7, 112.9, 113.3,
125.9, 126.2, 131.0, 136.4, 143.7, 160.4, 160.1, 167.3, 177.9,

195.8. MS, m/z: 427 (Mþ). Anal. Calcd. for C19H14BrN3O4: C,
53.29; H, 3.30; N, 9.81. Found: C, 53.23; H, 3.36; N, 9.88.

4-Hydroxy-2-methyl-50-nitro-8,9-dihydrospiro [chromeno
[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4i). Light
Brown powder n(80%); m.p 250�C (dec). IR (KBr): 2450,

3203, 1717, 1682, 1627 cm�1. 1H NMR (300 MHz, DMSO-
d6): d ¼ 1.93 (2H, brs, CH2), 2.27 (5H, brs, CH2, and CH3),
2.50 (2H, brs, CH2), 6.93 (1H,d, J ¼ 8.7 Hz, ArH), 7.89 (1H,
s, ArH), 8.10 (1H,d, J ¼ 8.6 Hz, ArH), 11.18 (1H, s, NH),
12.58 (1H, s, OH). 13C NMR (75 MHz, DMSO-d6): d ¼ 20.1,

21.3, 27.6, 37.0, 46.7, 99.6, 108.8, 112.8, 119.2, 126.1, 134.9,
142.2, 150.9, 160.4, 160.6, 161.2, 168.0, 178.9, 196.1. MS, m/
z: 394 (Mþ). Anal. Calcd. for C19H14N4O6: C, 57.87; H, 3.58;
N, 14.21. Found: C, 57.92; H, 3.53; N, 14.15.

4-Hydroxy-10,2-dimethyl-8,9-dihydrospiro[chromeno[2,3-d]
pyrimidine-5,30-indoline]-20,6(7H)-dione (4j). Light Brown
powder (76%); m.p 246�C (dec). IR (KBr): 3450, 2936, 1693,
1647, 1607 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼ 1. 91
(2H, brs, CH2), 2.19–2.25 (5H, m, CH2, and CH3), 2.72 (2H,

brs, CH2), 3.13 (3H, s, NCH3), 6.82–6.95 (3H, m, ArH), 7.15–
7.20 (1H, m, ArH), 12.43 (1H, s, OH). 13C NMR (75 MHz,

DMSO-d6): d ¼ 20.2, 21.3, 26.8, 27.5, 37.2, 46.1, 100.4,
107.7, 113.7, 122.0, 123.1, 128.5, 133.1, 145.6, 159.8, 160.3,
160.9, 167.0, 176.9, 195.6. MS, m/z: 363 (Mþ). Anal. Calcd.
for C20H17N3O4: C, 66.11; H, 4.72; N, 11.56. Found: C,
66.17; H, 4.68; N, 11.62.

10-Ethyl-4-hydroxy-2-methyl-8,9-dihydrospiro [chromeno
[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4k). Light
Brown powder (72%); m.p 235�C (dec). IR (KBr): 3435,
2931, 1683, 1599 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼
1. 21 (3H, t, J ¼ 6.7 Hz, CH3), 1.89–1.90 (2H, m, CH2),

2.18–2.25 (5H, m, CH2, and CH3), 2.70–2.71 (2H, m, CH2),
3.67–3.71 (2H, m, NCH2), 6.80–6.85 (1H, m, ArH), 6.90–6.92
(2H, m, ArH), 7.14–7.19 (1H, m, ArH), 12.43 (1H, s, OH).
13C NMR (75 MHz, DMSO-d6): d ¼ 12.1, 20.2, 21.3, 27.5,
34.7, 37.2, 46.3, 100.5, 107.6, 113.8, 121.7, 123.3, 128.5,

133.3, 144.7, 159.8, 160.3, 160.9, 166.9, 176.1, 195.5. MS, m/
z: 377 (Mþ). Anal. Calcd. for C21H19N3O4: C, 66.83; H, 5.07;
N, 11.13. Found: C, 66.77; H, 5.00; N, 11.07.

Due to very low solubility of the product 4l, we can not

report the 13C NMR data for this product.
10-Benzoyl-4-hydroxy-2-methyl-8,9-dihydrospiro [chromeno

[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4l). Light
Brown powder (75%); m.p 129�C (dec). IR (KBr): 3440,
2921, 1734, 1671, 1609 cm�1. 1H NMR (300 MHz, DMSO-

d6): d ¼ 1.93 (2H, brs, CH2), 2.27 (5H, brs, CH3 and CH2),
2.75 (2H, brs, CH2), 4.87–4.96 (2H, m, NCH2), 6.52 (1H, d, J
¼ 7.1 Hz, ArH), 6.83 (1H, m, HAAr), 6.97 (1H, m, ArH),
7.03–7.10 (1H, m, Ar H), 7.31–7.33 (3H, m, ArH ), 7.56–7.64
(2H, m, ArH ), 12.62 (1H, s, OH). MS, m/z: 439 (Mþ). Anal.
Calcd. for C26H19N3O4: C, 71.06; H, 4.82; N, 9.56. Found: C,
71.00; H, 4.87; N, 9.48.

50-Bromo-4-hydroxy-10,2-dimethyl-8,9-dihydro spiro [chro-
meno[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4m).
Light Brown powder (75%); m.p 232�C (dec). IR (KBr):

3471, 2926,1702, 1688, 1599 cm�1. 1H NMR (300 MHz,
DMSO-d6): d ¼ 1.91–1.93 (2H, m, CH2), 2.26 (3H, s, CH3),
2.50 (2H, brs, CH2), 3.12 (3H, s, NCH3), 3.38 (2H, brs, CH2),
6.89 (1H, d, J ¼ 7.5 Hz, ArH), 7.20 (1H, s, ArH), 7.36 (1H, d,

J ¼ 8.4 Hz, ArH), 12.48 (1H, s, OH). 13C NMR (75 MHz,
DMSO-d6): d ¼ 20.1, 21.4, 26.9, 27.6, 46.3, 100.0, 109.6,
113.1, 113.7, 126.1, 131.1,m 135.4, 145.1, 160.2, 160.4, 161.0,
167.6, 176.5, 195.8. MS, m/z: 441 (Mþ). Anal. Calcd. for
C20H16BrN3O4: C, 54.31; H, 3.65; N, 9.50. Found: C, 54.26;

H, 3.61; N, 9.56.
10-Ethyl-4-hydroxy-2-methyl-50-nitro-8,9-dihydrospiro [chro-

meno[2,3-d]pyrimidine-5,30-indoline]-20,6(7H)-dione (4n). Light
Brown powder (77%); m.p 228�C (dec). IR (KBr): 3527,
2936, 1704, 1683, 1605 cm�1. 1H NMR (300 MHz, DMSO-

d6): d ¼ 0.97 (3H, s, CH3), 1.22 (3H, t, J ¼ 6.6 Hz, CH3),
1.93 (2H, brs, CH2), 2.23–2.26 (5H, m, CH2, and CH3), 2.75
(2H, brs, CH2), 3.79–3.82 (2H, m, NCH2), 7.20 (1H, d, J ¼
8.7 Hz, ArH), 7.95 (1H, s, ArH), 8.18 (1H, d, J ¼ 8.7 Hz,

Scheme 6

Table 4

Synthesis of spiro[chromenopyazole-indoline]-diones 8a–e.

Product 8 R R’ X Yield (%)

a Me H H 80

b Me H NO2 75

c Me H Br 81

d H H H 73

e H H NO2 70
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ArH), 12.56 (1H, s, OH). 13C NMR (75 MHz, DMSO-d6): d ¼
12.1, 20.1, 21.4, 27.6, 35.3, 36.9, 46.2, 99.4, 107.7, 112.7,

119.0, 126.1, 134.2, 142.5, 151.0, 160.5, 161.2, 168.2, 177.1,

196.1. MS, m/z: 422 (Mþ). Anal. Calcd. for C21H18N4O6: C,

59.71; H, 4.30; N, 13.26. Found: C, 59.77; H, 4.36; N, 13.20.

70-Amino-40-hydroxy-20-methyl-2-oxospiro[indoline-3,50-pyr-
ano[2,3-d]pyrimidine]-60-carbonitrile (6a). Cream powder
(80%); m.p 287�C (dec). IR (KBr): 3378, 3306, 3142, 2207,

1716, 1676 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼ 2.27

(3H, s, CH3), 6.78–7.18 (4H, m, ArH), 7.31 (2H, s, NH2),

10.49 (1H, s, NH), 12.61 (1H, s, OH). 13C NMR (75 MHz,

DMSO-d6): d ¼ 21.4, 47.9, 57.1, 98.3, 109.7, 117.9, 122.2,

124.0, 128.8, 134.0, 142.6, 160.0, 160.3, 160.8, 161.0, 177.9.

MS, m/z: 321 (Mþ). Anal. Calcd. for C16H11N5O3: C, 59.81;

H, 3.45; N, 21.80. Found: C, 59.76; H, 3.41; N, 21.86.

70-Amino-40-hydroxy-20-methyl-5-nitro-2-oxospiro[indoline-
3,50-pyrano[2,3-d]pyrimidine]-60-carbonitrile (6b). Cream
powder (82%); m.p 270�C (dec). IR (KBr): 3471, 3363, 3193,

2202, 1704, 1658 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼
2.28 (3H, s, CH3), 7.02 (1H, d, J ¼ 8.8 Hz, ArH), 7.50 (2H, s,

NH2), 8.04 (1H, s, ArH), 8.16 (1H, d, J ¼ 8.6 Hz, ArH),

11.24 (1H, s, NH), 12.68 (1H, s, OH). 13C NMR (75 MHz,

DMSO-d6): d ¼ 21.5, 48.1, 55.4, 97.2, 109.9, 117.7, 120.0,

126.4, 134.9, 142.9, 149.1, 160.4, 160.8, 161.1, 161.2, 178.7.

MS, m/z: 366 (Mþ). Anal. Calcd. for C16H10N6O5: C, 52.46;

H, 2.75; N, 22.94. Found: C, 52.50; H, 2.80; N, 22.88.

70-Amino-40-hydroxy-1,20-dimethyl-5-nitro-2-oxospiro [indo-
line-3,50-pyrano[2,3-d]pyrimidine]-60-carbonitrile (6c). powder
(65%); m.p 180�C (dec). IR (KBr): 3429, 3322, 2202, 1730,

1667 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼ 2.29 (3H, s,

CH3), 3.25 (3H, s, CH3), 7.30 (1H, d, J ¼ 9.0 Hz, ArH), 7.57

(2H, s, NH2), 8.11 (1H, s, ArH), 8.27 (1H, d, J ¼ 8.9 Hz,

ArH), 12.66 (1H, s, OH). 13C NMR (75 MHz, DMSO-d6): d ¼
21.5, 27.3, 47.7, 55.1, 97.1, 108.9, 117.6, 119.6, 126.4, 134.2,

143.4, 150.1, 160.6, 160.9, 161.0, 161.1, 177.3. MS, m/z: 380
(Mþ). Anal. Calcd. for C17H12N6O5: C, 53.69; H, 3.18; N,

22.10. Found: C, 53.64; H, 3.22; N, 22.18.

70-Amino-1-ethyl-40-hydroxy-20-methyl-5-nitro-2-oxospiro [in-
doline-3,50-pyrano[2,3-d]pyrimidine]-60-carbonitrile (6d). Cream
powder (63%); m.p 233�C (dec). IR (KBr): 3481, 3325, 2197,

1755, 1668, 1647 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼
1.17 (3H, t, J ¼ 8.4 Hz, CH3), 2.22 (3H, s, CH3), 3.74 (2H, m,

CH2), 7.10 (1H, d, J ¼ 8.9 Hz, ArH), 8.14 (1H, d, J ¼ 8.9 Hz,

ArH), 8.14 (1H, s, ArH), 12.16 (3H, bs, NH2 and OH). 13C

NMR (75 MHz, DMSO-d6): d ¼ 11.9, 18.0, 34.9, 39.07, 48.5,

95.3, 107.5, 118.4, 125.3, 135.3, 141.8, 150.6, 158.2, 161.4,

171.8, 178.6. MS, m/z: 394 (Mþ). Anal. Calcd. for C18H14N6O5:

C, 54.82; H, 3.58; N, 21.31. Found: C, 54.86; H, 3.63; N, 21.36.
3,7,7-Trimethyl-1-phenyl-7,8-dihydro-1H-spiro [chromeno

[2,3-c]pyrazole-4,30-indoline]-20,5(6H)-dione (8a). Cream
powder (80%); m.p 243�C (dec). IR (KBr): 3142, 2880, 1703,

1591 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼ 1.04 (6H, s,

2CH3), 1.61 (3H, s, CH3), 2.19 (2H, bs, CH2), 2.78 (2H, bs,

CH2), 6.87–7.73 (9H, m, ArH), 10.64 (1H, s, NH). 13C NMR

(75 MHz, DMSO-d6): d ¼ 12.2, 27.5, 27.9, 32.5, 41.1, 47.2,

50.8, 99.1, 109.6, 112.3, 120.8, 122.3, 123.7, 127.1, 128.6,

129.9, 134.6, 137.7, 142.5, 144.9, 145.2, 166.4, 178.1, 196.1.

MS, m/z : 397 (Mþ). Anal. Calcd. for C26H23N3O3: C, 73.39;

H, 5.45; N, 9.88. Found: C, 73.35; H, 5.40; N, 9.82.

Due to very low solubility of the product 8b, we can not
report the 13C NMR data for this product.

3,7,7-Trimethyl-50-nitro-1-phenyl-7,8-dihydro-1H-spiro [chro-
meno[2,3-c]pyrazole-4,30-indoline]-20,5(6H)-dione (8b). Cream
powder (75%); m.p 315�C (dec). IR (KBr): 3424, 2957, 1749,

1649 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼ 1.04 (6H, s,
2CH3), 1.61 (3H, s, CH3), 2.21 (2H, bs, CH2), 2.78 (2H, bs,
CH2), 7.08–8.15 (8H, m, ArH), 11.38 (1H, s, NH). MS, m/z:
470 (Mþ). Anal. Calcd. for C26H22N4O5: C, 66.37; H, 4.71; N,
11.91. Found: C, 66.42; H, 4.75; N, 11.97.

3,7,7-Trimethyl-50-bromo-1-phenyl-7,8-dihydro-1H-spiro[chro-
meno[2,3-c]pyrazole-4,30-indoline]-20,5(6H)-dione (8c). Cream
powder (81%); m.p 244�C (dec). IR (KBr): 3441, 2955, 1734,
1646 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼ 1.05 (6H, s,
2CH3), 1.64 (3H, s, CH3), 2.22 (2H, bs, CH2), 2.77 (2H, bs,

CH2), 6.84–7.53 (8H, m, ArH), 10.79 (1H, s, NH). 13C NMR
(75 MHz, DMSO-d6): d ¼ 12.2, 27.6, 27.8, 32.6, 41.2, 47.3,
50.6, 99.4, 109.5, 113.9, 120.9, 122.3, 123.6, 127.2, 128.5,
129.9, 131.4, 137.6, 141.9, 144.7, 145.3, 166.4, 178.3, 196.3.
MS, m/z: 505 (Mþþ2), 503 (Mþ). Anal. Calcd. for

C26H22BrN3O3: C, 61.91; H, 4.40; N, 8.33. Found: C, 61.95;
H, 4.35; N, 8.40.

3-Methyl-1-phenyl-7,8-dihydro-1H-spiro[chromeno[2,3-c]pyr-
azole-4,30-indoline]-20,5(6H)-dione (8d). Light brown powder

(73%); m.p 312�C (dec). IR (KBr): 3193, 3085, 1730, 1634
cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼ 1.60 (3H, s,
CH3), 1.97 (2H, bs, CH2), 2.29 (2H, bs, CH2), 2.85 (2H, bs,
CH2), 6.86–7.74 (9H, m, ArH), 10.64 (1H, s, NH). 13C NMR
(75 MHz, DMSO-d6): d ¼ 12.2, 20.5, 28.0, 37.2, 47.3, 99.1,

109.5, 113.3, 120.9, 122.2, 123.8, 127.1, 128.6, 129.9, 134.8,
137.7, 142.5, 144.9, 145.0, 168.3, 178.2, 196.2. MS, m/z: 397
(Mþ). Anal. Calcd. for C24H19N3O3: C, 72.53; H, 4.82; N,
10.57. Found: C, 72.49; H, 4.85; N, 10.62.

Due to very low solubility of the products 8e and 10, we

can not report the 13C NMR data for these products.
3-Methyl-50-nitro-1-phenyl-7,8-dihydro-1H-spiro [chromeno

[2,3-c]pyrazole-4,30-indoline]-20,5(6H)-dione (8e). Cream
powder (70%); m.p 310�C (dec). IR (KBr): 3290, 2952, 1750,
1640 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼ 1.63 (3H, s,

CH3), 2.14 (2H, m, CH2), 2.46 (2H, m, CH2), 2.91 (2H, m,
CH2), 7.02–8.54 (8H, m, ArH), 10.73 (1H, s, NH). MS, m/z:
442 (Mþ). Anal. Calcd. for C24H18N4O5: C, 65.15; H, 4.10; N,
12.66. Found: C, 65.19; H, 4.06; N, 12.60.

30,70,70-Trimethyl-10-phenyl-70,80-dihydro-10H,2H-spiro [ac-
enaphthylene-1,40-chromeno[2,3-c]pyrazole]-2,50(60H)-dione
(10). Cream powder (70%); m.p 188�C (dec). IR (KBr): 3162,
3055, 1704, 1643 cm�1. 1H NMR (300 MHz, DMSO-d6): d ¼
1.02 (6H, s, 2CH3), 1.22 (3H, s, CH3), 2.10 (2H, bs, CH2),

2.80 (2H, bs, CH2), 7.31–8.26 (1H, m, ArH). MS, m/z: 460
(Mþ). Anal. Calcd. for C30H24N2O3: C, 78.24; H, 5.25; N,
6.08. Found: C, 78.19; H, 5.29; N, 6.15.
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2-(Alkyl/arylamino)chromone-3-carbaldehyde reacts with Meldrum’s acid, hippuric acid, 4-hydroxy-
coumarin, diethyl malonate, ethyl acetoacetate, or ethyl benzoylacetate to produce 1-benzopyrano[2,3-
b]pyridine-2,5-dione moiety, but ethyl cyanoacetate and malononitrile react differently.

J. Heterocyclic Chem., 47, 973 (2010).

INTRODUCTION

1-Benzopyranopyridine derivatives have found diverse

application in the field of medicinal chemistry. 1-Benzo-

pyrano[3,4-c]pyridine-5-ones act as human dopamine D4

receptor antagonists and serve as potential antipsychotic

agents [1]. Some nonsteroidal human androgen receptor

agonists were synthesized based on 4-(trifluoromethyl)-

2H-pyrano[3,2-g]-2-quinolone [2]. 1-Benzopyrano[2,3-

b]pyridine-2,5-dione 1 (R2 ¼ H, G ¼ COCH2COCH3)

functions as a polyketide, which are involved in the bio-

synthesis of natural products [3]. Some chromenopyri-

dines are designed and synthesized as an analogue of

tetracycline [4]. 5-Salicyloyl-2-oxopyridine-3-carboni-

triles play comparable roles as the nonglycosidic cardio-

tonic agents milrinone or amrinone [5]. Compounds

1(R2 ¼ H, G ¼ CN, CO2R, CO2H) exhibit antiallergic

properties and are used in the preparation of bronchodia-

lators [6]. 1-Benzopyrano[2,3-b]pyridine-4,5-dione hav-

ing a CO2H group at 3-position provides 100% inhibi-

tion in the passive cutaneous anaphylaxis screen when

applied in a dose of 0.9 mg/kg [7]. Recently, some chro-

menopyridines are proved to be effective sensitizers for

europium and terbium luminescence [8].

Synthesis of the 1-Benzopyrano[2,3-b]pyridine motif

have been accomplished (a) from chromone-3-carboni-

trile by reaction either with acetylacetone in the pres-

ence of piperidine [9] or with 1-ethoxy-1,3-bis(trime-

thylsilyloxy)-1,3-butadiene in the presence of Me3SiOTf

[10], (b) from chromone-3-carbaldehyde by the reaction

of 2-aminochromone [11] or with aniline in the presence

of TMSCl in DMF [12]. 2-Aminochromone-3-carbalde-

hyde 3 (R2 ¼ H) has also been used for the synthesis of

1(R2 ¼ H) [13].

Although the reactions of 2-aminochromone-3-carbal-

dehyde 3 (R2 ¼ H) and 2-(N,N-dialkylamino)chromone-

3-carbaldehyde 3 (NR2 in place of NHR2) have been

studied in detail [13], the chemistry of 2-(mono substi-

tuted amino)chromone-3-carbaldehyde 3 has only been

little explored. Most of its reactions were carried out by

converting it into N,N-disubstituted analogue [14a,b].

Reaction of 3 with primary amine produces correspond-

ing Schiff base [14], but with aliphatic secondary

amines like diethylamine or piperidine compound 3 (R2

¼ aryl) produces 1-benzopyranoquinolones (A) (Scheme

1) [15]. Recently, diethyl 1-benzopyrano[2,3-b]pyridine-
2,3-dicarboxylate has been synthesized from 3 and

diethyl acetylenedicarboxylate in the presence of Ph3P

[16]. Synthesis of 2-pyridone moiety having ester or car-

bamoyl functionality at its 3-positions from b-formyl-b-
nitroenamine has recently been reported [17].
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A literature survey revealed that functionlization at

the 3-position of 1-benzopyrano [2,3-b]pyridine-2,5-
dione made this system medicinally efficacius [6].

1-Benzopyrano[2,3-b]pyridine-2,5-dione (B) having no

functionality at its 3-position had been synthesized by

the reaction of 3 (R2 ¼ Ph) with ethyl (triphenylphos-

phoranylidene)acetate followed by heating in benzene

(Scheme 1) [18].

Our objective was to synthesize 1 with varying sub-

stituents at its 3-position utilizing the C3N1 building

block of the b-amino-a, b-unsaturated aldehyde moiety

of 3. We report herein a few new one-pot syntheses of

compound 1 from 3 by condensation with 2,2-dimethyl-

1,3-dioxan-4,6-dione (Meldrum’s acid), N-benzoylgly-
cine (hippuric acid), 4-hydroxycoumarin, and other

active methylene compounds under suitable reaction

conditions. Compound 3 can readily be obtained from

N-alkyl/aryl-C-(4-oxo-4H-1-benzopyran-3-yl)nitrones 2

[19] or directly from chromone-3-carbaldehyde [20].

RESULTS AND DISCUSSION

Meldrum’s acid (4), an active methylene compound

having strong electrophillic centres, has made its posi-
tion in the synthesis of many organic compounds having

use in the fields of drugs and pharmaceuticals [21].
Very recently, its chemical bonding and structure-reac-
tivity relation have been studied both experimentally

and theoretically [22]. Its chemical versatility has also
been discussed in several review articles [23]. We have
used Meldrum’s acid in the synthesis of 1-benzopyr-

ano[2,3-b]pyridine-2,5-dione moiety from 3.
An equimolar mixture of 3 and 4 was heated under

reflux in ethanol in the presence of catalytic amount of
pyridine for 2–4 h. White solids (1a–e) were found to
precipitate under this reaction condition in moderate to

good yields (Table 1, entries 1–5). Compound 3 under-
goes Knoevenagel condensation with Meldrum’s acid to
form 5, which cyclizes to 1a–e under the reaction condi-

tion (Scheme 2, path-a). The structures of the

Scheme 1

Table 1

Results of the reactions of 3 with 4 or 6 or 8 under different conditions.

Entry R1 R2 Reagent Reaction condition Time (h) Product Yield (%) Mps (�C)

1 H Ph 4 A 3 1a 70 >320

2 H Ar 4 A 4 1b 68 >320

3 Me Ar 4 A 3 1c 70 298–300

4 Me Me 4 A 2 1d 52 296–298

5 Me Et 4 A 2.5 1e 50 276–278

6 H Ph 6 B 7 1f 41 >320

7 Me Ph 6 B 6 1g 40 >320

8 Me Ar 6 B 7 1h 45 >320

9 H Et 6 B 6.5 1i 32 258–260

10 Me Et 6 B 6 1j 30 286–288

11 Me Ph 8 A 5 10a 85 284–286

12 H Ph 8 A 6 10b 79 268–270

13 H Et 8 A 5.5 10c 79 238–240

A, Heated in EtOH under reflux containing catalytic amount of pyridine.

B, Heated a mixture of 3, 6 and fused NaOAc in Ac2O on a water bath.

Ar stands for 4-C6H4Me.
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compounds were established on the basis of IR, 1H

NMR, and mass spectral analysis. It is to be mentioned
here that the carboxylic acid protons for compounds 1a

and 1b were not observed in their 1H NMR spectra. The

presence of carboxylic acid group in 1a and 1b was
confirmed from their mass spectral analyses and the sin-
glet appearance of C4-H in the 1H NMR spectra of 1a,b.

In connection to our earlier studies [24] on the reac-

tions of different nitrogenous nucleophiles on 4-[(4-oxo-

4H-1-benzopyran-3-yl)methylene]-2-phenyl-5-oxazolone

7 (R1 ¼ NHR2 ¼ H)(Scheme 2), derived from 3-for-

mylchromone, it has been observed that nitrogenous

nucleophiles are prone to interact on the carbonyl func-

tion of oxazolone moiety. Compound 3 can be consid-

ered as 3-formylchromone moiety having an inbuilt

amino function in appropriate position. To utilize this

special structural feature of 3, an equimolar mixture of

3 (R2 ¼ aryl) and hippuric acid (6) was heated in the

presence of excess amount of fused sodium acetate in

acetic anhydride on water bath for 6–7 h and after usual

work-up, compounds 1f–h were obtained as white solids

in moderate yields (Table 1, entries 6–8). On similar

treatment of 3 (R2 ¼ alkyl), the reaction mixture

yielded 1i and 1j (entries 9, 10) after chromatographic

separation on silica gel using 10% ethyl acetate in ben-

zene as eluent. Formation of 1f–j from 3 may be ration-

alized by the initial formation of azlactone 7, followed

by intramolecular attack of the amino function to the

carbonyl carbon of oxazolone moiety (Scheme 2, path-

b).

This reaction was further extended by using 4-hydrox-

ycoumarin (8). On heating an equimolar mixture of 3

and 8 in ethanol under reflux for 5–6 h in the presence

of catalytic amount of pyridine, the reaction mixture

produced compound 10 in good yields via the Knoeve-

nagel condensate 9 (Scheme 3) (Table 1, entries 11–13).

Suitably placed NHR2 group in 9 reacted intramolecu-

larly on the carbonyl function with a lesser decrease in

entropy compared to the Michael addition of second

molecule of 8, which is the common feature for the

reaction of an aldehyde with 8 [25].

With an endeavor to synthesize 1(G ¼ CO2Et), com-

pound 3 (R2 ¼ aryl) was stirred at room temperature

with diethyl malonate in pyridine, but no change in 3

was observed (Table 2, entry 1). Ethyl acetoacetate also

failed to cause any change in 3 on stirring at room tem-

perature in pyridine (entry 2), even on heating 3 with

ethyl acetoacetate in ethanol for 25 h in the presence of

pyridine showed no considerable change (entry 3). On

stirring an ethanolic solution of 3 (R2 ¼ aryl) with

diethyl malonate at room temperature in the presence of

piperidine for 40 h resulted in the formation of 1-benzo-

pyrano[2,3-b]-12-quinolone (A) [15,18,19] (Scheme 1)

(Table 2, entry 4). No pure compound could be isolated

from the reaction mixture obtained by heating a mixture

of 3, diethyl malonate, fused NaOAc in Ac2O on a

water bath for 5 h (entry 5). Surprisingly, compound 3

reacted with diethyl malonate in CHCl3 under reflux in

the presence of piperidine to produce 1k,l (entries 6, 7)

(Scheme 4). It was observed that more than stoichiomet-

ric amounts of diethyl malonate (1.5 equiv) and piperi-

dine (1.5 equiv) were required for complete consump-

tion of 3. This methodology was then applied for the

synthesis of 1 having various substituents at its 3-posi-

tion. On heating 3 (R2 ¼ aryl) with ethyl acetoacetate

and piperidine in equimolar amounts in CHCl3 for 4 h

produced 1o (entry 8). Similarly, ethyl benzoylacetate

reacted stoichiometrically with 3 (R2 ¼ aryl) within 2 h

to produce 1q,r (entries 9, 10).

Scheme 2

Scheme 3
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The reaction was extended with 3 (R2 ¼ alkyl). Ethyl

benzoylacetate (entries 11,12), ethyl acetoacetate (entry

13), and diethyl malonate (entries 14, 15) produced cor-

responding 1 but in lower yields. On changing the sol-

vent from CHCl3 to ethanol, the yield of 1 (R2 ¼ alkyl)

was found to improve, but a little longer reaction time

was required (entries 12,16 and 13, 18). Similar reaction

with 3 (R2 ¼ aryl) in ethanol always produced some 1-

benzopyrano quinolone (A) along with 1 (entry 17). Use

of triethylamine or pyridine as a base in the reaction

between 3 and PhCOCH2CO2Et either in CHCl3 or in

EtOH failed to show the formation of 1 even after heat-

ing under reflux for 30 h. Piperidine was found to be a

better reagent than morpholine or diethylamine for this

transformation (entries 9, 19, 20).

Compound 3 reacted differently when ethyl cyanoace-

tate or malononitrile were used as active methylene com-

ponent. On stirring an equimolar mixture of 3 and ethyl

cyanoacetate in ethanol in the presence of piperidine at

room temperature, followed by usual work-up [vide exper-
imental Section ‘‘General procedure for the reaction of

ethyl cyanoacetate on 2-alkyl/arylaminochromone-3-car-

baldehyde (3)’’]and chromatographic purification pro-

duced 11 (G’¼ CO2Et) (Scheme 5, path a). But malononi-

trile yielded 12 when reacted with 3 under similar reaction

condition (Scheme 5, path b). In an attempt to purify com-

pound 12 (G’ ¼ CN) by column chromatography, a partial

change in 12 was observed and finally the new compound

was assigned to be 11 (G0 ¼ CN). This observation led us

to check the silica-induced conversion of 12 (G0 ¼ CN) to

11 (G0 ¼ CN). A chloroform solution of 12 (G0 ¼ CN)

containing some silica gel was heated under reflux for 5 h

with stirring. Indeed, complete conversion of 12 (G0 ¼
CN) to 11 (G0 ¼ CN) was observed. Use of benzene in

place of chloroform also accomplished this transformation

under identical condition. However, on heating under

reflux in ordinary CHCl3 or benzene in the absence of

silica gel, compound 12 failed to show any change. In an

earlier report [17], b–allylamino-2-nitroacrolein was

made to react with malononitrile and was supposed to

Table 2

Results of the reactions of 3 with active methylene compounds (EtO2C-CH2-G) under different conditions.

Entry R1 R2 G Reaction condition Time (h) Product Yield (%) Mps (�C)

1 H Ph CO2Et Py/RT 40 N. R. – –

2 Me Ph COCH3 Py/RT 20 N. R. – –

3 Me Ph COCH3 Py/EtOH/Reflux 25 N. R.a – –

4 H Ph CO2Et Pip/EtOH/RT 40 A 70 236–238

5 H Ph CO2Et NaOAc/Ac2O/heat 5 Not isolated – –

6 H Ph CO2Et Pip/CHCl3/reflux 18 1k 55 278–280

7 Me Ph CO2Et Pip/CHCl3/reflux 12 1l 74 208–210

8 Me Ph COCH3 Pip/CHCl3/reflux 4 1o 68 278–280

9 H Ph COPh Pip/CHCl3/reflux 2 1q 72 264–266

10 Me Ph COPh Pip/CHCl3/reflux 2 1r 74 278–280

11 H Me COPh Pip/CHCl3/reflux 2 1s 60 256–258

12 H Et COPh Pip/CHCl3/reflux 2 1t 62 224–226

13 H Et COCH3 Pip/CHCl3/reflux 4 1p 43 218–220

14 H Et CO2Et Pip/CHCl3/reflux 28 1m 42 178–180

15 Me Et CO2Et Pip/CHCl3/reflux 25 1n 40 192–194

16 H Et COPh Pip/EtOH/reflux 6 1t 70 224–226

17 Me Ph COCH3 Pip/EtOH/reflux 2 1o 20b 278–280

18 H Et COCH3 Pip/EtOH/reflux 7 1p 62 218–220

19 H Ph COPh Morpholine/ 5 1q 60 264–266

CHCl3/reflux

20 H Ph COPh Et2NH/CHCl3/ 13 1q 56 264–266

reflux

‘‘Py’’ stands for Pyridine; ‘‘Pip’’ stands for piperidine; ‘‘RT’’ stands for room temperature.

‘‘N. R.’’ stands for No Reaction.
a 80% 3 was recovered.
b 40% of compound A was isolated.

Scheme 4
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pass through an amidine like intermediate as in 12, but the

intermediate could not be isolated. Isolation of 12 (G0 ¼
CN) gave us an impetus to take an attempt for the isolation

of 12 (G0 ¼ CO2Et). But careful investigation of the solid

[vide experimental Section ‘‘General procedure for the

reaction of ethyl cyanoacetate on 2-alkyl/arylaminochro-

mone-3-carbaldehyde (3)’’] obtained from the reaction

mixture of 3 (R1 ¼ H, R2 ¼ Ph) and ethyl cyanoacetate

revealed that there was more than one product (TLC).

However, chromatographic separation yielded only 11a in

moderate yield. The other components were separated by

preparative TLC and the bands corresponding to two dif-

ferent spots were extracted separately with CHCl3.
Unfortunately, the isolated compounds were same in both

cases and the compound was 11a. Compound 12 (R2 ¼
aryl, G0 ¼ CO2Et) could not be isolated even after using

neutral Al2O3 as adsorbent in the column chromatography.

The only such compound 12d was obtained by stirring a

pyridine solution of 3 (R1 ¼ Me, R2 ¼ Et) and ethyl cya-

noacetate at room temperature. Compound 12d was read-

ily converted to 11d within 1 h when heated in ordinary

CHCl3 in the presence of silica gel. Formation of 12 can

be rationalized via the Knoevenagel condensate 13

(Scheme 5). It was presumed that the conversion of 12 to

11 took place by silica-induced hydration. The source of

water was supposed to be from silica adsorbent or solvent

or atmosphere. Water molecule attacks 12 and opens the

pyran ring to form 14 and subsequently tautomerizes to

11. To justify this presumption, compound 12 was heated

in dry CHCl3 in the presence of dry silica gel and under ar-

gon atmosphere and indeed compound 12 failed to show

any change.

CONCLUSION

We have reported a few new efficient one-pot meth-

ods for the synthesis of 1-benzopyrano [2,3-b]pyridine-

2,5-dione moiety bearing various functionalities at its 3-

position. The differential behavior of the active methyl-

ene compounds bearing cyano group toward 3 has also

been reported.

EXPERIMENTAL

General. The recorded mps are uncorrected. IR spectra
were recorded in KBr on a Beckman IR 20a, 1H NMR/13C
NMR spectra on a bruker 300 MHz/75 MHz spectrometer,
mass spectra on a Qtof micro YA 263 instrument and elemen-

tal analysis on a Perkin Elmer 240c elemental analyzer. Light
petroleum refers to the fraction with 60–80�C. All chemicals
used were of commercial grade and were used as such.

General procedure for the synthesis of 1-alkyl/aryl-

2H,5H-1-benzopyrano[2,3-b]pyridine-3-carboxylic acids

(1a–e). An ethanolic solution (10 mL) of a mixture of 3 (1
mmol), 4 (144 mg, 1 mmol), and catalytic amount of pyridine
(2 drops) was heated under reflux for 2–4 h. The white solid
separated out during the reaction was filtered off and crystal-

lized from benzene to obtain 1a–e as white crystalline solids.
1-Phenyl-2H,5H-2,5-dioxo-1-benzopyrano[2,3-b]pyridine-3-

carboxylic acid (1a). This compound was obtained in 70%
yield as white crystalline solid, mp > 320�C; IR: 3493, 3064,
2784, 1754, 1646, 1533, 1427 cm�1; 1H NMR (DMSO-d6):

d 7.23 (br d, 1H, 9-H, J ¼ 8.1 Hz), 7.56–7.64(m, 6H, ArH),
7.75–7.80 (m, 1H, 8-H), 8.17 (br d, 1H, 6-H, J ¼ 7.5 Hz),
8.86 (s, 1H, 4-H); ms: m/z 356 (Mþ þNa). Anal. Calcd for
C19H11NO5: C, 68.47; H, 3.33; N, 4.20. Found: C, 68.67; H,
3.37; N, 4.12.

1-p-Tolyl-2H,5H-2,5-dioxo-1-benzopyrano[2,3-b]pyridine-3-
carboxylic acid (1b). This compound was obtained in 68%
yield as white crystalline solid, mp > 320�C; IR: 3453, 2976,
2755, 1767, 1652, 1540, 1453 cm�1; 1H NMR (DMSO-d6): d
2.36 (s, 3H, CH3), 7.27 (br d, 1H, 9-H, J ¼ 8.4 Hz), 7.38–7.50

(m, 4H, ArH), 7.57 (br t, 1H, 7-H, J ¼ 7.5 Hz), 7.75–7.80 (m,
1H, 8-H), 8.17 (br d, 1H, 6-H, J ¼ 7.5 Hz), 8.86 (s, 1H, 4-H);
ms: m/z 370 (Mþ þNa). Anal. Calcd for C20H13NO5: C,
69.16; H, 3.77; N, 4.03. Found: C, 68.98; H, 3.72; N, 3.95.

7-Methyl-1-p-tolyl-2H,5H-2,5-dioxo-1-benzopyrano[2,3-
b]pyridine-3-carboxylic acid (1c). This compound was
obtained in 70% yield as white crystalline solid, mp 298–
300�C; IR: 3460, 3015, 2812, 1743, 1647, 1553, 1437 cm�1;
1H NMR (CDCl3): d 2.46 (s, 3H, ArCH3), 2.53 (s, 3H,

ArCH3), 7.12–7.47 (m, 6H, ArH), 8.03 (br s, 1H, 6-H), 9.32
(s, 1H, 4-H), 12.94 (s, 1H, COOH, deuterium oxide exchange-
able)). Anal. Calcd for C21H15NO5: C, 69.80; H, 4.18; N, 3.88.
Found: C, 70.01; H, 4.11; N, 3.79.

1,7-Dimethyl-2H,5H-2,5-dioxo-1-benzopyrano[2,3-b]pyridine-
3-carboxylic acid (1d). This compound was obtained in 52%
yield as white crystalline solid, mp 296–298�C; IR: 3456,
3045, 2934, 1741, 1634, 1542, 1475 cm�1; 1H NMR (CDCl3):
d 2.51 (s, 3H, ArCH3), 3.89 (s, 3H, NCH3), 7.47 (d, 1H, 9-H,
J ¼ 8.4 Hz), 7.62 (br d, 1H, 8-H, J ¼ 8.4 Hz), 8.11 (br s, 1H,

6-H), 9.35 (s, 1H, 4-H), 13.20 (s, 1H, COOH, deuterium oxide
exchangeable)). Anal. Calcd for C15H11NO5: C, 63.16; H,
3.89; N, 4.91. Found: C, 62.98; H, 3.82; N, 4.83.

1-Ethyl-7-methyl-2H,5H-2,5-dioxo-1-benzopyrano[2,3-b]pyri-
dine-3-carboxylic acid (1e). This compound was obtained in
50% yield as white crystalline solid, mp 276–278�C; IR: 3420,

Scheme 5
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3050, 2945, 1750, 1634, 1530, 1466 cm�1; 1H NMR (CDCl3):
d 1.51 (t, 3H, CH2CH3, J ¼ 6.9 Hz ), 2.51 (s, 3H, ArCH3),
4.52 (q, 2H, CH2CH3, J ¼ 6.9 Hz), 7.47 (d, 1H, 9-H, J ¼ 8.1
Hz), 7.62 (br d, 1H, 8-H, J ¼ 8.1 Hz), 8.10 (br s, 1H, 6-H),
9.32 (s, 1H, 4-H), 13.27 (s, 1H, COOH, deuterium oxide

exchangeable)). Anal. Calcd for C16H13NO5: C, 64.21; H,
4.38; N, 4.68. Found: C, 64.32; H, 4.43; N, 4.59.

General procedure for the synthesis of 3-benzoylamino-

1-alkyl/aryl-2H,5H-1-benzopyrano[2,3-b]pyridine-2,5-diones
(1f–j). A mixture of 3 (1 mmol), 6 (180 mg, 1 mmol), NaOAc

(250 mg, 3 mmol), and acetic anhydride (5 mL) was heated on
water bath for 6–7 h. Crushed ice (50 g) was then added to
the cold reaction mixture. A solid mass was separated when
the reaction was carried out with 3 (R2 ¼ aryl). The solid was
filtered off, washed with water, dried in air, and recrystallized

from CHCl3 to afford 1f–h. But the reaction mixture obtained
from 3 (R2 ¼ alkyl) afforded a semisolid mass when ice-water
was added. The semisolid mass was extracted with CHCl3.
The organic layer was washed with water, dried over Na2SO4,

and chromatographed over silica gel (100–200) using 10%
EtOAc in benzene as eluent to get 1i–j as white crystalline
solid.

3-Benzoylamino-1-phenyl-2H,5H-1-benzopyrano[2,3-b]pyri-
dine-2,5-dione (1f). This compound was obtained in 41% yield

as white crystalline solid, mp > 320�C; IR: 3379, 3050, 1655,
1520, 1459 cm�1; 1H NMR (CDCl3): d 7.13 (br d, 1H, 9-H,
J ¼ 8.1 Hz), 7.36–7.66 (m, 10H, ArH), 7.93 (dd, 2H, ArH, J
¼ 8.1, 1.2 Hz), 8.32 (dd, 1H, 6-H, J ¼ 7.8, 1.5 Hz), 8.99 (br
s, 1H, NH, deuterium oxide exchangeable), 9.35 (s, 1 H, 4-H);

ms: m/z 409 (Mþ þ H), 431 (Mþ þNa). Anal. Calcd for
C25H16N2O4: C, 73.52; H, 3.95; N, 6.86. Found: C, 73.67; H,
3.86; N, 6.75.

3-Benzoylamino-7-methyl-1-phenyl-2H,5H-1-benzopyrano[2,3-
b]pyridine-2,5-dione (1g). This compound was obtained in 40%

yield as white crystalline solid, mp > 320�C; IR: 3360, 3120,
1640, 1545, 1422 cm�1; 1H NMR (CDCl3): d 2.44 (s, 3H,
ArCH3), 7.03 (d, 1H, 9-H, J ¼ 8.1 Hz), 7.40-7.63 (m, 9H,
ArH), 7.92 (dd, 2H, ArH, J ¼ 8.0, 1.2 Hz), 8.10 (brs, 1H, 6-

H), 8.97 (br s, 1H, NH, deuterium oxide exchangeable), 9.34
(s, 1H, 4-H). Anal. Calcd for C26H18N2O4: C, 73.92; H, 4.29;
N, 6.63. Found: C, 73.80; H, 4.26; N, 6.58.

3-Benzoylamino-7-methyl-1-p-tolyl-2H,5H-1-benzopyrano[2,3-
b]pyridine-2,5-dione (1h). This compound was obtained in 45%

yield as white crystalline solid, mp > 320�C; IR: 3350, 3074,
1635, 1533, 1428 cm�1; 1H NMR (CDCl3): d 2.45 (s, 3H,
ArCH3), 2.51 (s, 3H, ArCH3), 6.90 (d, 1H, 9-H, J ¼ 8.4 Hz),
7.39–7.56 (m, 8H, ArH), 7.93 (br d, 2H, ArH, J ¼ 7.2 Hz),
8.11 (brs, 1H, 6-H), 8.99 (br s, 1H, NH, deuterium oxide

exchangeable), 9.34 (s, 1H, 4-H). Anal. Calcd for
C27H20N2O4: C, 74.30; H, 4.62; N, 6.42. Found: C, 74.15; H,
4.55; N, 6.34.

3-Benzoylamino-1-ethyl-2H,5H-1-benzopyrano[2,3-b]pyridine-
2,5-dione (1i). This compound was obtained in 32% yield as

white crystalline solid, mp 256–258�C; IR: 3385, 3096, 1680,
1651, 1628, 1518, 1482 cm�1; 1H NMR (CDCl3): d 1.50 (t,
3H, CH2CH3, J ¼ 6.5 Hz), 4.52 (q, 2H, CH2CH3, J ¼ 6.5
Hz), 7.49–7.53 (m, 5H, ArH), 7.68–7.70 (m, 1H, 8-H), 7.93

(br d, 2H, ArH, J ¼ 7.2 Hz), 8.31 (br d, 1H, 6-H, J ¼ 7.2
Hz), 8.97 (br s, 1H, NH, deuterium oxide exchangeable), 9.21
(s, 1H, 4-H). Anal. Calcd for C21H16N2O4: C, 69.99; H, 4.48;
N, 7.77. Found: C, 70.18; H, 4.43; N, 7.84.

3-Benzoylamino-1-ethyl-7-methyl-2H,5H-1-benzopyrano[2,3-
b]pyridine-2,5-dione (1j). This compound was obtained in 30%
yield as white crystalline solid, mp 286–288�C; IR: 3390,

3100, 2968, 1670, 1651, 1626, 1500, 1468 cm�1; 1H NMR
(CDCl3): d 1.48 (t, 3H, CH2CH3, J ¼ 6.6 Hz), 2.46 (s, 3H,
ArCH3), 4.50 (q, 2H, CH2CH3, J ¼ 6.6 Hz), 7.39 (d, 1H, 9-H,
J ¼ 8.4 Hz), 7.47–7.56 (m, 4H, ArH), 7.93 (brd, 2H, ArH,
J ¼ 7.2 Hz), 8.07 (br s, 1H, 6-H ), 8.96 (br s, 1 H, NH, deute-

rium oxide exchangeable), 9.19 (s, 1H, 4-H). Anal. Calcd for
C22H18N2O4: C, 70.58; H, 4.85; N, 7.48. Found: C, 70.41; H,
4.78; N, 7.39.

General procedure for the synthesis of 1-alkyl/aryl-3-sali-

cyloyl-2H,5H-1-benzopyrano[2,3-b]pyridine-2,5-diones (10a–

c). An ethanolic solution of a mixture of 3 (1 mmol), 8 (162
mg, 1 mmol), and pyridine (2 drops) was heated under reflux
for 5–6 h. A white solid, separated out during the reaction,
was filtered off and crystallized from benzene-light petroleum
(80:20) to obtain 10a–c as white crystalline solid.

7-Methyl-1-phenyl-3-salicyloyl-2H,5H-1-benzopyrano[2,3-
b]pyridine-2,5-dione (10a). This compound was obtained in
85% yield as white crystalline solid, mp 284–286�C; IR: 3448,
2925, 1681, 1648, 1623, 1544 cm�1; 1H NMR (CDCl3): d
2.46 (s, 3H, ArCH3), 6.87 (br t, 1H, ArH, J ¼ 7.8 Hz), 7.05
(br t, 2H, ArH, J ¼ 7.8 Hz), 7.36–7.59 (m, 8H, ArH), 8.06 (br
s, 1H, 6-H), 8.52 (s, 1H, 4-H), 11.90 (s, 1H, OH, deuterium
oxide exchangeable); 13C NMR (CDCl3): d 20.8, 101.7, 117.4,
118.4, 118.9, 119.5, 121.6, 126.1, 126.2, 128.2, 128.3, 129.7,

132.7, 133.3, 135.6, 136.6, 136.9, 137.8, 151.9, 156.9, 159.1,
163.2, 173.4, 197.2; ms: m/z 424 (MþþH), 446 (MþþNa).
Anal. Calcd for C26H17NO5: C, 73.75; H, 4.05; N, 3.31.
Found: C, 73.61; H, 4.12; N, 3.22.

1-Phenyl-3-salicyloyl-2H,5H-1-benzopyrano[2,3-b]pyridine-
2,5-dione (10b). This compound was obtained in 79% yield as
white crystalline solid, mp 268–270�C; IR: 3400, 2940, 1692,
1660, 1630, 1524 cm�1; 1H NMR (CDCl3): d 6.87 (br t, 1H,
ArH, J ¼ 7.5 Hz), 7.03 (br d, 1H, 9-H, J ¼ 8.4 Hz), 7.16 (br
d, 1H, ArH, J ¼ 8.4 Hz), 7.36–7.41 (m, 3H, ArH), 7.44–7.52

(m, 2H, ArH), 7.58–7.67 (m, 4H, ArH), 8.27 (br d, 1H, 6-H, J
¼ 7.5 Hz), 8.51 (s, 1H, 4-H), 11.88 (s, 1 H, OH, deuterium
oxide exchangeable). Anal. Calcd for C25H15NO5: C, 73.35; H,
3.69; N, 3.42. Found: C, 73.52; H, 3.63; N, 3.35.

1-Ethyl-3-salicyloyl-2H,5H-1-benzopyrano[2,3-b]pyridine-2,5-
dione (10c). This compound was obtained in 79% yield as
white crystalline solid, mp 238–240�C; IR: 3425, 2920, 1690,
1640, 1620, 1500 cm�1; 1H NMR (CDCl3): d 1.48 (t, 3H,
CH2CH3, J ¼ 6.9 Hz), 4.47 (q, 2H, CH2CH3, J ¼ 6.9 Hz),

6.86 (br t, 1H, ArH, J ¼ 7.5 Hz), 7.04 (br d, 1H, 9-H, J ¼ 8.4
Hz), 7.48–7.59 (m, 4H, ArH), 7.79 (br t, 1H, 8-H, J ¼ 8.4
Hz), 8.30 (br d, 1H, 6-H, J ¼ 7.8 Hz), 8.39 (s, 1H, 4-H),
11.92 (s, 1 H, OH, deuterium oxide exchangeable). Anal.
Calcd for C21H15NO5: C, 69.80; H, 4.18; N, 3.88. Found: C,

69.62; H, 4.12; N, 3.95.
General procedure for the synthesis of ethyl 1-alkyl/aryl-

2H,5H-2,5-dioxo-1-benzopyrano[2,3-b]pyridine-3-carbox-
ylates (1k-n) and 3-acetyl/benzoyl-1-alkyl/aryl-2H,5H-1-

benzopyrano[2,3-b]pyridine-2,5-diones (1o-t). A mixture

of 3 (1 mmol), diethyl malonate (240 mg, 1.5 mmol) and pi-
peridine (130 mg, 1.5 mmol) or 3 (1 mmol), ethyl acetoacetate
(130 mg, 1 mmol) and piperidine (85 mg, 1 mmol) or 3 (1
mmol), ethyl benzoylacetate (190 mg, 1 mmol) and piperidine
(85 mg, 1 mmol) in CHCl3 (10 mL) was heated under reflux
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for several hours (Table 2) till the completion of reaction
(TLC). Solvent was removed from the reaction mixture under
reduced pressure and resulted residue was stirred with water
(10 mL) for 10 min. The separated solid was filtered off, dried,
and purified by column chromatography over silica gel (100–

200) using 10% EtOAc in benzene as eluent to obtain 1k–t.
Ethyl 1-phenyl-2H,5H-2,5-dioxo-1-benzopyrano[2,3-b]pyri-

dine-3-carboxylate (1k). This compound was obtained in 55%
yield as white crystalline solid, mp 278–280�C; IR: 2927,
1752, 1717, 1657, 1542 cm�1; 1H NMR (CDCl3): d 1.40 (t,

3H, CH2CH3, J ¼ 7.2 Hz), 4.39 (q, 2H, CH2CH3, J ¼ 7.2
Hz), 7.13 (br d, 1H, 9-H, J ¼ 8.4 Hz), 7.34 (br d, 2H, ArH,
J ¼ 7.5 Hz), 7.46 (br t, 1H, ArH, J ¼ 7.2 Hz), 7.59–7.66 (m,
4H, ArH), 8.28 (br d, 1H, 6-H, J ¼ 7.2 Hz), 9.08 (s, 1H, 4-H);
13C NMR (CDCl3): d 14.2, 61.4, 101.4, 117.6, 117.8, 121.7,

126.3, 126.5, 128.1, 129.6, 129.7, 133.2, 134.5, 141.7, 153.4,
157.5, 158.4, 163.5, 173.3; ms: m/z 362 (MþþH), 384
(MþþNa). Anal. Calcd for C21H15NO5: C, 69.80; H, 4.18; N,
3.88. Found: C, 69.67; H, 4.09; N, 3.81.

Ethyl 7-methyl-1-phenyl-2H,5H-2,5-dioxo-1-benzopyrano[2,
3-b]pyridine-3-carboxylate (1l). This compound was obtained
in 74% yield as white crystalline solid, mp 208–210�C; IR:
2940, 1740, 1710, 1648, 1535 cm�1; 1H NMR (CDCl3): d
1.39 (t, 3H, CH2CH3, J ¼ 7.2 Hz), 2.44 (s, 3H, ArCH3), 4.39

(q, 2H, CH2CH3, J ¼ 7.2 Hz), 7.01 (d, 1H, 9-H, J ¼ 8.4 Hz),
7.41 (br d, 1H, 8-H, J ¼ 8.4 Hz), 7.40–7.43 (m, 2H, ArH,),
7.50–7.58 (m, 3H, ArH), 8.10 (br s, 1H, 6-H), 9.06 (s, 1H, 4-
H). Anal. Calcd for C22H17NO5: C, 70.39; H, 4.56; N, 3.73.
Found: C, 70.25; H, 4.52; N, 3.68.

Ethyl 1-ethyl-2H,5H-2,5-dioxo-1-benzopyrano[2,3-b]pyri-
dine-3-carboxylate (1m). This compound was obtained in 42%
yield as white crystalline solid, mp 178–180�C; IR: 2939,
1728, 1685, 1610, 1537 cm�1; 1H NMR (CDCl3): d 1.41 (t,
3H, NCH2CH3, J ¼ 7.2 Hz), 1.46 (t, 3H, OCH2CH3, J ¼ 7.2

Hz), 4.38 (q, 2H, NCH2CH3, J ¼ 7.2 Hz), 4.46 (q, 2H,
OCH2CH3, J ¼ 7.2 Hz), 7.49–7.56 (m, 2H, ArH), 7.78 (br t,
1H, 8-H, J ¼ 7.2 Hz), 8.29 (br d, 1H, 6-H, J ¼ 7.8 Hz), 8.95
(s, 1H, 4-H). Anal. Calcd for C17H15NO5: C, 65.17; H, 4.83;

N, 4.47. Found: C, 64.95; H, 4.78; N, 4.49.
Ethyl 1-ethyl-7-methyl-2H,5H-2,5-dioxo-1-benzopyrano[2,

3-b]pyridine-3-carboxylate (1n). This compound was obtained
in 40% yield as white crystalline solid, mp 192–194�C; IR:
2956, 1712, 1690, 1618, 1540 cm�1; 1H NMR (CDCl3): d
1.41 (t, 3H, NCH2CH3, J ¼ 7.2 Hz), 1.44 (t, 3H, OCH2CH3,
J ¼ 7.2 Hz), 2.50 (s, 3H, ArCH3), 4.38 (q, 2H, NCH2CH3, J
¼ 7.2 Hz), 4.44 (q, 2H, OCH2CH3, J ¼ 7.2 Hz), 7.43 (d, 1H,
9-H, J ¼ 8.4 Hz), 7.56 (br d, 1H, 8-H, J ¼ 8.4 Hz), 8.08 (br s,
1H, 6-H,), 8.96 (s, 1H, 4-H). Anal. Calcd for C18H17NO5: C,

66.05; H, 5.23; N, 4.28. Found: C, 65.90; H, 5.17; N, 4.21.
3-Acetyl-7-methyl-1-phenyl-2H,5H-1-benzopyrano[2,3-b]pyri-

dine-2,5-dione (1o). This compound was obtained in 68% yield
as white crystalline solid, mp 278–280�C; IR: 2940, 1696,
1654, 1527, 1478 cm�1; 1H NMR (CDCl3): d 2.45 (s, 3H,

ArCH3), 2.68 (s, 3H, COCH3), 7.03 (d, 1H, 9-H, J ¼ 8.4 Hz),
7.36–7.38 (m, 2H, ArH), 7.43 (br d, 1H, 8-H, J ¼ 8.4 Hz),
7.63–7.65 (m, 3H, ArH), 8.05 (br s, 1H, 6-H), 9.08 (s, 1H, 4-
H); 13C NMR (CDCl3): d 20.8, 30.8, 102.0, 117.4, 121.3,

124.1, 126.0, 128.0, 129.7, 129.8, 133.4, 135.6, 136.5, 141.0,
151.7, 157.7, 160.5, 173.5, 195.4; ms: m/z 346 (Mþþ H), 368
(MþþNa). Anal. Calcd for C21H15NO4: C, 73.04; H, 4.38; N,
4.06. Found: C, 72.90; H, 4.34; N, 3.99.

3-Acetyl-1-ethyl-2H,5H-1-benzopyrano[2,3-b]pyridine-2,5-
dione (1p). This compound was obtained in 43% yield as
white crystalline solid, mp 218–220�C; IR: 2940, 1700, 1660,
1540, 1480 cm�1; 1H NMR (CDCl3): d 1.47 (t, 3H, CH2CH3,
J ¼ 6.9 Hz), 2.70 (s, 3H, COCH3), 4.45 (q, 2H, CH2CH3, J ¼
6.9 Hz), 7.49–7.56 (m, 2H, ArH), 7.75–7.80 (m, 1H, 8-H),
8.27 (br d, 1H, 6-H, J ¼ 7.8 Hz), 8.92 (s, 1H, 4-H). Anal.
Calcd for C16H13NO4: C, 67.84; H, 4.63; N, 4.94. Found: C,

67.70; H, 4.56; N, 4.87.
3-Benzoyl-1-phenyl-2H,5H-1-benzopyrano[2,3-b]pyridine-2,

5-dione (1q). This compound was obtained in 72% yield as
white crystalline solid, mp 264–266�C; IR: 2930, 1671, 1643,
1540, 1458 cm�1; 1H NMR (CDCl3): d 7.16 (br d, 1H, 9-H, J
¼ 8.4 Hz), 7.37–7.40 (m, 2H, ArH), 7.43–7.48 (m, 3H, ArH),
7.55–7.67 (m, 5H, ArH), 7.87 (br d, 2H, ArH, J ¼ 7.8 Hz),
8.28 (br d, 1H, 6-H, J ¼ 7.8Hz), 8.64 (s, 1H, 4-H); 13C NMR
(CDCl3): d 101.8, 117.7, 121.8, 126.3, 126.4, 126.6, 128.1,
128.4, 129.4, 129.7, 129.8, 133.1, 133.2, 134.5, 137.0, 139.0,

153.5, 157.0, 159.4, 173.4, 192.3; ms: m/z 394 (MþþH), 416
(MþþNa). Anal. Calcd for C25H15NO4: C, 76.33; H, 3.84; N,
3.56. Found: C, 76.20; H, 3.80; N, 3.49.

3-Benzoyl-7-methyl-1-phenyl-2H,5H-1-benzopyrano[2,3-
b]pyridine-2,5-dione (1r). This compound was obtained in
74% yield as white crystalline solid, mp 278–280�C; IR: 2936,
1680, 1650, 1550, 1480 cm�1; 1H NMR (CDCl3): d 2.46 (s,
3H, ArCH3), 7.05 (d, 1H, 9-H, J ¼ 8.4 Hz), 7.36–7.60 (m, 9H,
ArH), 7.86 (br d, 2H, ArH, J ¼ 7.5 Hz), 8.06 (br s, 1H, 6-H),

8.64 (s, 1H, 4-H). Anal. Calcd for C26H17NO4: C, 76.65; H,
4.21; N, 3.44. Found: C, 76.50; H, 4.16; N, 3.47.

3-Benzoyl-1-methyl-2H,5H-1-benzopyrano[2,3-b]pyridine-2,5-
dione (1s). This compound was obtained in 60% yield as white
crystalline solid, mp 256–258�C; IR: 3010, 1675, 1660, 1540,
1470 cm�1; 1H NMR (CDCl3): d 3.80 (s, 3H, CH3), 7.44–7.62
(m, 5H, ArH), 7.79 (br t, 1H, ArH, J ¼ 8.1 Hz), 7.84 (br d,
2H, ArH, J ¼ 8.1 Hz), 8.30 (br d, 1H, 6-H, J ¼ 8.1 Hz), 8.52
(s, 1H, 4-H). Anal. Calcd for C20H13NO4: C, 72.50; H, 3.95;
N, 4.23. Found: C, 72.40; H, 3.88; N, 4.19.

3-Benzoyl-1-ethyl-2H,5H-1-benzopyrano[2,3-b]pyridine-2,5-
dione (1t). This compound was obtained in 62% yield as white
crystalline solid, mp 224–226�C; IR: 2958, 1690, 1662, 1548,
1474 cm�1; 1H NMR (CDCl3): d 1.47 (t, 3H, CH2CH3, J ¼
6.9 Hz), 4.45 (q, 2H, CH2CH3, J ¼ 6.9 Hz), 7.44–7.61 (m,

5H, ArH), 7.76–7.79 (m, 1H, ArH), 7.84 (br d, 2H, ArH, J ¼
7.5 Hz), 8.30 (br d, 1H, 6-H, J ¼ 7.5 Hz), 8.51 (s, 1H, 4-H).
Anal. Calcd for C21H15NO4: C, 73.04; H, 4.38; N, 4.06.
Found: C, 72.91; H, 4.32; N, 3.98.

General procedure for the reaction of ethyl cyanoacetate

on 2-alkyl/arylaminochromone-3-carbaldehyde (3). An etha-
nolic solution (30 mL) of a mixture of 3 (1 mmol), ethyl cya-
noacetate (115 mg, 1 mmol), and piperidine (85 mg, 1 mmol)
was stirred at room temperature for 3.5 h to afford a solid. The

solid was filtered off, washed with ethanol, and purified by col-
umn chromatography over silica gel (100–200) using 10%
EtOAc in benzene as eluent to afford 11a–e in moderate yields.

Ethyl 2-amino-1,6-dihydro-5-(salicyloyl)-6-oxo-1-phenyl-
pyridine-3-carboxylate (11a). This compound was obtained in

60% yield as yellow crystalline solid, mp 166–168�C; IR: 3351,
3253, 2983, 1694, 1654, 1574 cm�1; 1H NMR (CDCl3): d 1.36
(t, 3H, CH2CH3, J ¼ 6.9 Hz), 4.30 (q, 2H, CH2CH3, J ¼ 6.9 Hz),
4.93 (br s, 1H, NH2, deuterium oxide exchangeable), 6.83–6.85
(br t, 1H, 5’-H, J ¼ 7.2 Hz), 6.97 (br d, 1H, 3’-H, J ¼ 8.1 Hz),
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7.29–7.31 (m, 2H, ArH), 7.36–7.44 (m, 1H, ArH), 7.54–7.62 (m,
4H, ArH), 8.41 (s, 1H, 4-H), 9.18 (br s, 1H, NH2, deuterium ox-
ide exchangeable), 12.03 (s, 1 H, OH, deuterium oxide
exchangeable); 13C NMR (CDCl3): d 14.3, 60.8, 89.6, 114.9,
117.8, 118.4, 119.7, 128.4, 130.2, 130.7, 132.8, 133.5, 135.8,

145.2, 156.6, 159.5, 162.4, 166.6, 197.7; ms: m/z 379 (Mþ þH),
401 (Mþ þNa). Anal. Calcd for C21H18N2O5: C, 66.66; H, 4.79;
N, 7.40. Found: C, 66.80; H, 4.85; N, 7.45.

Ethyl 2-amino-1,6-dihydro-5-(5-methylsalicyloyl)-6-oxo-1-
phenylpyridine-3-carboxylate (11b). This compound was

obtained in 57% yield as yellow crystalline solid, mp 116–
118�C; IR 3400, 3156, 2985, 1691, 1650, 1554 cm�1; 1H
NMR (CDCl3): d 1.35 (t, 3H, CH2CH3, J ¼ 6.9 Hz), 2.25 (s,
3H, ArCH3), 4.30 (q, 2H, CH2CH3, J ¼ 6.9 Hz), 4.94 (br s,
1H, NH2, deuterium oxide exchangeable ), 6.88 (d, 1H, 3’-H, J
¼ 8.4Hz), 7.23–7.31 (m, 3H, ArH), 7.36–7.39 (m, 1H, ArH),
7.54–7.63 (m, 3H, ArH), 8.36 (s, 1H, 4-H), 9.15 (br s, 1H,
NH2, deuterium oxide exchangeable), 11.81 (s, 1H, OH, deute-
rium oxide exchangeable). Anal. Calcd for C22H20N2O5: C,

67.34; H, 5.14; N, 7.14. Found: C, 67.55; H, 5.08; N, 7.08.
Ethyl 2-amino-1,6-dihydro-5-(5-methylsalicyloyl)-6-oxo-1-

p-tolylpyridine-3-carboxylate (11c). This compound was
obtained in 52% yield as yellow crystalline solid, mp 202–
204�C; IR 3320, 3148, 2976, 1685, 1663, 1562 cm�1; 1H

NMR (CDCl3): d 1.34 (t, 3H, CH2CH3, J ¼ 6.9 Hz), 2.24 (s,
3H, ArCH3), 2.42 (s, 3H, ArCH3), 4.30 (q, 2H, CH2CH3, J ¼
6.9 Hz), 5.02 (br s, 1H, NH2, deuterium oxide exchangeable),
6.87 (d, 1H, 3’-H, J ¼ 8.4 Hz), 7.16 (d, 2H, ArH, J ¼ 7.8
Hz), 7.23 (br d, 1H, 4’-H, J ¼ 8.4 Hz), 7.36–7.40 (m, 3H,

ArH), 8.35 (s, 1H, 4-H), 9.12 (br s, 1H, NH2, deuterium oxide
exchangeable), 11.82 (s, 1H, OH, deuterium oxide exchange-
able). Anal. Calcd for C23H22N2O5: C, 67.97; H, 5.46; N, 6.89.
Found: C, 67.80; H, 5.41; N, 6.82.

Ethyl 2-amino-1,6-dihydro-1-ethyl-5-(5-methylsalicyloyl)-6-
oxo-pyridine-3-carboxylate (11d). This compound was
obtained in 40% yield as yellow crystalline solid, mp 160–
162�C; IR 3359, 3204, 2977, 1689, 1604, 1542 cm�1; 1H
NMR (CDCl3): d 1.33 (t, 6H, 2�CH2CH3, J ¼ 6.9 Hz), 2.25

(s, 3H, ArCH3), 4.12 (q, 2H, CH2CH3, J ¼ 6.9 Hz), 4.29 (q,
2H, CH2CH3, J ¼ 6.9 Hz), 5.11 (br s, 1H, NH2, deuterium ox-
ide exchangeable), 6.91 (d, 1H, 30-H, J ¼ 8.4 Hz), 7.25 (br d,
1H, 40-H, J ¼ 8.4 Hz), 7.32 (br s, 1H, 60-H), 8.24 (s, 1H, 4-
H), 8.99 (br s, 1H, NH2, deuterium oxide exchangeable), 11.87

(s, 1H, OH, deuterium oxide exchangeable); ms: m/z 345
(MþþH), 367 (MþþNa). Anal. Calcd for C18H20N2O5: C,
62.78; H, 5.85; N, 8.13. Found: C, 62.62, H, 5.80; N, 8.10.

Ethyl 2-amino-1,6-dihydro-1-methyl-5-(5-methylsalicyloyl)-
6-oxo-pyridine-3-carboxylate (11e). This compound was

obtained in 45% yield as yellow crystalline solid, mp 208–
210�C; IR 3333, 3194, 2970, 1684, 1635, 1574 cm�1; 1H
NMR (CDCl3): d 1.33 (t, 3H, CH2CH3, J ¼ 6.9 Hz), 2.25 (s,
3H, ArCH3), 3.50 (s, 3H, NCH3), 4.29 (q, 2H, CH2CH3, J ¼
6.9 Hz), 5.12 (br s, 1H, NH2, deuterium oxide exchangeable),

6.91 (d, 1H, 30-H, J ¼ 8.4 Hz), 7.26 (br d, 1H, 40-H, J ¼ 8.4
Hz), 7.32 (br s, 1H, 60-H), 8.23 (s, 1H, 4-H), 8.98 (br s, 1H,
NH2, deuterium oxide exchangeable), 11.86 (s, 1H, OH, deute-
rium oxide exchangeable). Anal. Calcd for C17H18N2O5: C,

61.81; H, 5.49; N, 8.48. Found: C, 61.74; H, 5.45; N, 8.42.
General procedure for the reaction of malononitrile on

2-alkyl/arylaminochromone-3-carbaldehyde (3). A mixture
of 3 (1 mmol), malononitrile (66 mg, 1 mmol), and piperidine

(85 mg, 1 mmol) in ethanol (30 mL) was stirred at room tem-
perature for 1 h. The deposited solid was filtered off, washed
with ethanol, and recrystallized from benzene to afford 12f–i.

7-Methyl-1-phenyl-2H,5H-2-imino-5-oxo-1-benzopyrano[2,
3-b]pyridine-3-carbonitrile (12f). This compound was

obtained in 80% yield as faint yellow crystalline solid, mp
286–288�C; IR 3316, 2210, 1637, 1533, 1475 cm�1; 1H NMR
(CDCl3): d 2.44 (s, 3H, ArCH3), 6.95 (d, 1H, 9-H, J ¼ 8.4
Hz), 7.27–7.39 (m, 5H, ArH), 7.60–7.67 [m, 2H (1 H, deute-
rium oxide exchangeable), NHþArH)], 7.98 (br s, 1H, 6-H),

8.23 (s, 1H, 4-H); ms: m/z 328 (MþþH), 350 (MþþNa). Anal.
Calcd for C20H13N3O2: C, 73.39; H, 4.00; N, 12.84. Found: C,
73.25; H, 3.92; N, 12.78.

1-Phenyl-2H,5H-2-imino-5-oxo-1-benzopyrano[2,3-b]pyridine-
3-carbonitrile (12g). This compound was obtained in 83% yield

as faint yellow crystalline solid, mp > 320�C; IR 3330, 2230,
1648, 1520, 1460 cm�1; 1H NMR (CDCl3): d 7.05 (br d, 1H, 9-
H, J ¼ 8.1 Hz ), 7.44 (br t, 1H, 7-H, J ¼ 7.2 Hz), 7.58–7.63 (m,
1H, 8-H), 7.64–7.67 (m, 6H, NHþArH), 8.22 (br d, 1H, 6-H, J
¼ 7.2 Hz), 8.30 (s, 1H, 4-H). Anal. Calcd for C19H11N3O2: C,
72.84; H, 3.54; N, 13.41. Found: C, 72.72; H, 3.48; N, 13.48.

1-Ethyl-2H,5H-2-imino-5-oxo-1-benzopyrano[2,3-b]pyri-
dine-3-carbonitrile (12h). This compound was obtained in
86% yield as faint yellow crystalline solid, mp 266–268�C; IR
3298, 3022, 2222, 1626, 1610 cm�1; 1H NMR (CDCl3): d
1.45 (t, 3H, CH2CH3, J ¼ 6.9 Hz), 4.49 (q, 2H, CH2CH3, J ¼
6.9 Hz), 7.48–7.52 (m, 2H, ArH), 7.62 (br s, 1H, NH, deute-
rium oxide exchangeable), 7.75 (ddd, 1H, 8-H, J ¼ 8.4, 7.9,
1.8 Hz), 8.19 (s, 1H, 4-H), 8.24 (dd, 1H, 6-H, J ¼ 7.8, 1.8

Hz). Anal. Calcd for C15H11N3O2: C, 67.92; H, 4.18; N, 15.84.
Found: C, 68.10; H, 4.23; N, 15.76.

1-Ethyl-7-methyl-2H,5H-2-imino-5-oxo-1-benzopyrano[2,3-
b]pyridine-3-carbonitrile (12i). This compound was obtained
in 64% yield as faint yellow crystalline solid, mp 256–258�C;
IR 3300, 2983, 2254, 1645, 1615 cm�1; 1H NMR (CDCl3): d
1.44 (t, 3H, CH2CH3, J ¼ 6.9 Hz), 2.48 (s, 3H, ArCH3), 4.46
(q, 2H, CH2CH3, J ¼ 6.9 Hz), 7.39 (br d, 1H, 9-H, J ¼ 8.4
Hz), 7.54 (br d, 1H, 8-H, J ¼ 8.4 Hz), 7.58 (br s, 1H, NH,

deuterium oxide exchangeable), 8.01 (br s, 1H, 6-H), 8.17 (s,
1H, 4-H). Anal. Calcd for C16H13N3O2: C, 68.81; H, 4.69; N,
15.04. Found: C, 68.70; H, 4.62; N, 14.96.

Silica-induced hydrolysis of 12 to 1-alkyl/aryl-2-amino-

1,6-dihydro-5-(salicyloyl)-6-oxo-pyridine-3-carbonitrile

(11f). Compound 12 (1 mmol) was dissolved in CHCl3 (25
mL). Silica gel (1 g) was added to the CHCl3 solution and the
resultant mixture was heated under reflux with stirring for 5 h.
Silica gel was filtered off and it was eluted with 20% ethyl ac-
etate in benzene. Filtrate (CHCl3 solution) and eluents were

mixed together and was concentrated under reduced pressure.
The residue was crystallized from benzene to afford 11f–i.

2-Amino-1,6-dihydro-1-phenyl-5-(5-methylsalicyloyl)-6-oxo-
pyridine-3-carbonitrile (11f). This compound was obtained in
70% yield as yellow crystalline solid, mp 194–196�C; IR

3400, 3388, 3220, 2981, 2255, 1690, 1647, 1540 cm�1; 1H
NMR (CDCl3): d 2.26 (s, 3H, ArCH3), 5.50 (br s, 2H, NH2,

deuterium oxide exchangeable), 6.89 (d, 1H, 3’-H, J ¼ 8.7
Hz), 7.29–7.31 (m, 4H, ArH), 7.57–7.65 (m, 3H, ArH), 7.74

(s, 1H, 4-H), 11.61 (s, 1H, OH, deuterium oxide exchange-
able); 13C NMR (CDCl3): d 20.6, 72.0, 116.2, 117.1, 118.0,
119.1, 127.7, 128.1, 128.3, 130.8, 131.0, 132.1, 133.2, 137.6,
144.2, 156.5, 160.7, 196.4; ms: m/z 346 (MþþH), 368
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(MþþNa). Anal. Calcd for C20H15N3O3: C, 69.56; H, 4.38; N,
12.17. Found: C, 69.38; H, 4.40; N, 12.12.

2-Amino-1,6-dihydro-1-phenyl-5-salicyloyl-6-oxo-pyridine-
3-carbonitrile (11g). This compound was obtained in 72%
yield as yellow crystalline solid, mp 228–230�C; IR 3410,

3398, 3213, 2922, 2216, 1681, 1638, 1526 cm�1; 1H NMR
(CDCl3): d 5.41 (br s, 2H, NH2, deuterium oxide exchange-
able), 6.85 (ddd, 1H, 5’-H, J ¼ 7.5, 7.2, 0.6 Hz), 6.98 (dd, 1H,
3’-H, J ¼ 8.1, 0.6 Hz), 7.28–7.31 (m, 2H, ArH), 7.42–7.48
(m, 1H, ArH), 7.55–7.65 (m, 4H, ArH), 7.81 (s, 1H, 4-H),

11.81 (s, 1H, OH, deuterium oxide exchangeable); Anal. Calcd
for C19H13N3O3: C, 68.88; H, 3.95; N, 12.68. Found: C,
68.75; H, 3.92; N, 12.63.

2-Amino-1-ethyl-1,6-dihydro-5-salicyloyl-6-oxo-pyridine-3-
carbonitrile (11h). This compound was obtained in 69%

yield as yellow crystalline solid, mp 252–254�C; IR 3344,
3314, 3227, 2941, 2212, 1631, 1581 cm�1; 1H NMR
(DMSO-d6): d 1.09 (t, 3H, CH2CH3, J ¼ 6.9 Hz), 4.0 (q,
2H, CH2CH3, J ¼ 6.9 Hz), 6.81–6.88 (m, 2H, ArH), 7.34–

7.36 (m, 2H, ArH), 7.78 (s, 1H, 4-H), 8.14 (br s, 2H, NH2,

deuterium oxide exchangeable), 10.61 (s, 1H, OH, deute-
rium oxide exchangeable). Anal. Calcd for C15H13N3O3: C,
63.60; H, 4.63; N, 14.83. Found: C, 63.45; H, 4.56; N,
14.74.

2-Amino-1-ethyl-1,6-dihydro-5-(5-methylsalicyloyl)-6-oxo-
pyridine-3-carbonitrile (11i). This compound was obtained in
67% yield as yellow crystalline solid, mp 248–250�C; IR
3340, 3324, 3220, 2955, 2220, 1640, 1578 cm�1; 1H NMR
(DMSO-d6): d 1.10 (t, 3H, CH2CH3, J ¼ 6.9 Hz), 2.20 (s, 3H,

ArCH3), 4.00 (q, 2H, CH2CH3, J ¼ 6.9 Hz), 6.77 (d, 1H, 3’-
H, J ¼ 7.5 Hz), 7.16–7.18 (m, 2H, ArH), 7.75 (s, 1H, 4-H),
8.12 (br s, 2H, NH2, deuterium oxide exchangeable), 10.42 (s,
1H, OH, deuterium oxide exchangeable). Anal. Calcd for
C16H15N3O3: C, 64.64; H, 5.03; N, 14.13. Found: C, 64.74;

H, 5.06; N, 14.19.
Synthesis of Ethyl 1-ethyl-7-methyl-2H,5H-2-imino-5-oxo-

1-benzopyrano[2,3-b]pyridine-3-carboxylate (12d) from 3

(R1 ¼ Me, R2 ¼ Et). A mixture of 3 (R1 ¼ Me, R2 ¼ Et)

(230 mg, 1 mmol), ethyl cyanoacetate (115 mg, 1 mmol) in
pyridine (5 mL) was stirred at room temperature for 2 h when
a solid was found to separate. It was filtered off, washed with
water, dried in air, and crystallized from benzene-light petrol
(80:20) to produce 12d.

Ethyl 1-ethyl-7-methyl-2H,5H-2-imino-5-oxo-1-benzopyr-
ano[2,3-b]pyridine-3-carboxylate (12d). This compound was
obtained in 40% yield as faint yellow crystalline solid, mp 256–
258�C; IR 3303, 2985, 1702, 1625, 1537, 1478 cm�1; 1H NMR
(CDCl3): d 1.37–1.44 (m, 6H, 2�CH2CH3), 2.47 (s, 3H, ArCH3),

4.34 (q, 2H, NCH2CH3, J ¼ 6.9 Hz), 4.47 (q, 2H, OCH2CH3, J¼
6.6 Hz), 7.36 (d, 1H, 9-H, J ¼ 8.4 Hz), 7.48 (br d, 1H, 8-H, J ¼
8.4 Hz), 8.01 (br s, 1H, 6-H), 8.63 (s, 1H, 4-H), 9.57 (br s, 1H,
NH, deuterium oxide exchangeable). Anal. Calcd for
C18H18N2O4: C, 66.25; H, 5.56; N, 8.58. Found: C, 66.40; H,

5.49, N, 8.52.
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A series of chiral, nonracemic oxadiazines have been prepared from (1R,2S)-ephedrine, (1R,2S)-nore-
phedrine, and L-phenylalaninol. The synthesis of the Ephedra-based oxadiazines was accomplished by a
process of N-nitrosation, reduction, acylation, and acid-catalyzed cyclization. The trans- and cis-diaster-
eomeric oxadiazines derived from (1R,2S)-ephedrine were analyzed by 1H NMR spectroscopy and by

single crystal X-ray crystallographic analysis. The stereochemistry of the (1R,2S)-norephedrine–derived
oxadiazines was assigned based on 1H NMR spectroscopy and by analogy with the X-ray crystal struc-
ture of the (1R,2S)-ephedrine–based oxadiazines. In addition, L-phenylalaninol was used as a template
to prepare a series of oxadiazines substituted at the N4-nitrogen with an isopropyl group. This was

accomplished by a reductive alkylation of L-phenylalaninol with acetone and subsequent hydrazide for-
mation. These hydrazides were reacted with methanesulfonyl chloride to yield the corresponding oxadia-
zines by a base-mediated cyclization.

J. Heterocyclic Chem., 47, 982 (2010).

INTRODUCTION

Many heterocyclic systems such as oxazolidinones [1]

and oxazolines [2] have been well-developed in terms of

their synthetic [3,4] and medicinal applications [5,6]. In

contrast, the heterocycles known as 5,6-dihydro-4H-
1,3,4-oxadiazines (oxadiazines, 1) have not been the

subject of much interest (Fig. 1). The first report con-

cerning this ring system was described by Ishidate et al.
and the oxadiazine that was formed only considered to

be a contaminant [7]. Research that was directly focused

on oxadiazines, as synthetic targets of medicinal worth

was launched by the Pitman-Moore division of Dow

chemical in the early 1960s [8a]. Consequently, chiral,

nonracemic oxadiazines derived from Ephedra alkaloids

were first prepared by Dow chemists Trepanier et al.
[8a–f]. The synthetic pathway that was developed

involved the preparation of b-hydrazido-alcohols, which
were converted into their corresponding oxadiazines by

acid-catalyzed cyclization (Scheme 1) [8a–f]. Specifi-

cally, ephedrine was converted to N-aminoephedrine by

N-nitrosation and LiAlH4 reduction. The resultant

b-hydrazido-alcohol was treated with two equivalents of

benzoyl chloride to generate the bis(benzoylated) deriva-

tive 4. Hydrolysis of the ester yielded the required

b-hydrazido-alcohol 5. Trepanier et al. used this

sequence of steps because of the competitive nucleophi-

licity between the hydrazine and alcohol. The b-hydra-
zido-alcohol 5 was then treated with acid [8a–e] to

induce cyclization to afford a diasteroemeric mixture of

oxadiazines 6 and 7. The dominant oxadiazine was de-

pendent on the acid that was used. Oxadiazine 6 was

the dominant diastereomer [8a–c] when sulfuric acid

was used, and oxadiazine 7 was dominant when an ace-

tic acid/HBr mixture was used [8d]. On the basis of

seminal efforts of Trepanier et al. [8] and the later

research efforts of others [9–11] who have investigated

the preparation of oxadiazines, we became interested in

the synthesis of these compounds as potential tools for

conducting asymmetric syntheses via intramolecular chi-

ral relay [12–14,15a].

RESULTS AND DISCUSSION

The first course of action that was taken involved the

preparation of the (1R,2S)-ephedrine–derived oxadia-

zines 6 and 7 for the sake of evaluating the literature
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method for preparing these compounds. The (1R,2S)-
ephedrine hydrazine was prepared in the same manner

as in Trepanier’s work using an experimental procedure

(N-nitrosation/reduction) developed in the our laborato-

ries (Scheme 2) [15]. In contrast to the earlier work

involving the use of excess benzoyl chloride (Scheme 1),

the hydrazine was treated with one equivalent of benzoic

anhydride via dropwise addition at 0�C to afford the cor-

responding hydrazide 5 in 66% yield without the need for

the bis(acylation).

The H2SO4-catalyzed cyclization of 5 gave a 7:1 ratio

of the trans-oxadiazine 6 to the cis-oxadiazine 7. This

mixture of diastereomers, which presumably arose from

stereochemical inversion/retention at the benzylic posi-

tion, was purified by multiple recrystallizations to afford

the diastereomerically enriched 6 in 22%. The low yield

was attributed to the competitive process of hydrolysis

of the hydrazide to hydrazine 3. Despite numerous

attempts, we were not able to reproduce the yields for

this compound that Trepanier et al. obtained in his early

work perhaps due to the purification [8a].

Nonetheless, we were also interested in conducting

the hydrobromic acid/propanoic acid cyclization path-

way. Under these conditions, treatment of 5 afforded a

6:1 diastereomeric mixture of oxadiazines favoring the

cis-isomer 7. Purification by flash chromatography

yielded the diastereomerically enriched 7 in 36% iso-

lated yield.

Base-induced cyclization was of interest as there

was the possibility that such a pathway might afford

improved diastereoselectivities in the oxadiazine prod-

ucts. Trepanier had demonstrated that the base-mediated

cyclization (Scheme 1) was limited due to the failure of

the intramolecular nucleophilic substitution. The cycliza-

tion pathway was investigated through a different syn-

thetic route involving the generation of the mesylate of

hydrazide 5. To pursue this idea, 5 was reacted with

methanesulfonyl chloride in the presence of excess trie-

thylamine (TEA) to generate benzylic mesylate interme-

diate 10, which presumably underwent further cycliza-

tion to 6 (Scheme 2). This process yielded oxadiazine 6

in only 9% yield after flash chromatography from a

complex mixture, suggesting that the base-mediated

cyclization for the Ephedra series was not viable.

Trepanier originally assigned the configurations of the

trans- and cis-oxadiazines based on the observed cou-

pling constants for the C5 and C6 methine protons

(Scheme 2). The JH5–H6 coupling constant of the pro-

posed trans-isomer 6 was calculated to be 7.4 Hz,

whereas the JH5–H6 coupling constant of the cis-isomer

was determined to be 2.9 Hz. The calculated coupling

constants were in agreement with the expected values

based on the Karplus relation [16], but we were still

interested in determining the relative and absolute ster-

eochemistry of these compounds beyond the 1H NMR

analysis. Thus, the stereochemical structures of 6 and 7

were unambiguously determined by single crystal X-ray

crystallography (Figs. 2 and 3) [17].

The oxadiazines 6 and 7 were determined to have rel-

atively planar structures as compared with the twist boat

conformations that the related oxadiazinanones possess

[18]. In addition to this observation, it was determined

that there was a difference in terms of conformational

Figure 1. 5,6-Dihydro-4H-1,3,4-oxadiazine.

Scheme 1. Trepanier’s synthesis of oxadiazines 6 and 7.
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behavior of the N4-nitrogen with regard to the cis-oxa-
diazine 7 as compared with the related oxadiazinanones.

Oxadiazine 7 possesses an equatorial N4-methyl group,

whereas the corresponding oxadiazinanone possesses an

axial N4-methyl group.

Once the stereochemistry of the oxadiazines was

unambiguously determined, the synthesis of related oxa-

diazines derived from (1R,2S)-norephedrine was pursued

(Scheme 3). The (1R,2S)-ephedrine hydrazine 3 was

treated with either 1-naphthoyl chloride or propanoic an-

hydride to afford the corresponding hydrazides 12

(68%) and 13 (71%), respectively. Hydrazide 12 was

reacted with either H2SO4 or HBr in propanoic acid to

afford trans-oxadiazine 15 (28%) and cis-oxadiazine 16

(21%), respectively. The relative stereochemistry for the

oxadiazines 15 and 16 were assigned based on the cou-

pling constants [JH5–H6(trans) ¼ 7.4 Hz and JH5–H6(cis)
¼ 3.0 Hz] and correlation with the collected X-ray crys-

tallographic data for 6 and 7. Interestingly, cyclization

of the propanoyl hydrazide 13 with sulfuric acid gave

trans-oxadiazine 17 in 64% after flash chromatography.

With regard to the higher yield of oxadiazine 17, it is

proposed that the 1-naphthoyl group of hydrazide 12

undergoes acid-catalyzed hydrolysis at a rate that is

competitive with the cyclization; whereas the propanoyl

group of hydrazide 13 does not.

The modifications that were made to prepare oxadia-

zines 15–17 varied the C2-position. The N4-position was

also of interest as this position has been proposed to be

the primary means of asymmetric induction in the

related oxadiazinanone family of chiral auxiliaries [19].

To examine the impact of altering the N4-position of the

oxadiazine core, hydrazine 11 [19] was benzoylated by

reaction with benzoic anhydride to yield hydrazide 14 in

31% after chromatography. The lower yield for the acy-

lation process was attributed to the competitive nucleo-

philicity between the amino group of the hydrazine and

the b-hydroxy group due to the presence of the N-

Scheme 2. Synthesis of oxadiazines 6 and 7.

Figure 2. ORTEP-3 diagram of 6 with 50% probability ellipsoids shown. Hydrogen atoms are drawn arbitrarily small for clarity. ORTEP of trans-

oxadiazine 6.
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isopropyl group. The hydrazide 14 was cyclized with

H2SO4 to yield the trans-oxadiazine 18 in 40% yield.

We became interested in determining if it would be

possible to prepare chiral oxadiazines from a variety of

a-amino acids. We had previously prepared hydrazine

19 from L-phenylalaninol [20] and sought to use this

material to prepare a series of oxadiazines (Scheme 4).

Thus, hydrazine 19 was acylated at nitrogen using either

propanoyl chloride, benzoyl chloride, or 1-naphthoyl

chloride to afford the corresponding hydrazides 20a–c,

respectively. The use of acyl chlorides proved to be as

effective as the use of anhydrides when the reactions

were conducted in 0.1M solutions of dichloromethane.

The hydrazide 20c was not directly isolated due to diffi-

culties associated with the crystallinity of the hydrazide

and the byproduct naphthoic acid.

The use of an acid-catalyzed process to induce the cy-

clization of these hydrazides was not pursued as these

systems contained primary alcohols that might be sus-

ceptible to degradation. Ultimately, a base-mediated pro-

cess for the cyclization of compounds 20a–c was used.

Thus, the hydrazides were treated with methanesulfonyl

chloride and an excess of TEA to afford the desired

oxadiazines 22a–c through putative intermediates 21a–c.

The isolated yields for the oxadiazines were significantly

better than the acid-catalyzed pathway perhaps due to

the circumvention of the hydrolysis of the hydrazide.

CONCLUSIONS

We have synthesized a series of Ephedra-based oxa-

diazines using a modified method based on the earlier

works of Trepanier et al. The stereochemistry of the

Ephedra-based oxadiazines were evaluated by 1H NMR

spectroscopy and by X-ray crystallography. The prepara-

tion of the oxadiazines from L-phenylaninol was accom-

plished using a hydrazide pathway with formation on a

labile mesylate intermediate.

Scheme 3. Synthesis of oxadiazines 15–18.
Scheme 4. Synthesis of oxadiazines 22a–c.

Figure 3. ORTEP-3 diagram of 7 with 50% probability ellipsoids shown. Hydrogen atoms are drawn arbitrarily small for clarity.
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EXPERIMENTAL

General remarks. Methylene chloride (CH2Cl2) was pur-
chased as an anhydrous reagent. Unless otherwise stated, all
reactions were run under anhydrous conditions and a nitrogen
atmosphere. 1H and 13C NMR spectra were recorded in CDCl3
operating at 400 and 100 MHz, respectively, or at 300 and 75
MHz as specified. Chemical shifts are reported in parts per mil-
lion (d scale), and coupling constants (J values) are listed in hertz
(Hz). Infrared spectra are reported in reciprocal centimeters
(cm�1) and are measured either as a neat liquid or as a KBr win-
dow. Melting points were recorded on a Mel-Temp apparatus
and are uncorrected. Mass spectral analyses were conducted
using a quadrupole time of flight mass spectrometer hybrid with
MS/MS capability. Optical activities were measured at 589 nm
using a digital polarimeter purchased with NSF grant.

(5S,6R)-N0-(2-Hydroxy-1-methyl-2-phenylethyl)-N0-methyl)

benzoic acid hydrazide (5). To a flame dried, nitrogen purged
round bottom, the (1R,2S)-ephedrine–derived hydrazine 4 (2.50
g, 13.9 mmol), dichloromethane (70 mL), and TEA (2.13 mL,
15.3 mmol) was added. The reaction mixture was then cooled
to 0�C. The reaction stirred for 5 min and benzoic anhydride
(3.30 g, 14.6 mmol) was added by means of a dropping funnel.
After 24 h, the reaction was quenched by the addition of a sat-
urated aqueous solution of ammonium chloride (100 mL) and
diluted with CHCl3 (100 mL). The organic layer was washed
with brine (100 mL) and then dried (MgSO4). The solvent was
removed via rotary evaporation to afford the title compound:
white solid (66%), Mp ¼ 163–165�C, [a]24D ¼ �61.9 (c 0.59,
CHCl3).

1H NMR (400 MHz, CDCl3): d 0.94 (d, J ¼ 6.6 Hz,
3H), 2.83 (s, 3H), 2.99 (qd, J ¼ 6.6, 2.2 Hz, 1H), 5.16 (d, J ¼
2.2 Hz, 1H), 7.20–7.52 (m, 8H), 7.76 (d, J ¼ 7.4 Hz, 2H),
8.01 (s, 1H). 13C NMR (100 MHz, DMSO-d6): d 9.9, 42.3,
65.8, 71.5, 125.6, 126.3, 127.2, 127.7, 128.3, 131.3, 133.4,
142.7, and 165.7 ppm. IR (nujol mull): 3205 and 1641 cm�1.
ESI-HRMS calcd. for C17H21N2O2 (M þ Hþ): 285.1603.
Found: 285.1604.

trans-(5S,6S)-4,5-Dimethyl-2,6-diphenyl-5,6-dihydro-4H-1,3,

4-oxadiazine (6). Hydrazide 5 (1.00 g, 3.40 mmol) and con-
centrated sulfuric acid (18M, 10 mL) were combined and
stirred at room temperature. After 2 h, the solution was diluted
with water (100 mL) and treated with a saturated solution of

sodium bicarbonate until the solution was neutralized as deter-
mined by the use of pH paper. The organic layer was extracted
with EtOAc (100 mL), treated with NaHCO3 (50 mL), and
washed with brine (50 mL). The organic layer was dried

(MgSO4), and the solvent was removed by rotary evaporation
to afford the title compound as a 7:1 mixture of the trans- and
cis-isomers of the oxadiazine. The title compound was recrys-
tallized thrice with hexanes and ethyl acetate to afford the iso-
merically pure trans-isomer as a white solid (22%). Mp ¼
139–141�C, [a]24D ¼ þ160.8 (c 0.91, CHCl3).

1H NMR (400
MHz, CDCl3): d 1.06 (d, J ¼ 6.6 Hz, 3H), 2.69 (dq, J ¼ 7.4,
6.6 Hz, 1H), 2.88 (s, 3H), 5.05 (d, J ¼ 7.4 Hz, 1H), 7.30–7.40
(m, 8H), 7.82–7.85 (m, 2H). 13C NMR (100 MHz, CDCl3): d
14.3, 43.6, 57.5, 82.3, 125.3, 127.4, 128.0, 128.5, 128.6, 128.9,

132.5, 138.1, and 146.0 ppm. IR (nujol mull): 1622 and 1448
cm�1. ESI-HRMS calcd. for C17H19N2O (M þ H)þ: 267.1497.
Found: 267.1487.

cis-(5S,6R)-4,5-Dimethyl-2,6-diphenyl-5,6-dihydro-4H-1,3,4-

oxadiazine (7). Hydrazide 5 (1.00 g, 3.40 mmol) and HBr in

propanoic acid (15 mL, 30% by weight) were combined in

100 mL flask and stirred for 24 h. The solution was diluted
with H2O (100 mL) and neutralized with NaHCO3. The or-
ganic layer was diluted with EtOAc (100 mL), washed with
brine (50 mL), and dried with MgSO4. Solvents were removed
via rotary evaporator. The title product was isolated by flash
column chromatography (hexanes:EtOAc, 98:2). White solid
(36%), Mp ¼ 94–97�C. [a]24D ¼ �176.2 (c 1.00, CHCl3).

1H
NMR (400 MHz, CDCl3) d: 0.81 (d, J ¼ 6.5 Hz, 3H), 2.88 (s,
3H), 3.35 (dq, J ¼ 6.5, 2.9 Hz, 1H), 5.52 (d, J ¼ 2.9 Hz, 1H),
7.24–7.91 (m, 10H). 13C NMR (100 MHz, CDCl3) d: 7.9,
42.9, 54.8, 79.1, 125.2, 126.2, 127.9, 128.0, 128.3, 128.8,
132.5, 138.2, and 144.3. IR (diamond): 1621, 1003, 772, and
647 cm�1. ESI-HRMS calcd. for C17H19N2O (M þ Hþ):
267.1497. Found: 267.1496.

N0-[(1R,2S)-1-Hydroxy-1-phenyl-2-propyl]-N0-methyl naph-

thoic hydrazide (12). In a 250-mL nitrogen purged round-bot-
tom flask was placed hydrazine 3 (3.00 g, 16.6 mmol), dichloro-
methane (208 mL), TEA (4.60 mL, 33.3 mmol), and 1-naph-
thoyl chloride (2.50 mL, 16.6 mmol). After 24 h, the reaction
was diluted by the addition of CH2Cl2 (100 mL) and NH4Cl
(100 mL). The organic layer was washed with brine (100 mL)
and then dried with MgSO4. The solvents were removed via ro-
tary evaporation. The title product was isolated by flash column
chromatography (hexanes:EtOAc, 60:40). Yellow solid (68%),
Mp ¼ 75–77�C. [a]25D ¼ �23.5 (c 1.01, CHCl3).

1H NMR (400
MHz, CDCl3) d (ppm): 0.91 (d, J ¼ 6.1 Hz, 3H), 2.79 (s, 3H),
2.89 (dq, J ¼ 6.1, 3.7, 1H), 4.33 (s, 1H), 5.13 (s, 1H), 7.20–7.63
(m, 8H), 7.80–7.86 (m, 3H), 8.19–8.22 (m, 1H). 13C NMR (100
MHz, CDCl3) d (ppm): 10.2, 43.5, 66.7, 72.4, 124.5, 125.1,
125.2, 125.7, 126.5, 126.8, 127.3, 128.0, 128.1, 128.2, 130.3,
130.9, 132.3, 133.5, and 168.5. IR (nujol): 3291, 1658, 1511,
735, and 701 cm�1. ESI-HRMS calcd. for C21H23N2O2 (M þ
Hþ): 335.1760. Found: 335.1761.

N0-[(1R,2S)-1-Hydroxy-1-phenyl-2-propyl]-N0-methyl pro-

panoic hydrazide (13). In a 250-mL nitrogen purged round-
bottom flask was placed hydrazine 3 (2.00 g, 11.1 mmol),
dichloromethane (35 mL), and TEA (1.70 mL, 12.2 mmol). The
solution was cooled to 0�C and propanoic acid anhydride (1.50
mL, 11.7 mmol) dissolved in dichloromethane (20 mL) was
added slowly via a dropping funnel. After 24 h, the reaction was
diluted by the addition of CH2Cl2 (100 mL) and NH4Cl (100
mL). The organic layer was washed with brine (100 mL) and then
dried with MgSO4. The solvents were removed via rotary evapo-
ration. The title compound was isolated as a 7:1 mixture of dia-
steromers after recrystallization with hexanes:EtOAc and only the
major rotomeric diasteromers have been characterized. White
solid (71%), Mp ¼ 81–83�C. [a]24D ¼ �32.3 (c .04, CHCl3).

1H
NMR (400 MHz, CDCl3) d (ppm): 0.85 (d, J ¼ 6.6 Hz, 3H), 1.15
(t, J ¼ 7.6 Hz, 3H), 2.17 (q, J ¼ 7.6 Hz, 2H), 2.69 (s, 3H), 2.86
(dq, J ¼ 6.6, 2.3 Hz, 1H), 5.01 (d, J ¼ 2.3 Hz, 1H), 7.20–7.54 (m,
5H). 13C NMR (CDCl3, 100 MHz) d: 10.1, 27.8, 43.2, 66.5, 72.2,
125.7, 126.7, 128.0, 141.4, 173.5, and 178.4 ppm. IR (diamond):
3256, 1655, and 1451 cm�1. ESI-HRMS calcd. for C13H21N2O2

(Mþ Hþ): 237.1603. Found: 237.1598.
N0-[(1R,2S)-1-Hydroxy-1-phenyl-2-propyl]-N0-isopropyl

benzoic hydrazide (14). In a 250-mL nitrogen purged round-
bottom flask was placed hydrazine 11 (2.00 g, 9.60 mmol),
dichloromethane (30 mL), and TEA (1.50 mL, 10.6 mmol). The

solution was cooled to 0�C and benzoic anhydride (2.28 g, 10.1
mmol) dissolved in dichloromethane (18 mL) was slowly added
via a dropping funnel. After 24 h, the reaction was diluted by
the addition of CH2Cl2 (100 mL) and NH4Cl (100 mL). The
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title compound was isolated by recrystallization (EtOAc:hex-

anes). White solid (31%), Mp ¼ 119–120�C. [a]24D ¼ �58.6 (c
0.58, CHCl3).

1H NMR (400 MHz, CDCl3) d: 0.86 (d, J ¼ 6.6

Hz, 3H), 1.14 (d, J ¼ 6.6 Hz, 3H), 1.20 (d, J ¼ 6.6 Hz, 3H),

3.09–3.11 (m, 1H), 3.43–3.50 (m, 1H), 5.00 (d, J ¼ 2.0 Hz,

1H), 7.19–7.78 (m, 10H). 13C NMR (100 MHz, CDCl3) d: 9.9,
17.0, 18.9, 52.3, 63.3, 73.2125.7, 127.7, 127.1, 128.0, 128.7,

131.9, 133.2, 141.3, and 168.9. IR (diamond): 3264, 1653, 748,

and 680 cm�1. ESI-HRMS calcd. for C19H25N2O2 (M þ Hþ):
313.1916. Found: 313.1913.

trans-(5S,6S)-4,5-Dimethyl-2-(1-naphthyl)-6-phenyl-5,6-

dihydro-4H-1,3,4-oxadiazine (15). Hydrazide 12 (0.50 g,

1.50 mmol) was combined with H2SO4 (5 mL, 12M) was

stirred for 2 h. The solution was diluted with H2O (100 mL)

and neutralized with NaHCO3. The organic layer was diluted

with EtOAc (100 mL), washed with brine (50 mL), and dried

(MgSO4). The title compound was isolated by trituration with

pentane. This process afforded the title compound as a �7:1

mixture of the trans- and cis-isomers of the title oxadiazine.

Yellow solid (28%), Mp ¼ 140–142�C. [a]25D ¼ þ 56.9 (c
0.70, CHCl3).

1H NMR (400 MHz, CDCl3) d: 1.13 (d, J ¼ 6.4

Hz, 3H), 2.88 (dq, J ¼ 7.4, 6.4 Hz, 1H), 2.95 (s, 3H), 5.19 (d,

J ¼ 7.4 Hz, 1H), 7.36–7.85 (m, 8H), 7.81–7.84 (m, 3H), 8.79

(d, J ¼ 8.5 Hz, 1H). 13C NMR (100 MHz, CDCl3) d: 14.4,
43.7, 57.4, 82.8, 124.9, 125.7, 126.1, 126.8, 127.5, 128.3,

128.6, 128.7, 129.7, 130.7, 133.9, 137.9, and 147.1. IR (nujol):

1614, 1020, 759, and 706 cm�1. ESI-HRMS calcd. for

C21H21N2O (M þ Hþ): 317.1654. Found: 317.1643.
cis-(5S,6S)-4,5-Dimethyl-2-(1-naphthyl)-6-phenyl-5,6-dihy-

dro-4H-1,3,4-oxadiazine (16). Hydrazide 13 (1.00 g, 3.40

mmol) and a 30% solution of HBr in propanoic acid (15 mL)

were combined in a 100-mL round-bottom flask and this reac-

tion mixture stirred. After 24 h, the reaction was diluted with

H2O (100 mL) and neutralized with NaHCO3. The organic

layer was diluted with EtOAc (100 mL), washed with brine

(50 mL), dried with MgSO4, and the solvents were removed

via rotary evaporation. The title compound was isolated by

flash chromatography (95:5, hexanes:EtOAc). Yellow solid

(21%), Mp ¼ 125–128�C. [a]23D ¼ �86.4 (c 0.53, CHCl3).
1H

NMR (400 MHz, CDCl3) d (ppm): 0.94, (d, J ¼ 6.6 Hz, 3H),

2.95 (s, 3H), 3.46 (dq, J ¼ 6.6, 3.0 Hz, 1H), 5.65 (d, J ¼ 3.0

Hz, 1H), 7.39–7.53 (m, 8H), 7.84–7.89 (m, 3H), 8.74 (d, J ¼
8.4 Hz, 1H). 13C NMR (100 MHz, CDCl3) d (ppm): 8.2, 43.0,

54.8, 79.6, 124.9, 125.7, 126.1, 126.3, 126.5, 126.8, 127.9,

128.3, 129.7, 130.0, 130.8, 133.9, 138.1, and 145.5. IR (nujol):

1613, 995, 746, and 709 cm�1. ESI-HRMS calcd. for

C21H21N2O (M þ Hþ): 317.1654. Found: 317.1642.
trans-(5S,6S)-2-Ethyl-4,4-dimethyl-6-phenyl-5,6-dihydro-

4H-1,3,4-oxadiazine (17). Hydrazide 13 (0.25 g, 1.06 mmol)
and H2SO4 (3 mL, 12M) were combined in 100-mL round-bottom
flask and stirred for 24 h. The solution was diluted with H2O (100
mL) and neutralized with NaHCO3. The organic layer was diluted
with EtOAc (100 mL), washed with brine (50 mL), dried with

MgSO4, and the solvents were removed via rotary evaporation.
The title product was isolated by flash column chromatography
(hexanes:EtOAc, 9:1). Yellow oil (64%). [a]23D ¼ þ288.8 (c 0.10,
CHCl3).

1H NMR (400 MHz, CDCl3) d: 0.90 (d, J ¼ 6.3 Hz, 3H),
1.1 (t, J ¼ 7.5 Hz, 3H), 2.17 (q, J ¼ 7.5 Hz, 2H), 2.37–2.43 (m,

6.3 Hz, 1H), 2.63, (s, 3H), 4.79 (d, J ¼ 7.8 Hz, 1H), 7.19–7.30
(m, 5H). 13C NMR (100 MHz, CDCl3) d (ppm): 11.1, 14.3, 26.6,
43.5, 57.8, 82.3, 127.4, 128.5, 128.6, 138.0, and 151.9. IR (neat):

1656, 1066, 756, and 700 cm�1. ESI-HRMS calcd. for
C13H19N2O (Mþ Hþ): 219.1497. Found: 219.1489.

(5S,6S)-4-Isopropyl-5-methyl-2,6-diphenyl-5,6-dihydro-4H-

1,3,4-oxadiazine (18). Hydrazide 14 (0.50 g, 1.60 mmol) was
combined with H2SO4 (5 mL, 12M) and stirred for 2 h. The

solution was diluted with H2O (100 mL) and neutralized with
NaHCO3. The organic layer was diluted with EtOAc (100
mL), washed with brine (50 mL), dried with MgSO4, and the
solvents were removed via rotary evaporation. The title prod-
uct was isolated by flash column chromatography (hexanes:-
TEA, 97.5:2.5). White solid (40%), Mp ¼ 160–162�C. [a]24D ¼
þ175.0 (c 0.25, CHCl3). IR (diamond): 1625, 1027, 756, and
686 cm�1. 1H NMR (400 MHz, CDCl3) d (ppm): 1.00 (d, J ¼
6.2 Hz, 3H), 1.04 (d, J ¼ 6.2 Hz, 3H), 1.40 (d, J ¼ 6.6 Hz,
3H), 2.92 (dq, J ¼ 12.9, 6.6 Hz, 1H), 3.52 (septet, J ¼ 6.6 Hz,
1H), 5.04 (d, J ¼ 6.6 Hz, 1H), 7.25–7.86 (m, 10H). 13C NMR
(100 MHz, CDCl3) d (ppm): 13.9, 15.6, 21.4, 50.2, 53.4, 82.4,
125.1, 127.6, 127.9, 128.5, 128.6, 133.2, 138.6, and 145.3.
ESI-HRMS calcd. for C19H23N2O (M þ Hþ): 295.1810.
Found: 295.1798.

General procedure for the formation of hydrazides 20a

and 20b. Hydrazine 19 (0.700 g, 3.36 mmol) was combined
with dichloromethane (17 mL) and TEA (0.515 g, 3.70 mmol)
and this mixture was cooled to 0�C. The anhydride (0.798 g,
3.53 mmol) was then added. After 24 h, the reaction was
diluted by the addition of a saturated solution of ammonium
chloride (100 mL) and diluted with CH2Cl2 (100 mL). The or-
ganic layer was washed with brine (100 mL), dried (MgSO4),
and the solvent was removed by rotary evaporation.

N0-(1-Benzyl-2-hydroxyethyl)-N0-isopropyl benzoic acid hy-
drazide (20a) The use of benzoic acid afforded the title com-
pound as a yellow solid (55%) contaminated with <5% of ben-
zoic acid: Mp ¼ 126–128�C, [a]22D ¼ þ27.4 (c 1.24, CHCl3).

1H
NMR (400 MHz, CDCl3): d 1.16 (d, J ¼ 6.6 Hz, 3H) 1.22 (d, J
¼ 6.6 Hz, 3H), 2.53 (m, 1H), 2.91 (d, J ¼ 13.3, 3.9 Hz, 1H),
3.23–3.33 (m, 1H), 3.44–3.50 (m, 1H), 7.05 (s, 1H), 7.13–7.74
(m, 5H). 13C NMR (100 MHz, CDCl3): d 20.6, 32.4, 53.5, 61.3,
63.3, 126.3, 127.1, 128.6, 128.6, 128.9, 131.7, 138.5, and 168.9
ppm. IR (nujol mull): 3203 and 1648 cm�1. ESI-HRMS calcd.
for C19H25N2O2 (M þ Hþ): 313.1916. Found: 313.1909.

N0-(1-Benzyl-2-hydroxyethyl)-N0-isopropyl propanoic acid
hydrazide (20b) The use of propanoic anhydride afforded a
white solid (65%). Mp ¼ 118–120�C, [a]24D ¼ �7.28 (c 0.82,
CHCl3).

1H NMR (400 MHz, CDCl3): d 1.08 (d, J ¼ 6.3 Hz,
3H), 1.14 (d, J ¼ 6.3 Hz, 3H), 1.21 (t, J ¼ 7.4 Hz, 3H), 2.20
(q, J ¼ 7.4 Hz, 2H), 2.38–2.50 (m, 1H), 2.83 (d, J ¼ 13.2, 4.1
Hz, 1H), 3.11–3.23 (m, 2H), 3.33–3.45 (m, 2H), 4.52 (broad
singlet, 1H) 6.26 (s), 7.12–7.32 (m, 5H). 13C NMR (100 MHz,
CDCl3): d 10.1, 20.5, 27.3, 31.7, 52.7, 61.1, 62.8, 126.1,
128.4, 128.7, 138.5, and 175.5 ppm. IR (nujol mull): 3225 and
1666 cm�1. ESI-HRMS calcd. for C15H25N2O2 (M þ Hþ):
265.1916. Found: 265.1921.

N0-(1-Benzyl-2-hydroxyethyl)-N0-isopropyl 1-naphthoic acid
hydrazide (20c) Hydrazine 19 (1.00 g, 4.80 mmol) was com-
bined with dichloromethane (24 mL) and TEA (0.736 mL,
5.28 mmol) and the solution was cooled to 0�C. The reaction
was stirred for 5 min and 1-naphthoyl chloride (0.76 mL, 5.0
mmol) was added by syringe. After 24 h, the reaction was
quenched by the addition of a saturated solution of ammonium
chloride (100 mL) and diluted with CH2Cl2 (100 mL). The
aqueous layer was drawn off and the organic layer was washed
with brine (100 mL), dried (MgSO4), and the solvent was
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removed by rotary evaporation to afford hydrazide 20c. This
product proved to be difficult to handle due to its poor solubil-
ity and was directly converted to oxadiazine 21c.

General procedure for the formation of oxadiazines 21a

and 21b. Hydrazide 20a (0.500 g, 1.60 mmol) was combined
with dichloromethane (5 mL), TEA (0.22 mL, 1.6 mmol), and
methanesulfonyl chloride (0.130 mL, 1.68 mmol). After 24 h,
the reaction was quenched by the addition of a saturated solu-
tion of ammonium chloride (50 mL) and diluted with dichloro-
methane (50 mL). The organic layer was separated, washed
with brine (50 mL), dried (MgSO4), and the solvent was
removed by rotary evaporation. The crude product was then
purified by column chromatography using hexanes and ethyl
acetate (98:2).

(S)-5-Benzyl-4-5,6-dihydro-isopropyl-2-phenyl-4H-1,3,4-
oxadiazine (21a) The title compound was obtained as yellow

oil (75%). [a]21D ¼ þ197.9 (c 1.45, CH2Cl2).
1H NMR (400

MHz, CDCl3): d 1.15 (d, J ¼ 6.3 Hz, 3H), 1.37 (d, J ¼ 6.3
Hz, 3H), 2.69 (dd, J ¼ 13.5, 9.9 Hz, 1H), 3.03 (dd, J ¼ 13.5,
4.7 Hz, 1H), 3.32–3.53 (m, 2H), 3.98 (dd, J ¼ 10.3, 2.8 Hz,
1H), 4.14 (dd, J ¼ 10.3, 4.4 Hz, 1H), 7.20–7.36 (m, 8H),
7.78–7.83 (m, 2H). 13C NMR (100 MHz, CDCl3): d 17.9,
20.6, 34.5, 52.3, 53.5, 65.7, 124.8, 126.4, 127.8, 128.2, 128.4,
129.2, 133.0, 137.7, and 143.4 ppm. IR: 1628, 1176, 766, and
694 cm�1. ESI-HRMS calcd. for C19H23N2O (M þ Hþ):
295.1810. Found: 295.1809.

(S)-5-Benzyl-2-ethyl-5,6-dihydro-4-isopropyl-4H-1,3,4-
oxadiazine (21b) Hydrazide 12b was used in the cyclization
process to yield 21b. The product was purified by column
chromatography using hexanes and ethyl acetate (97:3) and
was obtained as yellow oil (59%). [a]24D ¼ þ6.12 (c 0.76,
CH2Cl2).

1H NMR (300 MHz, CDCl3): d 1.07 (d, J ¼ 6.3 Hz,
3H), 1.11 (t, J ¼ 7.4 Hz, 3H), 1.28 (d, J ¼ 6.3 Hz, 3H), 2.18
(q, J ¼ 7.4 Hz, 2H), 2.57 (dd, J ¼ 13.5, 9.9 Hz, 1H), 2.97
(dd, J ¼ 13.5, 4.4 Hz, 1H), 3.18–3.3.26 (m, 1H), 3.33 (septet,
J ¼ 6.3 Hz, 1H), 3.91–3.93 (m, 1H), 7.16–7.33 (m, 5H). 13C
NMR (75 MHz, CDCl3): d 10.7, 17.0, 20.7, 26.4, 33.1, 51.0,
52.6, 66.5, 126.3, 128.5, 129.1, 138.0, and 149.5 ppm. IR:
1662, 1176, 741, and 701 cm�1. ESI-HRMS calcd. for
C15H23N2O (M þ Hþ): 247.1810. Found: 247.1822.

(S)-5-Benzyl-5,6-dihydro-4-isopropyl-2-naphthyl-4H-1,3,4-
oxadiazine (21c) The hydrazine 20c (1.00 g, 4.80 mmol) was
combined with dichloromethane (24 mL) and TEA (0.736 mL,
5.28 mmol) and the solution was cooled to 0�C. The reaction
was stirred for 5 min and 1-naphthoyl chloride (0.760 mL,
5.04 mmol) was added. After 24 h, the reaction was quenched
by the addition of a saturated solution of ammonium chloride
(100 mL) and diluted with CH2Cl2 (100 mL). The aqueous
layer was drawn off and the organic layer was washed with
brine (100 mL), dried (MgSO4), and the solvent was removed
by rotary evaporation to afford hydrazide 20c. This product
proved to be difficult to handle due to its solubility and was
directly converted to oxadiazine 21c. The hydrazide was com-
bined with dichloromethane (15 mL), TEA (1.34 mL, 9.60
mmol), and methanesulfonyl chloride (0.39 mL, 5.04 mmol)
and stirred. After 24 h, the reaction was quenched by the addi-
tion of a saturated solution of ammonium chloride (50 mL)
and dichloromethane (50 mL). The layers were separated and
the organic layer was washed with brine (50 mL), dried
(MgSO4), and the solvent was removed by rotary evaporation.
The resultant oxadiazine 21c was purified by column chroma-
tography with hexanes. This process afforded a yellow oil

(31%). [a]24D ¼ þ158.2 (c 1.64, CH2Cl2).
1H NMR (400 MHz,

CDCl3): d 1.33 (d, J ¼ 6.3 Hz, 3H), 1.56 (d, J ¼ 6.3 Hz, 3H),
2.91 (dd, J ¼ 13.3, 9.8 Hz, 1H), 3.21 (dd, J ¼ 13.3, 5.1 Hz,
1H), 3.64 (septet, J ¼ 6.3 Hz, 1H), 4.23 (dd, J ¼ 10.2, 2.7 Hz,
1H), 4.35 (dd, J ¼ 10.2, 4.3 Hz, 1H), 7.38 (t, J ¼ 5.9 Hz,
2H), 7.44–7.46 (m, 2H), 7.56–7.62 (m, 3H), 7.69 (m, 1H),
7.95 (t, J ¼ 6.6 Hz, 2H), 8.01–8.03 (m, 1H), 9.09 (d, J ¼ 8.6
Hz, 1H). 13C NMR (100 MHz, CDCl3): d 18.1, 20.9, 34.6,
52.5, 53.6, 66.0, 124.8, 125.5, 126.1, 126.2, 126.4, 126.5,
128.2, 128.5, 129.3, 130.0, 130.5, 133.9, 137.8, and 144.5
ppm. IR: 2970, 1627, 1131, 740, and 700 cm�1. ESI-HRMS
calcd. for C23H25N2O (M þ H)þ: 345.1967. Found: 345.1958.
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A series of tricyclic 7,8,10,11-tetrahydro-5H-benzo[e]pyrimido[4,5-b][1,4]diazepin-9(6H)-ones were
prepared in moderate to high yields using TFA-promoted iminium-cyclization reactions of 3-(6-(butyla-
mino)-4-chloropyrimidin-5-ylamino)cyclohex-2-enones and various aldehydes.

J. Heterocyclic Chem., 47, 990 (2010).

INTRODUCTION

Benzodiazepines have long been associated with inter-

esting biological activities. For example, clozapine is
used to treat schizophrenia; pirenzepine acts selectively

as a muscarinic receptor (M1) antagonist; and apafant
acts as the platelet activating factor inhibitors [1]. Con-
sequently, syntheses of benzodiazepine derivatives or

diazepine-containing heterocycles are of interest to or-
ganic and medicinal chemists. Thus, dibenzo[b,e][1,4]-
diazepines and other tricyclic systems with a 1,4-diaze-

pine moiety are well documented in the literature [2–9].
As part of our program to prepare heterocyclic libraries,

we developed a series of methodologies to rapidly access var-
ious heterocyclic scaffolds with benzodiazepine as the core
[10–15]. These methodologies entail Bischler–Napieralski

cyclization reactions and iminium cyclization reactions as the
key transformation steps. To expand the scope of the imi-
nium-cyclization reaction, we envisioned that enaminones 1

could be reacted with various aldehydes to prepare 7,8,10,11-
tetrahydro-5H-benzo[e]pyrimido[4,5-b][1,4]diazepin-9(6H)-
ones [16], as depicted in Scheme 1. Although syntheses of
dibenzo [b,e][1,4]diazepines are frequently reported, there is
few report of aminopyrimidines as substrates for such cycli-

zation reactions [16]. Given the large structural differences
between a pyrimidine and benzene, optimization of the cycli-
zation reaction was investigated. Herein, we reported the de-

velopment of this method to prepare 7,8,10,11-tetrahydro-
5H-benzo[e]pyrimido[4,5-b][1,4]diazepin-9(6H)-ones.

RESULTS AND DISCUSSION

The desired enaminones 1 were readily prepared via
condensation of 3 [17] with 1,3-cyclohexandione in ace-

tic acid in 78% yields, as depicted in Scheme 2.

To identify the optimal reaction conditions, the for-
mation of the pyrimido-benzodiazepine nucleus was ini-

tially studied using benzaldehyde as the substrate, and
results are summarized in Table 1.

The standard conditions of AcOH-EtOH are often

reported for similar type of cyclization reactions of ani-

lines leading to dibenzo[b,e][1,4]diazepines [2,4]. There-

fore, these conditions were studied initially. No desired

product was detected at room temperature (entry 1,

Table 1) and only trace amount was isolated after pro-

longed heating (entry 2, Table 1). The lower reactivity

of pyrimidines 1 compared to standard anilines is likely

because of the large structural differences between py-

rimidine and benzene. It is possible that the pyrimidine

ring nitrogens are protonated under the acidic reaction

conditions, which decreased the propensity of the n-

butylamino group toward imine formation. It was rea-

soned that a stronger acid, such as TFA might help to

promote the key imine formation step. Thus, switching

the acid from acetic acid to stronger acids, such as TFA

and sulfuric acid led to low yields of desired product 2,

entries 3–5, Table 1. The conditions of TFA-acetonitrile

proved to be productive in other iminium cyclization

reactions, therefore they were investigated next. Treat-

ment of pyrimidine 1 and benzaldehyde in the presence

of TFA at room temperature led to product 2 in 22%

yield (entry 6, Table 1). On the hand, moderate

heating at 60�C produced the desired product 2 in 56%

yield. The reaction temperature to reflux shortened the

reaction time to 18 h, producing compound 2 in 59%

yield (entry 8, Table 1). To test the solvent effect of

acetonitrile, the reaction was repeated using AcOH

with CH3CN (entry 9), and after reflux for 18 h only

11% of the desired product was obtained. Another
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condition investigated was Py/SOCl2-CH2Cl2 [18],

which was reported for aniline cyclization reactions.

Reflux for 78 h, the desired product was isolated in 40%

yield (entry 10). Thus, the TFA-acetonitrile conditions

(entry 8, Table 1) were identified as optimal, which

were applied to other aldehydes and results are summar-

ized in Table 2.

As disclosed in Table 2, both aliphatic and aromatic

aldehydes are compatible for the current reactions, pro-

ducing the expected 7,8,10,11-tetrahydro-5H-benzo[e]-
pyrimido[4,5-b][1,4]diazepin-9(6H)-ones 2 in moderate

to good yields. The reactions with aliphatic aldehydes

(entries 1–3) proceeded at room temperature to generate

the desired products in moderate yields. Various func-

tional groups ranging from electron-donating (methyl or

methoxy; entries 4–6) to electron-withdrawing groups

(halo, cyano, or nitro; entries 8–14) were tolerated under

the reaction conditions. The Results presented in Table

2 seem to suggest that both electronic and steric effects

may affect the yields when benzaldehydes were used.

For example, electron-withdrawing groups tend to give

higher yields (entries 11–14) compared to electron-

donating groups (entries, 4–6). The presence of an ortho

substituent (entries 3 and 8) led to lower yields com-

pared to the corresponding meta- and para-substituted

analogs (entries 4 and 9), which suggests steric hin-

drance may lead to lower yields.

In summary, a novel heterocyclic scaffold entailing

7,8,10,11-tetrahydro-5H-benzo[e]pyrimido[4,5-b][1,4]dia-
zepin-9(6H)-one was prepared efficiently from N-substi-
tuted pyrimidinediamine and aldehydes. The standard

AcOH-EtOH conditions commonly used to prepare

dibenzo[b,e][1,4]diazepines proved to unsuitable for ami-

nopyrimidines. Thus, a new TFA-acetonitrile condition

was successfully developed to produce the desired 4-

chloro-7,8,10,11-tetrahydro-5H-benzo[e]pyrimido[4,5-b]
[1,4]diazepin-9(6H)-ones in moderate to excellent

yields.

EXPERIMENTAL

Acetonitrile (CH3CN) was dried with CaH2 and distilled.
All other commercial reagents were used as received without
purification. Melting points were uncorrected. Mass spectra
and HPLC data were recorded on a LC/MS system with ELSD
detection. The 1H and 13C NMR data were obtained on a Var-

ian 300 (300 and 75 MHz, respectively) spectrometer with
TMS as the internal standard and CDCl3 as the solvent unless
otherwise stated. Multiplicities are indicated as the following:
s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; dd,

doubled doublet; br, broad. Coupling constants (J values) are
quoted in Hertz.

3-(6-(Butylamino)-4-chloropyrimidin-5-ylamino)cyclohex-

2-enone (1). A solution of 5-amino-4-chloro-6-(butylamino)-
pyrimidine 3 (1.5 g, 7.5 mmol), 1,3-cyclohexandione (0.84 g,

7.5 mmol), and a catalytic amount of acetic acid (30 lL, 0.52
mmol) in cyclohexane (40 mL) was heated in an azeotropic
distillation apparatus for 2 days. The solvent was removed in
vacuo to give the crude product, which was recrystallized from
acetone to give 1.71 g (78%) of 1, mp 190–192�C.1H NMR:

8.29 (s, 1H), 5.74 (s, 1H), 5.32 (s, 1H), 4.93 (s, 1H), 3.47 (q,
2H, J ¼ 6.9 Hz), 2.51 (t, 2H, J ¼ 5.4 Hz), 2.35 (t, 2H, J ¼
6.3 Hz), 2.10–2.02 (m, 2H), 1.61–1.29 (m, 2H), 1.41–1.29 (m,
2H), 0.92 (t, 3H, J ¼ 7.2 Hz). MS (ESI): m/z 295.3 [MþHþ].

General procedure for the synthesis of 4-chloro-

7,8,10,11-tetrahydro-5H-benzo[e]pyrimido[4,5-b][1,4]diaze-
pin-9(6H)-one (2). To a solution of 3-(6-(butylamino)-4-chlor-
opyrimidin-5-ylamino)cyclohex-2-enone 1 (150 mg, 0.51 mmol)
and an aldehyde (0.612 mmol) in 4 mL acetonitrile was added

TFA (20 lL, 0.27 mmol). The mixture was stirred for corre-
sponding time at ambient temperature or 80�C. After cooling to

Scheme 1

Scheme 2

Table 1

Cyclization Reactions between 1 and Benzaldehydea

Entry Solvent Acid Temp (�C) Time (h) Yield (%)

1 EtOH AcOH 24 24 NRb

2 EtOH AcOH reflux 43 5c

3 EtOH TFA 24 24 2c

4 EtOH TFA reflux 43 10

5 EtOH H2SO4 reflux 95 8

6 CH3CN TFA 24 24 22c

7 CH3CN TFA 60 52 56

8 CH3CN TFA reflux 18 59

9 CH3CN AcOH reflux 18 11c

10 DCM Py/SOCl2 reflux 78 40

aYields are isolated products and the reaction was monitored by LC-

MS.
b NR denotes no reaction, all starting materials remained.
c Some starting material 1 was recovered.
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room temperature, the solvent was removed in vacuo to give the
crude product. Purification by flash chromatography (Petroleum
ether/EtOAc ¼ 5:1 or 2:1) afforded the desired products.

11-Butyl-4-chloro-10-propyl-7,8,10,11-tetrahydro-5H-benzo[e]-
pyrimido[4,5-b] [1,4]diazepin-9(6H)-one (2.1). 51%. mp: 83–

85�C. 1H NMR: 8.05 (s, 1H), 6.45 (s, 1H), 4.87 (t, 1H, J ¼
8.1 Hz), 4.32–4.22 (m, 1H), 3.10–3.01 (m, 1H), 2.72–2.59 (m,
1H), 2.56–2.42 (m, 3H), 2.12–1.91 (m, 2H), 1.65–1.45 (m,
4H), 1.33–1.15 (m, 4H). 0.92–0.83 (m, 6H). 13C NMR: 194.4,

155.5, 154.4, 149.5, 144.3, 119.1, 116.7, 55.2, 51.7, 36.3, 35.5,
31.6, 29.8, 20.9, 19.93, 19.86, 13.8, 13.7. MS (ESI): m/z 349.1
[MþHþ].

11-Butyl-4-chloro-10-ethyl-7,8,10,11-tetrahydro-5H-benzo[e]-
pyrimido[4,5-b][1,4]diazepin-9(6H)-one (2.2). 62%. oil. 1H

NMR: 8.03 (s, 1H), 7.29 (s, 1H), 4.78 (t, 1H, J ¼ 8.1 Hz),
4.34–4.25 (m, 1H), 3.09–2.97 (m, 1H), 2.68–2.59 (m, 1H),
2.52 (t, 1H, J ¼ 5.1 Hz), 2.48–2.41 (m, 2H), 2.10–1.94 (m,
2H), 1.74–1.48 (m, 4H), 1.30–1.23 (m, 2H), 0.91–0.80 (m,
6H). 13C NMR: 193.9, 154.8, 154.2, 149.6, 144.8, 119.2,

116.5, 56.7, 51.8, 35.8, 31.6, 29.8, 27.1, 21.0, 19.9, 13.7, 11.1.
MS (ESI): m/z 335.1 [MþHþ].

11-Butyl-4-chloro-10-(2-methoxyphenyl)-7,8,10,11-tetrahydro-
5H-benzo[e] pyrimido[4,5-b][1,4]diazepin-9(6H)-one (2.3). 13%.
mp: 168–169�C. 1H NMR: 7.97 (s, 1H), 7.18–7.13 (m, 1H),

6.99 (d, 1H, J ¼ 6.3 Hz), 6.82–6.73 (m, 2H), 6.25 (s, 1H),
6.23 (s, 1H), 4.36–4.26 (m, 1H), 3.78 (s, 3H), 3.33–3.24 (m,
1H), 2.70–2.61 (m, 1H), 2.57–2.42 (m, 3H), 2.12–1.91 (m,
2H), 1.68–1.50 (m, 2H). 1.37–1.24 (m, 2H), 0.90 (t, 3H, J ¼
7.5 Hz). 13C NMR: 193.4, 157.1, 155.7, 155.6, 149.8, 145.1,

128.6, 128.1, 126.8, 120.2, 119.8, 116.7, 111.0, 55.14, 55.11,

51.8, 35.9, 31.6, 30.2, 20.8, 20.1, 13.8. MS (ESI): m/z 413.1
[MþHþ].

11-Butyl-4-chloro-10-(4-methoxyphenyl)-7,8,10,11-tetrahydro-
5H-benzo[e] pyrimido[4,5-b][1,4]diazepin-9(6H)-one (2.4). 22%.
mp: 167–169�C. 1H NMR: 8.04 (s, 1H), 7.09 (d, 2H, J ¼ 8.7

Hz), 6.73 (d, 2H, J ¼ 8.7 Hz), 6.30 (s, 1H), 6.09 (s, 1H),
4.50–4.41 (m, 1H), 3.74 (s, 3H), 3.23–3.14 (m, 1H), 2.73–2.59
(m, 1H), 2.55–2.43 (m, 3H), 2.16–1.95 (m, 2H), 1.73–1.53 (m,
2H). 1.38–1.26 (m, 2H), 0.91 (t, 3H, J ¼ 7.5 Hz). 13C NMR:
194.0, 158.4, 156.2, 155.3, 149.8, 145.2, 133.0, 127.2, 119.4,

118.3, 113.9, 57.8, 55.1, 52.4, 35.8, 31.7, 30.1, 20.9, 20.0,
13.8. MS (ESI): m/z 413.1 [MþHþ].

11-Butyl-4-chloro-10-(4-methylphenyl)-7,8,10,11-tetrahydro-5H-
benzo[e] pyrimido[4,5-b][1,4]diazepin-9(6H)-one (2.5). 57%. mp:
144–146�C. 1H NMR: 8.04 (s, 1H), 7.00 (d, 2H, J ¼ 8.1 Hz),

6.86 (d, 2H, J ¼ 7.8 Hz), 6.29 (s, 1H), 6.11 (s, 1H), 4.50–4.41
(m, 1H), 3.23–3.13 (m, 1H), 2.72–2.56 (m, 1H), 2.54–2.41 (m,
3H), 2.26 (s, 3H), 2.16–1.94 (m, 2H), 1.71–1.50 (m, 2H).
1.38–1.26 (m, 2H), 0.91 (t, 3H, J ¼ 7.2 Hz). 13C NMR: 193.9,

156.3, 155.2, 149.6, 145.1, 137.8, 136.4, 129.1, 125.7, 119.2,
118.3, 57.8, 52.3, 35.7, 31.5, 30.0, 20.70, 20.68, 19.9, 13.7.
MS (ESI): m/z 397.2 [MþHþ].

11-Butyl-4-chloro-10-phenyl-7,8,10,11-tetrahydro-5H-benzo[e]-
pyrimido [4,5-b][1,4]diazepin-9(6H)-one (2.6). 59%. mp: 154–

155�C. 1H NMR: 8.04 (s, 1H), 7.24–7.17 (m, 3H), 6.98 (dd,

2H, J1 ¼ 7.5 Hz, J2 ¼ 1.8 Hz), 6.28 (s, 1H), 6.15 (s, 1H),

4.52–4.42 (m, 1H), 3.23–3.14 (m, 1H), 2.71–2.42 (m, 4H),

2.16–1.92 (m, 2H), 1.76–1.53 (m, 2H), 1.38–1.25 (m, 2H),

0.91 (t, 3H, J ¼ 7.5 Hz). 13C NMR: 193.9, 156.6, 155.1,

149.5, 145.0, 140.8, 128.4, 126.8, 125.8, 119.1, 118.1, 57.9,

52.3, 35.6, 31.4, 29.9, 20.6, 19.8, 13.6. MS (ESI): m/z 383.2

[MþHþ].
11-Butyl-4-chloro-10-(2-chlorophenyl)-7,8,10,11-tetrahydro-5H-

benzo[e] pyrimido[4,5-b][1,4]diazepin-9(6H)-one (2.7). 41%. mp:

179–181�C. 1H NMR: 8.04 (s, 1H), 7.34 (d, 1H, J ¼ 7.5 Hz),
7.17–7.05 (m, 3H), 6.27 (s, 1H), 6.24 (s, 1H), 4.33–4.24 (m,
1H), 3.34–3.24 (m, 1H), 2.69–2.35 (m, 4H), 2.09–1.91 (m,
2H), 1.71–1.53 (m, 2H). 1.38–1.26 (m, 2H), 0.91 (t, 3H, J ¼
7.2 Hz). 13C NMR: 193.6, 156.2, 155.2, 150.2, 145.7, 138.6,

133.6, 130.5, 128.5, 127.3, 126.5, 120.2, 117.7, 56.7, 51.8,
35.7, 31.5, 30.0, 20.3, 20.0, 13.8. MS (ESI): m/z 417.1
[MþHþ].

11-Butyl-4-chloro-10-(2,4-dichlorophenyl)-7,8,10,11-tetrahydro-
5H-benzo[e] pyrimido[4,5-b][1,4]diazepin-9(6H)-one (2.8). 45%.

mp: 152–154�C. 1H NMR: 8.05 (s, 1H), 7.36 (s, 1H), 7.07–
6.97 (m, 2H), 6.25 (s, 1H), 6.22 (s, 1H), 4.31–4.22 (m, 1H),
3.31–3.22 (m, 1H), 2.65–2.34 (m, 4H), 2.10–1.92 (m, 2H),
1.69–1.49 (m, 2H). 1.37–1.27 (m, 2H), 0.91 (t, 3H, J ¼ 7.2
Hz). 13C NMR: 193.5, 156.2, 155.0, 150.4, 146.0, 137.4,

134.5, 133.7, 130.3, 128.2, 126.8, 120.1, 117.5, 56.4, 51.9,
35.8, 31.6, 30.1, 20.3, 20.0, 13.8. MS (ESI): m/z 451.1
[MþHþ].

11-Butyl-4-chloro-10-(3,4-dichlorophenyl)-7,8,10,11-tetrahydro-
5H-benzo[e] pyrimido[4,5-b][1,4]diazepin-9(6H)-one (2.9). 65%.
mp: 132–134�C. 1H NMR: 8.07 (s, 1H), 7.28 (s, 1H), 7.06
(dd, 1H, J1 ¼ 2.1 Hz, J2 ¼ 0.6 Hz), 6.84–6.80 (m, 1H), 6.33
(s, 1H), 6.09 (s, 1H), 4.50–4.41 (m, 1H), 3.21–3.11 (m, 1H),
2.74–2.44 (m, 4H), 2.18–1.94 (m, 2H), 1.71–1.49 (m, 2H).

1.37–1.26 (m, 2H), 0.91 (t, 3H, J ¼ 7.2 Hz). 13C NMR: 193.9,
156.9, 154.9, 150.0, 145.8, 141.5, 132.6, 131.1, 130.4, 128.2,

Table 2

Synthesis of 4-chloro-7,8,10,11-tetrahydro-SH-benzo[e]pyrimido[4,5-

6][1,4]diazepin 9(6H)-ones.a

Entry R Compd. Time Yield (%)

1 CH3CH2CH2 2.1 7h 34

2 CH3CH2CH2 2.1 3db 51

3 CH3CH2 2.2 3db 62

4 o-MeOC6H4 2.3 9h 13

5 p-MeOC6H4 2.4 20h 22

6 p-MeC6H4 2.5 20h 57

7 Ph 2.6 18h 59

8 o-ClC6H4 2.7 20h 41

9 20,40-di-ClC6H3 2.8 20 45

10 30,40-di-ClC6H3 2.9 22h 65

11 p-FC6H4 2.10 22h 68

12 p-CNC6H4 2.11 18h 80

13 m-NO2C6H4 2.12 17h 87

14 p-NO2C6H4 2.13 18h 87

aAll reactions were conducted at 80�C unless noted, yields are based

on isolated products.
b Reaction was carried out at 25�C.

992 Vol 47J. Xiang, L. Zheng, T. Zhu, Q. Dang, and X. Bai

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



125.3, 119.1, 117.6, 57.3, 52.4, 35.6, 31.6, 30.0, 20.7, 19.9,
13.7. MS (ESI): m/z 451.0 [MþHþ].

11-Butyl-4-chloro-10-(4-fluorophenyl)-7,8,10,11-tetrahydro-5H-
benzo[e] pyrimido[4,5-b][1,4]diazepin-9(6H)-one (2.10). 68%.
mp: 146–148�C. 1H NMR: 8.05 (s, 1H), 6.97–6.86 (m, 4H),

6.31 (s, 1H), 6.10 (s, 1H), 4.50–4.40 (m, 1H), 3.22–3.13 (m,
1H), 2.73–2.44 (m, 4H), 2.19–1.93 (m, 2H), 1.72–1.49 (m,
2H), 1.42–1.23 (m, 2H), 0.91 (t, 3H, J ¼ 7.2 Hz). 13C NMR:
194.0, 163.3, 160.0, 156.7, 155.2, 149.8, 145.3, 136.7, 127.7,
127.6, 119.3, 118.0, 115.6, 115.3, 57.7, 52.4, 35.7, 31.6, 30.1,

20.8, 20.0, 13.8. MS (ESI): m/z 401.1 [MþHþ].
11-Butyl-4-chloro-10-(4-cyanophenyl)-7,8,10,11-tetrahydro-5H-

benzo[e] pyrimido[4,5-b][1,4]diazepin-9(6H)-one (2.11). 80%.
mp: 51–53�C. 1H NMR: 8.08 (s, 1H), 7.51 (d, 2H, J ¼ 8.4 Hz),
7.10 (d, 2H, J ¼ 8.1 Hz), 6.34 (s, 1H), 6.18 (s, 1H), 4.50–4.40

(m, 1H), 3.23–3.14 (m, 1H), 2.74–2.45 (m, 4H), 2.17–2.00 (m,
2H), 1.70–1.54 (m, 2H). 1.36–1.26 (m, 2H), 0.91 (t, 3H, J ¼ 7.5
Hz). 13C NMR: 193.9, 157.2, 154.7, 149.9, 146.6, 145.7, 132.3,
126.7, 118.9, 118.3, 117.5, 110.7, 57.7, 52.4, 35.5, 31.4, 29.9,

20.5, 19.8, 13.6. MS (ESI): m/z 408.2 [MþHþ].
11-Butyl-4-chloro-10-(3-nitrophenyl)-7,8,10,11-tetrahydro-5H-

benzo[e] pyrimido[4,5-b][1,4]diazepin-9(6H)-one (2.12). 80%.
mp: 51–53�C. 1H NMR: 8.08 (s, 1H), 8.04 (d, 1H, J ¼ 7.8 Hz),
7.84 (s, 1H), 7.43–7.33 (m, 2H), 6.34 (s, 1H), 6.21 (s, 1H), 4.56–

4.47 (m, 1H), 3.21–3.18 (m, 1H), 2.71–2.47 (m, 4H), 2.19–2.04
(m, 2H), 1.75–1.57 (m, 2H). 1.40–1.26 (m, 2H), 0.93 (t, 3H, J ¼
6.9 Hz). 13C NMR: 193.9, 157.2, 154.8, 150.0, 148.4, 145.9,
143.4, 132.2, 129.6, 122.1, 121.2, 119.1, 117.1, 57.6, 52.5, 35.6,
31.5, 30.0, 20.7, 19.9, 13.7. MS (ESI): m/z 428.1 [MþHþ].

11-Butyl-4-chloro-10-(4-nitrophenyl)-7,8,10,11-tetrahydro-5H-
benzo[e] pyrimido[4,5-b][1,4]diazepin-9(6H)-one (2.13). 80%.
mp: 51–53�C. 1H NMR: 8.09 (s, 1H), 8.07 (d, 2H, J ¼ 8.4 Hz),
7.16 (d, 2H, J ¼ 8.4 Hz), 6.34 (s, 1H), 6.23 (s, 1H), 4.51–4.41
(m, 1H), 3.26–3.17 (m, 1H), 2.76–2.47 (m, 4H), 2.20–1.93 (m,

2H), 1.74–1.50 (m, 2H). 1.39–1.24 (m, 2H), 0.90 (t, 3H, J ¼ 7.5
Hz). 13C NMR: 193.9, 157.2, 154.7, 150.0, 148.8, 146.7, 145.8,
126.9, 123.7, 119.0, 117.6, 57.7, 52.4, 35.5, 31.5, 29.9, 20.6,
19.9, 13.7. MS (ESI): m/z 428.1 [MþHþ].
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The synthesis of 2-(4-amino-2-alkylaminothiazol-5-oyl)benzothiazoles and 2-[2,4-bis(arylamino)thia-
zol-5-oyl]benzothiazoles as benzothiazoloylthiazole analogs of the cytotoxic marine alkaloid dendro-
doine is reported. The highly decorated thiazole ring assembly was achieved using 2-

bromoacetybenzothiazole to supply the C5 ring carbon and amidinothioureas of the type
R1NHACSANHAC(¼¼NHR2)A(NHR3) to provide the four ring atoms [C4AN3AC2AS1] in a [4þ1]
thiazole ring construction strategy. The antibacterial activity of these new analogs is reported.

J. Heterocyclic Chem., 47, 994 (2010).

INTRODUCTION

A recent review [1] on marine pigments highlights

the rich variety of colored molecules that can be found

in marine organisms. These pigments have structures

that in many instances have no counterpart in any terres-

trially derived molecules. Many among these are alka-

loidal pigments. One among these, the pale yellow, bish-

eterocyclic, cytotoxic alkaloid dendrodoine, 3-N,N-dime-

thylamino-5-indol-3-oyl-1,2,4-thiadiazole 1, isolated

from the tunicate Dendrodoa grossularia [2], is consid-

ered unique in being the first and only naturally occur-

ring 1,2,4-thiadiazole derivative [1]. It is reported to be

cytotoxic to lymphoma cells L1210 in culture [2,3].

We have recently been interested in synthesizing [4]

and cytotoxicity screening [5] of thiazole analogs of

dendrodoine in the light of its reported cytotoxicity and

the difficulty in its synthesis [6]. Two approaches were

adopted by us; in the first, to overcome the limited op-

portunity for substitution positions in the 1,2,4-thiadia-

zole ring, it was replaced by a 1,3-thiazole ring [4a]. In

the second, the indoloyl unit was varied to other benzo-

fused heterobicyclic rings [7]. This allowed us to intro-

duce much structural diversity leading to a large portfo-

lio of dendrodoine analogs. We were also enthused by

the recently reported in vitro cytotoxicity of bis(indo-

lyl)thiazoles [8] and indolylthiazoles [9]. Further, noting

the remarkable cytotoxic activity of benzothiazole deriv-

atives as reviewed recently [10,11], we decided to

extend our work on the synthesis and bioactivity screen-

ing of dendrodoine analogs to 2-(2,4-diaminothiazol-5-

oyl)benzothiazoles.

RESULTS AND DISCUSSION

Several modifications of the classic Hantzsch 2-ami-

nothiazole synthesis have recently been developed for

the direct ring assembly of highly decorated thiazole

derivatives. Among such methods, the use cyanothiour-

eas [12,13] RNHACSANHACN, our reports [14–16] on

the use of amidinothioureas RNHACSANHAC(¼¼NH)

ANH2 and RNHACSANHAC(¼¼NH)ANHNO2, or the

recent use of S-alkyldithiobiurets [17] RNHACSANHA
C(SR)ANH2, as the source of the four [S1AC2A
N3AC4] ring atoms for the thiazole ring construction

are noteworthy. The remaining ring C5 atom could be

sourced from a-haloketones, which reacted with the

above thioureas to afford 4-amino-5-acyl-2-(substituted

amino)thiazoles. Nevertheless, our report [14,16] on the

use of amidinothioureas of the type R1NHACSANH

AC(¼¼NHR2)A(NHR3) seems to be the only direct ring

synthesis of 5-acyl-2,4-bis(substituted amino)thiazoles.

Based on these considerations, we have now chosen the reac-

tion between the amidinothiourea derivatives 2a–g and 2-(2-

bromoacetyl)benzothiazole 3 to access hitherto unreported

2-(4-amino-2-alkylaminothiazol-5-oyl)benzothiazoles and

2-[2,4-bis(arylamino)thiazol-5-oyl]benzothiazoles.

Accordingly, the reaction of 1-ethyl-3-(N-nitroamidi-

no)thiourea 2a in N,N-dimethylformamide (DMF) with

2-(2-bromoacetyl)benzothiazole 3 afforded a yellow

VC 2010 HeteroCorporation
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crystalline compound which showed in the thin layer

chromatogram a single fluorescent yellow spot. Based

on the elemental analysis, the molecular composition of

the compound was found to be C13H12N4OS2. The IR

spectrum shows distinct bands at 3467, 3285, 3233, and

3175 cm�1, which are ascribed to mNAH vibrations. The

aliphatic CAH stretching bands were seen at 2972,

2928, and 2850 cm�1 and a strong band at 1623 cm�1

indicated the presence of a conjugated carbonyl group.

The 1H NMR spectrum consisted of a three-hydrogen

triplet at d 1.18, due to methyl hydrogens. The peak due

to the methylene hydrogens could not be seen as it

appeared to be submerged in the broad solvent-based

peak. The multiplet at d 7.45–7.62 was assignable to the

H-5 and H-6 of the benzothiazole ring. The two one-

hydrogen doublets at d 8.07 and 8.16 were attributed to

H-4 and H-7 of the benzothiazole ring, respectively. The

broad peak at d 8.39 was due to the NH hydrogen of

the NHR group. The FAB MS showed a strong MHþ

peak at m/z 305. Based on these, the compound was for-

mulated as 2-(4-amino-2-ethylaminothiazol-5-oyl)benzo-

thiazole 4a; the reaction steps involved in its formation

is presented in Scheme 1. Three other thiazoloylbenzo-

thiazoles 4b–d were also synthesized. An interesting

feature of the 1H NMR spectrum of 4a–d was the

appearance of the two hydrogens of the 4-amino group

as two well separated broad singlets. For example, in

the case of 4a, these hydrogens were seen at d 8.78 and

8.94. The results of energy minimized computations on

4a obtained using MOPAC by the AM1 method are

shown in Figure 1. These computed structures showed

that one of the two hydrogens of the amino group could

be strongly hydrogen bonded to the ring nitrogen of the

benzothiazole unit. In addition, the 4-amino group in 4a

could also be amide like as it could be viewed as a vi-

nylogous amide ACOAC5¼¼C4ANH2, which would also

impede the rotation of the C4AN bond.

Next, 1-phenyl-3(N,N0-diphenylamidino)thiourea 2e

was reacted with 3 to obtain a deep yellow compound

with molecular composition C23H16N4OS2. Based on the

FAB-MS, 1H and 13C NMR spectra, the structure of the

compound was assigned as 2-[2,4-bis(phenylamino)thia-

zol-5-oyl]benzothiazole 4e. In a similar reaction, two

other 2-[2,4-diarylaminothiazol-5-oyl]benzothiazoles 4f–

g were also obtained.

To assess the bioactivity, the benzothiazoles 4a–g

were screened against the bacterial strains Escherichia
coli, Salomonella typhi, Staphylococcus aureus, and Ba-
cillus subtilis and the results are shown in Table 1.

Scheme 1

Figure 1. Energy minimized structure of 4a.

Table 1

Antibacterial activity of benzothiazoloylthiazoles 4a–g.

Compound E. coli S. typhii S. aureus B. subtilis

4a 9 8 7 7

4b 7 7 NA NA

4c 7 8 NA NA

4d 10 10 NA NA

4e 8 7 6 NA

4f 8 8 10 10

4g 6 8 NA NA

Penicillin G 12 12 13 12

Values are in diameter of zone of inhibition (mm) and average of three

replicates.

NA, Not active.
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EXPERIMENTAL

Melting points are uncorrected and were determined by

open capillary method using an immersion bath of silicon oil.
Thin layer chromatography was performed using silica gel-G
(E. Merck, India) coated on glass plates. The spots were
visualized in iodine vapour or under UV light. The spectra

were recorded on: JEOL DRX 300 or DPX 300 NMR spec-
trometer (300 MHz for 1H and 75 MHz for 13C NMR spectra),
JEOL SX 102/DA-6000 mass spectrometer (using Argon/Xe-
non, 6 KV, 10 mA as the FAB gas and m-nitrobenzyl alcohol
as the matrix) for FAB mass spectra, and Nicolet 400D FTIR

spectrometer fot IR spectra. Reagents and solvents were from
Merck India and Fluka. Elemental analysis was done at Cen-
tral Drug Research Institute, India. The antibacterial acticity
was evaluated by the Kirby-Baur method [18].

General procedure for the synthesis of 2-(2,4-diamino-

thiazol-5-oyl)benzothiazoles (4a–g). A solution of 2-(2-bro-
moacetyl)benzothiazole 3 (0.254 g, 1 mmol), obtained from
2-(1-hydroxyethyl)benzothiazole [19,20], in DMF (2mL)
was added to 1-alkyl-3-(N-nitroamidino)thiourea (2a–d) or
1-aryl-3-(N,N0-diarylamidino)thiourea (2e–g) (1 mmol) in

DMF (2 mL). The reaction mixture was stirred well and
triethylamine (0.3 mL, 2 mmol) was added and warmed at
50–60�C for 15 min. It was then cooled and poured into
ice-cold water with constant stirring. The yellow precipitate
thus obtained was filtered, washed with water, and dried.

The crude product was purified by crystallization from
methanol–water (2:1), then from benzene–petroleum ether
(1:1) in the case of 4a–d, and from ethanol–water (3:1) in
the case of 4e–g.

2-(4-Amino-2-ethylaminothiazol-5-oyl)benzothiazole (4a).
Yield: 65%, m.p. 255–256�C; Anal. found: C, 51.41: H, 3.90:
N, 18.55%; calcd. for C13H12N4OS2 (304.39): C, 51.29: H,
3.97: N, 18.41%; IR (KBr) m: 3467, 3285, 3233, 3175, 3067,
2972, 2928, 2850, 1623, 1592, 1558, 1450, 1351, 1093, 882,

818, 757, 722cm�1; 1H NMR (300 MHz, DMSO-d6) d: 1.18(t,
J ¼ 7.0 Hz, 3H, CH3), 3.35(br, 2H, CH2), 7.45–7.62(m, 2H,
H-5, H-6), 8.07(d, J ¼ 7.8 Hz, 1H, H-4), 8.16(d, J ¼ 7.8 Hz,
1H, H-7), 8.39(br, 1H, NH), 8.78(br, 1H, NH), 8.94(br, 1H,
NH); FABMS: 305 (MHþ).

2-[4-Amino-2-n-propylaminothiazol-5-oyl]benzothiazole (4b).
Yield: 63%, m.p. 211–213�C; Anal. found: C, 52.95: H, 4.58:
N, 17.45%; calcd. for C14H14N4OS2 (318.42): C, 52.80: H,

4.43: N, 17.60%; IR (KBr) m: 3360, 3218, 3134, 3067, 2967,
2933, 2867, 1639, 1592, 1552, 1506, 1472, 1357, 1155, 1093,

891, 823, 778, 683, 622cm�1; 1H NMR: (300 MHz, DMSO-

d6) d: 0.91(t, J ¼ 7.4 Hz, 3H, CH3), 1.58(sextet, J ¼ 6.7 Hz,

2H, CH2), 3.38(br, 2H, CH2), 7.45–7.63(m, 2H, H-5, H-6),

8.06(d, J ¼ 6.9 Hz, 1H, H-4), 8.16(d, J ¼ 7.5 Hz, 1H, H-7),

8.40(br, 1H, NH), 8.79(br, 1H, NH), 8.95(br, 1H, NH); 13C

NMR: (75 MHz, , DMSO-d6) d: 11.3, 21.9, 39.2, 91.1, 122.8,
123.8, 126.4, 126.8, 135.8, 139.3, 153.1, 169.5, 170.6, 171.3;

FABMS: 319 (MHþ).
2-[4-Amino-2-n-butylaminothiazol-5-oyl]benzothiazole (4c).

Yield: 65%, m.p. 182–185�C; Anal. found: C, 54.33: H, 4.93:
N, 16.59; calcd. for C15H16N4OS2 (332.44): C, 54.19: H, 4.85:
N, 16.85%; IR (KBr) m: 3352, 3279, 3198, 3162, 3050, 2962,
2917, 2858, 1634, 1600, 1539, 1465, 1357, 1309, 1152, 1081,
891, 818, 771, 737, 612cm�1; 1H NMR: (300 MHz, DMSO-
d6) d: 0.90(t, J ¼ 7.4 Hz, 3H, CH3), 1.35(sextet, J ¼ 7.3 Hz,

2H, CH2), 1.51(quintet, J ¼ 7.1 Hz, 2H, CH2), 3.33(br, 2H,
CH2), 7.45–7.64(m, 2H, H-5, H-6), 8.06(d, J ¼ 7.8 Hz, 1H, H-
4), 8.17(d, J ¼ 7.5 Hz, 1H, H-7), 8.42(br, 1H, NH), 8.92(br,
1H, NH), 9.00(br, 1H, NH); FABMS: 333 (MHþ).

2-[2-Allylamino-4-aminothiazol-5-oyl]benzothiazole (4d).
Yield: 63%, m.p. 254–255�C; Anal. found: C, 53.29: H, 3.91:
N, 17.57%; calcd. for C14H12N4OS2 (316.40): C, 53.14: H,
3.82: N, 17.71%; IR (KBr) m: 3486, 3299, 3238, 3083, 3050,
2967, 2933, 2894, 2842, 1626, 1599, 1565, 1506, 1458, 1322,
1094, 1013, 958, 891, 825, 764, 729cm�1; 1H NMR: (300

MHz, DMSO-d6) d: 4.02(m, 2H, CH2), 5.11–5.32(m, 2H,
CH2), 5.82–6.00(m, 1H, CH), 7.45–7.64(m, 2H, H-5, H-6),
8.07(d, J ¼ 7.8 Hz, 1H, H-4), 8.17(d, J ¼ 7.5 Hz, 1H, H-7),
8.43(br, 1H, NH), 8.77(br, 1H, NH), 9.09(br, 1H, NH);
FABMS: 317 (MHþ).

2-[2,4-Bis(phenylamino)thiazol-5-oyl]benzothiazole, (4e).
Yield: 65%, m.p. 235–238�C; Anal. found: C, 64.31: H, 3.85:
N, 13.25%; calcd. for C23H16N4OS2 (428.52): C, 64.46: H,
3.76: N, 13.08%; IR (KBr) m: 3433, 3272, 3198, 3048, 1626,
1600, 1562, 1485, 1445, 1414, 1324, 1268, 912, 757,
690cm�1; 1H NMR: (300 MHz, DMSO-d6) d: 7.11–7.23(m,
2H, 2ArH), 7.38–7.50(m, 4H, 4ArH), 7.53–7.72(m, 4H, H-5,
H-6, 2ArH), 7.77(d, J ¼ 8.1 Hz, 2H, 2ArH), 8.12(d, J ¼ 7.8
Hz, 1H, H-4), 8.23(d, J ¼ 7.8 Hz, 1H, H-7), 11.85(s, 1H,

NH); 13C NMR: (75 MHz, , DMSO-d6) d: 91.1, 119.7, 120.1,
122.8, 123.7, 123.9, 124.3, 126.8, 127.0, 129.0, 129.2, 135.9,
138.7, 138.9, 152.8, 163.6, 169.6, 170.6, 172.1; FABMS: 429
(MHþ).

2,4-Bis(4-chlorophenylamino)thiazol-5-oylbenzothiazole, (4f).
Yield: 65%, m.p. 258–259�C; Anal. found: C, 55.69: H, 2.99:
N, 11.41%; calcd. for C23H14Cl2N4OS2 (497.42): C, 55.53: H,
2.84: N, 11.26%; IR (KBr) m: 3428, 3275, 3207, 3066, 1631,
1572, 1497, 1424, 1324, 1269, 1221, 1186, 1095, 1021, 923,
826, 756, 628cm�1; 1H NMR: (300 MHz, DMSO-d6) d: 7.41-
7.79(m, 10H, H-5, H-6, 8ArH), 8.08(d, J ¼ 9 Hz, 1H, H-4),
8.20(d, J ¼ 9 Hz, 1H, H-7), 11.76(s, 1H, NH); FABMS: 497
(MHþ).

2,4-Bis(4-methylphenylamino)thiazol-5-oylbenzothiazole, (4g).
Yield: 63%, m.p. 221–224�C; Anal. found: C, 65.51: H, 4.58:
N, 12.53%; calcd. for C25H20N4OS2 (456.57): C, 65.76: H,
4.42: N, 12.27%; IR (KBr) m: 3400, 3266, 3200, 3117, 3062,
2928, 2840, 1617, 1607, 1572, 1490, 1434, 1324, 1221, 1021,
923, 828, 764, 731, 620cm�1; 1H NMR: (300 MHz, CDCl3) d:
2.30(s, 6H, 2CH3), 7.02–7.75(m, 10H, H-5, H-6, 8ArH),
8.10(d, J ¼ 7.8 Hz, 1H, H-4), 8.21(d, J ¼ 7.5 Hz, 1H, H-7),
11.86(s, 1H, NH); FABMS: 457 (MHþ).
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Novel double CH-insertion and rearrangement products (5, 6, and 7) were isolated from treatment of
1 or 2 with dimethyl diazomalonate (3) under dirhodiumtetrakis mediated carbenoid chemistry condi-
tions. A new possible reaction pathway is suggested and discussed. Also other diazo compounds were

tested.

J. Heterocyclic Chem., 47, 998 (2010).

INTRODUCTION

Furoquinolinones belong to a class of molecules exhib-

iting a wide variety of biological activities, including

antifungal, antibacterial, antiviral (HIV), antimicrobial,

antimalarial, insecticidal, antineoplastic, antidiuretic,

antiarrhythmic, and sedative properties [1,2]. Examples

of natural alkaloids containing the furoquinolinone core

structure include oligophyline [3], araliopsine [4], and

almeine [5] (Fig. 1).

These naturally occurring alkaloids, and others

belonging to the furoquinolinone class of molecules, are

obvious derivatives of a common core structural unit 1,

having a double bond in the C ring. Structure 1 is there-

fore a good choice for functionalization to important

synthons for natural product synthesis and medicinal

chemistry applications. To our knowledge, this poten-

tially reactive core structure has not yet been exploited

in synthesis.

It was envisaged that an electrophilic metal carbenoid,

which is readily generated by metal catalyzed decompo-

sition of a diazo reagent [6], could be used to probe

reactivity of the C ring double bond of the furoquinoli-

none core structure. Previous studies on related struc-

tures have used metal carbenoid chemistry, such as

simple furans [7], benzofurans [8], and tris-2-furylme-

thane derivatives [9].

RESULTS AND DISCUSSION

We wish to report unexpected results from metal car-

benoid-mediated chemistry using two analogues, 1 and

2, as substrates and dimethyl diazomalonate (3) as the

carbene precursor (Fig. 2). We have previously reported

a novel synthesis of the common furoquinolinone core

structure (1), describing the use of a palladium mediated

intramolecular Heck coupling as a key step [10] and an

alternative route to literature precedents [11]. The sec-

ond core structure 2 was synthesized through modifica-

tion of that protocol by using SEM in place of a methyl

substituent as protecting group to facilitate formation of

intermediate 9. Treatment of 9 with dry HCl yielded the

unprotected core structure 4, which could easily be con-

verted to the corresponding imine form 2 by further

treatment with POCl3 and sodium methoxide in two sep-

arate steps (Scheme 1). The carbene precursor 3 was

synthesised by known methods [12].

All reactions were carried out in dichloromethane,

with 2 mol % dirhodiumtetraacetate as catalyst and
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substrate 1 serving as a template for optimizing the

reaction conditions. Treating 1 with 3 using previous

reported literature procedures [8] with the aim of instal-

ling a cyclopropane functionality, did not consume start-

ing material (1) in all cases (<5%). Optimized reaction

conditions were found using 3.2 eq of 3 (Experimental),

leading to 100% consumption of 1 and formation of

furo products. Strikingly, the major product was the

double CH-insertion product 5, and the minor product

was a cyclopropanated double CH-insertion product 6

(Scheme 2).

However, treatment of the analogue substrate 2 with

3, under the same optimized conditions used as above,

gave only the unsaturated product 7 (Scheme 3). Two

aliquots of the carbene species must have reacted with

one substrate giving two CH-insertions on the one scaf-

fold, followed by ring opening of the furan ring, rear-

rangement and ring closure to give 5. Due to the excess

of the metal carbenoid present in the reaction mixture,

product 5 can also react further to the minor product 6.

Opening of the furan ring has been noticed before for

related structures under similar reaction conditions

[7(d),13] This is similar here, indicated by the presence

of the quarternary carbon at the C-2 position in both

products 5 and 7. Interestingly, when reacting 2 with 3,

only the pyrano structure 7 was produced.

These quite different outcomes are most likely due to

two different initial reaction intermediates/transition

states A and A’ forming from 1 and 2, respectively, as

substrates (Scheme 4). Possibly substrate 1 reacts with 3

in the C-3 position first, while substrate 2 reacts with 3

in the C-2 position. This suggests that intermediate A is

formed and is sufficiently stable to undergo a second

addition to form transition state B, followed by ring

opening/ring closing to form 5 (Scheme 5).

In contrast, transition state A’ cannot undergo such

addition and is further stabilized by ring opening/rear-

rangement to give product 7 (Scheme 6). The ring clos-

ing pathway to form 7 proceeds most likely in a similar

fashion as suggested for product 5. These two early

reaction intermediates/transition states (A and A’) can

explain the two different outcomes observed and, ulti-

mately, this reflects the inherent electronic differences

Figure 1. Natural alkaloids with furoquinolinone core structure.

Figure 2. Starting materials (1 and 2) and carbene precursor (3).

Scheme 1
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of 1 and 2. Interestingly, it was noted product 7 does

not react further in the presence of excess of 3.

When changing dimethyl diazomalonate (3) for ethyl

2-diazopropionate (8) and optimizing the reaction proto-

col (Experimental), reaction of either 2 or 3 with 8 [14]

gave the expected cyclopropanated outcomes 9 and 10

in isolated yields of 43 and 69%, respectively

(Scheme 7). No ring opened product was observed in

either case. Treatment of either 2 or 3 with the less

stabilized carbene precursor 2-diazopropane under a

range of conditions, including with/without catalyst and/

or lowered/elevated temperatures, starting material was

recovered quantitatively in all attempts.

In summary, three novel rearrangement products (5,

6, and 7) can be derived from two relatively similar sub-

strates 1 and 2, both belonging to the furoquionolinone

class of molecules. The outcomes can be explained by

different initial reaction intermediates/transition states,

such as A, B, and A’, due to inherently different elec-

tronic properties of 1 and 2. Thus, changing the rela-

tively remote functionality from an amide to an imine

(1 to 2) determines the reaction under the carbene chem-

istry conditions. Other reaction intermediates such as a

dimerized diazomalonate in the presence of rhodium

could possibly act as a carbene precursor. However, this

may only be formed in higher concentrations of di-

methyl diazomalonate, low consumption of 1 being

observed until a certain excess of 3 is present. Alterna-

tively, a direct rhodium mediated opening of the furan

ring between the oxygen and C1 occurs [7(b),15]. Fur-

ther, the expected cyclopropanated products 9 and 10

were obtained from treatment of 1 and 2 with ethyl 2-

diazopropionate, however, no reaction was observed

when using 2-diazopropane as the carbene precursor.

Most interestingly products 5, 6, and 7 are, to our

knowledge, unprecedented rearrangement products.

Thus, for product 5 (and 6), this suggests a new reaction

pathway is taking place and might serve as a useful

application in related areas.

EXPERIMENTAL

N-(2-Iodophenyl)-N-((2-(trimethylsilyl)ethoxy)methyl)-

furan-3-carboxamide (8). (2-(Chloromethoxy)ethyl)trimethyl-

silane (1.49 mL, 8.42 mmol) was added dropwise to a solution
of N-(2-iodophenyl)furan-3-carboxamide (635 mg, 2.03 mmol)
and sodium hydride (202 mg, 8.42 mmol) in THF (20 mL) at
0�C under a nitrogen atmosphere. The reaction mixture was

allowed to stir for 11 h (mean while slowly warming up to
RT) and was then quenched by adding water (20 mL). The

Scheme 2

Scheme 3

Scheme 4
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reaction mixture was extracted with EtOAc (3 � 50 mL),
washing the combined organic layers with 1M NaOH (30 mL),
1M HCl (30 mL) and brine (20 mL), dried with MgSO4 and
concentrated under reduced pressure. Flash chromatography
(EtOAc:hexane/1:9) afforded 855 mg of 8 (95 %) as an oil. IR

(KBr, vmax): 2946, 2921, 2357, 2324, 1655, 1581, and 1471
cm�1. UV (MeOH) kmax(e): 206.0 nm (14577), 226.2 nm
(10829). 1H NMR (CDCl3, 500 MHz): d 0.03 (s, 9H, SiMe3),
0.99 (m, J 10 Hz, 2H, H-2000), 3.77 (app d, J 5 Hz, 2H, H-100 0),
4.57 (d, J 10.5 Hz, 1H, H-100), 5.81 (d, J 9 Hz, 1H, H-1b0 0),
6.28 (s, 1H, H-4), 6.73 (s, 1H, H-5), 7.16 (app t, J 7.5 Hz, 1H,
H-40), 7.20 (s, 1H, H-2), 7.37 (d, J 8.0 Hz, 1H, H-60), 7.45
(app t, J 8.0 Hz, 1H, H-50), 7.96 (d, J 8.0 Hz, 1H, H-30). 13C
NMR (CDCl3, 125 MHz) d 0.0 (SiMe3), 18.5 (C-2000), 66.9 (C-

100 0), 77.3 (C-100), 101.4 (C-20), 111.4 (C-4), 121.9 (C-3), 129.7
(C-50), 130.9 (C-40), 132.0 (C-60), 140.4 (C-30), 142.5 (C-5),
143.8 (C-10), 145.9 (C-2), 163.7 (C¼¼O). MS (ESI): m/z 445
[MþH]þ, 467 [MþNa]þ, 910 [2MþNa]þ. Anal. Calcd. for
C17H22INO3Si: C, 46.05; H, 5.00; N, 3.16. Found: C, 46.09;

H, 5.01; N, 3.02.
5-((2-(Trimethylsilyl)ethoxy)methyl)furo[3,2-c]quinolin-4

(5H)-one (9). A mixture of 8 (90 mg, 0.20 mmol), KOAc (26
mg, 0.26 mmol), n-Bu4NCl (11 mg, 0.04 mmol), and PdO (2.5
mg, 0.02 mmol) was stirred in DMA (0.4 mL) at 150�C under

a nitrogen atmosphere for 18 h. The crude mixture was then
concentrated under reduced pressure followed by flash chroma-
tography (EtOAc:hexane/15:85) to afford 55 mg of 9 (87%) as
a slightly yellowish solid. Mp 61–62�C. IR (KBr, vmax): 3158,

3133, 2949, 2900, 1662, 1584, and 1499 cm�1. UV (MeOH)
kmax(e): 227 nm (38358), 276 nm (7485), 286 nm (8934), 316
nm (9261), 331 nm (9435). 1H NMR (CDCl3, 500 MHz): d -
0.022 (s, 9H, H-SiMe3), 0.96 (t, J 8.5, 7.5 Hz, 2H, H-20 0),
3.74 (t, J 8.5, 8 Hz, 2H, H-100), 5.86 (s, 2H, H-10), 7.08 (s, 1H,

H-3), 7.35 (app t, J 7.5 Hz, 1H, H-8), 7.56 (app t, J 8.0 Hz,
1H, H-7), 7.65 (s, 1H, H-2), 7.72 (d, J 8.0 Hz, 1H, H-6), 8.02
(d, J 8.1 Hz, 1H, H-9). 13C NMR (CDCl3, 125 MHz) d 0.0
(SiMe3), 18.4 (C-200), 66.6 (C-100), 71.7 (C-10), 108.8 (C-3),
113.7 (C-3a), 115.1 (C-9a), 116.8 (C-6), 121.3 (C-9), 123.1

(C-8), 129.8 (C-2), 137.9 (C-5a), 144.3 (C-7), 156.1 (C-9b),
160.2 (C¼¼O). MS (ESI): m/z 316 [MþH]þ, 338 [MþNa]þ.
Anal. Calcd. for C17H21NO3Si: C, 64.73; H, 6.71; N, 4.44.
Found: C, 64.76; H, 6.70; N, 4.45.

Furo[3,2-c]quinolin-4(5H)-one (4). To a premixed solution

of acetyl chloride (43 mL), ethanol (73 mL) and water (5 mL),
was added 9 (1.82 g, 5.77 mmol) at RT with stirring. After all
substrate was dissolved, the reaction flask was fitted with a
reflux condenser and heated to 80�C for 11 h, and the reaction

mixture was then concentrated under reduced pressure. Purifi-
cation was straightforward by flash chromatography when

using (EtOAc:hexane/1:1) as eluent mixture which afforded
0.90 g of furo[3,2-c]quinolin-4(5H)-one (84%) as an off white
solid. 1H NMR (DMSO-d6, 400 MHz): d 7.04 (d, J 2.0 Hz,
1H, H-3), 7.25 (app t, J 7.4 Hz, 1H, H-8), 7.47 (app d, J 7.4
Hz, 1H, H-7), 7.53 (app t, J 7.4 Hz, 1H, H-9) 7.88 (d, J 7.4

Hz, 1H, H-6), 8.06 (d, J 2.0 Hz, 1H, H-2), 11.73 ( br s, 1H,
NH). 13C NMR (DMSO-d6, 100 MHz): d 108.4, 111.9, 116.2,
116.7, 120.8, 122.9, 130.1, 137.7, 146.1, 156.1, 159.5. MS
(ESI): m/z 185 [MþH]þ.

(4-Chlorofuro[3,2-c]quinoline). A mixture of furo[3,2-
c]quinolin-4(5H)-one (0.87 g, 4.7 mmol), phosphorusoxychlor-
ide (10.0 mL) and water (0.5 mL) was refluxed at 135 �C for
4 h. The cold reaction mixture was quenched by adding water
(10 mL) and with 25% ammonia. The aqueous layer was

extracted with DCM (3 � 150 mL) and EtOAc (3 � 150 mL).
The organic layers were combined, dried with MgSO4 and
concentrated under reduced pressure to afford 0.90 g of the
desired 4-chlorofuro[3,2-c]quinoline (94%). 1H NMR (CDCl3,
400 MHz): d 7.03 (d, J 2.2 Hz, 1H, H-3), 7.64 (m, 1H, H-8),

7.73 (m, 1H, H-7), 7.82 (d, J 2.2 Hz, 1H, H-2), 8.14 (dd,
J 8.0, 2.0 Hz, 1H, H-9), 8.25 (dd, J 7.4, 2.0 Hz, 1H, H-6). 13C
NMR (CDCl3, 100 MHz): d 106.3, 116.6, 119.8, 120.1, 127.2,
128.8, 129.2, 144.3, 145.0, 145.2, 156.4. MS (ESI): m/z 204
[MþH]þ.

4-Methoxyfuro[3,2-c]quinoline (2). A mixture of the 4-
chlorofuro[3,2-c]quinoline (125 mg, 0.49 mmol) and a metha-
nolic solution of sodium methoxide (approximately 1.2 M,
generated from 230 mg sodium in 10 mL of methanol) at RT

under nitrogen atmosphere, was stirred until all starting mate-
rial was consumed (monitored by TLC). The reaction mixture
was extracted with EtOAc (3 � 100 mL). The organic layers
were combined, dried with MgSO4 and concentrated under
reduced pressure. Purification by flash chromatography (EtOA-

c:hexane/0 to 2.5:100 to 97.5) afforded 100 mg of 2 (80%). 1H
NMR (CDCl3, 400 MHz): d 4.20 (s, 3H, OMe), 6.95 (m, 1H,
H-3), 7.46 (app t, J 7.2 Hz, 1H, H-8), 7.61 (app t, J 7.2 Hz,
1H, H-7), 7.72 (m, 1H, H-2), 7.95 (app d, J 7.2 Hz, 1H, H-6),
8.15 (app d, J 7.2 Hz, 1H, H-9). 13C NMR (CDCl3, 100

Scheme 5

Scheme 6
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MHz): d 53.7 (OMe), 105.4 (C-3), 111.4 (C-3a), 116.0 (C-9a),
120.1 (C-9), 124.4 (C-8), 127.7 (C-6), 128.6 (C-7), 144.3 (C-
1), 144.5 (C-5a), 157.64 (C-9b), 157.68 (C-4). MS (ESI): m/z
200 [MþH]þ.

Rearrangement/CH-insertion products (5) and (6). To a
solution of 1.30 (100 mg, 0.50 mmol) and dirhodium tetraace-
tate (5 mg, 0.01 mmol, 2 mol %) in DCM (2.5 mL) under a

nitrogen atmosphere was added a solution of dimethyl diazo-
malonate (293 mg, 1.85 mmol, 3.7 eq) in DCM (0.5 mL) over
3 h period followed by 17 h stirring at ambient temperature
(monitored by tlc). The crude was then filtered through a short
silica plug using EtOAc as eluent (2 � 20 mL), dried with

MgSO4 and concentrated in vacuo. Flash chromatography
(EtOAc:hexane/1:1) afforded 180 mg of a clear oil as a mix-
ture of the two products, 5 and 6, in the ratio of 75:25.
Reverse phase chromatography (HPLC, MeOH:H2O/7:3)
afforded an analytically pure sample of each product.

(5): Mp 179�C. IR (KBr, vmax): 3464, 3003, 2954, 1744,
1670, 1633, 1593, and 1437 cm�1. UV (MeOH) kmax(e): 226
(12355), 283 (1738), 292 (1922) nm. 1H NMR (CDCl3, 600
MHz): d 3.63 (s, 3H, NMe), 3.73 and 3.91 (2 � s, 2 � OMe,
C-20), 3.80 and 3.85 (2 � s, 2 � OMe, C-2), 5.61 (d, J 10.8

Hz, 1H, H-3), 6.73 (d, J 10.8 Hz, 1H, H-10), 7.26 (dd, J 7.2,
3.0 Hz, 1H, H-8), 7.36 (d, J 8.4 Hz, 1H, H-6), 7.62 (app. t,
J 7.8 Hz, 1H, H-7), 7.88 (d, J 7.8 Hz, 1H, H-9). 13C NMR
(CDCl3, 125 MHz) d 29.4 (C-5), 46.7 (C-3), 52.8 and 53.1

(C-20, 2 � OMe), 53.7 and 54.2 (C-2, 2 � OMe), 93.5 (C-2),
108.0 (C-20), 111.7 (C-9a), 115.0 (C-6), 122.5 (C-8), 124.0 (C-
9), 131.4 (C-3a), 132.5 (C-7), 141.4 (C-5a), 142.3 (C-10),
159.9 (C-4), 161.9 (C-9b), 164.1, and 164.7 (C-20, 2 �
COOR), 165.1 and 166.1 (C-2, 2 � COOR) MS (ESI): m/z
460 [MþH]þ, 482 [MþNa]þ. HRMS Calcd. for C22H22NO10

[MþH]þ: 460.1238. Found: 460.1252.
(6): Mp 199�C. IR (KBr, vmax): 3460, 3007, 2954, 1752,

1666, 1638, and 1433 cm�1. UV (MeOH) kmax(e): 229
(14802), 279 (2944), 290 (2931), 326 (2379) nm. 1H NMR

(CDCl3, 400 MHz): d 2.61 (d, J 11.0 Hz, 1H, H-30), 3.66 (s,
3H, NMe), 3.73, 3.82, 3.87, and 3.95 (4 � s, 4 � OMe), 3.78
(s, 2 � OMe), 5.15 (d, J 11.0 Hz, 1H, H-3), 7.28 (m, 1H, H-
8), 7.37 (d, J 8.5 Hz, 1H, H-6), 7.63 (app t, J 7.5 Hz, 1H, H-
7), 7.88 (d, J 8.0 Hz, 1H, H-9). 13C NMR (CDCl3, 100 MHz):

d 29.6 (C-5), 36.7 (C-30), 43.7 (C-20), 43.9 (C-3), 45.3 (C-10),
53.0, 53.2, 53.5, 53.6, 53.7 and 53.9 (6 � OMe), 92.7 (C-2),
108.9 (C-3a), 111.9 (C-9a), 114.7 (C-6), 122.1 (C-8), 123.8
(C-9), 132.1 (C-7), 141.4 (C-5a), 160.1 (C-4), 161.1 (C-9b),

164.4 and 166.0 (C-10, 2 x COOR), 166.2 and 166.3 (C-20, 2
� COOR), 167.5 and 167.9 (C-2, 2 � COOR). (ESI): m/z 590

[MþH]þ, 612 [MþNa]þ. HRMS Calcd. for C27H28NO14

[MþH]þ: 590.1504. Found: 590.1495.
Dimethyl 5-methoxy-2H-pyrano[3,2-c]quinoline-2,2-dicar-

boxylate (7). To a solution of 2 (100 mg, 0.5 mmol) and dir-
hodium tetraacetate (4.95 mg, 0.01 mmol, 2 mol %) in DCM
(2.5 mL) under nitrogen atmosphere, was added a solution of
dimethyl diazomalonate (293 mg, 1.85 mmol, 3.7 eq) in DCM

(0.5 mL) over 3 h period followed by 17 h stirring at ambient
temperature (monitored by tlc). The crude reaction mixture
was then filtered through a short silica plug using EtOAc as
eluent (2 � 20 mL), dried with MgSO4 and concentrated in
vacuo. Flash chromatography (EtOAc:hexane/1:9) afforded 63

mg of 7 as a white solid (38%). Mp 85–86�C. IR (KBr, vmax):
3101, 3015, 2954, 1761, 1740, 1642, 1605, 1569, 1507, 1475
cm�1. UV (MeOH) kmax(e): 229 (4083), 254 (2936), 263
(2520), 317 (982) nm. 1H NMR (CDCl3, 500 MHz): d 3.86 (s,
2 � 3H, 2 � COOMe), 4.09 (s, 3H, OMe), 6.05 (d, J 10.0 Hz,

1H, H-3), 6.97 (d, J 10.0 Hz, 1H, H-4), 7.39 (dd, J 7.0, 1.0
Hz, 1H, H-9), 7.62 (dd, J 7.0, 1.0 Hz, 1H, H-8), 7.77 (d, J 8.0
Hz, 1H, H-7), 8.19 (d, J 8.0 Hz, 1H, H-10). 13C NMR (CDCl3,
125 MHz): d 53.86 (C-2, 2 � COOMe), 53.89 (C-5, OMe),
101.4 (C-4a), 82.3 (C-2), 116.9 (C-3), 117.7 (C-10a), 120.9

(C-4), 122.4 (C-10), 124.2 (C-9), 127.2 (C-7), 130.7 (C-8),
147.2 (C-6a), 155.4 (C-10b), 158.7 (C-5), 167.0 (C-2, 2 �
COOR). MS (ESI): m/z 330 [MþH]þ, 352 [MþNa]þ, 298 [M-
CH3O]

þ. HRMS Calcd. for C17H16NO6 [MþH]þ: 330.0972.

Found 330.0960.
Ethyl 5,7-dimethyl-6-oxo-5,6b,7,7a-tetrahydro-6H-cyclopro-

pa[4,5]furo[3,2-c]quinoline-7-carboxylate (9). To a solution of
2 (482 mg, 2.41 mmol) and dirhodium tetraacetate (24 mg,
0.05 mmol, 2 mol %) in DCM (15 mL) under a nitrogen

atmosphere was added a solution of ethyl 2-diazopropanoate
(8) (988 mg, 7.71 mmol, 3.2 eq) in DCM (5 mL) over 1 h pe-
riod followed by 1 h stirring at ambient temperature. The
crude reaction mixture was then filtered through a short silica
plug using EtOAc as eluent (3 � 20 mL), dried with MgSO4

and concentrated in vacuo. Reverse phase flash chromatogra-
phy (MeOH:H2O/7:3) afforded 314 mg of 9 as a white solid
(43%). Mp 141–142�C. IR (KBr, vmax): 3081, 2974, 2929,
1716, 1659, 1593, and 1569 cm�1. UV (MeOH) kmax(e): 224
(25226), 298 (3488), 324 (3880) nm. 1H NMR (CDCl3, 400

MHz): d 0.93 (s, 3H, H-10), 1.29 (t, J 7.2 Hz, 3H, H-200), 3.50
(d, J 5.6 Hz, 1H, H-6b), 3.73 (s, 3H, NMe), 4.19 (q, J 7.2 Hz,
2H, H-10 0), 5.18 (d, J 5.6 Hz, 1H, H-7a), 7.26 (dd, J 7.6, 1.2
Hz, 1H, H-2), 7.41 (d, J 8.4 Hz, 1H, H-4), 7.61 (dd, J 7.6, 1.6

Hz, 1H, H-3), 7.77 (dd, J 7.6, 1.2 Hz, 1H, H-1). 13C NMR
(CDCl3, 125 MHz): d 6.6 (C-10), 14.5 (C-20 0), 20.2 (C-7), 29.6

Scheme 7
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(NMe), 34.4 (C-6b), 61.5 (C-100), 72.8 (C-7a), 110.3 (C-6a),
111.8 (C-8b), 115.0 (C-4), 122.2 (C-2), 122.8 (C-1), 131.5 (C-
3), 140.6 (C-4a), 161.1 (C-6), 164.0 (C-8a), 173.3 (COOR).
MS (ESI): m/z 300 [MþH]þ, 322 [MþNa]þ. HRMS Calcd. for
C17H17NO4Na [MþNa]þ: 322.1049. Found: 322.1041.

Ethyl 6-methoxy-7-methyl-7,7a-dihydro-6bH-cyclopropa[4,5]-
furo[3,2-c]quinoline-7-carboxylate (10). To a solution of 3 (100
mg, 0.50 mmol) and dirhodium tetraacetate (5 mg, 0.01 mmol,
2 mol %) in DCM (3.1 mL) under a nitrogen atmosphere was
added a solution of ethyl 2-diazopropanoate (8) (209 mg, 1.60

mmol, 3.2 eq) in DCM (1 mL) over 1 h period followed by 1
h stirring at ambient temperature. The crude reaction mixture
was then filtered through a short silica plug using EtOAc as
eluent (2 � 20 mL), dried with MgSO4 and concentrated
in vacuo. Flash chromatography (EtOAc:hexane/5:95) afforded

103 mg of 10 as a white solid (69%). Mp 105�C. IR (KBr,
vmax): 2979, 2949, 2938, 2899, 1707, 1637, 1604, and 1576
cm�1. UV (MeOH) kmax(e): 234 (52189), 320 nm (22709) nm.
1H NMR (CDCl3, 500 MHz): d 0.86 (s, 3H, H-10), 1.33 (t, J
6.0 Hz, 3H, H-20 0), 3.48 (d, J 5.6 Hz, 1H, H-6b), 4.14 (s, 3H,
OMe), 4.23 (q, J 6.0 Hz, 2H, H-100), 5.25 (d, J 5.6 Hz, 1H, H-
7a), 7.36 (dd, J 6.8, 1.2 Hz, 1H, H-2), 7.61 (dd, J 7.2, 1.6 Hz,
1H, H-3), 7.86 (m, 2H, H-4 and H-1). 13C NMR (CDCl3, 125
MHz): d 6.6 (C-10), 14.5 (C-200), 20.1 (C-7), 33.1 (C-6b), 53.7

(OMe), 61.6 (C-100), 72.9 (C-7a), 106.5 (C-6a), 114.6 (C-8b),
121.1 (C-4), 124.0 (C-2), 127.5 (C-1), 130.1 (C-3), 147.4 (C-
4a), 160.4 (C-6), 166.2 (C-8a), 173.7 (COOR). MS (ESI): m/z
300 [MþH]þ, 322 [MþNa]þ. HRMS Calcd. for C17H18NO4

[MþH]þ: 300.1230. Found: 300.1221.
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1,3-Dipolar cycloadditions of benzonitrile oxide and carbethoxyformonitrile oxide (CEFNO) with
various facially perturbed polycyclic symmetrical dienophiles (1–6) were investigated. Cycloadditions
took place chemoselectively at the norbornyl double bond and were found to be exclusively exo.

Cycloadditions of benzonitrile oxide with dienophiles 4 and 5 led to mixture of inseparable products,
however, that with CEFNO gave single products. Cycloadduct of dienophile 5 with CEFNO was found
to be unstable, and it readily isomerized to more stable aromatic form.

J. Heterocyclic Chem., 47, 1004 (2010).

INTRODUCTION

1,3-Dipolar cycloaddition of nitrile oxides are well

documented [1] and provide efficient entries to the syn-

thesis of isoxazolines [2]. Remarkable stereoselectivity

has been observed in 1,3-dipolar cycloadditions with

bicyclic systems [1a,3,4] and indeed, that with norbor-

nene proceeds exclusively on the exo face [5]. Even

unsymmetrically substituted norbornenes are reported to

cycloadd completely stereoselectively [6]. The desired

exo-isomers are the one in which oxygen of the dipole

is attached to the more substituted center of the dipolar-

ophiles (Scheme 1).

Formation of single regio- and stereoisomers were

also noticed in the intramolecular cycloaddition of nor-

bornene tethered nitrile oxides [6c]. Recently, Namboo-

thiri et al. [7a] have studied the behavior of multi p-fa-
cial dipolarophiles, dicyclopentadiene (DCP), and its

analogues toward nitrile oxides. In their study on DCP,

the cycloaddition of nitrile oxide was found to be both

chemo- and steroselective. However, cycloadducts were

reported to be mixture of two regioisomers. In a similar

study, Trivedi and coworkers [8] and Tanaka et al. [9]
have also noticed comparable regio-, chemo-, and ste-

reoselectivity during the cycloaddition of DCP with sub-

stituted acetonitrile oxides. As against this, the cycload-

ducts derived from Thiele’s esters were regio-, stereo-

and chemoselective [7].

It is interesting to note that the stereochemistry of

Diels-Alder additions to norbornene systems, for exam-

ple, 2,3-norbornenobenzoquinone (NPBQ) [10], 2,3-nor-

bornanobenzoquinone (DNPBQ) have been extensively

investigated by Mehata et al. [11]. However, comple-

mentory investigations involving the cycloaddition of

facially perturbed dienophiles to 1,3-dipoles has not

received matching attention. This study is, therefore,

focused on the 1,3-dipolar cycloaditions of two different

types of nitrile oxides viz. benzonitrile oxide and carbe-

thoxyformonitrile oxide (CEFNO) toward multi p-facial
tricyclic and polycyclic systems incorporating bicyclo-

[2.2.1]-heptenyl moity (Figure 1).

RESULTS AND DISCUSSION

Dipolarophile 1 was prepared by treatment of

compound 5 with acetic anhydride and pyridine [10].

Compound 5 in turn was obtained by Diels-Alder cyclo-

addition of cyclopentadiene and para-benzoquinone (1:1

eq) [10]. Diels-Alder cycloaddition of cyclopentadiene

and para-benzoquinone in 2:1 eq gave dipolarophile 6.

Dipolarophile 5 was reduced chemoselectively to dipo-

larophile 4 by using Zn and acetic acid. Chemoselective

reduction of compounds 4 and 5 were carried out using

NaBH4 and CeCl3.7H2O to get dipolarophiles 2 and 3,

respectively.
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Preference to the symmetrical dipolarophiles was

given to negate regiochemistry question. The results pre-

sented here deal with both the questions of chemoselec-

tivity and stereoselectivity. As Mayo et al. [6c] have

noticed dependence of cycloadduct stereochemistry on

the methods and conditions of generation of nitrile

oxides. Therefore, we have adopted two methods for the

generation of nitrile oxides. First one involves in situ
preparation of benzonitrile oxide by commonly used

bleach method in dichloromethane solvent, whereas sec-

ond one involves in situ preparation of carbethoxyfor-

monitrile oxide in ionic liquid medium as described by

Taddei et al [12].
For initial studies, we have chosen dipolarophiles

with only one double bond (1 and 2) so as to get rid of

chemoselectivity aspect. In these cases, approach of

dipole can take place from two faces of dipolarophiles

leading to the possibility of two products. However, we

observed that dipolarophiles 1 undergo cycloaddition

with benzonitrile oxide 7a giving exclusively exo cyclo-

adduct 1a (Scheme 2). In 1H-NMR disappearance of

signal at d 5.66 (s, 2 H) and appearance of signal at d
4.16 (d, 1 H, J ¼ 8.1 Hz) for Ha and 5.08 (d, 1 H, J ¼
8.1 Hz) for Hb confirmed formation of cycloadduct. The

protons Ha and Hb appeared as doublets coupled only to

each other but not to bridgehead protons indicating endo

orientation [6c,7a]. Diol 2 also underwent cycloaddition

with benzonitrile oxide affording exclusively exo-cyclo-

adduct 2a as indicated by spectral data (Scheme 2).

Cycloaddition of 1 and 2 with carbethoxyformonitrile

oxide 7b took place similarly yielding corresponding

cycloadducts 1b and 2b, respectively.

To further investigate cycloaddition reaction, we have

increased the number of p-faces in dipolarophiles to two

(two C¼¼C). When dipolarophile 3 was subjected to

cycloaddition to benzonitrile oxide, we observed

remarkable stereoselectivity along with chemoselectiv-

ity. Cycloaddition took place selectively to the olefin of

norbornene moity with exclusively exo selectivity giving

rise to only one cycloadduct 3a (Scheme 3). Similar

results were obtained in cycloaddition of carbethoxyfor-

monitrile oxide with dipolarophile 3 resulting in forma-

tion of cycloadduct 3b.

Encouraged by these results, we attempted cycloaddi-

tion of benzonitrile oxide on more complex systems 4

and 5 containing three (two C¼¼O and one C¼¼C) and

four (two C¼¼O and two C¼¼C) p-faces, respectively. In
principle, dipolarophile 5 could react with either of the

double bonds and/or with the carbonyl groups. In the

event, if each of the p-component reacts with the dipole

formation of upto three cycloadducts could be envis-

aged, provided the ‘‘exo addition rule’’ prevails [7].

However, the reaction ended up with a complex intrac-

table mixture. To overcome the eventualities arising out

of the side reactions due to multiple p-faces, it was

decided to reduce the number of reactive sites by satu-

rating the a,b-unsaturated double bond in the diene-

dione 5. In such systems, amongst the constituents

p-systems, the norbornenyl double bond is expected to

deliver the cycloadducts in a chemoselective fashion.

However, to our dismay, the cycloaddition reaction with

benzonitrile oxide under the chosen condition ended up

with the inseparable multiple products (Scheme 4).

However, when dipolarophile 4 was subjected to

cycloaddition reaction with carbethoxyformonitrile

oxide instead of multiple products as expected from our

earlier studies only single product 9 was obtained.

Cycloaddition took place chemoselectively to the ole-

finic double bond of dipolarophile 4, and it was found

to be exclusively exo product. Encouraged by these

results, we expected similar chemo- and stereoselectivity

in the cycloaddition of CEFNO to the dipolarophile 5.

Although the product of this cycloaddition was found to

be pure by thin layer chromatography, the 1H and 13C-

Scheme 1

Figure 1. Symmetrically substituted dipolarophiles.
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spectral data were little ambiguous and insufficient to

confirm the exact structure of cycloadduct. The doublet

observed in 1H spectra at d 8.6 for two protons with J
¼ 8.7 Hz could not be explained. In 13C-spectra also,

no signal for carbon of carbonyl was observed indicat-

ing absence of C¼¼O group. IR spectrum showed strong

absorptions in 3300–3600 cm�1 range. To get the more

details about the structure, spectral correlation studies

were carried out. 1H-1H COSY spectrum (Figure 2)

showed only two correlations, one between proton of

CH2 and CH3 of the ethyl group and another between

two protons at d 3.5 and d 4.8 ppm. 1H-13C HETCOR

spectra (Figure 3) was more informative. It showed ab-

sence of correlation for two protons observed at 8.6 in
1H NMR spectrum and absence of protons on four car-

bon atoms (d 128.40, 133.05, 143.97, and 144.71). Fur-

ther, D2O exchange studies showed that doublet

observed at 8.6 is D2O exchangeable. All these results

led us to conclude the structure of adduct as 8 (Scheme

5). The cycloadduct was found to be exclusively exo as

indicated by 1H-NMR spectrum.

As compound 5b could not be obtained directly by

cycloaddition of dipolarophile 5 with carbethoxyformo-

nitrile oxide, we thought of preparing it by oxidation of

cycloadduct 3b. When we subjected the cycloadduct 3b

to PCC oxidation, expecting product 5b as shown in

Scheme 6, we ended up with 8 indicating that 5b is not

stable and gets isomerized to more stable form 8. It fur-

ther confirms the structure of cycloadduct of 3 with

CEFNO as 3b.

The next dipolarophile used for the study was endo-

anti-endo bisadduct 6. It has four p-faces (two C¼¼C

and two C¼¼O). Although we were expecting behaviour

of dipolarophile 6 in cycloaddition to benzonitrile oxide

similar to that of 4 and 5, we were surprised to observe

exo monoadduct 6a as the sole product as indicated by
1H and 13C spectral data. Cycloaddition of 6 with carbe-

thoxyformonitrile oxide also resulted in similar results

leading to formation of cycloadduct 6b (Scheme 7).

In conclusion, we have studied the 1,3-dipolar cyclo-

addition of benzonitrile oxide and carbethoxyformoni-

trile oxide with various polycyclic dipolarophiles

possessing norbornene moiety. Cycloaddition of dipolar-

ophiles 1 and 2 with both the dipoles were found to be

stereoselective as only exo cycloadduct was obtained.

Dipolarophile 3 reacted with both the dipoles stereose-

lectively as well as chemoselectively at the norbornene

double bond giving corresponding exo cycloadduct.

Cycloaddition of dipolarophiles 4 and 5 with benzoni-

trile oxide led to the formation of mixture of products

which could not be characterized; however, cycloaddi-

tion of 4 and 5 with carbethoxyformonitrile oxide gave

corresponding cycloadducts stereoselectively and che-

moselectively. Dipolarophile 6 also reacted with both

the dipoles giving corresponding monoadduct stereo and

chemoselectively. Hence, from the above study, we can

Scheme 2

Scheme 3
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conclude that exo-rule prevails for the norbornene enti-

ties present in the polycyclic molecules.

EXPERIMENTAL

All reactions were carried out in oven-dried glassware under
an atmosphere of N2. Progress of reactions was monitored by
TLC (silica gel 60 F254, 0.25 mm, Merck) and purification
was effected using silica gel column chromatography. NMR
spectra were recorded at 300 (1H) and 75 (13C) MHz on Jeol-

300 MHz spectrophotometer. Chemical shifts (d) were reported
relative to TMS (1H) and CDCl3 (13C) as the internal stand-
ards. IR spectra were recorded on a Nicolet Impact 400 series
FTIR spectrophotometer. All commercial grade solvents were
distilled before use.

Preparation of dipolarophile 4. To a solution of compound
6 (1.044 g, 6 mmol) in glacial acetic acid (60 mL) was added
activated zinc (4.2 g, 64.2 mmol). The reaction mixture was
stirred for 3 h at room temperature. The acetic acid was
removed under high vacuum via dry ice-acetone trap. The resi-

due was dissolved in diethyl ether and filtered through a pad
of celite. The filtrate was washed with saturated aq. NaHCO3

(120 mL), brine and dried over anhydrous Na2SO4. The sol-
vent was evaporated under reduced pressure, and the residue

was purified by column chromatography to furnish the product
(0.580 g, 55%). Yellow oil. IR (CHCl3): 3020, 2925, 1705,
1423, 1300 cm�1. 1H NMR (300 MHz, CDCl3): d ¼ 1.32–

1.51 (m, 2H), 2.30 (m, 2H), 2.65 (m, 2H), 3.22 (s, 2H), 3.46
(s, 2H), 6.18 (s, 2H). 13C NMR (75 MHz, CDCl3): d ¼ 37.81,

47.31, 48.61, 51.71, 136.51, 209.55.
Preparation of dipolarophile 2. Compound 4 (0.35g, 2

mmol) was dissolved in a solution of cerium (III) chloride
heptahydrate (1.5g, 4 mmol) in methanol (6 mL). The resulting
solution was cooled to 0�C by external application of an ice

bath. Sodium borohydride (0.15 g, 4 mmol) was then added at
such a rate that the temperature of the reaction mixture did not
rise significantly above 0�C. The reaction mixture was ana-
lyzed by TLC 2 h after addition of the sodium borohydride
had been completed: The reaction was then quenched via addi-

tion of water (2.5 mL) and the resulting mixture was then
extracted with chloroform and combined organic layer was
concentrated in vacuo to yield crude diol. Recrystallization
from DCM and petroleum ether afforded pure diol (0.099g,

27.76%). White solid, Mp 127–126�C. IR (CHCl3): 3307,
3224, 2910, 1563, 1527 cm�1. 1H NMR (300 MHz, CDCl3): d
¼ 1.38 (dd, 2 H, J ¼ 7.5 and 8.0 Hz), 1.79 (s, 4 H), 1.86 (bs,
1 H), 2.38 (s, 2 H), 2.77 (bs, 1 H), 2.91 (s, 2 H), 4.12 (s, 2 H),
6.21 (s, 2 H). 13C NMR (75 MHz, CDCl3): d ¼ 27.04, 45.11,

45.83, 52.39, 67.04, 134.56.
Procedure for PCC oxidation of 3b. In a 50-mL round-

bottomed flask fitted with a reflux condenser was suspended
PCC (0.161 g, 0.75 mmol) in anhydrous dichloromethane (5
mL). Cycloadduct 3a (0.073 g, 0.25 mmol) was added to it in

small portions and stirring was continued till reaction goes to
completion. The progress of reaction was monitored on TLC.

Scheme 4

Figure 2. (1H-1H) COSY spectrum of compound 8. Figure 3. (13C-1H) HETCOR spectrum of compound 8.
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After completion of the reaction, dichloromethane was
removed under vacuum and product was extracted into diethyl
ether (4 � 5 mL). All the extracts were dried by using anhy-
drous sodium sulfate and evaporated under reduced pressure to
get the product which was purified by column chromatogra-

phy, (0.055 g, 76%).
General procedure for cycloaddition of benzonitrile

oxides with dipolarophiles. A solution of the benzaldoxime
(dipole precursor) (1.2 mmol), dipolarophile (1 mmol) and trie-
thylamine in dichloromethane (10 mL) was cooled to 0�C, so-
dium hypochlorite (4%, 10 mL) was added dropwise with stir-
ring at 0�C. The reaction mixture was warm to room tempera-
ture and kept for 6–8 h with stirring. On disappearance of
starting material (TLC), the reaction phases were separated
and the aqueous phase was extracted with dichloromethane.

The combined layers were washed with brine, dried with so-
dium sulphate, and the solvent evaporated under reduced pres-
sure to yield crude cycloadduct. The crude product was chro-
matographed on a silica gel column. Thus, all cycloadducts

were prepared following the aforementioned general protocol
and characterized by IR, 1H-NMR, and 13C-NMR spectros-
copy. The data for cycloadduct obtained from 1,3-dipolar
cycloaddition are presented below.

General procedure for cycloaddtion of carbethoxyformo-

nitrile oxide with dipolarophiles. In a typical experimental
procedure, dipolarophile (1 mmol) was mixed with NaHCO3

(1 mmol) in [bmim]BF4 (0.5 g) ionic liquid. Ethyl chloroximi-
doacetate (1 mmol) was added, and the mixture was stirred at

room temperature for 3–4 h when starting material disappeared
(TLC); the reaction mixture was treated with diethyl ether to
extract the product. Diethyl ether was removed under reduced
pressure to get the product. In case of cycloaddition with dipo-
larophile 3, due to poor solubility in diethyl ether, cycloadduct

3b was isolated by dissolving ionic liquid in water followed
by filtration. If required, the crude products were chromato-
graphed on silica gel column. Cylcoadducts obtained were
characterized by IR, 1H-NMR, and 13C-NMR spectroscopy.

Compound 1a. White solid (89%), Mp 168–170�C. IR

(CHCl3): 1760, 1593, 1563 1483 cm�1. 1H NMR (300 MHz,
CDCl3): d ¼ 1.87 (d, 1 H, J ¼ 9.0 Hz), 2.01 (d, 1 H, J ¼ 9.0
Hz), 2.32 (s, 3 H), 2.37 (s, 3 H), 3.43 (s, 1 H), 3.71 (s, 1 H),
4.16 (d, 1 H, J ¼ 8.1 Hz), 5.08 (d, 1 H, J ¼ 8.1 Hz), 6.83 (s,
2 H), 7.39–7.41 (m, 3 H), 7.77–7.79 (m, 2 H). 13C NMR (75

MHz, CDCl3): d ¼ 20.74, 20.81, 43.16, 44.66, 49.04, 56.99,
87.81, 120.90, 121.08, 126.89, 128.78, 128.93, 129.99, 137.01,
140.76, 142.25, 143.17, 156.16, 169.06, 169.30. HRMS (TOF,
ESþ): m/z [M þ H]þ calcd for C22H20NO5: 378.1341; found:

378.1357.
Compound 1b. White solid (70%), Mp 130–132�C. IR

(KBr): 898, 1015, 1194, 1369, 1476, 1579, 1756, 2925, 2983
cm�1. 1H NMR (300 MHz, CDCl3): d ¼ 1.40 (t, 3 H, 9.0 Hz),
1.86 (d, 1 H, 9.0 Hz), 1.96 (d, 1 H, 12.0 Hz), 2.33 (s, 3 H),

2.36 (s, 3 H), 3.69 (s, 1 H), 3.71 (s, 1 H), 3.81 (d, 1 H, J ¼
9.0 Hz), 4.36 (m, 2 H), 5.12 (d, 1 H, J ¼ 9.0 Hz), 6.84 (s, 2
H). 13C NMR (75 MHz, CDCl3): d ¼ 14.14, 20.74, 20.80,
43.03, 44.51, 48.90, 56.00, 62.02, 90.39, 121.17, 121.57,

Scheme 5

Scheme 6
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136.50, 140.46, 142.43, 143.06, 151.19, 160.39, 169.84.
HRMS (TOF, ESþ): m/z [M þ H]þ calcd for C19H20NO7:
374.1240; found: 374.1256.

Compound 2a. Sticky mass (75%). IR (CHCl3): 3351, 1611,

1574 cm�1. 1H NMR (300 Hz, CDCl3): d ¼ 1.21 (d merged
with other peak, 2 H, J ¼ 10.5 Hz), 1.61 (d, 2 H, J ¼ 10.2
Hz), 1.71 (d, 2 H, J ¼ 12 Hz), 1.93 (d, 2 H, J ¼ 14.7 Hz),
2.01 (s, 2 H), 2.62 (s, 1 H), 2.80 (s, 1 H), 4.27 (s, 1 H), 4.34

(s, 1 H), 5.01 (d, 1 H, J ¼ 8.1 Hz), 5.76 (d, 1 H, J ¼ 8.1 Hz),
7.35 (m, 3 H), 7.72 (m, 2 H). 13C NMR (75 MHz, CDCl3): d
¼ 28.73, 28.79, 34.74, 40.87, 41.44, 44.26, 48.73, 51.11,
67.20, 67.80, 84.92, 126.97, 127.41, 128.69, 129.43, 129.66,
158.48. HRMS (TOF, ESþ): m/z [M þ H]þ calcd for

C18H22NO3: 300.1600; found: 300.1614.
Compound 2b. Yellow sticky oil (65%). IR (neat): 757,

829, 940, 1018, 1137, 1173, 1252, 1405, 1449, 1581, 1720,
2962, 3303 cm�1. 1H NMR (300 MHz, CDCl3): d ¼ 1.18–
2.09 (m, 11 H), 2.70 (s, 1 H), 2.80 (s, 1H), 3.47–3.50 (m,

2 H), 4.17–4.34 (m, 4 H), 4.65 (d, 1 H, J ¼ 9.0 Hz), 5.87
(d, 1 H, J ¼ 9.0 Hz). 13C NMR (75 MHz, CDCl3): d ¼
13.97, 28.26, 28.41, 34.58, 40.88, 41.46, 44.06, 48.37,
49.83, 61.75, 66.84, 67.25, 87.90, 162.99, 161.32. HRMS
(TOF, ESþ): m/z [M þ H]þ calcd for:C15H22NO5:

296.1498; found: 296.1484.
Compound 3a. White solid (85%), Mp 196–198�C. IR

(CHCl3): 3397, 1655, 1460 cm�1. 1H NMR (300 MHz,
CDCl3): d ¼ 1.24 (d, 1 H, J ¼ 6.9 Hz), 1.30 (d, 1 H, J ¼ 11.4

Hz), 1.60 (s, 1 H), 1.67 (d, 1 H, J ¼ 10.5 Hz), 2.58 (narrowly
splitted triplet, 2 H), 2.68 (s, 1 H), 2.79 (s, 1 H), 3.85 (d, 1 H,
J ¼ 7.2 Hz), 4.45 (s, 1 H), 4.54 (s, 1 H), 4.72 (d, 1 H, J ¼ 8.1
Hz), 5.73 (dd, 2 H, J ¼ 10.5 and 10.2 Hz), 7.35–7.37 (m, 3
H), 7.81–7.84 (m, 2 H). 13C NMR (75MHz, CDCl3): d ¼
34.23, 39.79, 40.69, 41.41, 45.50, 53.01, 65.84, 65.84, 85.57,
127.01, 128.62, 128.65, 129.32, 129.62, 130.34, 130.57,
157.19. HRMS (TOF, ES

þ
): m/z [M þ H]þ calcd for

C18H20NO3: 298.1443; found: 298.1446.
Compound 3b. White solid (69%), Mp 108–109�C. IR

(KBr): 951, 1071, 1245, 1363, 1576, 1635, 1732, 2957, 3311,
3516 cm�1. 1H NMR (300 MHz, CDCl3): d ¼ 1.35 (t, 3 H, J
¼ 6.6 and 6.9 Hz, one peak merged in it), 1.55 (d, 1 H, J ¼
10.5 Hz), 1.92 (bs, D2O exch.), 2.58 (s, 2 H), 2.73 (s, 1 H),
2.80(s, 1 H), 3.61 (d, 1 H, J ¼ 8.1Hz), 4.32 (m, 2 H), 4.43 (s,

2 H), 4.81 (d, 2 H, J ¼ 8.1 Hz), 5.64 (d, 1 H, J ¼ 9.9 Hz),
5.74 (d, 1 H, J ¼ 9.9 Hz). 13C NMR (75 MHz, CDCl3): d ¼
14.09, 34.29, 39.93, 40.79, 41.06, 45.45, 51.89, 61.95, 65.61,
65.93, 88.47, 130.13, 130.95, 152.04, 160.97. HRMS (TOF,

ESþ): m/z [M þ H]þ calcd for C15H20NO5: 294.1314; found:
294.1344.

Compound 9. Yellow oil (62%). IR (KBr): 927, 1138, 1252,
1705, 2925 cm�1. 1H NMR (300 MHz, CDCl3): d ¼ 1.38 (t, 3

H, J ¼ 7.2 Hz, signal for 1 H merged in it), 1.57 (d, 1 H, J ¼
11.4 Hz), 2.47 (m, 2 H), 2.89 (m, 2 H), 3.15–3.23 (m, 4 H),
3.44 (d, 1 H, J ¼ 9.0 Hz), 3.30–4.38 (m, 2 H), 4.75 (d, 1 H, J
¼ 9.0 Hz). 13C NMR (75 MHz, CDCl3): d ¼ 14.07, 31.85,
38.42, 38.69, 43.48, 47.36, 48.48, 50.54, 51.40, 62.16, 85.82,

151.65, 159.94, 207.60. HRMS (TOF, ESþ): m/z [M þ H]þ

calcd for C15H18NO5: 292.1185; found: 292.1197.
Compound 8. Brown solid (72%), Mp 220–222�C. IR

(KBr): 821, 957, 1160, 1339, 1499, 1585, 1724, 2991, 3337,

3653 cm�1. 1H NMR (300 MHz, CDCl3): d ¼ 1.28 (t, 3 H, J
¼ 6.9 and 7.2 Hz), 1.56 (d, 1 H, J ¼ 9.9 Hz), 1.69 (d, 1 H, J
¼ 9.9 Hz), 3.52 (d, 1 H, J ¼ 8.4 Hz), 3.74 (s, 1 H), 3.77(s, 1
H), 4.25–4.29 (m, 2 H), 4.87 (d, 1 H, J ¼ 8.4 Hz), 6.36 (d, 1
H, J ¼ 8.7 Hz), 6.40 (d, 1 H, J ¼ 8.7 Hz), 8.67(s, 1 H, D2O

exch.), 8.70(s, 1 H, D2O exch.). 13C NMR (75 MHz, CDCl3):
d ¼ 14.03, 42.25, 42.76, 47.34, 56.81, 61.59, 90.53, 115.07,
115.53, 128.46, 133.05, 143.97, 144.71, 151.47, 160.21.
HRMS (TOF, ESþ): m/z [M þ H]þ calcd for C15H16NO5:
290.1028; found: 290.1020.

Compound 6a. White solid (87%), Mp176–178�C. IR
(CHCl3): 1690, 1563, 1494, 1444 cm�1. 1H NMR (300 MHz,
CDCl3): d ¼ 1.15 (d, 1 H, J ¼ 10.8 Hz), 1.47 (d, 1 H, J ¼ 8.7
Hz), 1.58 (m, 2 H), 2.68 (s, 2 H), 2.95 (s, 1 H), 3.13-3.16 (m,
2 H), 3.43 (s, 2 H), 3.56 (d, 1 H, J ¼ 8.4 Hz), 4.65 (d, 1 H, J
¼ 8.4 Hz), 6.37 (s, 2 H), 7.40 (m, 3 H), 7.78 (m, 2 H). 13C
NMR (75 MHz, CDCl3): d ¼ 31.13, 42.81, 46.76, 49.05,
50.66, 50.73, 51.45, 52.32, 54.20, 54.49, 83.27, 126.94,
128.56, 128.85, 129.99, 135.34, 135.51, 56.35, 210.52, 212.39.

HRMS (TOF, ESþ): m/z [M þ H]þ calcd for C23H26NO3:
360.1600; found: 360.1607 [MþþH].

Compound 6b. Off-white solid (50%), Mp 140–141�C. IR
(KBr): 932, 1125, 1256, 1690, 1721, 2922, 2983 cm�1. 1H
NMR (300 MHz, CDCl3): d ¼ 1.23–1.63 (m, 7 H), 2.04 (s, 2

H), 2.66 (m, 2 H), 3.11 (m, 2 H), 3.40 (m, 3 H), 4.33 (m, 2
H), 4.70 (d, 1 H, J ¼ 9.0 Hz), 6.35 (s, 2 H). 13C NMR (75
MHz, CDCl3): d ¼ 14.06, 29.69, 31.30, 42.91, 46.70, 48.88,
50.61, 51.07, 51.23, 52.16, 54.05, 54.31, 62.05, 85.93, 135.41,
135.49, 151.71, 160.05, 210.53, 210.77. HRMS (TOF, ESþ):
m/z [M þ H]þ calcd for C15H22NO5: 356.1498 ; found:
356.1496.
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Condensation reactions of glyoxal with p-substituted phenol derivatives 1a–f have been carried out

and the corresponding 5a,10b-dihydrobenzofuro[2,3-b]benzofuran 4a–f type compounds were obtained
in good to excellent yields. The resulting dimeric products carrying methyl groups 4a–d were converted
to the corresponding carboxylic acid derivatives as the new polymer forming monomers. Many of these
reactions gave novel structures. No definite product was obtained by the similar reactions of glyoxal
with thiophenol and aniline in place of phenols.

J. Heterocyclic Chem., 47, 1011 (2010).

INTRODUCTION

Some of dialdehydes and especially their synthetic
equivalents are interesting reactive precursors in organic
chemistry and are regarded as useful starting material
for the preparation of the thermally stable polymers [1–
9]. Condensation of unsubstituted phenols with glyoxal
bisulfite or glyoxal has been reported to produce insolu-
ble resins [10]. The reaction of 2-naphthol with glyoxal
has been reported by Dischendorfer and assigned the
reaction product after alkaline fusion as structure 5 with
a benzofurobenzofuran moiety in its structure [8]. The
preparation of novel aromatic compounds with one or
two dihydrofurofuran moieties starting from 2-naphthol
and glyoxal has been reported [11].

Recently, we have reported the possibility of using

trifluoroacetic acid as suitable medium for the condensa-

tion of p-substituted phenolic compounds with malonal-

dehydetetramethyl acetal as very reactive protected dia-

ldehyde [12]. In this context, we have also reported the

synthesis of 1,1,4,4–tetrakis (2-hydroxyphenyl)butane

type compounds from the condensation of phenols with

2,5-dimethoxytetrahydrofuran using trifluoroacetic acid

as both solvent and catalyst [13]. In our previous stud-

ies, condensation reaction of p-substituted phenols with

glutaraldehyde bisulfite in the presence of trifluoroacetic

acid as both solvent and catalyst and formation of prop-

ano-dibenzo [2, 1 � d : 10, 20 �g] [1,3] dioxocin type

compounds were reported [14].

Condensation of 2-naphthol with glyoxal bisulfite in

the presence of formic acid at 50–60�C has been shown

to give dimeric product, namely 7a,14c-dihydronaph-

tho[2,1-b] naphtha [20, 10 : 5,6] furo[3,2-d] furan in only

22% yield [15]. The base catalyzed reaction of 2-naph-

thol with glyoxal was also investigated in which the

final product was considered to be similar to that

obtained from the acid catalyzed reaction [16–18].To

the best of our knowledge, condensation reaction of p-
substituted phenols with glyoxal has not been exploited

for polymer forming monomers. However, the yield of

formation of dimeric products was low and not enough

for further transformations when we used sulphuric acid

and formic acid as condensing agent [5,15,19].

To increase the yield in dimeric product and to exam-

ine more accurately the experimental conditions for the

condensation reaction of p-substituted phenols and 2-

naphthol with glyoxal and also in continuation of our

research on the synthesis of thermally stable polymers

from polymerisable monomers [20], we have also stud-

ied synthetic routes towards 5a,10b-dihydrobenzo-

furo[2,3-b]benzofuran type compounds as new model

compounds and their related derivatives having suitable

functional groups(e.g., dicarboxylicacid, dianhydride)

which can be used as important monomers for the prep-

aration of a variety of thermally stable polymers.

RESULTS AND DISCUSSION

To study the possibility of using the reported method

for condensation of 2-naphthol and glyxoalbisulfite with

VC 2010 HeteroCorporation
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different phenols, we performed the reaction of phenols

with glyoxalbisulfite under the reported conditions [15].

It was observed that this method cannot work for pheno-

lic compounds. These observations led us to design

another applied synthetic method for the condensation

of p-substituted phenolic compounds with glyoxal. The

possibility of condensation of different phenols with gly-

oxal bisulfite in acetic acid in the presence of sulfuric

acid as catalyst were studied. Condensation of phenols

with glyoxal bisulfite occurred and the corresponding

5a,10b-dihydrobenzofuro[2,3-b]benzofuran type com-

pounds (4a–f) were obtained in low to moderate yields.

To increase the yields of the products, we tried the

same reactions using glyoxal solution in the presence of

methane sulphonic acid as catalyst. The reaction of phe-

nols carrying alkyl groups (1a–c) or having both alkyl

and halogen (4d) gave excellent yields of their corre-

sponding 5a,10b-dihydrobenzofuro [2, 3-b]benzofuran

(4a–f). The reaction of phenols carrying only halogens

(1e,f) gave moderate yields (Scheme 1).

For the study of structure–reactivity relationship, the

reaction of p-substituted phenols having electron with-

drawing substituents such as 1g and 2,4-dichlorophenol

with glyoxal under the same reaction condition was also

investigated. No dimeric products as structure 4 with a

benzofuro-benzofuran moiety (acetal type structure) in

their structures were detected (Scheme 1). The results

with the structurally different p-substituted phenolic

compounds are shown in the Table 1.

It was found that the electron withdrawing groups

retard the reaction and the electron donating substituents

such as methyl were favorable in the reaction. These

observations are in good agreement with the suggested

mechanism as shown in Scheme 1.

We next decided to produce the dimeric product similar

to that of 4a–f but with sulfur or nitrogen in place of oxy-

gen in the furan rings. However, we were not successful

in using a similar reaction of glyoxal and thiophenols and/

or aniline in place of phenols to reach our objective. No

definite product was obtained by the reactions. When we

treated glyoxal with aniline, for example, the expected

product, a dihydroindole ring, was never produced. As is

well-known, an amine and an aldehyde always react to

produce a schiff base as a classical reaction.

Scheme 1
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Condensation of 2 moles of phenols (1a–f) with gly-

oxal solution and bisulfite occurs first through Friedel-

Crafts reaction (one carbonyl group) to give 2 followed

by an intramolecular acetalization reaction as suggested

for the condensation of phenols with malonaldehyde tet-

ramethyl acetal, 2,5-dimethoxytetrahydrofuran and glu-

taraldehyde [12–14], (Scheme 1).

The structure of all compounds 4a–f, 5 were deduced

from their IR, 1H, 13C-NMR and mass spectral data.

The IR spectra show no carbonyl and hydroxyl groups.

In all cases, the1H-NMR spectra indicated that the com-

pounds had the acetal structure. The spectra of all these

compounds showed a doublet (J ¼ 6–7 Hz) in the

region d 4.8–5.82 (assigned to the hydrogen on the dia-

rylmethyl carbon (10b-H), (14c-H) and a doublet (J ¼
6–7 Hz) in the region d 6.8–7 ppm assigned to the

hydrogen on the acetal carbon (5a-H), (7a-H). The 13C-

NMR spectra show two aliphatic resonances for the dia-

ryl methyl (10b-C, 14C) in the region d 48–50.85 and

acetal carbons (5a-C, 7a-C) at region d 111–112.4 ppm

respectively, consistent with the overall mirror symme-

try. In all of these compounds (4a–f,5) bands arising

from the aromatic protons partially overlapped the dou-

blet assigned to the hydrogen on the acetal carbon. It

was found that, by expanding the NMR spectra in the

aromatic region, the acetal hydrogen doublet was clearly

separated from the bands attributed to the aromatic pro-

tons, and that overlapping was removed.

In conclusion, the simplicity of this method, good to

excellent yields, readily available starting materials and

the possibility of applying this method to phenols and

naphthols make this method very useful for this type of

transformation in organic synthesis.

To prepare the polymer forming monomers from dimeric

products having two and tetramethyl groups (4a–d), we per-

formed the ordinary aromatic side chain oxidation reaction

of 4a–d using KMnO4 in the next stage. It was observed

that the resulting reaction products had structures different

from to that of our expected and a surprising result was

obtained. Spectral investigations showed that aromatization

had occurred in the products (6a–d) in addition to oxidation

of the methyl groups as shown in Scheme 2.

The IR spectra of the compounds 6a–d showed broad

absorption bands around 2530–3500 (acidic H,s) and the

acidic C¼¼O stretching absorption in the region 1680–

1715 cm�1, confirming the presence of carboxylic acid

groups in the structures. The 1H-NMR spectra showed

no peaks associated with methyl groups and no doublets

around 4.88–4.92 ppm for diaryl methyl protons (10b).

There appeared only a complicated collection of peaks

around the aromatic hydrogen region in the 1H-NMR

spectra of the products. In other words, using KMnO4 as

an oxidizing agent causes a dehydrogenation reaction on

5a and 10b hydrogens which leads to the production of

diacids 6a, 6d and tetra acids 6a, 6c, respectively. The

tetra acid (6b) did not melt, but it underwent thermal

Table 1

Reaction of phenolic compounds (1a–f) and 2-naphthol with glyoxal.

Substrate

Method of

preparationa
Reaction

time (h)

Product

(yield/%)b

2-naphthol A 1 5 (81)

B 1.5 5 (51)

1a A 1 4a (86)

B 1.5 4a (53)

1b A 1 4b (83)

B 2.5 4b (54)

1c A 1 4c (81)

B 2.5 4c (52)

1d A 1.5 4d (80)

B 2 4d (50)

1e A 1.5 4e (28)

B 4 4e (8)

1f A 2 4f (29)

B 5 4f (7)

1g A 2 c

B 4 –

aA: glyoxal in CH3SO3H; B: glyoxalbisulfite in H2SO4.
b Yields refer to isolated products.
c No reaction.

Scheme 2
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cyclodehydration to the dianhydride. The 1H-NMR also

show a peak in the region 12.8–13 ppm assigned to the

acidic protons.

All the evidence, ie., no peaks for the 10b and 5a

hydrogens in 1H-NMR spectra and a twofold difference

between our expected molecular weights and that of ex-

perimental results in GC-MS, led us to the conclusion

that the exact structures for the oxidation reaction prod-

ucts must be as structures 6a–d, a series of molecules

with fully aromatic structures (Scheme 2).

Finally, the dianhydride (7) was prepared by dehydra-

tion of the tetra acid (6a) in acetic acid and acetic anhy-

dride (Scheme 3).

After compound 6b was dehydrated into dianhydride

7, the absorption bands of OAH and C¼¼O stretching

disappeared and the characteristic absorptions of the

C¼¼O groups in cyclic anhydride were observed at 1851

(asymmetric stretching) and 1782 (symmetric stretching)

cm�1, hence confirming the presence of an anhydride

ring in the structure. The 1H-NMR spectrum of dianhy-

dride (7) showed no acidic protons, and the remaining

protons were only aromatic hydrogens. The mass spec-

tral data completed the structural confirmation of dia-

nhydride 7 in which the peak appeared at m/z 348

(MHþ, 100%)

In conclusion, we successfully prepared a series of

new wholly aromatic polymer forming monomers from

a relatively cheap raw material and through a high yield

route, that involves the use of common, in expensive

reagents. Specially, because of their complete aromatic

structures, these monomers may be the good candidates

in the synthesis of several types of heat stable polymers

such as polyimide, polyamide, polyesters, polybenzimi-

dazoles, etc. Synthesis and study of the corresponding

polymers derived from the diacids (6a, 6d) and dianhy-

dride (7) and the preparation of their derivatives having

several types of functional groups, to reach some kinds

of polymers are underway and the results will be

reported soon.

EXPERIMENTAL

Materials and instruments. Solvents and chemical materi-
als were obtained from Merck chemical company (Germany)

and Fluka(Switzerland). Melting points were determined with
a Buchi 535 melting point apparatus. IR and FTIR spectra

were recorded using a Perkin–Elmer 781 and Unicam Matte-
son 1000 spectrometers, respectively. UV spectra were
recorded on a Pharmacia biotech ultra spec 3000 model 80-
2106-20 spectrometer. 1H-NMR and 13C-NMR spectra were
recorded on a 250 MHz Bruker Avance DPX-250 and 400

MHz Bruker spectrometers using tetramethyl silane (TMS) as
an internal standard at 25�C with frequencies of 400, 250, and
62.9 MHz for the 1H and 13C spectra, respectively. Mass spec-
tra were recorded under electron impact at 70eV on a shi-

madzu GCMS-QP1000 Ex instrument. Elemental analysis was
performed by RIPI.

Glyoxal bisulfite. To a solution of sodium bisulfite (30%)
was added glyoxal in 2/1 mole ratio at room temperature. The
bisulfite adduct was precipitated by addition of ethanol to the

solution and dried in vacuo at 60�C.
General procedures for (4a–f). Method A. To a 500 mL

round bottomed flask was charged with phenolic compound
(1a–f) (0.10 mol) glyoxal, (0.05 mol of a 30% aqueous solu-
tion) and acetic acid (100 mL). The mixture was dissolved in

acetic acid. Methane sulphonic acid (25–30 mL) was added
drop by drop, with stirring, the temperature of the reaction
mixture being kept between 30 and 35�C. During the addition
of the methane sulphonic acid (20–50 min) the acetal began to
precipitate from solution. The mixture was then stirred at 30–

35�C until the total time of addition and stirring 1–2 h. The
cooled reaction mixture was then poured into water (500 mL),
and the crude product was collected by filtration and wash
with water and ethanol. Details concerning the purification of

each individual reaction product are given under the appropri-
ate title in the following part of the experimental.

Method B. In a fume cupboard, to a 500 mL round bottomed
flask with a hot water bath H2O (150 mL), acetic acid (70 mL),
glyoxal bisulfite(13 g, 0.05 mol) and phenolic compounds (1a–

f) (0.1 mol) were added. The glyoxalbisulfite was dissolved
upon stirring and increasing the temperature. After the tempera-
ture reached 80�C, concentrated sulfuric acid (40–45 mL) was
added drop by drop and the temperature of the reaction mixture
was kept between 85 and 90�C. During the addition of sulfuric

acid (40–60 min) the reaction product began to precipitate from
solution. The mixture was then stirred at 85–90�C until the total
time of addition and stirring was 1.5–4 h. The cooled reaction
mixture was filtered and the crude product was then poured into
water (500 mL), collected by filtration and washed with water

and ethanol. Reaction products were purified by appropriate
methods specified below.

2,9-Dimethyl-5a,10b-dihydrobenzofuro[2,3-b]benzofuran

(4a). 4a was obtained from 1a and glyoxal following the general

procedure and purified by recrystallizing from ethanol to give
white solid; mp ¼ 195–196�C(lit., 195�C, [6]); [Found: C, 80.50;

Scheme 3
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H, 5.84 C16H14O2 requires C,80.67; H,5.88%]; UV(CH2Cl2) k
293.3 (emax ¼ 32440), 234.5 (emax ¼ 18940) mmax (KBr) 2820–
3030, 1245, 1185, 1000 cm�1; dH (250 MHz, CDCl3) 2.31 (6H,s,
CH3), 4.81(1H, d, J 6.46 Hz, 10b-H), 6.81(1H, d, J 6.50 Hz, 5a-
H), 6.61–7.20 (6H, m, ArH); dC (62.9 MHz, CDCl3)19.40 (CH3),

50.10(10b-C), 111.60 (5a-C), 118.71, 122.65, 127.45, 131.65,
133.42(aromaticC), 157.05(¼¼CO); m/z (EI) 238(100, MHþ), 195
(39.4), 165(18.1%)

2,3,8,9-Tetramethyl-5a,10b-dihydrobenzofuro[2,3-b]ben-

zofuran (4b). 4b was obtained from 1b and glyoxal following

the general procedure and purified by recrystallizing from etha-
nol or acetic acid to give white solid; mp ¼ 233–234�C;
[Found: C, 81.16; H, 6.78 C18 H18 O2 requires C, 81.20; H,
6.76%]; UV (CH2Cl2) k 295.3 (emax ¼ 31140), 237.5 (emax ¼
14940); mmax (KBr) 3010–2900, 1260, 1160, 1055, 1000 cm�1;

dH (250 MHz, CDCl3) 2.165 (6H, s � CH3), 2.18 (6H, s �
CH3), 4.88(1H, d, J 6.45 Hz, 10bH), 6.81(1H,d, J 6.48 Hz, 5a-
H), 6.67(2H, s, ArH), 7.10(2H, s, ArH); dC (62.9MHz,
CDCl3)19.38, and 20.06 (CH3), 50.20(10b–C),111.57(5a-C),
112.99, 124.56, 124.72, 130.18, 137.39(aromaticC),
156.03(¼¼CO); m/z(EI)266 (100,MHþ), 251(16.3), 223(15.1),
208(29), 179(4.8), 165(5.3), 118(47), 69(45), 55(29), 40(100%).

2,4,7,9-Tetramethyl-5a,10b-dihydrobenzofuro[2,3-b]ben-

zofuran (4c). (4c) was obtained from 1c and glyoxal following

the general procedure and purified by refluxing in ethanol and
recrystallizing from acetic acid to give white solid; mp ¼ 206–
207�C(lit., 206�C, [6]); [Found: C, 81.19; H, 6.81. C18H18O2

requires C, 81.20; H, 6.76%]; UV (CH2Cl2) 293.8 (emax ¼
27,080), 233.7 (emax ¼ 28,200); mmax(KBr)3000-2900, 1210,

1135, 1075, 975 cm�1; dH(250MHz, CDCl3) 2.23(6H, s,CH,
2.28(6H, s, CH3), 4.91(1H, d, J 6.47 Hz, 10b-H), 6.86(1H, d, J
6.71Hz, 5a-H), 6.78 (2H, s, ArH), 7.01(2H, s, ArH); dc (62.9
MHz, CDCl3) 15.03 and 20.77(CH3), 50.85(10b-C), 111.80 (5a-
C),19.81, 121.65, 126.61, 130.77, 132.45 (aromaticC),154.13(¼¼
CO); m/z(EI) 266 (100, MHþ), 251(39), 223(25.1), 179(14.8),
165(15.2) 118(52), 69(42), 55(22), 40(100%).

2,9-Dichloro-3,8-dimethyl-5a,10b-dihydrobenzofuro[2,3-

b]benzofuran (4d). 4d was obtained from 1d and glyoxal

following the general procedure except that only 0.1 mole of
glyoxal (rather than 0.05 mole) was used and purified by recrys-
tallizing from acetic acid or tetrahydrofuran to give white solid;
mp ¼ 255–256 �C; [Found: C, 62.46; H, 3.76. C16 H12Cl2O2

requires C,62.54; H,3.908%]; UV (CH2 Cl2) k 298.6(emax

¼12720), k237.3(emax ¼ 1040); mmax (KBr)2990-2900, 1245,
1120, 1015, 975 cm�1; dH (250 MHz,CDCl3) 2.29(6H,s, CH3),
4.92(1H, d, J 6.42Hz,10b-H, 6.86(1H, d, J 6Hz, 5a-H, 6.76 (2H,
s,ArH,7.29 (2H, s, ArH); dc (62.9MHz,CDCl3) 20.48(CH3),
49.81 (10b-C), 112.39(5a-C),113.33, 125.84, 126.9, 129.87,

137.02 (aromaticC), 156.46(¼¼CO); m/z (EI) 307(22.9,
MHþ),308(65.1, MHþþ1), 309(9.90, MHþþ2), 310(9,
MHþþ3), 306(100), 271(30.4), 243 (35.2), 208 (14.8),
180(10.5), 179(15.4), 165(22.6), 76(28.3), 51(50.9%).

2,9-Dichloro-5a,10b-dihydrobenzofuro[2,3-b]benzofuran

(4e). 4e was obtained from 1e and glyoxal following the gen-
eral procedure, except that only 0.1 mole of glyoxal(rather
than 0.05 mole)was used and purified by recrystallizing from
acetic acid to give white solid; mp ¼ 233–234�C (lit., 233–

234�C, [5,6]); [Found: C, 60.10; H, 2.69. C14H8Cl2O2 requires
C, 60.215; H, 2.867%]; UV (CH2Cl2) k 298.6 (emax ¼ 17400),
233(emax ¼24110); mmax (KBr) 2970, 1235, 1105, 1065, 975
cm�1; dH (250 MHz, CDCl3) 4.91 (1H, d, J 6.43Hz,10b-H),

6.48 (1H, d, J 6.73 Hz, 5a-H), 6.73–7.30 (6H, m, ArH); m/z
(EI) 278 (100, MHþ), 279 (1.4, MHþþ1) 280(65.8, MHþþ2),
243(28.8), 215(84.9), 217(26), 197(13.7), 169(53.4) 152(63),
89(28.8), 75(53.4), 63(57.5%).

2,9-Dibromo-5a,10b-dihydrobenzofuro[2,3-b]benzofuran

(4f). 4f was obtained from 1f and glyoxal following the gen-
eral procedure, except that only 0.1 mole of glyoxal(rather
than 0.05 mole)was used and purified by refluxing in ethanol
and recrystallizing from acetic acid to give white solid; mp ¼
255–256�C, [Found: C, 44.30; H,2.18. C14H8 Br2O2 requires

C, 45.652; H, 2.174%]; UV(CH2Cl2) k 298 (emax ¼ 29150),
244 (emax ¼ 28660); mmax (KBr) 2955, 1230, 1105, 1025, 985
cm�1; dH(250 MHz, CDCl3), 4.93(1H, d, J 7Hz, 10b-H,
6.82(1H, d, J 6.56Hz, 5a-H, 7.19–7.40 (6 H, m, ArH; m/z (EI)
368(67.1, MHþ), 369 (9, MHþ þ 1), 370(32.1, MHþþ2),

371(2.6, MHþþ3), 366(33.8), 289(10.7), 287(10.3), 261(23.9),
259(25.2), 208(28.6), 180(44), 152(63.2), 134(20.1), 89(39.7),
76(73.5), 63 (100%).

7a,14c-Dihydronaphtho[2,1-b]naphtho[20,10:5,6]furo[3,2-d]
furan (5). This compound has been obtained from the reaction
of 2-naphthol with glyoxal following the general procedure
and purified by recrystallizing from acetic acid or acetone to
give white solid; mp ¼ 236–237�C (lit., 236–237�C, [15,6]);
[Found; C; 85.13; H,4.60. C22H14O2 requires C, 85.14; H,

4.55%]; mmax (KBr)845,805,735 cm�1; dH (250 MHz, DMSO-
d6) 5.82 (1H, d, J 6 Hz, 14c-H), 7.20–8.40 (13H, m, ArH þ
7a-H); dc (62.9 MHz, DMSO-d6) 48.5 (d, 14c-C), 111.5,
114.4, 118.6, 122.9, 123.3, 126.4, 128.7, 129.5, 129.7,
130.1, 155.6 (aromatic Cþ7a-C); m/z (EI) 310(100, MHþ),
281(39%).

General procedure for 6a–d. A two-necked round bot-
tomed flask with an effective stirrer, was charged with a solution
of 6a–d (0.032 mol) in a mixture of pyridine (200 mL) and water
(100 mL). The temperature was elevated to near refluxing and

KMnO4 (0.29–0.58 mol) was added in small portions. Refluxing
was continued for 8–24 h. After cooling to room temperature,
the mixture was filtered and the residual MnO2 was washed thor-
oughly with boiling water. The combined filtrates in an ice-

water bath were acidified with hydrochloric acid. The white
solid precipitate was filtered off, washed several times with
water, and dried to afford 6a–d. The products were purified by
appropriate methods specified below.

Benzofuro [2,3-b]benzofuran-2,3,8,10tetracarboxylic di-

anhydride(7). In a 500 mL round bottomed flask, 8.7 g (0.025
mol) of tetra acid 6b was suspended in 100 mL of glacial ace-
tic acid and 200 mL of acetic anhydride. The mixture was
boiled under reflux for 4h. Then, the mixture was filtered and
left to crystallized overnight. The precipitated product was

filtered out, washed with dry toluene, and dried to give white
solid in 86% yield; [Found: C, 61.891; H,1.11. C18H4O8

requires C, 62.08; H, 1.10%]; mmax (KBr) 3125, 3051, 1858
(asym. C¼¼O str.), 1780 (sym. C¼¼O str.), 1629, 1439, 1185,
1152, 1130, 885 (CAO str.) cm�1; dH (250MHz, DMSO-d6)

8.78-8.32(s, 4H, Ar).
Benzofuro[2,3-b]benzofuran-2,9-dicarboxylic acid (6a). 6a

was obtained from oxidation of 4a with KMnO4 (45.82g) in a
2:1 (v/v) pyridine: water mixture by heating to gentle reflux

for 8h, following the general procedure and purified by recrys-
tallizing from dilute ethanol to give white solid in 81 %yield;
mp>300�C (lit. [19]); mmax(KBr) 3500-2800, 1680 (C¼¼O str.),
1450, 1237, 1157 cm�1; dH (400MHz, DMSO-d6) 12.92(2H,
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s,-OH ), 6.8–8.20(6H, m, ArH ); m/z (EI) 296(100, MHþ),
269(45.8), 241(75.1%);

Benzofuro[2,3-b]benzofuran-2,3,8,9-tetracarboxylic acid

(6b). 6b was obtained from oxidation of 4b with KMnO4

(91.649) in a 2:1 (v/v) pyridine: water mixture by heating to

gentle reflux for 24h, following the general procedure and
purified by recrystallizing from a mixture of ethanol/water(2:1
v/v) to give white solid in 82% yield; mp>300�C;[Found: C,
55.89; H, 2.791. C18H8O10 requires C, 56.25; H, 2.783%],
mmax (KBr) 3445-2530, 1710(C¼¼O str.), 1609, 1482,

1422(CAO str.), 1264 cm�1; dH(400MHz, DMSO-d6)
12.81(4H, s, AOH), 6.80–8.80 (4H, m, ArH); m/z (EI)
366(84.6), 348 (94.5), 322 (27.2), 304 (32.6), 276 (95.7), 232
(14.5), 204 (48.6), 148 (35.8), 116(21.2), 98(62. 4), 74(100),
44(77.7%).

Benzofuro[2,3-b]benzofuran–2,4,7,9-tetracarboxylic acid

(6c). 6c was obtained from oxidation of 4c with
KMnO4(91.64g) in a 2:1(v/v) pyridine : water mixture by heat-
ing to gentle reflux for 24 h, following the general procedure

and purified by recrystallizing from mixture of DMF/water (2:1
v/v) to give white solid in 84% yield; mp > 300�C;[Found: C,
56.89;H, 2.61. C18 H8 O10 requires C, 56.25; H, 2.783%]; mmax

(KBr) 3450-2530, 1715 (C¼¼O str.), 1609, 1482, 1450,
1421(CAO str.), 1265 cm�1; dH (400 MHz, DMSO-d6) 13(4H,

s, AOH), 6.80–8.80 (4H, m, Ar-H); m/z(EI) 384 (29.1, MHþ),
322(27), 294(23.9), 276(9.2), 266(15.9), 232(16.6), 204(41),
194(14.1), 166 (12.8), 98 (21), 79(100), 52(97%).

2,9-Dichloro-benzofuro[2,3-b]benzofuran-3,8-dicarboxylic

acid(6d). 6d was obtained from oxidation of 4d with KMnO4

(55.4g) in a 2:1 (v/v) pyridine: water mixture by heating to
gentle reflux for 12 h, following the general procedure and
purified by recrystallizing from mixture of DMAc/water (2:1
v/v) to give white solid in 83% yield; mp>300 �C; [Found: C,
62.15; H, 3.32. C16H10O2Cl2 requires C, 62.95; H, 3.2787%];

mmax (KBr) 3450-2800, 1695 (C¼¼O str.), 1605, 1465,
1451,1425(CAO str.), 1240, 1145 cm�1; dH(400MHz,
DMSO-d6) 13(2H, s-OH), 6.85–8.35(4H, m, ArH); m/
z(EI)305 (81,MHþ), 306(19, MHþþ1), 307(12.7, MHþþ2),

308 (9.1, MHþþ3), 261(100), 243(56), 217(41), 208(19),
180(29), 165(24), 76(32.2%).
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Addition of cylohexanone to chalcones, obtained from the appropriate acetophenone and benzalde-
hyde derivatives, under solvent-free conditions gave 1,5-diketones in good yields. Treatment of 1,5-
diketones with ammonium acetate in acetic acid afforded directly 2,4-diaryl-5,6,7,8-tetrahydroquinoline

derivatives (7a–u) in high yields. The structures of 7a–u were elucidated by 1H NMR, 13C NMR, IR,
and elemental analysis.

J. Heterocyclic Chem., 47, 1017 (2010).

INTRODUCTION

The synthesis of oxygen, nitrogen, or sulfur-contain-

ing heterocycles is of importance in the organic and me-

dicinal chemistry [1]. Among these structures, quino-

lines [2], tetrahydroquinolines [3], and their derivatives

are excellent precursor of potential drugs [4]. Quinoline

and their derivatives, which usually possess diverse bio-

logical activities, play important roles as versatile build-

ing blocks for the synthesis of natural products and as

therapeutic agents [5]. In particular, 2-arylquinolines are

biologically active and occur in structures of a number

of antimalarial compounds and antitumor agents [6].

The biological activity of quinoline compounds has

been found to possess antiasthmatic, antibacterial, anti-

anflammatory, and antihypertensive properties [7].

Therefore, the synthesis of quinolines has attracted

much attention in organic synthesis. The classic methods

for the synthesis of quinolines include Skraup [8], Doeb-

ner-Von Miller [9], Conrad and Limbach [10], Combes

[11], and Pfizinger [12] quinoline syntheses. A number

of general synthetic methods have also been reported

[13]. However, some of these methods suffer from sev-

eral disadvantages such as harsh reaction conditions,

multi steps, a large amount of promoters, and long reac-

tion time [14].

In this study, we report that the synthesis of novel

2,4-diaryl-5,6,7,8-tetrahydroquinoline derivatives 7a–u

via cyclization of 1,5-diketones 5a–u with ammonium

acetate in acetic acid.

RESULTS AND DISCUSSION

The general synthetic strategy used to prepare the

chalcone derivatives (3a–u) was based on Claisen-

Schmidt condensation, which was reported previously

[15]. Chalcone derivatives (3a–u) were prepared by

base-catalyzed condensation of appropriate substituted

acetophenone with benzaldehyde in good yields

(Scheme 1). All chalcone derivatives (3a–u) are well-

known [16–26] according to our literature surveys. The

structures of 3a–u were characterized on the basis of

spectral data (IR, 1H NMR, and 13C NMR) and compar-

ison with authentic samples. After the structures of 3a–u

were determined, they were submitted to additional

reaction of cyclohexanone (4). Addition of cyclohexa-

none to chalcones was performed according to our pre-

viously published method [27] in the presence of PTC

(phase transfer catalyst ¼ triethylammonium chloride)

in solvent-free conditions. 1,5-Diketone derivatives 5a–u

were obtained in moderate to good yields (Scheme 1,
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Table 1). In this series, the compounds 5a–g are known

in the literature [21,27–29]. The structures of other 1,5-

diketones (5h–u) were determined by spectroscopic

studies (1H, 13C NMR, IR, and elemental analysis). In

the 1H NMR spectrum of 5a–h, the protons of

PhCOCH2 gave an AB system that is characteristic sig-

nals for these compounds. While part A of the AB sys-

tem is shown as a doublet of doublet at d ¼ 3.50–3.42

(J ¼ 15.7–16.7 and 3.9–4.5 Hz) and that of part B is

shown as a doublet of doublet at d ¼ 3.23–3.15 (J ¼
15.7–16.7 and 9.5–9.6 Hz).

Treatment of 1,5-diketones 5a–u with NH4OAc (am-

monium acetate) in AcOH at reflux condition for 2.5–5

h afforded directly 2,4-diaryl-5,6,7,8-tetrahydroquinoline

derivatives 7a–u in excellent yields (Scheme 1, Table

2). The compounds 7a–u were purified by column chro-

matography (on a silica gel) eluting CHCl3/n-hexane
(1:1).

Scheme 1

Table 1

Synthesized 1,5-diketones (5a–u).

Entry Products X Y Yield (%)

1 5a H H 83

2 5b 2-OCH3 H 40

3 5c 3-OCH3 H 78

4 5d 4-OCH3 H 78

5 5e 2-Cl H 65

6 5f 4-Cl H 72

7 5g 2-Br H 63

8 5h 4-Br H 56

9 5i 4-OH H 66

10 5j H 2-OCH3 77

11 5k H 4-OCH3 50

12 5l H 2-Cl 69

13 5m H 3-Cl 60

14 5n H 4-Cl 60

15 5o H 2-Br 50

16 5p H 3-Br 70

17 5r H 4-Br 90

18 5s H 4-CH3 94

19 5t 4-OCH3 4-Cl 97

20 5u 4-Cl 4-Cl 75

Table 2

Synthesized 2,4-diaryl-5,6,7,8-tetrahydroquinoline derivatives (7a–u).

Entry Products X Y Yield (%)

1 7a H H 82

2 7b 2-OCH3 H 99

3 7c 3-OCH3 H 83

4 7d 4-OCH3 H 86

5 7e 2-Cl H 94

6 7f 4-Cl H 98

7 7g 2-Br H 66

8 7h 4-Br H 92

9 7i 4-OH H 80

10 7j H 2-OCH3 88

11 7k H 4-OCH3 71

12 7l H 2-Cl 87

13 7m H 3-Cl 99

14 7n H 4-Cl 90

15 7o H 2-Br 82

16 7p H 3-Br 98

17 7r H 4-Br 94

18 7s H 4-CH3 81

19 7t 4-OCH3 4-Cl 90

20 7u 4-Cl 4-Cl 97
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Structures of 7a–u were confirmed by their spectral

(IR, NMR, and elemental analyses) data. In the 1H

NMR spectrum of 7a–u, the H4 proton gave a singlet

(between d ¼ 7.60 and 7.30 ppm) that is characteristic

signals for these compounds. All spectral data are con-

sistent with the titled compounds.

In conclusion, we have described a mild, efficient,

and convenient method for the synthesis of 2,4-diaryl-

5,6,7,8-tetrahydroquinoline derivatives from cheap and

easily available materials such as acetophenone and

benzaldehyde derivatives, cyclohexanone and ammo-

nium acetate.

EXPERIMENTAL

1H and 13C NMR spectra were recorded with Bruker AC
400 instruments. As internal standards, we used TMS (d 0.00)
for 1H NMR and CDCl3 (d 77.0) for 13C NMR spectroscopy.
J values are given in hertz. The multiplicities of the signals in

the 1H NMR spectra are abbreviated to s (singlet), d (doublet),
t (triplet), q (quartet), m (multiplet), br (broad), and combina-
tions thereof. IR spectra were recorded on a Jasco FT/IR-430
spectrometer. Elemental analyses were performed using a
LECO CHNS 932 elemental analyzer. Melting points were

measured on Electrothermal 9100 apparatus. All column chro-
matographies were performed on silica gel (60–230 mesh,
Merck).

General procedure for the synthesis of chalcones

3a–u. To a solution of acetophenone derivative (1 mmol) in

ethanol (20 mL) was added NaOH (8 mL, 2.5M NaOH) and
benzaldehyde derivative (1 mmol) at room temperature. The
mixture was stirred for 3 h. Then the mixture was washed
with diluted HCl and extracted with CHCl3. The organic layer
was dried over Na2SO4 and the solvent was removed in vac-

uum. The residue was purified on a silica gel column eluting
with CHCl3/n-hexane (3:7) and/or crystallized from CHCl3/n-
hexane (3:7).

General procedure for the synthesis of 1,5-diketones

5a–u. To a mixture of chalcone (1a) (10 mmol) and cycylohex-
anone (4) (20 mmol) were added solid KOH (0.06% mol) with
a few drop of water and PTC (benzyltrithylammonium chloride)
(0.06% mol) and stirred for 3–4 h at room temperature. Then,
the mixture was extracted with 20 mL of CHCl3 and dried over

Na2SO4. After the solvent was taken off in vacuum, the crude
product was crystallized from CCl4/hexane (3:1).

2-(3-Oxo-1,3-diphenlpropyl)cyclohexanone (5a). Yield
83%; colorless crystals; mp 146–148�C (CCl4/n-hexane, 3:1).
1H NMR (200 MHz, CDCl3) d ¼ 7.93–7.89 (m, 2H), 7.55–

7.41 (m, 3H), 7.37–7.13 (m, 5H), 3.78–3.68 (m, 1H), 3.50 (dd,
J ¼ 16.2, 4.1 Hz, 1H), 3.23 (dd, J ¼ 16.2, 9.5 Hz, 1H), 2.75–
2.68 (m, 1H), 2.68–2.32 (m, 2H), 2.01–1.51 (m, 5H), 1.50–
1.24 (m, 1H). 13C NMR (50 MHz, CDCl3) d ¼ 215.6, 200.8,
144.1, 139.1, 134.8, 130.5 (2C), 130.4 (2C), 130.3 (2C), 130.2

(2C), 57.8, 46.2, 44.3, 43.1, 34.5, 30.5, and 26.1. IR (KCl):
3056, 33025, 2939, 2918, 2854, 1708, 1683, 1596, 1446, 1340,
1216, 746, 696, and 567 cm�1. Anal. Calcd. for: C21H22O2: C,
82.32; H, 7.24. Found: C, 81.98; H, 7.22.

2-(3-(2-Methoxyphenyl)-3-oxo-1-phenylpropyl)cyclohex-
anone (5b). Yield 40%; colorless crystals; mp 108–111�C

(CCl4/n-hexane, 3:1).
1H NMR (200 MHz, CDCl3) d ¼ 7.43–

6.85 (m, 9H), 3.86 (s, 3H), 3.80–3.68 (m, 1H), 2.72–2.63 (m,

1H), 3.44–3.33 (m, 2H), 2.72–2.28 (m, 3H), 1.95–1.24 (m,

5H). 13C NMR (50 MHz, CDCl3) d ¼ 215.4, 203.2, 160.1,

144.5, 134.9, 132.1, 130.9, 130.6 (2C), 130.2 (2C), 128.3,

122.5, 113.3, 57.9, 57.5, 50.8, 43.8, 42.6, 33.8, 30.3, and 25.6.

IR (KCl): 3058, 3026, 2925, 2854, 1703, 1666, 1483, 1433,

1284, 1242, 1022, 752, 698, and 567 cm�1. Anal. Calcd. for:
C22H24O3: C, 78.54; H, 7.19. Found: C, 78.15; H, 7.48.

2-(3-(3-Methxyphenyl)-3-oxo-1-phenylpropyl)cylohexanone
(5c). Yield 78%; colorless crystals; mp 89–92�C (CCl4/n-hex-
ane, 3:1). 1H NMR (200 MHz, CDCl3) d ¼ 7.55–7.03 (m,

9H), 3.81 (s, 3H), 3.88–3.66 (m, 1H), 3.50 (dd, J ¼ 16.1, 4.0

Hz, 1H), 3.20 (dd, J ¼ 16.1, 9.6 Hz, 1H), 2.79–2.55 (m, 1H),

2.51–2.38 (m, 2H), 2.01–1.22 (m, 6H). 13C NMR (50 MHz,

CDCl3) d ¼ 215.5, 200.6, 161.7, 143.9, 140.4, 131.4, 130.5

(2C), 130.4 (2C), 128.6, 122.8, 121.5, 114.5, 57.8, 57.4, 46.4,

44.4, 43.3, 34.5, 30.6, and 26.2. IR (KCl): 3058, 3028, 2931,

2912, 2852, 1709, 1678, 1581, 1431, 1259, 1049, 987, 700,

and 573 cm�1. Anal. Calcd. for: C22H24O3: C, 78.54; H, 7.19.

Found: C, 78.20; H, 7.42.

2-(3-(4-Methoxyphenyl)-3-oxo-1-phenylpropyl)cyclohexanone
(5d). Yield 78%; colorless crystals; mp 128–130�C (CCl4/n-
hexane, 3:1). 1H NMR (400 MHz, CDCl3) d ¼ 7.91–7.89 (m,

2H), 6.91–6.87 (m, 2H), 7.88–7.14 (m, 5H), 3.84 (s, 3H),

3.75–3.69 (m, 1H), 2.75–2.69 (m, 1H), 3.42 (dd, J ¼ 15.7, 4.0

Hz, 1H), 3.17 (dd, J ¼ 15.7, 9.5 Hz, 1H), 2.55–2.48 (m, 1H),

2.02–1.92 (m, 1H), 1.80–1.50 (m, 5H), 1.31–1.10 (m, 1H). 13C

NMR (100 MHz, CDCl3) d ¼ 213.9, 197.5, 163.5, 142.3,

130.4, 130.7 (2C), 128.7 (2C), 128.6 (2C), 126.8 (1C), 113.8

(1C), 56.1, 55.6, 44.1, 42.5, 41.5, 32.6, 28.7, and 24.2. IR

(KCl): 3057, 3026, 2933, 2852, 1707, 1672, 1603, 1420, 1255,

1167, 984, 816, 698, and 565 cm�1. Anal. Calcd. for:

C22H24O3: C, 78.54; H, 7.19. Found: C, 78.30; H, 7.18.
2-(3-(2-Chlorophenyl)-3-oxo-1-phenylpropyl)cyclohexanone

(5e). Yield 65%; colorless crystals; mp 120–124�C (CCl4/n-
hexane, 3:1). 1H NMR (200 MHz, CDCl3) d ¼ 7.43–7.11 (m,

9H), 3.71–3.59 (m, 1H), 3.46 (dd, J ¼ 16.6, 4.5 Hz, 1H), 3.23

(dd, J ¼ 16.6, 9.5 Hz, 1H), 2.72–2.60 (m, 1H), 2.55–2.34 (m,

2H), 1.99–1.22 (m, 6H). 13C NMR (50 MHz, CDCl3) d ¼
215.2, 203.8, 143.7, 141.5, 132.7, 133.3, 132.2, 130.9, 130.5

(2C), 128.7 (2C), 57.7, 50.2, 44.2, 43.0, 34.2, 30.4, and 26.0.

IR (KCl): 3058, 3026, 2933, 2918, 2854, 1705, 1691, 1431,

1369, 1122, 1072, 983, 750, 721, and 567 cm�1. Anal. Calcd.
for: C21H21ClO2: C, 74.00; H, 6.21. Found: C, 73.74; H, 6.23.

2-(3-(4-Chlorophenyl)-3-oxo-1-phenylpropyl)cyclohexanone
(5f). Yield 72%; colorless crystals; mp 113–116�C (CCl4/n-
hexane, 3:1). 1H NMR (200 MHz, CDCl3) d ¼ 7.94–7.83 (m,

2H), 7.42–7.29 (m, 2H), 7.27–7.12 (m, 5H), 3.68–3.61 (m,

1H), 3.54 (dd, J ¼ 15.8, 4.0 Hz, 1H), 3.15, (dd, J ¼ 15.8, 9.6

Hz, 1H), 2.74–2.66 (m, 1H), 2.51–2.35 (m, 2H), 2.02–1.21 (m,

6H). 13C NMR (50 MHz, CDCl3) d ¼ 215.7, 199.6, 143.7,

141.2, 137.4, 131.7 (2C), 130.7 (2C), 130.6 (2C), 130.3 (2C),

128.7, 57.8, 46.4, 44.5, 43.4, 34.7, 30.6, and 26.3. IR (KCl):

3057, 3024, 2939, 2918, 2852, 1707, 1685, 1589, 1446, 1398,

1215, 1095, 982, 816, 696, and 567 cm�1. Anal. Calcd. for:
C21H21ClO2: C, 74.00; H, 6.21. Found: C, 73.68; H, 6.26.

2-(3-(2-Bromophenyl)-3-oxo-1-phenylpropyl)cyclohexanone
(5g). Yield 63%; colorless crystals; mp 120–122�C (CCl4/n-
hexane, 3:1). 1H NMR (200 MHz, CDCl3) d ¼ 7.53–7.49 (m,

1H), 7.31–7.09 (m, 8H), 3.46 (dd, J ¼ 16.7, 4.4 Hz, 1H), 3.21
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(dd, J ¼ 16.7, 9.5 Hz, 1H), 3.72–3.62 (m, 1H), 2.73–2.61 (m,
1H), 2.55–2.32 (m, 2H), 1.99–1.22 (m, 6H). 13C NMR (50
MHz, CDCl3) d ¼ 215.2, 204.5, 143.6, 143.6, 135.5, 133.3,
130.5 (2C), 130.5 (2C), 130.3, 129.2, 128.7, 120.6, 57.6, 49.9,
44.2, 42.9, 34.2, 30.4, and 26.0. IR (KCl): 3055, 3026, 2933,

2918, 2854, 1705, 1693, 1404, 1369, 1122, 1030, 983, 750,
698, and 567 cm�1. Anal. Calcd. for: C21H21BrO2: C, 65.46;
H, 5.49. Found: C, 65.08; H, 5.83.

2-(3-(4-Bromophenyl)-3-oxo-1-phenylpropyl)cyclohexanone
(5h). Yield 56%; colorless crystals; mp 146–149�C (CCl4/n-
hexane, 3:1). 1H NMR (400 MHz, CDCl3) d ¼ 7.79 (d, J ¼
8.4 Hz, 2H), 7.55 (d, J ¼ 8.4 Hz 2H), 7.26 (t, J ¼ 7.2 Hz,
2H), 7.19–7.14 (m, 3H), 3.66 (td, J ¼ 8.8, 3.6 Hz, 1H), 3.50
(dd, J ¼ 15.6, 4.0 Hz, 1H), 3.15 (dd, J ¼ 16.0, 9.6 Hz, 1H),
2.72 (td, J ¼ 10.0, 4.2 Hz, 1H), 2.53–2.48 (m, 1H), 2.44–2.36

(m, 1H), 2.02–1.98 (m, 1H), 1.80–1.50 (m, 4H), 1.28–1.19 (m,
1H). 13C NMR (100 MHz, CDCl3) d ¼ 213.6, 197.89, 141.7,
135.7, 131.8 (2C), 129.8 (2C), 128.5 (2C), 128.3 (2C), 127.9,
126.7, 55.6, 44.4, 42.5, 41.4, 32.7, 28.6, and 24.3. IR (KCl):

3056, 3023, 2938, 2917, 2854, 1706, 1687, 1586, 1397, 1229,
1071, 982, 812, 698, and 569 cm�1. Anal. Calcd. for:
C21H21BrO2: C, 65.46; H, 5.49. Found: C, 65.08; H, 5.87.

2-(3-(4-Hydroxyphenyl)-3-oxo-1-phenylpropyl)cyclohexanone
(5i). Yield 66%; colorless crystals; mp 149–151�C (CCl4/n-
hexane, 3:1). 1H NMR (400 MHz, CDCl3) d ¼ 7.80 (d, J ¼
8.6 Hz, 2H), 7.28–7.23 (m, 3H), 7.19 (d, J ¼ 7.2 Hz, 2H),
6.81 (d, J ¼ 8.6 Hz, 2H), 3.75 (dt, J ¼ 9.6, 4.4 Hz, 1H), 3.42
(dd, J ¼ 16.1, 4.2 Hz 1H), 3.16 (dd, J ¼ 16.1, 9.2 Hz, 1H),
2.79–2.70 (m, 1H), 2.63–2.55 (m, 1H), 2.46–2.38 (m, 1H),

1.98–1.90 (m, 1H), 1.85–1.76 (m, 1H), 1.70–1.52 (m, 3H),
1.36–1.26 (m, 1H). 13C NMR (100 MHz, CDCl3) d ¼ 215.9,
197.6, 160.6, 141.9, 130.8 (2C), 129.6, 128.5 (2C), 128.4 (2C),
126.7, 115.3 (2C), 56.0, 43.9, 42.0, 41.2, 32.3, 28.5, and 23.6.
IR (KCl): 3116, 3054, 3024, 2931, 2857, 1707, 1678, 1428,

1245, 1136, 984, 814, 699, and 567 cm�1. Anal. Calcd. for:
C21H22O3: C, 78.23; H, 6.88. Found: C, 78.12; H, 6.87.

2-(1-(2-Methoxyphenyl)-3-oxo-3-phenylpropyl)cyclohexanone
(5j). Yield 77%; viscous oil. 1H NMR (400 MHz, CDCl3) d ¼
8.00–7.91 (m, 2H), 7.54–7.47 (m, 1H), 7.43–7.38 (m, 2H),
7.23–7.05 (m, 2H), 6.88–6.80 (m, 2H), 3.74 (s, 3H), 3.50–3.30
(m, 2H), 2.99–2.97 (m, 1H), 2.55–2.26 (m, 2H), 1.99 (br s,
1H), 1.92–1.53 (m, 5H), 1.28–1.23 (m, 1H). 13C NMR (100
MHz, CDCl3) d ¼ 214.3, 199.5, 157.7, 137.2, 132.7, 130.2,

128.7, 128.4, 128.3 (2C), 128.2 (2C), 127.7, 127.3, 55.3, 42.9,
39.1, 32.8, 28.7, 27.7, and 24.4. IR (KCl): 3055, 2956, 2926,
2855, 1699, 1682, 1517, 1443, 1297, 1245, 1174, 987, 824,
725, and 566 cm�1. Anal. Calcd. for: C22H24O3: C, 78.54; H,
7.19. Found: C, 78.32; H, 7.28.

2-(1-(4-Methoxyphenyl)-3-oxo-3-phenylpropyl)cyclohexanone
(5k). Yield 50%; colorless crystals; mp 136–139�C (CCl4/n-
hexane, 3:1). 1H NMR (400 MHz, CDCl3) d ¼ 7.92 (d, J ¼
7.2 Hz, 2H), 7.51 (t, J ¼ 7.2 Hz, 1H), 7.41 (t, J ¼ 7.2 Hz,
2H), 7.09 (d, J ¼ 8.4 Hz, 2H), 6.79 (d, J ¼ 8.4 Hz, 2H), 3.75

(s, 3H), 3.68 (m, 1H), 3.47 (dd, J ¼ 16.0, 4.0 Hz, 1H), 3.18
(dd, J ¼ 16.0, 9.6 Hz, 1H), 2,68 (m, 1H), 2.52–2.48 (m, 1H),
2.41–2.37 (m, 1H), 1.98–1.95 (m, 1H), 1.80–1.66 (m, 3H),
1.57–1.53 (m, 1H),1.28–1.24 (m, 1H). 13C NMR (100 MHz,

CDCl3) d ¼ 213.8, 198.9, 158.1, 113.8 (2C), 128.4 (2C),
128.2 (2C), 56.0, 55.1, 44.4, 42.3, 40.4, 32.4, 28.6, and 24.1.
IR (KCl): 3035, 2965, 2943, 2920, 2852, 1699, 1679, 1610,
1514, 1445, 1294, 1247, 1177, 1027, 987, 821, 723, and 563

cm�1. Anal. Calcd. for: C22H24O3: C, 78.54; H, 7.19. Found:
C, 78.20; H, 7.42.

2-(1-(2-Chlorophenyl)-3-oxo-3-phenylpropyl)cyclohexanone
(5l). Yield 66%; colorless crystals; mp 126–128�C (CCl4/n-
hexane, 3:1). 1H NMR (400 MHz, CDCl3) d ¼ 7.94 (dd, J ¼
14.6 Hz, J ¼ 7.2 Hz, 2H), 7.48 (dd, J ¼ 14.6 Hz, J ¼ 7.2 Hz,
1H), 7.40 (t, J ¼ 7.6 Hz, 2H), 7.33–7.23 (m, 2H), 7.15 (t, J ¼
7.2 Hz, 1H), 7.12–7.04 (m, 1H), 3.55 (dt, J ¼ 16.8, 3.6 Hz,
1H), 3.40 (dd, J ¼ 10, 3.6 Hz, 1H), 2.86–2.42 (m, 1H), 2.54–
2.26 (m, 2H), 1.99 (br s, 1H), 1.85–1.50 (m, 5H), 1.48–1.59

(m, 1H). 13C NMR (100 MHz, CDCl3) d ¼ 213.0, 198.5,
139.8, 136.9, 134.0, 132.8, 129.8, 128.4 (2C), 128.1 (2C),
127.6, 127.0, 126.5, 53.4, 42.9, 42.7, 38.7, 32.6, 28.6, and
24.8. IR (KCl): 3085, 3061, 2936, 2928, 2859, 1698, 1680,
1592, 1574, 1447, 1223, 1119, 981, 748, and 687 cm�1. Anal.
Calcd. for: C21H21ClO2: C, 74.00; H, 6.21. Found: C, 73.89;
H, 6.25.

2-(1-(3-chlorophenyl)-3-oxo-3-phenylpropyl)cyclohexanone
(5m). Yield 60%; colorless crystals; mp 124–127�C. 1H NMR

(400 MHz, CDCl3) d ¼ 7.91 (d, J ¼ 7.6 Hz, 2H), 7.52 (t, J ¼
7.2 Hz, 1H), 7.42 (t, J ¼ 7,6 Hz, 2H), 7.21–7.10 (m, 4H), 3.73
(m, 1H), 3.51 (dd, J ¼ 16.8, 4.0 Hz, 1H), 3.23 (dd, J ¼ 16.4,
9.6 Hz, 1H), 2.71 (m, 1H), 2.52–2.38 (m, 2H), 2.02–1.99 (m,
1H), 1.80–1.55 (m, 4H), 1.27–1.23 (m, 1H). 13C NMR (100

MHz, CDCl3) d ¼ 213.0, 189.3, 144.4, 128.5 (2C), 128.1
(2C), 134.2, 132.9, 129.7, 128.4, 126.9, 126.8, 55.5, 43.8,
42.8, 40.7, 32.6, 28.5, and 24.4. IR (KCl): 3083, 3059, 2932,
2924, 2858, 1698, 1681, 1593, 1571, 1449, 1360, 1232, 1127,
983, 748, and 685 cm�1. Anal. Calcd. for: C21H21ClO2: C,

74.00; H, 6.21. Found: C, 73.77; H, 6.22.
2-(1-(4-Chlorophenyl)-3-oxo-3-phenylpropyl)cyclohexanone

(5n). Yield 60%; colorless crystals; mp 122–125�C. 1H NMR
(400 MHz, CDCl3) d ¼ 7.91 (d, J ¼ 7.2 Hz, 2H), 7.52 (t, J ¼
7.2 Hz, 1H), 7.42 (t, J ¼ 7.6 Hz, 2H), 7.23 (d, J ¼ 6.4 Hz,

2H), 7.13 (d, J ¼ 6.4 Hz, 2H), 3.72 (m, 1H), 3.51 (dd, J ¼
16.4, 4.0 Hz, 1H), 3.21 (dd, J ¼ 16.4, 10.0 Hz, 1H), 2,71 (m,
1H), 2.51–2.47 (m, 1H), 2.42–2.37 (m, 1H), 2.03–1.99 (m,
1H), 1.80–1.53 (m, 4H), 1.26–1.20 (m, 1H). 13C NMR (100

MHz, CDCl3) d ¼ 213.1, 198.5, 129.8 (2C), 128.6 (2C) 128.5
(2C), 128.1 (2C), 140.6, 136.5, 132.9, 128.4, 132.2, 55.6, 43.9,
42.5, 40.5, 32.5, 28.5, and 24.4. IR (KCl): 3085, 3060, 2940,
2921, 2856, 1698, 1682, 1594, 1491, 1446, 1217, 1096, 984,
826, 750, and 688 cm�1. Anal. Calcd. for: C21H21ClO2: C,

74.00; H, 6.21. Found: C, 73.84; H, 6.23.
2-(1-(2-Bromophenyl)-3-oxo-3-phenylpropyl)cyclohexanone

(5o). Yield 50%; colorless crystals; mp 92–95�C. 1H NMR
(400 MHz, CDCl3) d ¼ 7.99 (d, J ¼ 8.2 Hz, 2H), 7.55–7.50
(m, 2H), 7.44 (t, J ¼ 7.2 Hz, 2H), 7.27–7.19 (m, 2H), 7.04 (t,

J ¼ 7.6 Hz, 1H), 3.55 (dd, J ¼ 16.4, 4.4 Hz, 1H), 3.38 (dd, J
¼ 16.4, 9.6 Hz, 1H), 2.78–2.75 (m, 1H), 2.54–2.30 (m, 2H),
2.01–1.59 (m, 7H). 13C NMR (100 MHz, CDCl3) d ¼ 211.4,
198.6, 128.5 (2C), 128.2 (2C) 141.3, 136.8, 133.3, 132.9,
128.8, 127.8, 127.1, 125.2, 53.5, 42.3, 38.8, 38.3, 28.6, 27.6,

and 25.0. IR (KCl): 3054, 3025, 2933, 2917, 2854, 1704,
1693, 1583, 1403, 1369, 1230, 1122, 983, 750, 698, and 566
cm�1. Anal. Calcd. for: C21H21BrO2: C, 65.46; H, 5.49.
Found: C, 65.26; H, 5.64.

2-(1-(3-Bromophenyl)-3-oxo-3-phenylpropyl)cyclohexanone
(5p). Yield 70%; colorless crystals; mp 113–116�C. 1H NMR
(400 MHz, CDCl3) d ¼ 7.91 (d, J ¼ 7.2 Hz, 2H), 7.52 (t, J ¼
7.6 Hz, 1H), 7.42 (t, J ¼ 7.6 Hz, 2H), 7.34 (s, 1H), 7.30 (d, J
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¼ 7.2 Hz, 1H), 7.17–6.96 (m, 2H), 3.71 (m, 1H), 3.50 (dd, J
¼ 16.8, 4.0 Hz, 1H), 3.22 (dd, J ¼ 16.4, 9.6 Hz, 1H), 2.72–
2.69 (m, 1H), 2.51–2.47 (m, 1H), 2.42–2.37 (m, 1H), 2.02–
1.99 (m, 1H), 1.78–1.55 (m, 4H), 1.27–1.22 (m, 1H). 13C
NMR (100 MHz, CDCl3) d ¼ 212.9, 198.3, 128.5 (2C), 128.1

(2C), 144.7, 122.6, 144.7, 136.8, 132.9, 131.2, 129.8, 27.3,
55.5, 43.8, 42.5, 40.7, 32.6, 28.5, and 24.4. IR (KCl): 3057,
2940, 2927, 2847, 1697, 1681, 1565, 1446, 1233, 1128, 979,
749, 687, and 590 cm�1. Anal. Calcd. for: C21H21BrO2: C,
65.46; H, 5.49. Found: C, 65.31; H, 5.73.

2-(1-(4-Bromopheyl)-3-oxo-3-phenylpropyl)cyclohexanone
(5r). Yield 90%; colorless crystals; mp 122–125�C. 1H NMR
(400 MHz, CDCl3) d ¼ 7.91 (d, J ¼ 7.6 Hz, 2H), 7.53 (t, J ¼
7.2 Hz, 1H), 7.41 (t, J ¼ 6.4 Hz, 2H), 7.38 (d, J ¼ 8.4 Hz,
2H), 7.08 (d, J ¼ 8.4 Hz, 2H), 3.71 (m, 1H), 3.51 (dd, J ¼
16.4, 3.6 Hz, 1H), 3.20 (dd, J ¼ 16.4, 9.6 Hz, 1H), 2.71–2.67
(m, 1H), 2.51–2.47 (m, 1H), 2.42–2.38 (m, 1H), 2.02–1.99 (m,
1H), 1.81–1.51 (m, 4H), 1.26–1.21 (m, 1H). 13C NMR (100
MHz, CDCl3) d ¼ 213.1, 198.5, 131.6 (2C), 130.2 (2C) 128.5

(2C), 128.1 (2C), 141.1, 136.8, 132.9, 120.4, 55.5, 43.9, 42.5,
40.5, 32.5, 28.5, and 24.4. IR (KCl): 3061, 2935, 2911, 2853,
1697, 1682, 1593, 1487, 1446, 1217, 1128, 1009, 824, 749,
and 688 cm�1. Anal. Calcd. for: C21H21BrO2: C, 65.46; H,
5.49. Found: C, 65.19; H, 5.56.

2-(1-(4-Methylphenyl)-3-oxo-3-phenylpropyl)cyclohexanone
(5s). Yield 94%; colorless crystals; mp 130–133�C. 1H NMR
(400 MHz, CDCl3) d ¼ 7.93 (d, J ¼ 7.6 Hz, 2H), 7.51 (t, J ¼
7.2 Hz, 1H), 7.41 (t, J ¼ 7.2 Hz, 2H), 7.08–7.05 (m, 4H), 3.71
(m, 1H), 3.50 (dd, J ¼ 16.0, 4.0 Hz, 1H), 3.21 (dd, J ¼ 16.4,

9.6 Hz, 1H), 2.70 (m, 1H), 2.28 (s, 3H), 2.54–2.49 (m, 1H),
2.42–2.38 (m, 1H), 2.01–1.97 (m, 1H), 1.80–1.65 (m, 3H),
1.57–1.54 (m, 1H), 1.28–1.24 (m, 1H). 13C NMR (100 MHz,
CDCl3, ppm): d ¼ 213.8, 198.9, 129.2 (2C), 128.4 (2C) 128.2
(2C), 128.2 (2C), 138.9, 137.0, 136.1, 132.8, 55.9, 44.3, 42.3,

40.7, 32.5, 28.6, 24.1, and 21.0. IR (KCl): 3033, 2942, 2923,
2857, 1698, 1671, 1596, 1449, 1249, 1125, 819, 760, 694, and
558 cm�1. Anal. Calcd. for: C22H24O2: C, 82.46; H, 7.55.
Found: C, 82.19; H, 7.56.

2-(1-(4-Cholorophenyl)-3-(4-methokxyphenyl)-3-oxopropyl)
cyclohexanone (5t). Yield 97%; colorless crystals; mp 131–
134�C. 1H NMR (300 MHz, CDCl3) d ¼ 7.92 (d, J ¼ 8.7 Hz,
2H), 7.22 (d, J ¼ 7.8 Hz, 2H), 7.12 (d, J ¼ 7.8 Hz, 2H), 6.88
(d, J ¼ 8.7 Hz, 2H), 3.83 (s, 3H), 3.71 (dt, J ¼ 9.6, 3.9 Hz,

1H), 3.46 (dt, J ¼ 15.9, 4.8 Hz, 1H), 3.12 (dd, J ¼ 15.9, 9.9
Hz, 1H), 2.69 (dt, J ¼ 9.9, 5.1 Hz, 1H), 2.54–2.23 (m, 2H),
2.05–1.45 (m, 5H), 1.29–1.15 (m, 1H). 13C NMR (75 MHz,
CDCl3) d ¼ 213.2, 197.0, 163.4, 140.6, 132.2, 130.5 (2C),
129.9, 129.8 (2C), 128.6 (2C), 113.6 (2C), 55.6, 55.4, 43.6,

42.5, 40.7, 32.5, 28.5, and 24.3. IR (KCl): 3048, 3016, 2933,
2852, 1704, 1670, 1575, 1421, 1257, 1174, 981, 815, and 570
cm�1. Anal. Calcd. for: C22H23ClO3: C, 71.25; H, 6.25. Found:
C, 71.04; H, 6.21.

2-(1,3-Bis-(4-chlorophenyl)-3-oxopropyl)cyclohexanone
(5u). Yield 75%; colorless crystals; mp 101–104�C. 1H NMR
(400 MHz, CDCl3) d ¼ 7.86 (d, J ¼ 8.50 Hz, 2H), 7.38 (d, J
¼ 7.9 Hz, 2H), 7.18 (d, J ¼ 8.5 Hz, 2H), 7.09 (d, J ¼ 7.9 Hz,
2H), 3.69–3.61 (m, 1H), 3.55–3.43 (m, 1H), 3.16–3.06 (m,

1H), 2.72–2.63 (m, 1H), 2.51–2.33 (m, 2H), 2.01 (br s, 1H),
1.81–1.49 (m, 4H), 1.27–1.15 (m, 1H). 13C NMR (100 MHz,
CDCl3) d ¼ 213.1, 197.3, 140.3, 139.4, 135.1, 132.3, 129.7
(2C), 129.6 (2C), 128.8 (2C), 128.7 (2C), 55.5, 44.1, 42.6,

40.7, 32.7, 28.6, and 24.5. IR (KCl): 3024, 2938, 2862, 1704,
1685, 1589, 1490, 1092, 1012, 984, 827, 756, and 530 cm�1.
Anal. Calcd. for: C21H20Cl2O2: C, 67.21; H, 5.37. Found: C,
67.14; H, 5.32.

General procedure for synthesis of 2,4-diaryl-5,6,7,8-tet-

rahydroquinoline derivatives (7a-5u). The 1,5-diketone (5)
(1.5 mmol) and ammonium acetate (NH4OAc) (4.5 mmol)
were dissolved in acetic acid (10 mL) and refluxed for 2–5
h. After the removal of acetic acid in vacuum, the residue
was added with CHCl3 (30 mL) and washed with diluted

NaHCO3. Organic layer was dried over Na2SO4. Removal of
the solvent in vacuum gave the 2,4-diaryl-5,6,7,8-tetrahydro-
qinoline derivative (7). The crude product was purified by
column chromatography (on a silica gel) eluting with hexane/
CHCl3 (1:1).

2,4-Diphenyl-5,6,7,8-tetrahydroquinoline (7a). Yield 82%;
yellowish viscous oil. 1H NMR (400 MHz, CDCl3): d ¼ 8.01
(d, J ¼ 8.5 Hz, 2H), 7.44–7.36 (m, 9H), 3.01 (t, J ¼ 6.5 Hz,
2H), 2.69 (t, J ¼ 6.2 Hz, 2H), 2.07–1.93 (m, 2H), 1.82–1.75

(m, 2H). 13C NMR (100 MHz, CDCl3): d ¼ 157.6, 154.3,
150.3, 139.7, 128.7, 128.6, 128.5, 128.4, 128.3, 127.7, 127.1,
126.9, 119.5, 33.4, 27.3, 23.1, and 23.0. IR (KCl): 3060, 3027,
2977, 1582, 1494, 1446, 1236, 1018, 982, 846, 752, 700, and
665 cm�1. Anal. Calcd. for: C21H19N: C, 88.38; H, 6.71; N,

4.91. Found: C, 88.23; H, 6.79; N, 4.98.
2-(2-Methoxyphenyl)-4-phenyl-5,6,7,8-tetrahydroquinoline

(7b). Yield 99%; yellowish crystals, mp 90–93�C. 1H NMR
(400 MHz, CDCl3): d ¼ 7.75 (dd, J ¼ 7.6, 1.6 Hz, 1H), 7.50
(s, 1H), 7.46 (d, J ¼ 7.2 Hz, 2H), 7.43–7.34 (m, 4H), 7.09 (t,

J ¼ 7.6 Hz, 1H), 6.99 (d, J ¼ 8.4 Hz, 1H), 3.83 (s, 3H), 3.13
(t, J ¼ 6.4 Hz, 2H), 2.70 (t, J ¼ 6.0, 2H), 1.99–1.93 (m, 2H),
1.80–1.74 (m, 2H). 13C NMR (100 MHz, CDCl3): d ¼ 157.2,
156.9, 152.9, 149.2, 139.8, 131.2, 129.6, 129.4, 128.8 (2C),
128.3 (2C) 128.1, 127.7, 123.4, 120.8, 111.3, 55.6, 33.1, 27.4,

23.2, and 23.1. IR (KCl): 3058, 3008, 2936, 1600, 1585, 1493,
1436, 1381, 1243, 1026, 890, 753, 701, and 665 cm�1. Anal.
Calcd. for: C22H21NO: C, 83.78; H, 6.71; N, 4.44. Found: C,
83.69; H, 6.67; N, 4.24.

2-(3-Methoxyphenyl)-4-phenyl-5,6,7,8-tetrahydroquinoline
(7c). Yield 93%; yellowish crystals, mp 99–102�C. 1H NMR
(400 MHz, CDCl3): d ¼ 7.62 (m, 1H), 7.57 (d, J ¼ 7.6 Hz,
1H), 7.50–7.41 (m, 4H), 7.40–7.35 (m, 3H), 6.96 (dd, J ¼ 8.4,
2.4 Hz, 1H), 3.89 (s, 3H), 3.15 (t, J ¼ 7.2 Hz, 2H), 2.70 (t, J
¼ 6.4 Hz, 2H), 2.00–1.94 (m, 2H), 1.81–1.75 (m, 2H). 13C
NMR (100 MHz, CDCl3): d ¼ 160.01, 157.6, 154.1, 150.4,
139.6, 141.1, 129.7, 128.8, 128.6 (2C), 128.4 (2C), 127.9,
119.4 (2C), 112.2, 111.6, 55.4, 33.2, 27.4, 23.1, and 23.1. IR
(KCl): 3057, 3007, 2936, 2860, 1583, 1541, 1494, 1455, 1262,

1215, 1161, 1044, 872, 755, 701, and 599 cm�1. Anal. Calcd.
for: C22H21NO: C, 83.78; H, 6.71; N, 4.44. Found: C, 83.71;
H, 6.45; N, 4.14.

2-(4-Methoxyphenyl)-4-phenyl-5,6,7,8-tetrahydroquinoline
(7d). Yield 86%; yellowish viscous oil. 1H NMR (400 MHz,

CDCl3): d ¼ 7.98 (d, J ¼ 8.8 Hz, 2H), 7.47 (d, J ¼ 7.2 Hz,
2H), 7.37–7.35 (m, 3H), 7.23 (t, J ¼ 8.0 Hz, 1H), 7,00 (d, J ¼
8.8 Hz, 2H), 3.86 (s, 3H), 3.11 (t, J ¼ 6.5 Hz, 2H), 2.66 (t, J
¼ 6.2 Hz, 2H), 1.99–1.93 (m, 2H), 1.80–1.74 (m, 2H). 13C

NMR (100 MHz, CDCl3): d ¼ 160.1, 157.5, 153.9, 150.2,
139.9, 132.5, 128.6 (2C), 128.3 (2C), 128.1 (2C), 127.7 (2C),
118.4, 111.0 (2C), 55.3, 33.4, 27.3, 23.2, and 23.1. IR (KCl):
3058, 3007, 2935, 2859, 1608, 1587, 1513, 1450, 1248, 1172,
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1032, 834, 754, 702, 666, and 570 cm�1. Anal. Calcd. for:
C22H21NO: C, 83.78; H, 6.71; N, 4.44. Found: C, 83.63; H,
6.61; N, 4.28.

2-(2-Chlorophenyl)-4-phenyl-5,6,7,8-tetrahydroquinoline
(7e). Yield 94%; yellowish viscous oil. 1H NMR (400 MHz,

CDCl3): d ¼ 7.65 (dd, J ¼ 7.2, 1.6 Hz, 1H), 7.47–7.41 (m,
3H), 7.40–7.34 (m, 5H), 7.32–7.30 (m, 1H), 3.13 (t, J ¼ 6.4
Hz, 2H), 2.73 (t, J ¼ 6.4 Hz, 2H), 2.00–1.94 (m, 2H), 1.81–
1.76 (m, 2H). 13C NMR (100 MHz, CDCl3): d ¼ 157.6, 153.6,
149.4, 139.4, 139.3, 132.3, 131.6, 130.0, 129.3, 128.8, 128.7

(2C), 128.4 (2C), 127.9, 127.0, 123.1, 33.2, 27.4, 23.1, and
23.0. IR (KCl): 3058, 3010, 2945, 2868, 1584, 1542, 1497,
1371, 1094, 995, 832, 750, 702, and 668 cm�1. Anal. Calcd.
for: C21H18ClN: C, 78.86; H, 5.67; N, 4.38. Found: C, 78.76;
H, 5.53; N, 4.21.

2-(4-Chlorophenyl)-4-phenyl-5,6,7,8-tetrahydroquinoline
(7f). Yield 98%; yellowish crystals, mp 130–133�C. 1H NMR
(400 MHz, CDCl3): d ¼ 7.93 (d, J ¼ 8.8 Hz, 2H), 7.46 (d, J
¼ 7.6 Hz, 2H), 7.43 (d, J ¼ 8.8 Hz, 2H), 7.39 (s, 1H), 7.36 (t,

J ¼ 6.4 Hz, 2H), 7.29 (t, J ¼ 6.4 Hz, 1H), 3.09 (t, J ¼ 6.4
Hz, 2H), 2.67 (t, J ¼ 6.3 Hz, 2H), 1.98–1.92 (m, 2H), 1.80–
1.71 (m, 2H). 13C NMR (100 MHz, CDCl3): d ¼ 157.8, 152.9,
150.5, 139.5, 138.1, 134.5, 128.9, 128.8 (2C), 128.5 (2C),
128.4 (2C), 128.2 (2C), 127.9, 118.9, 33.3, 27.3, 23.1, and

23.0. IR (KCl): 3059, 3025, 2937, 2861, 1586, 1540, 1492,
1448, 1215, 1091, 1013, 835, 755, 701, and 666 cm�1. Anal.
Calcd. for: C21H18ClN: C, 78.86; H, 5.67; N, 4.38. Found: C,
78.73; H, 5.58; N, 4.34.

2-(2-Bromophenyl)-4-phenyl-5,6,7,8-tetrahydroquinoline
(7g). Yield 66%; yellowish viscous oil. 1H NMR (400 MHz,
CDCl3): d ¼ 7.66 (d, J ¼ 8.0 Hz, 1H), 7.59 (t, J ¼ 7.6 Hz,
1H), 7.32 (s, 1H), 7.22 (t, J ¼ 8.0 Hz, 1H), 7.47–7.37 (m,
6H), 3.12 (t, J ¼ 6.4 Hz, 2H), 2.73 (t, J ¼ 6.0 Hz, 2H), 2.00–
1.94 (m, 2H), 1.85–1.77 (m, 2H). 13C NMR (100 MHz,

CDCl3): d ¼ 157.4, 154.9, 149.4, 141.3, 139.3, 133.2, 131.6,
129.5, 128.8, 128.4 (2C), 128.7 (2C), 127.9, 127.6, 122.0,
123.0, 33.3, 27.3, 23.1, and 23.0. IR (KCl): 3057, 3027, 2935,
2859, 1583, 1540, 1494, 1447, 1381, 1217, 1025, 762, 701,

668, and 599 cm�1. Anal. Calcd. for: C21H18BrN: C, 69.24; H,
4.98; N, 3.85. Found: C, 68.98; H, 4.93; N, 3.78.

2-(4-Bromophenyl)-4-phenyl-5,6,7,8-tetrahydroquinoline
(7h). Yield 92%; yellowish viscous oil. 1H NMR (400 MHz,
CDCl3): d ¼ 7.87 (d, J ¼ 8.4 Hz, 2H), 7.56 (d, J ¼ 8.4 Hz,

2H), 7.46 (m, 2H), 7.39 (s, 1H), 7.36–7.34 (m, 2H), 7.27 (t,
J ¼ 8.0 Hz, 1H), 3.01 (t, J ¼ 6.4 Hz, 2H), 2.67 (t, J ¼ 6,4
Hz, 2H), 1.98–1.92 (m, 2H), 1.80–1.74 (m, 2H). 13C NMR
(100 MHz, CDCl3): d ¼ 157.8, 152.9, 150.5, 139.5, 138.5,
131.7 (2C), 128.9, 128.6 (2C), 128.5 (2C), 128.4 (2C), 127.9,

122.9, 118.9, 33.3, 27.4, 23.1, and 23.0. IR (KCl): 3059,
3026, 2936, 2860, 1587, 1540, 1490, 1449, 1402, 1215,
1072, 1009, 832, 756, and 701 cm�1. Anal. Calcd. for:
C21H18BrN: C, 69.24; H, 4.98; N, 3.85. Found: C, 69.03; H,
4.94; N, 3.73.

4-(4-Phenyl-5,6,7,8-tetrahydroquinolin-2-yl)phenol (7i). Yield
80%; yellowish viscous oil. 1H NMR (400 MHz, CDCl3): d ¼
8.94 (br s, 1HAOH), 7.68 (d, J ¼ 8.0 Hz, 2H), 7.47–7.39 (m,
3H), 7.33–7.27 (m, 3H), 6.80 (br d, J ¼ 7.6 Hz, 2H), 3.14 (t, J
¼ 6.0 Hz, 2H), 2.64 (t, J ¼ 6.0 Hz, 2H), 1.99–1.88 (m, 2H),
1.75–1.71 (m, 2H). 13C NMR (100 MHz, CDCl3): d ¼ 158.3,
157.5, 156.7, 154.4, 151.7, 139.2, 129.5, 128.9, 128.7, 128.5,
128.4, 128.3, 128.0, 127.3, 119.8, 116.1, 31.9, 27.2, 22.8, and

22.7. IR (KCl): 3112, 3058, 2936, 2855, 1589, 1515, 1445,
1296, 1242, 1175, 1033, 832, 755, and 687 cm�1. Anal. Calcd.
for: C21H19NO: C, 83.69; H, 6.35; N, 4.65. Found: C, 83.44;
H, 6.29; N, 4.62.

4-(2-Methoxyphenyl)-2-phenyl-5,6,7,8-tetrahydroquinoline
(7j). Yield 88%; yellowish viscous oil. 1H NMR (400 MHz,
CDCl3): d ¼ 8.06 (d, J ¼ 7.2 Hz, 2H), 7.48–7.37 (m, 5H),
7.18 (dd, J ¼ 7.2 Hz, 1.4 Hz, 1H), 7.07 (t, J ¼ 7.2 Hz, 1H),
7.02 (d, J ¼ 8.4 Hz, 1H), 3.81 (s, 3H), 3.16–3.11 (m, 4H),
2.00–1.94 (m, 4H). 13C NMR (100 MHz, CDCl3): d ¼ 157.1,

156.3, 154.1, 147.6, 140.0, 130.3, 129.9, 129.4, 128.6, 128.3,
126.9, 120.6, 119.7, 110.8, 55.5, 33.4, 26.4, 23.2, and 22.8. IR
(KCl): 3059, 2937, 2856, 2838, 1584, 1514, 1445, 1292, 1243,
1175, 1030, 835, 752, and 695 cm�1. Anal. Calcd. for:
C22H21NO: C, 83.78; H, 6.71; N, 4.44. Found: C, 83.71; H,

6.69; N, 4.35.
4-(4-Methoxyphenyl)-2-phenyl-5,6,7,8-tetrahydroquinoline

(7k). Yield 71%; yellowish viscous oil. 1H NMR (400 MHz,
CDCl3): d ¼ 7.99 (d, J ¼ 7.6 Hz, 2H), 7.48–7.37 (m, 3H),

7.31 (d, J ¼ 8.4 Hz, 2H), 7.01 (d, J ¼ 8.4 Hz, 2H), 3.87 (s,
3H), 3.12 (t, J ¼ 6.4 Hz, 2H), 2.71 (t, J ¼ 4 Hz, 2H), 1.99–
1.93 (m, 2H), 1.81–1.75 (m, 2H). 13C NMR (100 MHz,
CDCl3): d ¼ 159.3, 157.6, 154.3, 150.1, 139.7, 131.9, 128.9
(2C), 128.8, 128.7 (2C), 128.5, 126.9 (2C), 119.5, 113.8 (2C),

55.3, 33.2, 27.5, 23.2, and 23.1. IR (KCl): 3059, 2934, 2859,
2835, 1609, 1588, 1511, 1442, 1290, 1247, 1177, 1032, 833,
754, and 696 cm�1. Anal. Calcd. for: C22H21NO: C, 83.78; H,
6.71; N, 4.44. Found: C, 83.68; H, 6.70; N, 4.39.

4-(2-Chlorophenyl)-2-phenyl-5,6,7,8-tetrahydroquinoline
(7l). Yield 87%; yellowish viscous oil. 1H NMR (400 MHz,
CDCl3): d ¼ 7.99 (br d, J ¼ 8.0 Hz, 2H), 7.47–7.23 (m, 8H),
2.55 (t, J ¼ 6.4 Hz, 2H), 2.46 (t, J ¼ 6.0 Hz, 2H), 1.99–1.93
(m, 2H), 1.83–1.73 (m, 2H). 13C NMR (100 MHz, CDCl3): d
¼ 157.6, 154.2, 147.9, 139.6, 138.4, 132.6, 130.2, 129.6,

129.4, 129.3, 129.2, 128.6, 128.5, 126.9, 126.8, 118.9, 33.2,
26.4, 23.1, and 22.7. IR (KCl): 3061, 3028, 2937, 2859, 1592,
1537, 1444, 1267, 1084, 1004, 854, 756, 697, and 663 cm�1.
Anal. Calcd. for: C21H18ClN: C, 78.86; H, 5.67; N, 4.38.

Found: C, 78.81; H, 5.64; N, 4.30.
4-(3-Chlorophenyl)-2-phenyl-5,6,7,8-tetrahydroquinoline

(7m). Yield 99%; yellowish viscous oil. 1H NMR (400 MHz,
CDCl3): d ¼ 7.98 (d, J ¼ 8.0 Hz, 2H), 7.46 (t, J ¼ 6.8 Hz,
2H), 7.40–7.36 (m, 5H), 7.25–7.22 (m, 1H), 3.12 (t, J ¼ 6.4

Hz, 2H), 2.65 (t, J ¼ 6.4 Hz, 2H), 1.99–1.88 (m, 2H), 1.81–
1.73 (m, 2H). 13C NMR (100 MHz, CDCl3): d ¼ 157.8, 154.4,
148.9, 118.9, 141.4, 139.4, 134.3, 129.7, 128.7 (2C), 128.6
(2C), 128.3, 127.9, 126.9 (2C), 126.8, 33.2, 27.2, 23.0, and
22.9. IR (KCl): 3061, 3030, 2937, 2860, 1586, 1541, 1443,

1380, 1216, 1078, 878, 755, and 697 cm�1. Anal. Calcd. for:
C21H18ClN: C, 78.86; H, 5.67; N, 4.38. Found: C, 78.74; H,
5.62; N, 4.33.

4-(4-Chlorophenyl)-2-phenyl-5,6,7,8-tetrahydroquinoline
(7n). Yield 90%; yellowish viscous oil. 1H NMR (400 MHz,

CDCl3): d ¼ 7.98 (d, J ¼ 7.2 Hz, 2H), 7.47–7.40 (m, 4H),
7.32 (t, J ¼ 4.4 Hz, 1H), 7.28 (d, J ¼ 8.4 Hz, 2H), 3.63 (s,
1H), 3.11 (t, J ¼ 6.4 Hz, 2H), 2.64 (t, J ¼ 6.4 Hz, 2H), 2.00–
1.93 (m, 2H), 1.80–1.74 (m, 2H). 13C NMR (100 MHz,

CDCl3): d ¼ 157.8, 154.4, 149.2, 139.4, 138.0, 133.9, 129.9
(2C), 128.8 (2C), 128.7, 128.6 (2C), 128.5, 126.9 (2C), 119.0,
33.2, 27.3, 23.0, and 23.0. IR (KCl): 3061, 3029, 2937, 2861,
1599, 1491, 1444, 1215, 1091, 1015, 832, 759, 697, and 666
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cm�1. Anal. Calcd. for: C21H18ClN: C, 78.86; H, 5.67; N,
4.38. Found: C, 78.85; H, 5.63; N, 4.31.

4-(2-Bromophenyl)-2-phenyl-5,6,7,8-tetrahydroquinoline
(7o). Yield 82%; yellowish viscous oil. 1H NMR (400 MHz,
CDCl3): 8.05 (d, J ¼ 7.6 Hz, 2H), 7.71 (d, J ¼ 7.6 Hz, 1H),

7.48 (t, J ¼ 7.2 Hz, 2H), 7.42–7.39 (m, 3H), 7.30–7.23 (m,
2H), 3.20–3.11 (m, 2H), 2.62–2.55 (m, 1H), 2.48–2.39 (m,
1H), 2.00–1.94 (m, 2H), 1.84–1.78 (m, 2H). 13C NMR (100
MHz, CDCl3): d ¼ 157.8, 154.2, 149.5, 140.6, 139.6, 132.9,
130.1, 129.5, 128.9, 128.7 (2C), 128.6, 127.5, 126.9 (2C),

118.7, 122.6, 33.4, 26.6, 23.2, and 22.8. IR (KCl): 3060, 3031,
2936, 2859, 1596, 1543, 1442, 1382, 1216, 1025, 881, 758,
and 695 cm�1. Anal. Calcd. for: C21H18BrN: C, 69.24; H,
4.98; N, 3.85. Found: C, 69.20; H, 4.96; N, 3.81.

4-(3-Bromophenyl)-2-phenyl-5,6,7,8-tetrahydroquinoline
(7p). Yield 98%; yellowish viscous oil. 1H NMR (400 MHz,
CDCl3): d ¼ 8.00 (d, J ¼ 7.4 Hz, 2H), 7.56–7.52 (m, 2H),
7.46 (t, J ¼ 7.7 Hz, 2H), 7.38 (s, 1H), 7.36–7.27 (m, 3H),
3.11 (t, J ¼ 6.5 Hz, 2H), 2.65 (t, J ¼ 6.2 Hz, 2H), 2.01–1.92

(m, 2H), 1.81–1.76 (m, 2H). 13C NMR (100 MHz, CDCl3): d
¼ 157.9, 154.4, 148.7, 141.8, 139.5, 131.5, 130.8, 129.9, 128.7
(2C), 128.6, 128.2, 127.3, 126.9 (2C), 122.5, 118.8, 33.4, 27.2,
23.1, and 23.0. IR (KCl): 3061, 3011, 2937, 2860, 1586, 1541,
1475, 1444, 1215, 1072, 997, 879, 759, 698, and 666 cm�1.

Anal. Calcd. for: C21H18BrN: C, 69.24; H, 4.98; N, 3.85.
Found: C, 69.12; H, 4.88; N, 3.79.

4-(4-Bromophenyl)-2-phenyl-5,6,7,8-tetrahydroquinoline
(7r). Yield 94%; yellowish viscous oil. 1H NMR (400 MHz,
CDCl3): d ¼ 7.98 (d, J ¼ 7.2 Hz, 2H), 7.60 (d, J ¼ 8.8 Hz,

2H), 7.46 (t, J ¼ 8.0 Hz, 2H), 7.39 (t, J ¼ 8.0 Hz, 1H), 7.38
(s, 1H), 7.23 (d, J ¼ 8.8 Hz, 2H), 3.11 (t, J ¼ 6.5 Hz, 2H),
2.64 (d, J ¼ 6.3 Hz, 2H) 1.81–1.73 (m, 2H), 1.99–1.92 (m,
2H). 13C NMR (100 MHz, CDCl3): d ¼ 157.9, 154.5, 149.1,
139.5, 138.6, 131.6 (2C), 130.3 (2C), 128.9 (2C), 128.7 (2C),

128.6, 128.3, 122.1, 118.9, 33.2, 27.3, 23.1, and 23.0. IR
(KCl): 3060, 3029, 2936, 2860, 1594, 1488, 1443, 1216, 1070,
1011, 827, 755, and 696 cm�1. Anal. Calcd. for: C21H18BrN:
C, 69.24; H, 4.98; N, 3.85. Found: C, 69.19; H, 4.92; N, 3.78.

2-Phenyl-4-p-tolyl-5,6,7,8-tetrahydroquinoline (7s). Yield
81%; yellowish viscous oil. 1H NMR (400 MHz, CDCl3): d ¼
8.01 (d, J ¼ 8.8 Hz, 2H), 7.48 (t, J ¼ 7.8 Hz, 2H), 7.44 (s,
1H), 7.40 (t, J ¼ 7.2 Hz, 1H), 7.31–7.27 (m, 4H), 3.14 (t, J ¼
6.6 Hz, 2H), 2.71 (t, J ¼ 6.3 Hz, 2H), 2.02–1.94 (m, 2H),

1.81–1.76 (m, 2H). 13C NMR (100 MHz, CDCl3): d ¼ 157.6,
154.3, 150.4, 139.7, 137.6, 136.8, 129.1 (2C), 128.7 (3C),
128.5 (2C), 128.4, 126.9 (2C), 119.4, 33.3, 27.4, 23.1, 23.1,
and 21.3. IR (KCl): 3058, 3027, 2935, 2860, 1589, 1541,
1513, 1443, 1380, 1216, 1024, 820, 755, and 696 cm�1. Anal.
Calcd. for: C22H21N: C, 88.25; H, 7.07; N, 4.68. Found: C,
88.19; H, 6.98; N, 4.65.

4-(4-Chlorophenyl)-2-(4-methoxyphenyl)-5,6,7,8-tetrahydro-
quinoline (7t). Yield 90%; yellowish viscous oil. 1H NMR
(400 MHz, CDCl3): d ¼ 7.93 (br d, J ¼ 6.4 Hz, 2H), 7.43 (br

d, J ¼ 7.2 Hz, 2H), 7.31 (s, 1H), 7.26 (br d, J ¼ 6.4 Hz, 2H),
6.98 (br d, J ¼ 7.2 Hz, 2H), 3.85 (s, 3H), 3.08 (t, J ¼ 6.4 Hz,
2H), 2.62 (t, J ¼ 6.0 Hz, 2H), 1.96–1.90 (m, 2H), 1.79–1.74
(m, 2H). 13C NMR (100 MHz, CDCl3): d ¼ 160.2, 157.6,

154.1, 149.1, 138.2, 133.8, 132.0, 129.9, 128.6, 128.1, 127.6,
118.3, 114.1, 55.3, 33.2, 27.2, 23.1, and 23.0. IR (KCl): 3065,
3008, 2936, 2860, 2835, 1607, 1514, 1491, 1448, 1251, 1172,
1090, 1031, 832, 755, and 666 cm�1. Anal. Calcd. for:

C22H20ClNO: C, 75.53; H, 5.76; N, 4.00. Found: C, 75.49; H,
5.70; N, 3.96.

2,4-Bis(4-chlorophenyl)-5,6,7,8-tetrahydroquinoline (7u). Yield
97%; yellowish viscous oil. 1H NMR (400 MHz, CDCl3): d
¼ 7.90 (d, J ¼ 8.0 Hz, 2H), 7.41 (br d, J ¼ 7.6 Hz, 2H),

7.39 (br d, J ¼ 7.32 Hz, 2H), 7.33 (s, 1H), 7.26 (d, J ¼ 8
Hz, 2H), 3.07 (t, J ¼ 6.8 Hz, 2H), 2.63 (t, J ¼ 6.4 Hz, 2H),
1.99–1.91 (m, 2H), 1.79–1.73 (m, 2H). 13C NMR (100 MHz,
CDCl3): d ¼ 157.9, 153.0, 149.3, 137.8, 137.7, 134.7, 134.0,
130.3, 128.8, 128.6, 128.2, 118.7, 33.1, 27.3, 23.0, and 22.9.

IR (KCl): 3015, 2938, 2862, 1597, 1539, 1491, 1446, 1215,
1090, 1014, 830, 755, and 665 cm�1. Anal. Calcd. for:
C21H17Cl2N: C, 71.20; H, 4.84; N, 3.95 Found: C, 71.14; H,
4.79; N, 3.96.
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aUnité de Catalyse et de Chimie du Solide, CNRS UMR 8181, ENSCL, B.P. 90108,

F-59652 Villeneuve d’Ascq Cedex, France
bLaboratoire de Chimie de Coordination et d’Analytique, Faculté des Sciences,
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The 3,5-diacetyl-4-methylpyrazole diketone has been synthesized and its crystal structure has been
determined. This diketone reacts with hydroxylamine hydrochloride to give the dioxime derivative. This
reaction, conducted in presence of copper II ions, leads to the formation of L2M2 copper II complexes.

J. Heterocyclic Chem., 47, 1025 (2010).

INTRODUCTION

Research on transition metal complexes is a flourish-

ing field with major interests focused on biological

mimicry and cooperative phenomena in catalysis and

magnetism. In this respect, pyrazol-based ligands have

received a great deal of attention over the last decades

due to their interesting coordination chemistry [1]. The

pyrazole entity appears indeed particularly suited owing

to its ability to bind simultaneously two metal centers in

close proximity providing moreover an intramolecular

pathway for spin-exchange interactions [2–9]. Further

control of the metal–metal separation as well as the

steric and electronic properties of the individual metal

ions can be achieved by appropriates chelating side

arms. Attached to the 3 and 5 positions of the hetero-

cycle, these side arms are able to afford bis(l-pyrazo-
lato) bridged species L2M2.

In most cases, e.g. in type 1 complexes, the chelated

metal atoms form only five-membered rings involving

the four nitrogen atoms of the two depronated pyrazole

rings and the four chelating heteroatoms bore by the

3,5-substituted side arms as shown in Scheme 1 [4–9].

Interestingly, the use of functional groups such as

oximes as chelating side arms has a singular attractive-

ness. Oximes are indeed not only generally easy to pre-

pare but can also take advantage of two different bridg-

ing modes as shown in Scheme 1 (type 2). In type 2

complexes, the metal atom can bind either to the N

atom, either to the deprotonated O-atom of the oxime

moiety thus forming a six-membered ring. In this pur-

pose, we have already employed pyridazine and pyrazo-

late units, such as 3,6-diformylpyridazines [10,11], 3,6-

dibenzoylpyridazines [10], and 3,5-diacetyl-4-methylpyr-

azole [12] and related dioxime species. The synthesis,

crystal structure, and magnetic properties of two binu-

clear copper (II) complexes of the 3,5-diacetyl-4-methyl-

pyrazole dioxime (dampdoH3), involving the two bridg-

ing modes of the oxime function has been also reported

[13]. In the present study, we describe the synthesis and

crystal structure of the 3,5-diacetyl-4-methylpyrazole

ligand used in a new one-step preparation of L2M2 cop-

per II complexes.

RESULTS AND DISCUSSION

The 3,5-diacetyl-4-methylpyrazole is prepared by the

method of Wolff [12]. Reduced by Zn/H2SO4, the isoni-

trosoacetylacetone (2) gives the aminoacetylacetone (3).

This compound is then diazoted by sodium nitrite in

acid medium (Scheme 2), affording the crude diazoace-

tylacetone (4) as an oily product which was in fact

expected to be the 4-acetyl-5-methyl-oxadiazole (40).

VC 2010 HeteroCorporation
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To provide insight into the thermodynamics and

kinetics of the possible internal cyclization of diazoace-

tylacetone (4) affording 4-acetyl-5-methyl-1,2,3-oxadia-

zole (40), theoretical calculations were carried out at the

B3LYP/6-31þg(d) DFT level. A thorough inspection of

the frontier orbitals (HOMO and LUMO) of diazoacety-

lacetone (4) was first performed. The HOMO and

LUMO for its most stable geometry in gas-phase show

energy values of �7.5 and �2.7 eV, respectively. As

depicted in Figure 1, the two frontier orbitals are distrib-

uted in the molecular plane. Although HOMO is mainly

composed by lone pairs of the two carbonyl oxygen

atoms, LUMO is an antibonding-p orbital located exclu-

sively around the NBN triple bond. This orbital distri-

bution suggests that the unique pathway for the internal

cyclization of diazoacetylacetone (4) should reside in

the attack of one of carbonyl oxygen atom lone pairs at

the p-orbital located on the terminal nitrogen atom of

the diazonium moiety.

Scheme 1. L2M2 dinuclear complexes of pyrazolate anion.

Scheme 2. Synthesis of 3,5-diacetyl-4-methylpyrazole.

Figure 1. Isodensity surface plots of the HOMO (a) and LUMO (b)

for the lowest-energy gas-phase geometry of diazoacetylacetone (4).

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Figure 2. Perspective view of dampH structure. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]
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The optimized geometry for transition state joining

compounds (4) and (40) on the potential energy surface

has a single imaginary frequency (mi ¼ 163 cm�1) corre-

sponding to the stretching vibration of the forming

NAO bond. The distance of the NAO forming bond in

transition state geometry is 1.902 Å. The reaction from

diazoacetylacetone (4) leading to the formation of oxa-

diazole (40) is predicted slightly endothermic (þ7.3 kcal/

mol in gas-phase and 8.5 kcal/mol in water). Diazoace-

tylacetone (4) is then thermodynamically more stable

than 4-acetyl-5-methyl-1,2,3-oxadiazole (40).
Furthermore, the barrier height calculated from diazoace-

tylacetone (4) is 8.0 kcal/mol (9.3 kcal/mol in water) indi-

cating that formation of 4-acetyl-5-methyl-1,2,3-oxadiazole

(40) is not kinetically favored, at least at ambient tempera-

ture. This product is thus very unstable and must react im-

mediately with carbanion of the 2,4-pentanedione as previ-

ously described [14]. This condensation and the subsequent

heterocyclization give a pyrazoline (6), which was not iso-

lated. In aqueous acidic medium, this compound gives the

pyrazole (7) after elimination of acetic acid as described in

Scheme 2. Slow evaporation of an ethanolic solution of 7

gives finally single crystals suitable for X-ray diffraction.

The main features of the crystal structure of com-

pound dampH (7) result from the planarity of the whole

entity (Figs. 2 and 3).

The crystal structure is formed by layers of planar

dampH molecules stacked along the axis c direction.

The layered crystal structure is also stabilized by an

intermolecular hydrogen bond network forming dimeric

ligand associations. The hydrogen bond interactions

between two coplanar and adjacent 3,5-diacetyl-4-meth-

ylpyrazole ligands are mediated by a water molecule.

The oxygen atom O3 of this water molecule gives an

hydrogen bond with the hydrogen atom H1 bound to the

nitrogen atom of pyrazole ring in the first ligand

(O3AH1 ¼ 1.9571 Å). Furthermore, one of the two

hydrogen atoms H1w of the water molecule is also

involved in a second hydrogen bond interaction with the

oxygen atom O2 of the ketonic function of the second

ligand molecule (H1wAO1 ¼ 1.9207 Å) (Fig. 4).

This diketone (7) reacts with hydroxylamine hydro-

chloride to give the diacetyl dioxime derivative (damp-

doH3) as described in Scheme 3. On reaction with cop-

per II cations dampdoH3 leads to the bis(l-pyrazolato)
bridged L2M2 species [13] as described in Scheme 4,

with L ¼ dampdoH.

From dampdoH3 (H2L) and CuCl2�6H2O, two struc-

turally isomeric complexes [Cu2(HL)2Cl2]6H2O, which

differ only from the hydrogen bonding, were previously

obtained [10]. One of these complexes can be obtained

directly from 7 by a one-step reaction with copper II

ions in the presence of hydroxylamine hydrochloride.

This reaction using CuCl2, CuClO4, Cu(NO3)2, or

CuSO4, leads, after several days, to the formation of

dark green crystals of the copper II complexes previ-

ously described [13]. In this complex, the axial ligand is

a chloride ion even in presence of perchlorate, nitrate,

or sulphate ions, indicating that chloride ions are better

complexing species.

Figure 3. Projection view of dampH structure. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]

Figure 4. View of dampH crystal structure with its stabilizing hydro-

gen bond network (dashed lines). [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

Scheme 3. Synthesis of dampdoH3.

Scheme 4. Dinuclear complex of Cu2(HL)
2þ
2 .
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EXPERIMENTAL

Melting points were determined on an IA 9000 series Elec-
trothermal apparatus and are uncorrected. Elemental analyses

of C, H, N, and S were performed at the Elemental Analysis
service of CNRS, Vernaison, France. 1H and 13C NMR spectra
were recorded on a Bruker F.T. AC 300 spectrometer (300
MHz for 1H NMR and 75 MHz for 13C NMR) using chloro-
form (CDCl3) as solvent. Matrix-assisted laser desorption ioni-

zation (MALDI) and time-of-flight mass spectrometry (TOF-
MS) are used to record the mass spectra of the correspondent
compounds. All starting materials were of reagent grade and
were used as purchased.

All theoretical calculations were performed using the Gaus-
sian 03 suite of programs [15]. The gas-phase geometries of
diazoacetylacetone (4), 4-acetyl-5-methyl-1,2,3-oxadiazole (40),
and related transition state were optimized using hybrid den-
sity functional theory (B3LYP) [16] and the 6-31þg(d) basis

set. Frequency calculations were used to verify the nature of
the computed stationary points. Geometries obtained for 4 and
40 were real minima with all real vibrational frequencies while
that of transition state was indeed a first-order saddle point
with a single imaginary frequency. To ensure that the transi-

tion state joins the two compounds (4) and (40) on the potential
energy surface, an intrinsic reaction coordinate (IRC) [17]
analysis was performed. Frequency calculations also allowed
us to calculate the zero-point energy (ZPE) corrections, which
were finally added to electronic energies. The energies com-

puted in water include the ZPE-corrected electronic energy
plus the solvation energy as obtained from the polarizable con-
tinuum model (PCM) [18].

Single crystals of 3,5-diacetyl-4-methylpyrazole hydrated

(dampH) were obtained in the form of brown needles, by slow
evaporation at room temperature in aqueous solution of

dampH. A single crystal of compound 7 was mounted on a
Brucker AXS SMART three-circle diffractometer using graph-
ite monochromated MoKa radiation (k ¼ 0.71073 Å),
equipped with a CCD 4K two-dimensional detector [19]. A
total of 1653 independent reflections were collected in the

range of 2.22 < y < 31.03 with Rint ¼ 2.64. Data were cor-
rected for Lorentz and polarization using program SaintPlus
(Table 1). Atomic positions were determined using SHELXS
[20] and refined using full matrix least squares [21]. Hydrogen
positions were calculated and included in the final cycles of

refinement in constrained positions and with fixed isotropic

Table 1

Summary of the crystal data and structure refinement for dampH.

Formula C8H12N2O3

Formula weight (g/mol) 184.2

Crystal system Orthorhombic

Space group Pbcm

a (Å) a ¼ 7.7798 (10)

b (Å) b ¼ 18.337 (3)

c (Å) c ¼ 6.7735 (11)

a ¼ b ¼ c (�) 90

V(Å3) 966.3 (2)

Z 4

Dcal (mg m�3) 1.266

T (K) 296

F(000) 392

Crystal size (mm) 0.180 � 0.254 � 0.628

l (mm�1) 0.098

Range of indices h, �11 to 11;

k, �26 to 23;

l, �9 to 9

Reflections measured 13460

Rint 2.64

(Rall; R2r) 7.43; 4.89

(wRall; wR2r) 15.96; 14.08

Number of parameters 88

Maximum peak in final DF map (eÅ�3) 0.28

Minimum peak in final DF map (eÅ�3) �0.15

Table 2

Bond distances (Å) and angles (�) for dampH.

Bond distances

N1AN2 1.327(2) C3AC4 1.492(2)

N2AC5 1.351(2) C5AC3 1.407(2)

N1AC2 1.363(2) C5AC6 1.476(2)

C1AC7 1.498(3) C6AO2 1.225(2)

C1AC2 1.468(2) C6AC8 1.490(3)

C2AC3 1.395(2) O1AC1 1.209(2)

Angles

N2AN1AC2 113.0(1) C2AC3AC4 128.0(1)

N1AN2AC5 104.6(1) C5AC3AC4 128.5(1)

O1AC1AC2 120.1(1) N2AC5AC3 112.1(1)

O1AC1AC7 121.8(2) N2AC5AC6 118.4(1)

C2AC1AC7 118.1(2) C3AC5AC6 129.5(1)

N1ACAC1 122.1(1) O2AC6AC5 120.4(2)

C3AC2AC1 131.1(1) C5AC6AC8 117.8(1)

N1AC2AC3 106.8(1) O2AC6AC8 121.8(2)

C2AC3AC5 103.5(1)

Table 3

Atomic coordinates and equivalent displacement for dampH.

Atom x/a y/b z/c U (Å2)

N1 0.6307(2) 0.15617(7) 1/4 0.0547(4)

N2 0.5408(2) 0.21765(7) 1/4 0.0557(4)

C1 0.9273(2) 0.10700(9) 1/4 0.0610(5)

C2 0.8038(2) 0.16751(8) 1/4 0.0521(4)

C3 0.8288(2) 0.24286(9) 1/4 0.0501(4)

C4 0.9949(2) 0.28354(9) 1/4 0.0599(5)

C5 0.6606(2) 0.27101(8) 1/4 0.0507(4)

C6 0.6021(2) 0.34760(9) 1/4 0.0570(5)

C7 0.8583(3) 0.03073(9) 1/4 0.0774(7)

C8 0.4134(3) 0.36152(9) 1/4 0.0828(7)

O1 0.0799(2) 0.11936(9) 1/4 0.1014(7)

O2 0.07067(2) 0.39751(6) 1/4 0.0772(5)

O3 0.3918(2) 0.04499(7) 1/4 0.0941(7)

HN1 0.5845 0.1136 1/4 0.0660

HC4 0.9853 0.3255 0.1660 0.0900

HC4 0.0848 0.2524 0.2020 0.0900

HC4 0.0215 0.2989 0.3820 0.0900

HC1 0.3566 0.3249 0.1725 0.1240

HC1 0.3910 0.4087 0.1945 0.1240

HC1 0.3710 0.3599 0.3830 0.1240

HC6 0.8124 0.0195 0.3780 0.1160

HC6 0.9492 �0.0028 0.2191 0.1160

HC6 0.7689 0.0266 0.1528 0.1160

Hw1 0.363(3) �0.002(2) 1/4 0.089(8)

Hw2 0.294(4) 0.067(2) 1/4 0.101(9)
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thermal parameters. Absorption corrections were not made due
to the small value of the absorption coefficients (Table 1).

Extinction was refined for all the three structures but was min-
imal. Figure 2 shows a perspective view of this compound
with the numbering scheme, while in Table 2 bond distances
and angles in the molecule (dampH) are reported. Atomic
coordinates and equivalent displacement for dampH are

reported in Table 3; anisotropic displacement parameters for
dampH are reported in Table 4.

General procedure for the synthesis of compounds 1, 4,

and 7. Starting material acetylacetone (1) was commercialized.
The formula of the parent compounds with corresponding

numbers to carbons scheme is given below.

Synthesis of isonitroacetylacetone (2). A suspension of ac-
etylacetone (1) (50 g, 0.5 mol) in 7% sulphuric acid (500 mL)

was stirred until it was completely dissolved. Sodium nitrite
(35 g, 0.5 mol) in water (150 mL) was added, and the stirring
was continued for 90 min. The reaction mixture was extracted
with ether, dried (magnesium sulfate), filtered, and evaporated.
The solid was recrystallized from ethanol: mp 75�C, yield 50

g, 77.5%.
Synthesis of the acetylacetonate diazonium

(4). Isonitrosoacetylacetone 2 (10 g, 0.07 mol) dissolved in
30% sulphuric acid (100 mL) was cooled under 0�C. Zinc
powder (15 g, 0.23 mol) was added, and the reaction mixture

was allowed for 15 min. The limpid solution was filtered and
diluted with water. A solution of sodium nitrite (6 g, 0.085
mol) in water (30 mL) was added and cooled. The reaction
mixture was extracted with ether, and treated with 5% sodium

carbonate. The residue was dried (magnesium sulfate), filtered,
and evaporated to give an oil product: yield 4 g, 45%. The

crude powder was used for the next step for the synthesis
without further purification.

Synthesis of 3,5-diacetyl-4-methylpyrazole (7). A mixture
of the acetylacetonate diazonium (4) (2 g, 0.016 mol), acetyl-
acetone (1) (1.6 g, 0.015 mol), and sodium hydroxide (0.6 g,
0.015 mol) in water (30 mL) was heated at 50�C for 90 min.
The resulting solution was concentrated under vacuum using a

rotatory evaporator. After cooling, the obtained solution was
neutralized by slow addition of aqueous sulfuric acid solution
(0.5M). The obtained solid was filtered and recrystallized from
ethanol: mp 112�C; yield 2 g, 75 %; 1H NMR (CDCl3) d
(ppm) 10.78 (s, 1H); 2.51 (s, 6H); 2.46 (s, 3H); 13C NMR

(CDCl3) d (ppm) 192.96; 144.94; 121.58; 28.57; 10.21.
MALDI-TOFMS: m/z 167 (M þ1). Anal. Calcd for
C8H10N2O2: C, 57.82; H, 6.08; N, 16.86. Found: C, 58.02; H,
5.98; N, 16.75.

Synthesis of 3,5-diacetyl-4-methylpyrazole dioxime. A so-
lution of hydroxylamine hydrochloride (1.4 g, 20 mmol) and
NaOH (0.8 g, 20 mmol) in methanol/water solution (in ratio
50:50) was added to a solution of 3,5-diacetyl-4-methylpyra-
zole (1.5 g, 9 mmol) in water (20 mL) and heated under reflux

for 2 h. After cooling, the solid product was filtered and
recrystalized from ethanol: mp 218�C; yield 81%; 1H NMR
(DMSO-d6) d (ppm) 12.96 (s, H, NH); 11.33 (s, 1H, OH);
10.97 (s, 1H, OH); 2.27 (s, 3H); 2.14 (s, 6H); 13C NMR
(DMSO-d6) d (ppm) 150.39; 141.51; 134.62; 111.88; 11.70.

MALDI-TOFMS: m/z 197 (M þ 1). Anal. Calcd for
C8H12N4O2: C, 48.97; H, 6.16; N, 28,56. Found: C, 49.02; H,
5.98; N, 28.78.

Preparation of complexes. A solution of copper II chlo-
ride dehydrate (85 mg, 0.5 mmol) and hydroxylamine hydro-

chloride (69,5 mg, 1 mmol) in water (20 mL) was added to a
solution of dampH (92 mg, 0.5 mmol) in ethanol (10 mL)
and heated under reflux a few minutes. The mixture was fil-
tered to remove any precipitated material. Slow evaporation

at room temperature during 3 days affords dark green crys-
tals which were filtered, washed with water and dried in
vacuo. The crystals were found to have the formula
[Cu2(dampdoH)2Cl2)2H2O] yield 110 mg; 70%. Anal. Calcd:
C, 30.75; H, 4.20; Cl, 11.35; Cu, 20.35; N, 17.95; O, 15.40

Found: C, 30.69; H, 4.21; Cl, 11.37; Cu, 20.29; N, 18.00; O,
15.44.

Table 4

Anisotropic displacement parameters for dampH.

U11 U22 U33 U12 U13 U23

N1 0.0412(7) 0.0322(6) 0.0907(11) 0.0037(5) 0 0

N2 0.0408(6) 0.0358(6) 0.0905(11) 0.0018(5) 0 0

C1 0.0485(9) 0.0408(8) 0.0935(14) 0.0056(7) 0 0

C2 0.0418(8) 0.0353(7) 0.0794(12) 0.0010(6) 0 0

C3 0.0388(7) 0.0364(7) 0.0752(11) 0.0033(6) 0 0

C4 0.0405(8) 0.0453(9) 0.0939(13) 0.0089(6) 0 0

C5 0.0407(7) 0.0330(7) 0.0786(11) 0.0024(5) 0 0

C6 0.0481(8) 0.0353(8) 0.0876(13) 0.0012(6) 0 0

C7 0.0737(13) 0.0366(9) 0.1218(19) 0.0058(8) 0 0

C8 0.0491(10) 0.0503(10) 0.0149(2) 0.0116(8) 0 0

O1 0.0444(7) 0.0057(8) 0.0204(2) 0.0107(6) 0 0

O2 0.0588(8) 0.0342(6) 0.1385(14) 0.0035(5) 0 0

O3 0.0448(7) 0.0333(7) 0.0204(2) 0.0008(5) 0 0
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A one-pot and pseudo four-component synthesis of spiro[diindeno[1,2-b:20,10-e]pyridine-11,30-indo-
line]-trione derivatives by cyclo-condensation reaction of isatins, 1,3-indandione, and ammonium acetate
in refluxing acetic acid is reported.

J. Heterocyclic Chem., 47, 1031 (2010).

INTRODUCTION

Multicomponent reactions (MCRs) have been fre-

quently used by synthetic chemists as a facile means to

generate molecular diversity from bifunctional substrates

that react sequentially in an intramolecular fashion [1,2].

Devising such types of MCRs that achieve the formation

of multiple bonds in a single operation is one of the

major challenges in modern organic synthesis [3,4]. As

such processes avoid time consuming and costly purifica-

tion processes, as well as protection–deprotection steps,

they are inherently more environmentally benign and

atom economic [5]. They provide a powerful tool toward

the one-pot synthesis of diverse and complex compounds

as well as small and drug-like heterocycles [6].

Indenone-fused heterocycles represent important bio-

logical and medicinal scaffolds. Thus, the indenopyri-

dine skeleton is present in the 4-azafluorenone group of

alkaloids, represented by its simplest member onychnine

(Fig. 1) [7]. Indenopyrazoles (A) and indenopyridazines

(B) have been investigated as cyclin-dependent kinase

[8] and selective monoamine oxidase B (MAO-B) [9]

inhibitors, respectively.

Further, indenopyridines (C) exhibit cytotoxic [10],

phosphodiesterase inhibitory [11], adenosine A2a recep-

tor antagonistic [12], anti-inflammatory/antiallergic [13],

coronary dilating [14], and calcium modulating activities

[15]. These compounds have also been investigated for

the treatment of hyperlipoproteinemia and arteriosclero-

sis [16] as well as neurodegenerative diseases [17].

Indole and indoline fragments are important moieties

of a large number of a variety of natural products and

medicinal agents [18], and some of indolines, spiro-

annulated with heterocycles in the 3-position, have

shown high biological activity [19–21]. The spirooxin-

dole system is the core structure of many pharmacologi-

cal agents and natural alkaloids [22–24]. Therefore, a

number of methods have been reported for the prepara-

tion of spirooxindole fused heterocycles [25].

As part of our continuing efforts on the synthesis of

biologically active heterocyclic compounds [26], we

recently described an efficient synthesis of spiropyrimi-

doquinoline-pyrrolopyrimidines and spiroindoline-pyri-

dodipyrimidines via a condensation reaction between

amino-uraciles and isatines [27]. We have also devel-

oped an efficient synthesis of spiro[dibenzo[b,i]xan-
thene-13,30-indoline]-pentaones via a reaction of isatins

and 2-hydroxy-naphthoquinone in water [28].

Considering the important biological properties of spi-

rooxindole fused heterocycles, we report herein a one-

pot, pseudo four-component synthesis of spiro[diin-

deno[1,2-b:20,10-e]pyridine-11,30-indoline]-triones 4

through a one-pot condensation reaction of 1,3-indan-

dione 1, ammonium acetate 2 and isatins 3 in refluxing

acetic acid (Scheme 1).

RESULTS AND DISCUSSION

In a pilot experiment, a mixture of 1,3-indandione 1,

ammonium acetate 2, and isatin 3a at refluxing acetic

acid were stirred to afford the 5H-spiro[diindeno[1,2-b:
20,10-e]pyridine-11,30-indoline]-20,10,12-trione 4a in 87%

for 4 h.
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Encouraged by this success, we extended this reaction

of 1,3-indandione 1 and ammonium acetate 2 with a

range of other isatins 2b-l under similar conditions, fur-

nishing the respective 5H-spiro[diindeno[1,2-b:20,10-e]pyr-
idine-11,30-indoline]-20,10,12-triones 4b-l in good yields.

The optimized results are summarized in Table 1. We

have shown that the use of a wide diversity of substitu-

ents in isatins 3 in this reaction makes possible the syn-

thesis of libraries under similar circumstances.
1H and 13C NMR spectra of the crude products

clearly indicated the formation of spirooxindol fused

diindenopyridines 4. The nature of these compounds as

2:1:1 adducts was apparent from their mass spectra,

which displayed, in each case, the molecular ion peak at

appropriate m/z value. Compounds 4a–l are stable solids

whose structures were established by IR, 1H and 13C

NMR spectroscopy and elemental analysis.

For the investigation of the reaction mechanism, it is

notable that when the 1,3-indandione 1, ammonium ace-

tate 2, and isatin 3a were reacted for 2 h, the intermedi-

ate 6 were isolated and characterized by spectroscopic

methods. When intermediate 6 was reacted with NH4OAc 2

under the same reaction conditions, the product 4a was

obtained in 83% yield (Scheme 2).

Therefore, the formation of products 4 can be rational-

ized via initial addition of 1,3-indanedione 1 to the isatins

3 to yield intermediate 5, which reacted further with

another molecule of 1. Finally, reaction of ammonium ac-

etate 2 with the intermediate 6, followed by cyclization

afforded the corresponding product 4 (Scheme 3).

As expected, when the isatins 3 was replaced by ace-

naphthylene-1,2-dione 7, 2H,50H-spiro[acenaphthylene-
1,110-diindeno[1,2-b:20,10-e]pyridine]-2,100,120-trione 8

was obtained in 82% yield under the same reaction con-

ditions (Scheme 4).

To further explore the potential of this protocol for

spirofused heterocycle synthesis, we investigated reac-

tion of 1,3-indandione 1 and ammonium acetate 2 with

ninhydrine 9 and obtained 5H-spiro[diindeno[1,2-b:20,10-
e]pyridine-11,20-indene]-10,30,10,12-tetraone 10 in 78%

yield (Scheme 3).

In conclusion, we have demonstrated an efficient and

simple method for the preparation of some spirooxindole

fused heterocycles using readily available starting mate-

rials. Prominent among the advantages of this new

method are operational simplicity, good yields, and easy

work-up procedures employed. Moreover, it is worth

noting that two CAC and one two CAN bonds were

formed with concomitant creation of a spirooxindoles in

this one-pot, pseudo four-component process.

EXPERIMENTAL

Melting points were measured on an Elecrtothermal 9100

apparatus. Mass spectra were recorded on a FINNIGAN-MAT
8430 mass spectrometer operating at an ionization potential of
70 eV. 1H and 13C NMR spectra were recorded on a BRUKER
DRX-300 AVANCE spectrometer at 300.13 and 75.47 MHz,
respectively. IR spectra were recorded using a Shimadzu IR-

470 apparatus. Elemental analyses were performed using a
Heracus CHN-O-Rapid analyzer.

Figure 1. Representatives of important indenone-fused heterocycles

Scheme 1

Table 1

Synthesis of spiro[diindenopyridine-indoline]-triones 4.

Product 4 R X Yield (%)

a H H 87

b Me H 85

c Et H 82

d PhCH2 H 80

e H Br 91

f H Me 88

g H F 79

h H NO2 92

i Me Br 76

j Et Br 78

k Me NO2 79

l Et NO2 77

Scheme 2
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Because of very low solubility of the products, we cannot
report the 13C NMR data for these products.

Typical procedure for the preparation of 5H-Spiro[diin-

deno[1,2-b:20,10-e]pyridine-11,30-indoline]-20,10,12-trione
(4a). A mixture of 1,3-indandione 1a (0.30 g, 2 mmol), ammo-
nium acetate 2 (0.46 g, 3 mmol), and isatin 3a (0.15 g, 1
mmol) in refluxing (5 mL) was stirred for 4 h (the progress of
the reaction was monitored by TLC). After completion, the

reaction mixture was filtered and the precipitate washed with
water (10 mL) and recrystallized by EtOH to afford the pure
product 4a as red powder (87%); m.p >300�C (dec). IR (KBr)
(mmax/cm

�1): 3169, 2996, 1694, 1672, 1631. MS (EI, 70 eV)

m/z: 402 (Mþ). 1H NMR (300 MHz, DMSO-d6): dH 6.83–7.74
(m, 12H, ArH), 10.66 (s, 1H, NH), 11.62 (s, 1H, NH). Anal.
Calcd for C26H14N2O3: C, 77.60; H, 3.51; N, 6.96%. Found:
C, 77.51; H, 3.45; N, 6.88%.

10-Methyl-5H-spiro[diindeno[1,2-b:20,10-e]pyridine-11,30-
indoline]-20,10,12-trione (4b). Dark red powder (85%); m.p >
300�C. IR (KBr) (mmax/cm

�1): 2926, 1701, 1678, 1617. MS
(EI, 70 eV) m/z: 416 (Mþ). 1H NMR (300 MHz, DMSO-d6):
dH 3.27 (s, 3H, NCH3), 7.07–8.53 (m, 12H, ArH), 11.13 (s,
1H, NH). Anal. Calcd for C27H16N2O3: C, 77.87; H, 3.87; N,

6.73%. Found: C, 77.95; H, 3.80; N, 6.66%.
10-Ethyl-5H-spiro[diindeno[1,2-b:20,10-e]pyridine-11,30-in-

doline]-20,10,12-trione (4c). Red powder (82%); m.p >
300�C. IR (KBr) (mmax/cm

�1): 3219, 2921, 1707, 1652 . MS
(EI, 70 eV) m/z: 430 (Mþ). 1H NMR (300 MHz, DMSO-d6):
dH 1.23–1.27 (m, 3H, CH3), 3.78–3.80 (m, 2H, NCH2), 6.90–
7.80 (m, 12H, ArH), 11.63(1H, s, NH). Anal. Calcd for
C28H18N2O3: C, 78.13; H, 4.21; N, 6.51%. Found: C, 78.01;
H, 4.13; N, 6.62%.

10-Benzyl-5H-spiro[diindeno[1,2-b:20,10-e]pyridine-11,30-
indoline]-20,10,12-trione (4d). Dark red powder (80%); m.p ¼
270�C IR (KBr) (mmax/cm

�1): 3048, 1706, 1666, 1607. MS
(EI, 70 eV) m/z: 492 (Mþ). 1H NMR (300 MHz, DMSO-d6):
dH 5.00 (bs, 2H, NCH2), 6.72–7.81 (m, 17H, ArH), 11.68
(s, 1H, NH). Anal. Calcd for C33H20N2O3: C, 80.47; H, 4.09;
N, 5.69%. Found: C, 80.38; H, 4.01; N, 5.58%.

50-Bromo-5H-spiro[diindeno[1,2-b:20,10-e]pyridine-11,30-
indoline]-20,10,12-trione (4e). Red powder (91%); m.p >
300�C. IR (KBr) (mmax/cm

�1): 3222, 2922, 1698, 1640, 1603.
MS (EI, 70 eV) m/z: 482 (Mþþ2), 480 (Mþ). Anal. 1H NMR
(300 MHz, DMSO-d6): dH 6.84–7.94 (m, 11H, ArH), 10.78
(s, 1H, NH), 11.66 (s, 1H, NH). Calcd for C26H13BrN2O3:

C, 64.88; H, 2.72; N, 5.82%. Found: C, 64.81; H, 2.78; N,
5.89%.

50-Methyl-5H-spiro[diindeno[1,2-b:20,10-e]pyridine-11,30-
indoline]-20,10,12-trione (4f). Red powder (88%); m.p >
300�C. IR (KBr) (mmax/cm

�1): 3169, 2996, 1682, 1645. MS

(EI, 70 eV) m/z: 416 (Mþ). 1H NMR (300 MHz, DMSO-d6):
dH 2.13 (s, 3H, CH3), 6.72–7.76 (m, 11H, ArH), 10.53 (s, 1H,
NH), 11.60 (s, 1H, NH). Anal. Calcd for C27H16N2O3: C,
77.87; H, 3.87; N, 6.73%. Found: C, 77.74; H, 3.77; N, 6.64%.

50-Fluoro-5H-spiro[diindeno[1,2-b:20,10-e]pyridine-11,30-
indoline]-20,10,12-trione (4g). Red powder (79%); m.p >
300�C. IR (KBr) (mmax/cm

�1): 3048, 2901, 1681, 1640. MS

(EI, 70 eV) m/z: 420 (Mþ). 1H NMR (300 MHz, DMSO-d6):
dH 6.81–7.80 (m, 11H, ArH), 10.63 (s, 1H, NH), 11.66 (s, 1H,
NH). Anal. Calcd for C26H13FN2O3: C, 74.28; H, 3.12; N,
6.66%. Found: C, 74.37; H, 3.06; N, 6.60%.

50-Nitro-5H-spiro[diindeno[1,2-b:20,10-e]pyridine-11,30-in-
doline]-20,10,12-trione (4h). Red powder (92%); m.p >
300�C. IR (KBr) (mmax/cm

�1): 3211, 3048, 1706, 1631, 1600.
MS (EI, 70 eV) m/z: 447 (Mþ). 1H NMR (300 MHz, DMSO-
d6): dH 7.07–8.15 (m, 11H, ArH), 11.36 (s, 1H, NH), 11.93 (s,
1H, NH). Anal. Calcd for C26H13N3O5: C, 69.80; H, 2.93; N,
9.39%. Found: C, 69.72; H, 2.86. N, 9.31%.

50-Bromo-10-methyl-5H-spiro[diindeno[1,2-b:20,10-e]pyri-
dine-11,30-indoline]-20,10,12 -trione (4l). Dark red powder
(76%); m.p > 300�C. IR (KBr) (mmax/cm

�1): 2917, 1680,
1640, 1608. MS (EI, 70 eV) m/z: 496 (Mþþ2), 494 (Mþ). 1H
NMR (300 MHz, DMSO-d6): dH 3.21 (s, 3H, NCH3), 7.04-

7.81 (m, 11H, ArH), 11.72 (s, 1H, NH). Anal. Calcd for
C27H15BrN2O3: C, 65.47; H, 3.05; N, 5.66%. Found: C, 65.35;
H, 3.14; N, 5.75%.

50-Bromo-10-ethyl-5H-spiro[diindeno[1,2-b:20,10-e]pyri-
dine-11,30-indoline]-20,10,12-trione (4j). Red powder (78%);
m.p > 300�C. IR (KBr) (mmax/cm

�1): 2931, 1714, 1667. MS

(EI, 70 eV) m/z: 510 (Mþþ2), 508 (Mþ). 1H NMR (300 MHz,
DMSO-d6): dH 1.21 (bs, 3H, CH3), 3.78 (bs, 2H, NCH2),
7.06–7.79 (m, 11H, ArH), 11.96 (s, 1H, NH). Anal. Calcd for
C28H17BrN2O3: C, 66.03; H, 3.36; N, 5.50%. Found: C, 66.14;
H, 3.30; N, 5.59%.

10-Methyl-50-nitro-5H-spiro[diindeno[1,2-b:20,10-e]pyri-
dine-11,30-indoline]-20,10,12-trione (4k). Red powder (79%);
m.p > 300�C. IR (KBr) (mmax/cm

�1): 2996, 1693, 1608. MS
(EI, 70 eV) m/z: 461 (Mþ). 1H NMR (300 MHz, DMSO-d6):
dH 3.33 (s, 3H, NCH3), 7.21–8.29 (m, 11H, ArH), 11.85(s,
1H, NH). Anal. Calcd for C27H15N3O5: C, 70.28; H, 3.28; N,

9.11%. Found: C, 70.19; H, 3.34; N, 9.04%.
10-Ethyl-50-nitro-5H-spiro[diindeno[1,2-b:20,10-e]pyridine-

11,30-indoline]-20,10,12-trione (4l). Red powder (77%); m.p
> 300�C. IR (KBr) (mmax/cm

�1): 2964, 1692, 1645. MS (EI,
70 eV) m/z: 475 (Mþ). 1H NMR (300 MHz, DMSO-d6): dH
1.26 (t, 3JHH ¼ 6.9 Hz, 3H, CH3), 3.90 (q, 3JHH ¼ 6.6 Hz,
2H, NCH2), 7.27–8.27 (m, 11H, ArH), 11.83 (s, 1H, NH).
Anal. Calcd for C28H17N3O5: C, 70.73; H, 3.60; N, 8.84%.
Found: C, 70.67; H, 3.55; N, 8.91%.

Scheme 3

Scheme 4
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2H,50H-Spiro[acenaphthylene-1,110-diindeno[1,2-b:20,10-
e]pyridine]-2,100,120-trione (8). Dark red powder (82%); m.p
> 270�C. IR (KBr) (mmax/cm

�1): 3059, 1692, 1640. MS (EI,

70 eV) m/z: 437 (Mþ). 1H NMR (300 MHz, DMSO-d6): dH
7.14–8.29 (m, 15H, ArH, NH). 13C NMR (75 MHz, DMSO-
d6): dC (ppm) 51.5, 11.8, 120.5, 121.2, 121.3, 123.9, 125.0,
128.9, 129.3, 129.7, 130.2, 131.3, 132.9, 133.7, 1373.3, 137.9,
141.3, 143.9, 158.0, 190.5, 205.4. Anal. Calcd for C30H15NO3:

C, 82.37; H, 3.46; N, 3.20%. Found: C, 82.48; H, 3.38; N,
3.29%.

5H-Spiro[diindeno[1,2-b:20,10-e]pyridine-11,20-indene]-
10,30,10,12-tetraone (10). Dark red powder (78%); m.p >
260�C dec. IR (KBr) (mmax/cm

�1): 2922, 1703, 1651. MS (EI,

70 eV) m/z: 415 (Mþ). 1H NMR (300 MHz, DMSO-d6): dH
7.29–8.09 (m, 12H, ArH), 11.94 (s, 1H, NH). Anal. Calcd for
C27H13NO4: C, 78.07; H, 3.15; N, 3.37%. Found: C, 77.97; H,
3.09; N, 3.29%.
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A general and versatile one-pot three-component procedure for the selective synthesis of mono substi-
tuted quinazolin-4(3H)-ones and 2,3-dihydroquinazolin-4(1H)-ones were described. The selectivity could
be controlled by the ratio of iodine concentration.
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INTRODUCTION

2,3-Dihydroquinazolin-4(1H)-ones are an important

class of heterocycles with a broad spectrum of biological

and pharmaceutical activities, such as antitumor, analge-

sic, anticancer, and diuretic [1–3]. Traditional procedure

for the synthesis of these compounds involves the con-

densation of anthranilamides, as well as the reductive

cyclization of o-nitrobenzamide or o-azidobenzamide

with aldehydes or ketones in the presence of Brunsted or

Lewis acid catalyst [4–12]. On the other hand, quinazo-

lin-4(3H)-ones, the oxidized products of 2,3-dihydroqui-

nazolin-4(1H)-ones [13], were important precursors for

the synthesis of natural and pharmacological compounds

including febrifugine and isofebrifugine [14]. It can also

be obtained by the cyclization of anthranilamides with

aldehyde and other similar methods [15]. With the one-

pot multicomponent reactions (MCRs) emerged as a

powerful tool to routinely find out novel biologically

active compounds [16], recently, various approaches to

2,3-dihydroquinazolin-4(1H)-ones and quinazolin-4(3H)-
ones, promoted by Brunsted or Lewis acid, or by sup-

ported acid with the help of special instrument, were

explored independently in a one-pot three-component

protocol starting from isatoic anhydride A, primary

amine, and aldehyde [17–23]. However, there is a paucity

of efficient synthetic route to implement the selectivity of

two such compounds, an extra-oxidize step was always

required to complete the fusion of the quinazolin-4(3H)-

ones. Although Chen reported quinazolin-4(3H)-ones
could be obtained by employing DMSO as solvent

instead of EtOH, which was utilized to prepare 2,3-dihy-

droquinazolin-4(1H)-ones in the same protocol [23],

novel flexible strategies for selective synthesis of 2,3-

dihydroquinazolin-4(1H)-ones and quinazolin-4(3H)-ones
without toxicity, unavailable or expensive agent should

benefit both synthetic and medicinal chemistry in terms

of Green Chemistry.

As an oxidant, iodine is widely used for the oxidation

of alcohols, aldehydes, sulfides, and amines; for the oxi-

dation to aromatics; for the introduction of protecting

groups; for the deprotection, and so on [24]. Meanwhile,

iodine has a wide range of application as a mild Lewis

acid catalyst in organic synthesis, such as the Michael

addition, the mannich reaction, the hantzsch reaction

and many other transformations [25,26]. However, a lit-

erature survey suggested that few studies have been per-

formed on applying both the oxidizing and catalyzing

abilities of iodine simultaneously to organic functional

group conversions. As a cheap, less toxic, easily accessi-

ble, and eco-benign reagent, iodine would be more prac-

tical for organic synthesis if the selectivity could be

controlled quantificationally via modulating the ratio in

as much as the oxidizing ability require more iodine to

fulfill. Herein, we would like to disclose a versatile pro-

cedure for the fabrication of mono substituted quinazo-

lin-4(3H)-ones and 2,3-dihydroquinazolin-4(1H)-ones
selectively in the presence of different ratio of iodine.
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RESULTS AND DISCUSSION

Following our continued interest in the iodine-cata-

lyzed MCRs [26a–d], 20 mol % of iodine was initially

selected to catalyze the model reaction of isatoic anhy-

dride, 1.2 equiv. of ammonium acetate, and 4-methoxy-

benzaldehyde in refluxing ethanol, aimed at obtaining

the compound N1. After 40 min stirring, the white flocs

were totally precipitated from the reaction solution, the

final pure product yielded in 63% after work up, unex-

pectedly melted at 241�C, which is the melt point of

compound M1 exactly. Subsequent 1H NMR and LC-

MS analysis certified that the white floc was just M1.

Therefore, the optimization of the reaction conditions

was carried out. First, the addition order of reactants

was considered. As the enamine could be formed in situ
and thus influence the yield of desired product, the alde-

hyde was added at last to the stirring solution at room

temperature, which was increased to refluxing tempera-

ture as soon as possible, to our delight, the yields of

product M1 could be up to 86%. With these conditions

in hand, the solvent, ratio of A and AcONH4, and the

iodine concentration were screened subsequently. The

results in Table 1 showed that refluxing the A, 4-

methoxylbenzaldehyde and AcONH4 rationed at 1:1:1.2

in the presence of 20 mol % of iodine about 25 min

would provide the best result. Increasing the iodine

amounts was ineffective for improvement of final yields.

Interestingly, product N1 was detected and increased

with the iodine concentration decreased from 20 mol %
(Table 1, Entries 6–9), the pure product N1 could not be
obtained until the amount of iodine reduced to 5 mol %,
which was the right concentration to catalyze this three-
compound reaction to give product N1, more iodine
may present the oxidizing ability, resulting in mixed
products of M1 and N1 (Table 1, Entries 8 and 9). As
all the reactions were exposed in air, the O2 may play
the role of oxidant in the preparation of M1, so we
employed the N2 as an inert gas to perform the reaction
(Table 1, Entry 7), and found that only the oxidated
product M1 was detected in the reaction mixture by LC-
Ms, which indicate that the catalytic iodine (20 mol %)
played the roles of both catalyst and oxidant. Prelimi-
nary results unprecedentedly implied that we can selec-
tively construct the structure of M1 and N1 promoted
by 20 and 5 mol % of iodine, respectively.

In a comprehensive study, a sampling of the aldehydes

was employed to explore the scope of this one-pot three-

component reaction under optimal conditions (Table 2).

Generally, all of the aldehydes participated smoothly and

afforded the desired products in good to excellent yields,

except for the 4-nitrobenzaldehyde yielded in 77% of M

and 56% of N (Table 2, Entry 9 and 15). According to

LC-MS monitoring of reaction mixtures, the benzylalde-

hyde and aromatic aldehydes bearing 4-Cl, 2-Cl, 4-Br

demand more iodine to furnish the pure product M (Table

2, Entry 2, 4, 5, 8). The reaction time was slightly

extended in the cases of producing pure product N.

Table 1

The optimization of reaction conditions to synthesis 2-(4-methoxylphenyl)quinazolin-4(3H)-one and

2-(4-methoxylphenyl)-2,3-dihydroquinazolin- 4(1H)-one.a

Entry I2 (mol %) Solvent A/AcONH4 t (min) Yield (%)b M1/N1c

1 20 EtOH 1:1.2 25 86 100/0

2 20 H2O 1:1.2 15 77 100/0

3 20 EtOH 1:1.1 40 81 100/0

4 20 EtOH 1:1.3 30 85 100/0

5 20 EtOH 1:1.5 30 85 100/0

6 25 EtOH 1:1.2 25 86 100/0

7 20 EtOH 1:1.2 25 85d 100/0

8 15 EtOH 1:1.2 60 91 97/3

9 10 EtOH 1:1.2 120 90 48/52

10 5 EtOH 1:1.2 70 89 1/99

11 0 EtOH 1:1.2 24h 23 0/100

a Reaction conditions: 4-methoxylbenzaldehyde(5 mmol), was added to the solution containing A(5mmol), iodine, and AcONH4 at room tempera-

ture, which was then increased to refluxing temperature.
b Isolated yield of M1 and N1 mixture.
c Determined by LC-MS.
d N2 was used.
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Besides, benzylaldehyde and 3-chlorobenzaldehyde pro-

vide somewhat lower yields and probable reason for this

may be the lack of electron-influence.

Encouraged by these successes, we evaluated

orthoester and p-toluidine for the MCR performance to

furnish 3-substituted quinazolin-4(3H)-ones E and 2,3-

dihydroquinazolin-4(1H)-ones F under the same condi-

tions. Fortunately, the desired product 3-p-tolylquinazo-
lin-4(3H)-one was favourably generated in 78% yield

(Table 3, Entry 1). Thereafter, 5 mol % of iodine was

tested aiming at constructing the structure 3-p-tolylquina-
zolin-2,3-dihydroquinazolin-4(1H)-one F (Fig. 1),

whereas the same product 3-p-tolylquinazolin-4(3H)-one
was obtained again in a 99% LC yield (Table 3, Entry 2).

After carefully literature search, it was found that all of

the methods reported [9,10,21] starting from orthoester

were apt to form quinazolin-4(3H)-ones, for this may be

the potential hydrogen-acquiring ability of AOEt dissoci-

ated from orthoester. Further attempt to optimize the con-

ditions suggested that increasing the amount of amine up

to 1.5 equiv. and replace the EtOH with H2O could

improve the yield up to 89% and shorten the reaction

time. As the pure product should be crystallized from

EtOH, we chose EtOH as the solvent to exam other repre-

sentative aromatic amine. As shown in Table 3, all of the

substrates were compatible and the aromatic amine pos-

sessing electron-withdrawn group would lead to longer

reaction time and slightly lower yield (Table 3, Entry 3).

In conclusion, we have developed a novel and versatile

method for the first time to selectively synthesize 2-sub-

stituted-quinazolin-4(3H)-ones and 2-substituted-2,3-

dihydroquinazolin-4(1H)-ones from isatoic anhydride,

primary amine and various aldehydes in one-pot MCR

protocol via modulating the iodine concentration, and

also prepared 3-substituted-quinazolin-4(3H)-ones under

the same conditions in the presence of 5 mol % of iodine.

All of the reactions provided good to excellent yields of

products that could be crystallized from the reaction solu-

tion. The operational simplicity, conditional generality,

electively controllability made this method attractive to

extensive application in organic chemistry.

EXPERIMENTAL

The isatoic anhydride and iodine were obtained from commer-

cial suppliers and used without further purification. All of the
products are known and their physical data, mass data, and 1H

Table 2

The preparation of 2-substituted-quinazolin-4(3H)-ones and 2-substituted-2,3-dihydroquinazolin- 4(1H)-ones.a

Entry R I2 (mol %) t (min) Yield (%)b M/Nc

1 4-OMe 20 25 86 100/0

2 4-Cl 20 40 90 98/2

25 25 91 100/0

3 4-OH 20 150 81 100/0

4 H 20 90 87 1/99

25 65 89 84/16

30 45 83 100/0

5 2-Cl 20 60 94 3/97

30 45 93 99/1

6 4-N(Me)2 20 15 92 100/0

7 3-Cl 20 20 81 100/0

8 4-Br 20 60 89 2/98

30 30 87 99/1

9 4-NO2 20 90 77 100

10 4-OMe 5 70 89 1/99

11 H 5 100 82 1/99

12 4-Cl 5 55 95 0/100

13 4-N(Me)2 5 120 91 0/100

14 4-Br 5 90 91 0/100

15 4-NO2 5 600 56 0/100

a Reaction conditions: 1 equiv. of aldehyde(5 mmol) was added to the solution containing A(5 mmol), iodine, and 1.2 equiv. of AcONH4(5 mmol)

at room temperature, which was then increased the to refluxing temperature.
b Isolated yield
c Determined by LC-MS

September 2010 1037Iodine: Selectively Promote the Synthesis of Mono Substituted

Quinazolin-4(3H)-ones and 2,3-Dihydroquinazolin-4(1H)-ones in One Pot

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



NMR were essentially identical with those of authentic samples.
Mass spectra were taken on an Agilent LC-MS 1100 series
instrument in the electrospray ionization (positive ESI) mode. 1H
NMR spectra were recorded at 300 MHz in DMSO-d6, and
chemical shifts were reported in ppm from internal TMS (d).

The typical procedure for the preparation of 2-substi-

tuted-quinazolin-4(3H)-ones M. 4-methoxylbenzaldehyde
(0.68 g, 5 mmol), was added to the stirring solution containing
A(0.815 g, 5 mmol), iodine(0.253 g, 1 mmol), and

AcONH4(0.462 g, 6 mmol) at room temperature in EtOH, then
refluxing the mixture, after 25 min the white solid precipitated
and EtOH was added till the solid dissolved again. The mix-
ture was cooled to room temperature and the white flocs were
crystallized slowly. After simple filtration and dryness, the

product M1 was yielded in 86% (1.09 g, white flocs, m.p.
241�C). 2-(4-Methoxyphenyl)quinazolin-4(3H)-one (Table 2,
Entry 1): 1H NMR(300 MHz, DMSO-d6) d 3.81 (s, 3H), 7.04–
7.07 (d, 2H), 7.42–7.47 (m, 1H), 7.65–7.68 (d, 1H), 7.76–7.78
(m, 1H), 8.08–8.11 (d, 1H), 8.14–8.17 (d, 2H), 12.53 (br s,

NH); MS (ESþ) m/z 253(M þ H); 2-(4-Chlorophenyl)quinazo-
lin-4(3H)-one (Table 2, Entry 2): 1H NMR(300 MHz, DMSO-
d6) d 7.52–7.57 (m, 1H), 7.62–7.65 (m, 2H), 7.74–7.76 (d,
1H), 7.83–7.88 (m, 1H), 8.15–8.22 (m, 3H), 12.83 (br s, NH);
MS (ESþ) m/z 257(M þ H).

The 2-substituted-2,3-dihydroquinazolin-4(1H)-ones N were
synthesized by a similar procedure except that 5 mol % of
iodine(0.063 g, 0.25 mmol) was used. The products N

were white flake. 2-(4-Methoxyphenyl)-2,3-dihydroquinazolin-
4(1H)-one (Table 2, Entry 12): 1H NMR(300 MHz, DMSO-

d6) d 3.73 (s, 3H), 5.68 (s, 1H), 6.66–6.74 (m, 2H), 6.92 (d,
2H), 6.94 (s, NH), 7.23 (m, 1H), 7.39–7.41 (d, 2H), 7.58–7.60
(d, 1H), 8.21 (s, NH); MS (ESþ) m/z 255(M þ H); 2-(4-Chlor-
ophenyl)-2,3-dihydroquinazolin-4(1H)-one (Table 2, Entry 12):
1H NMR(300 MHz, DMSO-d6) d 5.78 (s, 1H), 6.69–6.77 (m,
2H), 7.16 (s, NH), 7.22–7.28 (m, 1H), 7.44–7.53 (m, 4H),
7.60–7.63 (m, 1H), 8.36 (s, NH); MS (ESþ) m/z 259(M þ H).

The typical procedure for the preparation of 3-substi-

tuted-quinazolin-4(3H)-ones E. Orthoester (5 mmol) was

injected slowly into the stirring solution of A(0.815 g, 5
mmol), iodine(0.063 g, 0.25 mmol) and p-toluidine (0.8 g, 7.5
mmol) in EtOH at room temperature, increasing the tempera-
ture and refluxing the mixture 25 min followed by adding hot
ethanol to further dissolve the solid formed, the product E was

precipitated from the homogeneous solution slowly with the
temperature decreased. Simple filtration and dryness would
afford the pure 3-p-tolylquinazolin-4(3H)-one (1.04 g, 88%,
white solid, m.p. 146–148�C) (Table 3, Entry 1): 1H NMR(300
MHz, DMSO-d6) d 2.40 (s, 3H), 7.35–7.44 (m, 4H), 7.57–7.62

(m, 1H), 7.73–7.76 (d, 1H), 7.85–7.91 (m, 1H), 8.19–8.21 (d,
1H), 8.32 (s, 1H); MS (ESþ) m/z 237(M þ H); 3-(4-Methoxy-
phenyl)quinazolin-4(3H)-one (Table 3, Entry 2): 1H
NMR(300MHz, DMSO-d6) d 3.83 (s, 3H), 7.09–7.12 (m, 2H),

7.45–7.48 (m, 2H), 7.57–7.62 (m, 1H), 7.73–7.75 (m, 1H),
7.85–7.91 (m, 1H), 8.18–8.21 (m, 1H), 8.31 (s, 1H); MS
(ESþ) m/z 253(M þ H).
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Compound of 4-(ethoxycarbonyl)-1,5-diphenyl-1H-pyrazole-3-carboxylic acid 2 was obtained from
the reaction of ethyl 4,5-dioxo-2-phenyl-4,5-dihydrofuran-3-carboxylate and 1-benzylidene-2-phenylhy-

drazine. A number of substitute pyrazole dicarboxylic acid derivatives (4, 5a–c, 6, 7, 8, 9a–m, 10, 11,

12, 13, 14) were synthesized from 1,5-diphenyl-1H-pyrazole-3,4-dicarboxylic acid 3 which was prepared
from basic hydrolysis of 2. Structures of synthesized compounds were characterized by 1H NMR, 13C
NMR, Mass, FTIR, and elemental analysis.

J. Heterocyclic Chem., 47, 1040 (2010).

INTRODUCTION

The chemistry of pyrazole derivatives have been the

subject of much research because of their importance in

various applications and their widespread potential bio-

logical and pharmacological activities such as antimicro-

bial, antiviral, antitumor, anti-inflammatory, pesticidal,

antifungal, antidepressant, antipyretic, and analgesic [1–

10]. Thus, these compounds have been the focus of high

attention among medicinal chemists [11–16]. It is also

known that biological activities of pyrazole derivatives

which include substituted heteroaryl groups increase and

that some pyrazolo-pyridazine compounds which include

the same heteroaryl groups are used as a cure for many

diseases [17–25].

Pyrazole-3-carboxylic acid derivatives in general are

well-known nitrogen-containing heterocyclic com-

pounds, and various procedures have been developed for

their syntheses [26–31]. In the literature, there is

not much research related to the reactions of derivatives

of 1,5-diphenyl-1H-pyrazole-3,4-dicarboxylic acids

although a number of new derivatives of pyrazoles some

of which have bicyclic structure were synthesized [26–

29]. In this research, we decided to extend our previous

studies to satisfy this deficiency and to synthesize differ-

ent derivatives of pyrazole compounds that show biologi-

cal activity [20,21,26,29].

RESULTS AND DISCUSSION

1,5-Diphenyl-1H-pyrazole-3,4-dicarboxylic acid 3,

which was our initial compound, was prepared after var-

ious reaction steps. First, ethyl 4,5-dioxo–2-phenyl-4,5–

dihydrofuran–3-carboxylate 1 compound was prepared

from the reactions of ethyl 3-oxo-3-phenylpropanoate

and oxalyl dichloride [32,33]. Keeping in mind that H-

active nucleophiles attack the C-2, C-3, and C-4 posi-

tions of furandiones and it starts the reactions in which

intermediate products were formed, NH group attacks to

VC 2010 HeteroCorporation
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C-3 and C-4 positions of furandione in the condensation

reaction of 1 with 1-benzylidene-2-phenylhydrazine in

no solvent media [26,27,30]. The possible reaction steps

of 4-(ethoxycarbonyl)-1,5-diphenyl-1H-pyrazole-3-car-

boxylic acid 2 was given in Scheme 1.

1,5-Diphenyl-1H-pyrazole-3,4-dicarboxylic acid 3

compound was prepared from the basic hydrolysis of 2

at a high yield (92%). The long reaction time increased

the yield. The structure was confirmed with the charac-

teristic IR absorption bands at 3354–2454 cm�1

(COOH), 3064 cm�1 (Ar CH ), 1670 cm�1 (acid,

C¼¼O), 1597–1486 cm�1 (C¼¼C and C¼¼N) and the 13C

NMR signals at d ¼ 163.75 and d ¼ 164.61 (acid,

C¼¼O). 306 m/z (M-2) value in mass spectra for 3

showed the existence of molecular ion structure.

Diester derivatives of Compound 3 were obtained in

two different methods. In the first method, carboxylic

groups of 3 were activated with SOCl2 and gave the 4.

Afterward, the diester derivatives 5a–c were obtained

from the reaction of 4 with various alcohols with pyri-

dine catalyst. However, it was understood from TLC

works that synthesized products by this method con-

tained impurity. This impurity was probably resulted

from pyridine and was difficult to remove. In the second

method, compound 3 gave the purer diester products

5a–c about in yield of 61–75%. For this reason, the

compound 3 was heated with various alcohols in ben-

zene with sulfuric acid catalyst (Scheme 2). The second

method was chosen in this study. On the other hand,

heating the compound 4 in dry benzene with AlCl3

Scheme 1

Scheme 2
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catalyst [34] gave 1-phenyl-1H-pyrazole-3,4-diyl)

bis(phenylmethanone 6 (Scheme 2).

NH2 groups of hydrazine which have strong nucleo-

philic property attacks to benzoyl carbons when the

compound 6 was heated with anhydrous hydrazine. In

the second stage, cyclization occurred with the removal

of two moles water, and pyrazolo-pyridazine derivative

7 was obtained (Scheme 2).

Moreover, heating of 3 in acetic anhydride caused the

leaving of one mole water. As a result of this, furo[3,4-c]

pyrazole-4,6-dione 8 (Scheme 2) was synthesized [35–

37]. However, it was also observed from TLC controls

that this compound was very sensitive to oxidation in air

and returned to its initial compound. Therefore, it is suita-

ble to handle this compound in desiccator by being dried

with P2O5.

Derivatives of pyrazole-3,4-dicarboxamide 9a–m

were prepared easily by reaction of 4 with ammonia,

substituted aryl amines, and a series of alkyl amines

(Scheme 3). Structures of the compounds were con-

firmed with spectral data.

As a result of dehydration of 9a in cold DMF and

SOCl2 mix, dinitrile 10 compound occurred at 96%

yield [20,26]. Compound 10 showed characteristic IR

absorption band at 2231 cm�1 (CBN). IR spectra of

compound 10 showed no absorption bands correspond-

ing to the COOH group such as 3300–2500 cm�1

(COOH) and 1700–1750 cm�1 (acid, C¼¼O) like the

1,5-diphenyl-1H-pyrazole-3,4-dicarboxylic acid. Further-

more, 13C NMR signals at d ¼ 110.77–110.80 ppm

were related to carbon of nitrile (CBN).

Reaction of 10 with anhydrous hydrazine in absolute

ethanol led to the formation of the 2,3-diphenyl-2H-pyr-

azolo[3,4-d]pyridazine-4,7-diamine 11 in about 69%

yield (Scheme 4). Structure of the compound was con-

firmed with spectral data (See Experiments).

Scheme 3

Scheme 4
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As a result of decarboxylation of 2 at high tempera-

ture (200–220�C), the compound 12 was obtained and

the compound 13 was synthesized after basic hydrolysis

of 12. It was understood from TLC and spectral data

that basic hydrolysis of 12 and decarboxylation of 3

gave the same products 1,5-diphenyl-1H-pyrazole-4-car-
boxylic acid 13. After decarboxylation of 3, it was

shown that leaving carboxyl group bonded the adjacent

carbon to nitrogen (Scheme 5).

On the other hand, cyclo-condensation reaction of 2

and 5a with hydrazine hydrate gave the same product

pyrazolo[3,4-d]pyridazine-4,7-dione 14 [6,26]. IR, 1H

NMR, and 13C NMR spectra [IR: 3158–2629), 1H

NMR: 10.40 (br. s, 1H, NHAC¼¼O), 5.30 (br. s, 1H,

N¼¼CAOH), 13C NMR: 161.79 and 161.58 (C¼¼O, C-

4), 156.58 and 152.33 (C¼¼O, C-7)] showed evidence

of the presence of a tautomeric equilibrium

(HNAC¼¼O$N¼¼CAOH) between the two tautomers

(keto-enol) of compound 14 (Scheme 6).

In this research, a number of derivatives of substituted

pyrazole dicarboxylic acids were gained to pyrazole

chemistry and characterization of each compound were

performed with the help of spectral data (See

Experiments).

EXPERIMENTS

The optimum reaction conditions were determined

considering the time, concentration, solvent, and struc-

ture of reactive compounds which were effective on

yield and velocity of chemical reactions. Chemical com-

pounds used in this research were at analytical purity,

and the solvents were purified by using appropriate puri-

fying agents and distillation. At the end of the each

experiment, TLC was performed using DC Alufolien

Kiesegel 60F/254 Merck and Camag TLC devices. Melt-

ing points were measured with Barnstead Electrothermal

9200 apparatus and were not corrected. IR spectrum

data of compounds were determined by Mattson 1000

FTIR with using of KBr pellets. 1H NMR and 13C NMR

spectra were evaluated by BRUKER DPX-400,

(400MHz), and High Performance Digital FT-NMR

(100MHz) spectrometers. Mass spectra data were deter-

mined by Varian Mat III 80 eV. Elemental analyses

were carried out on a Leco CHNS-932 instrument.

1,5-Diphenyl-1H-pyrazole-3,4-dicarboxylic acid

(3). Compound 2 of 0.336 g (1 mmol) was refluxed in

solution of 0.1 g (2.5 mmol) NaOH for about 1.5 h.

Mixed solution was cooled down to room temperature.

It was stirred for a while by adding 1.5 mL concentrated

HCl and water at equal volume. Precipitated white solid

product was filtered and washed with water again. It

was purified from water–ethanol mixture by crystalliza-

tion. (283 mg, 92%); mp 224–225�C; IR (m, cm�1):

3354–2454 (OH, COOH), 3064 (CH, aromatic), 1670

(C¼¼O), 1597–1486 (C¼¼C and C¼¼N); 1H NMR (400

MHz, CDCl3) d (ppm): 7.27–7.40 (m, 10H, ArH); 13C

NMR (100 MHz, CDCl3) d (ppm): 164.61 and 163.76

(C¼¼O, acid), 144.85 (C–3), 144.31(C–5), 116.14 (C–4),

138.93, 130.53, 129.74, 129.52, 129.21, 128.67, 128.54,

126.32; MS(CI) m/z 306.0 (M–2, COO�); Anal. Calcd.
for C17H12N2O4: C, 66.23; H, 3.92; N, 9.09. Found: C,

66.56; H, 3.65; N, 9.12.

1,5-Diphenyl-1H-pyrazole-3,4-dicarbonyl dichloride

(4). Compound 3 of 0.308 g (1 mmol) was refluxed

with excessive SOCl2 at 80�C for about 5 h. Excessive

SOCl2 was evaporated. Remaining oily product was

purified in ether–hexane mixture. (259 mg, 75%); mp

86–89�C; IR (m, cm�1): 3060 (CH, aromatic), 1735

(C¼¼O), 1620–1487 (C¼¼C and C¼¼N); 1H NMR (400

MHz, CDCl3) d (ppm): 7.00–7.72 (m, 10H, ArH); 13C

NMR (100 MHz, CDCl3) d (ppm): 161.39 and 161.09

(C¼¼O), 146.54 (C–3), 143.96 (C–5), 120.35 (C-4),

137.82, 130.60, 130.09, 129.56, 129.35, 128.90,

126.13, 125.51; Anal. Calcd. for C17H10Cl2N2O2: C,

59.15; H, 2.92; N, 8.12. Found: C, 59.35; H, 2.79; N,

8.10.

General procedure for compounds 5a–c. Compound

3 of 1 mmol was dissolved in 10 mL dry benzene, and

2 mL alcohol (MeOH, i-PrOH, BuOH) and 0.2 mL

H2SO4 was added to this solution. Mixture was refluxed

for 4–5 h. After evaporation, some water was added to

the product remaining at the bottom of the flask and

transferred to separate funnel. 10 mL of ether was added

Scheme 5

Scheme 6
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to the mixture and was washed with 10% Na2CO3 solu-

tion. Ether was evaporated after separation of organic

phase. The synthesized crude products 5a–c were puri-

fied from hexane.
Dimethyl-1,5-diphenyl-1H-pyrazole-3,4-dicarboxylate (5a). (205

mg, 61%); mp 96–97�C; IR (m, cm�1): 3002 (CH, aro-

matic), 2952 (CH, aliphatic), 1718 (C¼¼O), 1596–1497

(C¼¼C and C¼¼N); 1H NMR (400 MHz, CDCl3) d
(ppm): 7.39–7.23 (m, 10H, ArH), 4.00 and 3.78 (s, 6H,

2OCH3);
13C NMR (100 MHz, CDCl3) d (ppm): 163.48

and 162.31 (C¼¼O), 144.86 (C–3), 143.21 (C–5), 115.56

(C–4), 52.63 and 52.25 (2OCH3), 138.62, 130.05,

129.53, 128.99, 128.63, 128.38, 127.82, 125.63; Anal.

Calcd. for C19H16N2O4: C, 67.85; H, 4.79; N, 8.33.

Found: C, 67.68; H, 4.89; N, 8.32.
Diisopropyl-1,5-diphenyl-1H-pyrazole-3,4-dicarboxylate

(5b). (239 mg, 61%); mp 96–97�C; IR (m, cm�1): 3059

(CH, aromatic), 2937 (CH, aliphatic), 1710 (C¼¼O),

1599–1498 (C¼¼C and C¼¼N); 1H NMR (400 MHz,

CDCl3) d (ppm): 7.39–7.24 (m, 10H, ArH), 5.36 and

5.12 (p, J ¼ 6.3 Hz, 2H, 2OCH), 1.45 and 1.27 (d, J ¼
6.3 Hz, 12H, 2CH(CH3)2);

13C NMR (100 MHz,

CDCl3) d (ppm): 162.51 and 161.80 (C¼¼O), 144.41 (C–

3), 144.09 (C–2), 115.93 (C–4), 69.54 and 68.73 (OCH),

21.83 and 21.57 (CH3), 138.73, 130.11, 129.32, 128.92,

128.44, 128.24, 128.22, 125.63; Anal. Calcd. for

C23H24N2O4: C, 70.39; H, 6.16; N, 7.14. Found: C,

70.25; H, 6.19; N, 7.21.
Dibutyl 1,5-diphenyl-1H-pyrazole-3,4-dicarboxylate

(5c). (286 mg, 68%); mp 49–50�C; IR (m, cm�1): 3062

(CH, aromatic), 2959 (CH, aliphatic), 1719 (C¼¼O),

1596–1498 (C¼¼C and C¼¼N); 1H NMR (400 MHz,

CDCl3) d (ppm): 7.38–7.23 (m, 10H, ArH), 4.42 and

4.18 (t, J ¼ 6.8 Hz, 4H, 2OCH2), 1.81 (p, J ¼ 7.2 Hz,

4H, 2OCH2CH2CH2), 1.62–1.46 (m, 4H, CH2CH2CH3

and OCH2CH2CH2), 1.21 (h, J ¼ 7.5 Hz, 2H,

CH2CH2CH3), 0.99 and 0.86 (t, J ¼ 7.4 Hz, 6H, 2CH3);
13C NMR (100 MHz, CDCl3) d (ppm): 163.03 and

162.31 (C¼¼O), 144.64 (C–3), 143.94 (C–5), 115.49 (C–

4), 65.60 and 64.99 (OCH2), 30.65 and 30.41

(CH2CH2CH2), 19.11 and 18.97 (CH2CH2CH3), 13.75

and 13.64 (CH3), 138.66, 130.10, 129.39, 128.92,

128.48, 128.31, 128.14, 125.58, 118.80; Anal. Calcd. for

C25H28N2O4: C, 71.41; H, 6.71; N, 6.66. Found: C,

71.29; H, 6.79; N, 6.65.

(1,5-Diphenyl-1H-pyrazole-3,4-diyl)bis (phenylme-

thanone) (6). Compound 4 of 0.345 g (1 mmol) was

dissolved in dry benzene, and 0.33 g (2.5 mmol) AlCl3
was added to this solution. After cooling down of mix-

ture which was refluxed for 3 h, organic phase was sep-

arated by adding some ether and ice water. Then ether

was evaporated and the residue solid was recrystallized

from ethanol–water mixture. (253 mg, 59%); mp 174–

175�C; IR (m, cm�1): 3064 and 3028 (CH, aromatic),

1664 (C¼¼O), 1617–1489 (C¼¼C and C¼¼N); 1H NMR

(400 MHz, DMSO-d6) d (ppm): 8.20–7.23 (m, 20H,

ArH); 13C NMR (100 MHz, DMSO-d6) d (ppm): 191.04

and 187.16 (C¼¼O, benzoyl), 149.43 (C–3), 144.01

(C–5), 123.85 (C–4), 139.04, 137.98, 136.47, 134.01,

133.80, 130.72, 130.70, 130.29, 129.82, 129.64, 129.39,

129.05, 129.02, 128.90, 128.07, 126.48; Anal. Calcd. for

C29H20N2O2: C, 81.29; H, 4.70; N, 6.54. Found: C,

81.42; H, 4.65; N, 6.51

2,3,4,7-Tetraphenyl-2H-pyrazolo[3,4-d]pyridazine

(7). Compound 6 of 1 mmol was dissolved in dry xy-

lene, and 0.1 mL hydrazine was added and refluxed for

4 h. Then, solvent was evaporated and 10 mL ether was

added to residue product and stirred for a while in cold.

Precipitated yellow product was filtered, washed with

water, and purified from ethanol–water mixture by crys-

tallization. (343 mg, 81%); mp 194–196�C; IR (m,
cm�1): 3057 and 3030 (CH, aromatic), 1590–1488

(C¼¼C and C¼¼N); 1H NMR (400 MHz, DMSO-d6) d
(ppm): 7.57–7.01 (m, 20H, ArH); 13C NMR (100 MHz,

DMSO-d6) d (ppm): 156.57 and 149.93 (C–4 and C–7),

141.89, 139.85, 139.51, 137.01, 135.72, 135.35, 131.21,

130.80, 130.03, 129.53, 129.47, 129.41, 129.35, 129.13,

128.50, 128.32, 127.84, 127.28, 116.17 Anal. Calcd. for

C29H20N4: C, 82.05; H, 4.75; N, 13.20. Found: C,

81.93; H, 4.67; N, 13.28.

2,3-Diphenyl-2H-furo[3,4-c]pyrazole-4,6-dione

(8). Compound 3 of 0.308 g (1 mmol) was transferred

to a flask. 2.5 mL acetic anhydride and 0.1 mL pyridine

was added and refluxed for about 4 h. Excessive amount

of solvent was evaporated. The residue product was

purified from hexane and chloroform mixture by crystal-

lization. (226 mg, 78%); mp 176–178�C; IR (m, cm�1):

3072 (CH, aromatic), 1810 and 1708 (C¼¼O), 1628–

1489 (C¼¼C and C¼¼N); 1H NMR (400 MHz, DMSO-

d6) d (ppm): 7.30–7.01 (m, 10H, ArH); 13C NMR (100

MHz, DMSO-d6) d (ppm): 164.46 and 164.15 (C¼¼O),

146.99, 140.71, 139.12, 130.77, 129.41, 129.23, 129.03,

128.43, 126.33, 125.74, 116.25; MS(CI) m/z 291.0

(Mþ1); Anal. Calcd. for C17H10N2O3: C, 70.34; H,

3.47; N, 9.65. Found: C, 70.48; H, 3.35; N, 9.72.

1,5-Diphenyl-1H-pyrazole-3,4-dicarboxamide

(9a). Compound 4 of 0.345 g (1 mmol) was dissolved

in CCl4 and cooled down to 0�C. Excessive amount of

NH3 was added to this solution. To complete the reac-

tion, mixture was stirred for about an hour at room tem-

perature. Precipitated white product was washed with

water and purified from ethanol by crystallization.

(217 mg, 71%); mp 286–287�C; IR (m, cm�1): 3308

and 3146 (NH), 3073 (CH, aromatic), 1650 (amide

C¼¼O), 1587–1489 (C¼¼C and C¼¼N); 1H NMR (400

MHz, DMSO-d6) d (ppm): 8.06 and 7.76 (br. 4H, 2NH2),

7.39–7.24 (m, 10H, ArH); 13C NMR (100 MHz, DMSO-

d6) d (ppm): 165.10 and 161.30 (C¼¼O), 143.60 (C–3),
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139.56 (C–5), 119.80 (C–4), 130.15, 129.81, 129.55,

129.12, 128.40, 128.31, 128.13, 123.50; MS(CI) m/z

307.1 (Mþ1); Anal. Calcd. for C17H14N4O2: C, 66.66; H,

4.61; N, 18.29. Found: C, 66.61; H, 4.69; N, 18.27.

General procedure for compounds 9b–m. Compound

4 of 0.345 g (1 mmol) was dissolved in 10 mL dry xy-

lene and 4 mmol aryl or alkyl amine compound was

added. Mixture was refluxed for 3 h and solvent was

evaporated. The crude product was washed with water

and purified from an appropriate solvent.
1,5-Diphenyl-N3,N4-diethyl-1H-pyrazole-3,4-dicarboxamide

(9b). (304 mg, 84%); mp 138–139�C; (was crystallized

from EtOH/H2O); IR (m, cm�1): 3456 and 3291 (NH),

3077 (CH, aromatic), 2974 and 2930 (CH, aliphatic),

1644 (C¼¼O), 1553–1496 (C¼¼C and C¼¼N); 1H NMR

(400 MHz, CDCl3) d (ppm): 10.35 (m, 2H, 2NH), 7.35–

7.17 (m, 10H, ArH), 3.52 and 3.40 (p, J ¼ 3.6 Hz, 4H,

2CH2), 1.32 and 1.21 (t, J ¼ 7.3 Hz, 6H, 2CH3);
13C

NMR (100 MHz, CDCl3) d (ppm): 163.15 and 161.36

(C¼¼O), 148.38 (C–3), 142.56 (C–5), 117.34 (C–4),

34.49 and 34.08 (NHCH2), 14.72 and 14.67 (CH3),

138.78, 130.53, 129.85, 129.75, 128.85, 128.43, 127.95,

125.62; Anal. Calcd. for C21H22N4O2: C, 69.59; H,

6.12; N, 15.46. Found: C, 69.45; H, 6.21; N, 15.42.
1,5-Diphenyl-N3,N4-dipropyl-1H-pyrazole-3,4-dicarboxamide

(9c). (320 mg, 82%); mp 135–136�C; (was crystallized

from chloroform/hexane); IR (m, cm�1): 3361 and 3256

(NH), 3059 (CH, aromatic), 2962 and 2874 (CH, ali-

phatic), 1634 (C¼¼O), 1555–1492 (C¼¼C and C¼¼N); 1H

NMR (400 MHz, CDCl3) d (ppm): 10.37 (m, 2H, 2NH),

7.31–7.15 (m, 10H, ArH), 3.45 and 3.32 (q, J ¼ 6.8 Hz,

4H, 2NHCH2CH2), 1.69–1.59 (m, 4H, 2CH2CH2CH3),

0,94–1,02 (m, 6H, 2CH3);
13C NMR (100 MHz, CDCl3)

d (ppm): 163.26 and 161.52 (C¼¼O), 148.31 (C–3),

142.66 (C–5), 117.32 (C–4), 41.56 and 41.39 (NHCH2),

22.89 and 22.85 (CH2ACH2), 11.73 and 11.55 (CH3),

138.77, 130.53, 129.86, 128.84, 128.42, 128.11, 127.95,

125.61; Anal. Calcd. for C23H26N4O2: C, 70.75; H,

6.71; N, 14.35. Found: C, 70.63; H, 6.79; N, 14.32.
1,5-Diphenyl-N3,N4-diisopropyl-1H-pyrazole-3,4-dicarboxa-

mide (9d). (332 mg, 85%); mp 159–160�C; (was crystal-

lized from ether/hexane); IR (m, cm�1): 3389 and 3249

(NH), 3036 (CH, aromatic), 2967 and 2931 (CH, ali-

phatic), 1656 (C¼¼O), 1633–1492 (C¼¼C and C¼¼N); 1H

NMR (400 MHz, CDCl3) d (ppm): 10.21–10.19 (m, 2H,

2NH), 7.36–7.17 (m, 10H, ArH), 4.34 and 4.18 (m, 2H,

2NHCH(CH3)2), 1.33 and 1.25 (d, J ¼ 6.6 Hz, 12H,

4CH3);
13C NMR (100 MHz, CDCl3) d (ppm): 162.35

and 160.61 (C¼¼O), 148.27 (C–3), 142.76 (C–5), 117.57

(C–4), 41.59 and 40.99 (NHCH), 22.72 and 22.70

(CH(CH3)2), 138.81, 130.52, 129.91, 128.85, 128.82,

128.42, 127.96, 125.72; Anal. Calcd. for C23H26N4O2:

C, 70.75; H, 6.71; N, 14.35. Found: C, 70.55; H, 6.82;

N, 14.37.

1,5-Diphenyl-N3,N4-dibutyl-1H-pyrazole-3,4-dicarboxamide
(9e). (334 mg, 80%); mp 133–134�C; (was crystallized

from ether/hexane); IR (m, cm�1): 3371 and 3256 (NH),

3033 (CH, aromatic), 2960, 2931 and 2871 (CH, ali-

phatic), 1657 (C¼¼O), 1627–1493 (C¼¼C and C¼¼N); 1H

NMR (400 MHz, CDCl3) d (ppm): 10.34 and 7.51 (m,

2H, 2NH), 7.33–7.17 (m, 10H, ArH), 3.50 and 3.36 (q,

J ¼ 7.1 Hz, 4H, 2NHCH2CH2), 1.65–1.59 (m, 4H,

2CH2CH2CH2), 1.54–1.22 (m, 4H, 2CH2CH3), 1.11–

0.78 (m, 6H, 2CH3);
13C NMR (100 MHz, CDCl3) d

(ppm): 163.23 and 161.45 (C¼¼O), 148.30 (C–3), 142.68

(C–5), 117.34 (C–4), 39.35 and 39.19 (NHCH2), 31.55

(CH2CH2CH2), 20.37 and 20.16 (CH2CH3), 13.89 and

13.32 (CH3), 138.79, 130.54, 129.88, 128.84, 128.40,

128.38, 127.95, 125.61; Anal. Calcd. for C25H30N4O2:

C, 71.74; H, 7.22; N, 13.39. Found: C, 71.59; H, 7.28;

N, 13.45.
1,5-Diphenyl-N3,N4-di-tert-butyl-1H-pyrazole-3,4-dicarbox-

amide (9f). (343 mg, 82%); mp 174–175�C; (was crys-

tallized from ether/hexane); IR (m, cm�1): 3393 and

3268 (NH), 3069 (CH, aromatic), 2968 and 2929 (CH,

aliphatic), 1665 (C¼¼O), 1643–1489 (C¼¼C and C¼¼N);
1H NMR (400 MHz, CDCl3) d (ppm): 9.44 and 7.39

(m, 2H, 2NH), 7.35–7.15 (m, 10H, ArH), 1.51 and 1.40

(s, 18H, 6CH3);
13C NMR (100 MHz, CDCl3) d (ppm):

162.66 and 161.30 (C¼¼O), 147.20 (C–3), 144.15 (C–5),

118.42 (C–4), 51.68 and 51.01 (NHC), 28.71 and 28.68

(C(CH3)3), 138.90, 130.40, 129.76, 128.92, 128.82,

128.28, 128.11, 125.74; Anal. Calcd. for C25H30N4O2:

C, 71.74; H, 7.22; N, 13.39. Found: C, 71.59; H, 7.25;

N, 13.38.
1,5-Diphenyl-N3,N3,N4,N4-tetraethyl-1H-pyrazole-3,4-dicar-

boxamide (9g). (322 mg, 77%); mp 134–135�C; (was

crystallized from chloroform/hexane); IR (m, cm�1):

3063 (CH, aromatic), 2978 and 2940 (CH, aliphatic),

1656 (C¼¼O), 1617–1496 (C¼¼C and C¼¼N); 1H NMR

(400 MHz, CDCl3) d (ppm): 7.49–7.15 (m, 10H, ArH),

3.57 and 3.13 (q, J ¼ 7.1 Hz, 8H, 4NCH2), 1.09 and

0.74 (t, J ¼ 7.1 Hz, 12H, 4CH3);
13C NMR (100 MHz,

CDCl3) d (ppm): 164.46 and 162.68 (C¼¼O), 145.63 (C–

3), 139.42 (C–5), 119.97 (C–4), 43.49, 43.37, 40.31,

38.87 (NCH2), 14.60, 13.36, 12.87, 12.44 (CH3),

139.35, 131.53, 129.27, 128.91, 128.69, 128.54, 127.70,

125.02; Anal. Calcd. for C25H30N4O2: C, 71.74; H,

7.22; N, 13.39. Found: C, 71.65; H, 7.25; N, 13.41.
1,5,N3,N4,-Tetraphenyl-1H-pyrazole-3,4-dicarboxamide

(9h). (357 mg, 78%); mp 209–210�C; (was crystallized

from chloroform/hexane); IR (m, cm�1): 3465 (NH),

3030 (CH, aromatic), 1655 (C¼¼O), 1599–1489 (C¼¼C

and C¼¼N); 1H NMR (400 MHz, CDCl3) d (ppm):

12.54 and 9.45 (s, 2H, 2NH), 7.85–7.10 (m, 20H, ArH);
13C NMR (100 MHz, CDCl3) d (ppm): 161.64 and

159.35 (C¼¼O), 149.55 (C–3), 142.18 (C–5), 118.14 (C–

4), 139.07, 138.58, 137.13, 130.62, 130.60, 129.50,
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129.22, 129.00, 128.80, 128.78, 128.16, 125.76, 125.13,

123.70, 120.67, 120.33; Anal. Calcd. for C29H22N4O2:

C, 75.97; H, 4.84; N, 12.22. Found: C, 75.86; H, 4.92;

N, 12.19.
1,5-Diphenyl-N3,N4-bis(3-(trifluoromethyl) phenyl)-1H-

pyrazole-3,4-dicarboxamide (9i). (434 mg, 73%); mp

202–203�C; (was crystallized from BuOH); IR (m,
cm�1): 3464 and 3376 (NH), 3070 and 3023 (CH, aro-

matic), 1659 (C¼¼O), 1626–1490 (C¼¼C and C¼¼N); 1H

NMR (400 MHz, CDCl3) d (ppm): 12.61 and 9.48 (s,

2H, 2NH), 8.10–7.23 (m, 18H, ArH); 13C NMR (100

MHz, CDCl3) d (ppm): 161.88 and 159.34 (C¼¼O),

150.10 (C–3), 141.56 (C–5), 123.69 and 123.37 (CF3),

116.92 (C–4), 139.41, 138.35, 137.48, 130.49, 129.86,

129.43, 129.23, 129.07, 129.05, 129.01, 128.23, 125.73,

121.77, 121.74, 120.32, 120.28, 117.76, 117.32, 117.28,

116.96; Anal. Calcd. for C31H20F6N4O2: C, 62.63; H,

3.39; N, 9.42. Found: C, 62.48; H, 3.45; N, 9.45.
1,5-Diphenyl-N3,N4-bis(4-ethoxyphenyl)-1H-pyrazole-3,4-

dicarboxamide (9j). (410 mg, 75%); mp 210–211�C;
(was crystallized from PhMe); IR (m, cm�1): 3459 and

3314 (NH), 3020 (CH, aromatic), 2857 (CH, aliphatic),

1665 (C¼¼O), 1620–1501 (C¼¼C and C¼¼N); 1H NMR

(400 MHz, CDCl3) d (ppm): 12.44 and 9.23 (s, 2H,

2NH), 7.74–6.83 (m, 18H, ArH), 4.27–3.86 (m, 4H,

2OCH2), 1.39–1.47 (m, 6H, 2CH3);
13C NMR (100

MHz, CDCl3) d (ppm): 161.40 and 159.03 (C¼¼O),

156.38 and 155.24 (C¼¼C-OEt), 149.33 (C–3), 142.24

(C–5), 114.55 (C–4), 63.74 and 63.64 (OCH2), 14.89

(CH3), 138.65, 132.23, 130.59, 129.95, 129.60, 129.11,

128.94, 128.68, 128.09, 125.73, 122.45, 121.77, 118.15,

114.91; Anal. Calcd. for C33H30N4O4: C, 72.51; H,

5.53; N, 10.25. Found: C, 72.45; H, 5.58; N, 10.24.
1,5-Diphenyl-N3,N4-di-o-tolyl-1H-pyrazole-3,4-dicarboxa-

mide (9k). (365 mg, 75%); mp 195–196�C; (was crystal-
lized from PhMe); IR (m, cm�1): 3489 and 3381 (NH),

3029 (CH, aromatic), 2922 and 2865 (CH, aliphatic),

1658 (C¼¼O), 1615–1485 (C¼¼C and C¼¼N); 1H NMR

(400 MHz, CDCl3) d (ppm): 11.84 and 9.28 (s, 2H,

2NH), 8.03–7.04 (m, 18H, ArH), 2.42 (s, 6H, 2CH3);
13C NMR (100 MHz, CDCl3) d (ppm): 161.34 and

159.75 (C¼¼O), 149.63 (C–3), 142.60 (C–5), 118.05 (C–

4), 18.62 and 17.92 (CH3), 138.78, 136.52, 135.12,

130.89, 130.71, 130.59, 130.39, 129.60, 129.15, 129.10,

129.02, 128.67, 128.17, 126.93, 126.18, 125.69, 125.64,

124.85, 124.50, 122.93; Anal. Calcd. for C31H26N4O2:

C, 76.52; H, 5.39; N, 11.51. Found: C, 76.61; H, 5.32;

N, 11.53.
1,5-Diphenyl-N3,N4-bis(4-nitrophenyl)-1H-pyrazole-3,4-

dicarboxamide (9l). (257 mg, 47%); mp 295–297�C;
(was crystallized from EtOH/H2O); IR (m, cm�1): 3468

and 3342 (NH), 3055 and 3006 (CH, aromatic), 1671

(C¼¼O), 1627–1496 (C¼¼C and C¼¼N); 1H NMR (400

MHz, DMSO-d6) d (ppm): 12.31 and 10.71 (s, 2H,

2NH), 8.18–6.52 (m, 18H, ArH); 13C NMR (100 MHz,

DMSO-d6) d (ppm): 162.80 and 160.14 (C¼¼O), 148.52

(C–3), 144.80 and 144.10 (C¼¼C-NO2), 143.25 (C–5),

119.47 (C–4), 142.50, 138.60, 130.11, 129.73, 129.04,

128.12, 126.85, 126.51, 126.45, 125.48, 125.40, 125.16,

122.51, 120.82; Anal. Calcd. for C29H20N6O6: C, 63.50;

H, 3.68; N, 15.32. Found: C, 63.39; H, 3.72; N, 15.33.
1,5-Diphenyl-N3,N4-bis(4-fluorophenyl)-1H-pyrazole-3,4-

dicarboxamide (9m). (400 mg, 81%); mp 227–228�C;
(was crystallized from BuOH); IR (m, cm�1): 3356

(NH), 3039 and 3000 (CH, aromatic), 1679 (C¼¼O),

1620–1499 (C¼¼C and C¼¼N); 1H NMR (400 MHz,

CDCl3) d (ppm): 12.50 and 9.33 (s, 2H, 2NH), 7.75–

6.98 (m, 18H, ArH); 13C NMR (100 MHz, CDCl3) d
(ppm): 161.62 and 159.15 (C¼¼O), 161.12 and 158.68

(C¼¼C-F), 149.72 (C–3), 141.86 (C–5), 115.19 (C–4),

138.49, 130.53, 129.28, 129.01, 128.86, 128.15, 125.72,

122.57, 122.49, 121.88, 121.81, 116.05, 115.82, 115.41;

Anal. Calcd. for C29H20F2N4O2: C, 70.44; H, 4.08; N,

11.33. Found: C, 70.32; H, 4.12; N, 11.35.

1,5-Diphenyl-1H-pyrazole-3,4-dicarbonitrile

(10). Compound 9a of 0.306 g (1 mmol) was dissolved

in 5 mL DMF, and 0.292 mL (4 mmol) SOCl2 was

added. After stirring for 2 h in ice bath and 12 h in

room temperature, some ice water was added to the

mixture. Precipitated solid product was filtered and puri-

fied from ethanol–water mixture by crystallization.

(259 mg, 96%); mp 148–149�C; IR (m, cm�1): 3020

(CH, aromatic), 2231 (CN), 1595–1466 (C¼¼C and

C¼¼N); 1H NMR (400 MHz, CDCl3) d (ppm): 7.52–7.24

(m, 10H, ArH); 13C NMR (100 MHz, CDCl3) d (ppm):

110.80 and 110.77 (CN), 149.05 (C–5), 98.20 (C–4),

137.61, 131.23, 130.03, 129.63, 129.41, 129.16, 128.39,

125.27, 124.92; Anal. Calcd. for C17H10N4: C, 75.54; H,

3.73; N, 20.73. Found: C, 75.65; H, 3.69; N, 20.78.

2,3-Diphenyl-2H-pyrazolo[3,4-d]pyridazine-4,7-dia-

mine (11). Compound 10 of 1 mmol was dissolved in

10 mL absolute ethanol. 0.5 mL anhydrous hydrazine

was added and refluxed for 5 h. The solvent was evapo-

rated and residue compound was washed with ether and

water. The crude product was purified from ethanol–

water by crystallization.

(208 mg, 69%); mp 292–294�C; IR (m, cm�1): 3453

and 3350 (NH), 3057 and 3024 (CH, aromatic), 1626–

1492 (C¼¼C and C¼¼N); 1H NMR (400 MHz, CDCl3) d
(ppm): 7.46–7.18 (m, 10H, ArH), 4.81 (br. s, 4H, NH2);
13C NMR (100 MHz, CDCl3) d (ppm): 149.70 and

148.15 (N¼¼C-NH2), 142.73 (C–3), 138.55, 130.22,

129.30, 129.22, 128.97, 128.78, 128.22, 126.57, 125.27,

114.22; Anal. Calcd. for C17H14N6: C, 67.54; H, 4.67;

N, 27.80. Found: C, 67.43; H, 4.75; N, 27.91.

Ethyl-1,5-diphenyl-1H-pyrazole-4-carboxylate

(12). Compound 2 of 0.336 g (1 mmol) was heated at

200�C until gas exiting finished. Solid at the bottom
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was washed with ether and water, respectively. The

crude product was purified from ethanol–water mixture

by crystallization. (131 mg, 45%); mp 125–126�C; IR

(m, cm�1): 3064, (CH, aromatic), 2978 (CH, aliphatic),

1741 (C¼¼O, ester), 1620–1482 (C¼¼C and C¼¼N); 1H

NMR (400 MHz, DMSO-d6) d (ppm): 8.19 (s, 1H,

CH¼¼N), 7.39–7.21 (m, 10H, ArH), 4.12 (q, J ¼ 7.1 Hz,

2H, CH2), 1.12 (t, J ¼ 7.1 Hz, 3H, CH3);
13C NMR

(100 MHz, DMSO-d6) d (ppm): 162.50 (C¼¼O, ester),

144.61 (C–3), 144.01 (C–5), 120.16 (C–4), 139.15,

130.71, 130.55, 130.12, 129.78, 128.80, 126.45, 123.65;

MS(CI) m/z 293.1 (Mþ1); Anal. Calcd. for

C18H16N2O2: C, 73.95; H, 5.52; N, 9.58. Found: C,

73.82; H, 5.55; N, 9.57.

1,5-Diphenyl-1H-pyrazole-4-carboxylic acid

(13). Compound 13 can be synthesized in two different

methods.
Method. Compound 3 of 0.308 g (1 mmol) was heated

at 250�C until carbon dioxide gas exiting finished. The

residue solid was washed with water and purified from

xylene by crystallization.
Method. Compound 12 of 0.292 g (1 mmol), 10 mL

water, and 0.1 g (2.5 mmol) NaOH mixture was refluxed

for about 1.5 h. Equal volume of water was added to

mixture and cooled down to room temperature. The

mixture was neutralized with 10% HCl solution and

stirred approximately for half an hour to complete pre-

cipitation. Precipitated white product was filtered,

washed with water, and purified from ethanol–water

mixture by crystallization. (55–72%); mp 178–179 �C;
IR (m, cm�1): 3420–2584 (OH, COOH), 3055 (CH, aro-

matic), 1689 (C¼¼O), 1597–1498 (C¼¼C and C¼¼N); 1H

NMR (400 MHz, DMSO-d6) d (ppm): 8.12 (s, 1H,

CH¼¼N), 7.28–7.03 (m, 10H, ArH), 13C NMR (100

MHz, DMSO-d6) d: 164.27 (C¼¼O), 145.15 (C–3),

142.68 (C–5), 114.42 (C–4), 139.37, 130.74, 129.09,

129.04, 128.97, 128.90, 128.03, 125.52; MS(CI) m/z

265.1 (Mþ1); Anal. Calcd. for C16H12N2O2: C, 72.72;

H, 4.58; N, 10.60. Found: C, 72.79; H, 4.51; N, 10.56.

2,3-Diphenyl-5,6-dihydro-2H-pyrazolo[3,4-d] pyrid-

azine-4,7-dione (14). Compound 2 or 5a of 1 mmol was

dissolved in 10 mL dry toluene, and anhydrous hydrazine

was added at 1/1 mole rate. The mixture was refluxed for

about 5 h. Precipitate yellow product was filtered and

purified from ethanol–water mixture by crystallization.

(60% and 73%); mp 316–318�C; IR (m, cm�1): 3158–

2629 (NH), 3022 (CH, aromatic), 1642 (C¼¼O), 1582–

1490 (C¼¼C and C¼¼N); 1H NMR (400 MHz, DMSO-d6)

d (ppm): 10.40 (br. s, 1H, NH), 5.30 (br. s, 1H, NH),

7.70–7.01 (m, 10H, ArH); 13C NMR (100 MHz, DMSO-

d6) d (ppm): 161.79, 161.58, 156.58 and 152.33 (C¼¼O$
¼¼C–OH), 145.34, 143.32, 143.04, 142.53, 139.48,

139.03, 131.22, 130.71, 129.60, 129.41, 129.37, 129.31,

128.92, 128.41, 128.34, 127.88, 126.70, 126.12, 120.70,

116.51; 114.02; Anal. Calcd. for C17H12N4O2: C, 67.10;

H, 3.97; N, 18.41. Found: C, 66.93; H, 3.94; N, 18.48.
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Inhib Med Chem 2008, 23, 895.

[22] Witherington, J.; Bordas, V.; Haigh, D.; Hickey, D. M. B.;

Ife, R. J.; Rawlings, A. D.; Slingsby, B. P.; Smith, D. G.; Ward, R. W.

Bioorg Med Chem Lett 2003, 13, 1581.

[23] Witherington, J.; Bordas, V.; Gaiba, A.; Naylor, A.; Raw-

lings, A. D.; Slingsby, B. P.; Smith, D. G.; Takle, A. K.; Ward, R. W.

Bioorg Med Chem Lett 2003 13, 3059.

[24] Bildirici, I.; S� ener, A.; Atalan, E.; Battal, A.; Genç, H. Med
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[29] S� ener, A.; Kasımoğulları, R.; S� ener, M. K.; Genç, H. Chem

Heterocycl Comp 2004, 40, 1039.

[30] S� ener, A.; Bildirici, _I. Turk J Chem 2004, 28, 149.

[31] S� ener, A.; Tozlu, _I.; Genç, H.; Bildirici, _I.; Arısoy, K.
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A series of N-substituted 2,4-dinitroimidazoles, 4,5-dinitroimidazoles, and 2-methyl-4,5-dinitroimida-
zoles have been selectively reduced to the corresponding aminonitroimidazole derivatives, using iron
dust in glacial acetic acid at room temperature. 2,4-Dinitroimidazoles have been reduced to the 2-
amino-4-nitro-derivatives only but 4,5-dinitroimidazoles have given 4-amino-5-nitro- or 5-amino-4-nitro-
derivatives depended on the structure of the N-substituent.

J. Heterocyclic Chem., 47, 1049 (2010).

INTRODUCTION

Imidazoles and their derivatives are very important

group of compounds for their pharmacological properties

[1,2]. Particularly, the nitroimidazole class of medicines

mainly shows activity against bacteria [3,4]. Also, these

drugs have become the important agents for treatment of

serious infections caused by protozoa. Some of them have

been tested against HIV [5]. 2-Nitroimidazoles played a

major role as bioreductive markers for tumour hypoxia [6]

and as radiosensitizers [7,8]. Our earlier investigations

have been devoted to synthesis and antifungal as well as

antibacterial properties of N-phenacyl-4,5-dinitroimidazole

and 4-substituted amino-5-nitroimidazole derivatives,

which have been prepared by nucleophilic displacement

of the nitro group in 4,5-dinitroimidazole derivatives by

primary or secondary amines [9,10].

Reduction of the nitro compounds has been one of the

most important reactions in organic chemistry used as a

routine method for the preparation of various nitrogen

derivatives such as amines, nitrosocompounds, or hydrox-

ylamines. The reported reduction methods of aromatic

nitro compounds to prepare amino derivatives are very

numerous. The reduction of the nitroazoles is readily

achieved by using of one of many possible reagents like

for instance iron in an acidic medium [11,12], hydrogen

in the presence of palladium [13,14], Raney nickel [15]

sodium borohydride [16]. Only limited number of all

reduction methods have described the selective reduction

of one nitro group in dinitro-compounds with remain

unchanged of other functional groups. For example, reduc-

tion of 2,4-dinitrophenol using sodium sulfide has led to

2-amino-4-nitrophenol [17], but 4-amino-2-nitro-carboxa-

mide mustard have been obtained by selective 4-nitro

group reduction of 2,4-dinitrobenzamide derivative with

SnCl2 in concentrated HCl [18]. Lin and Sun [17] have

found that using either Zn in HCOONH4 or tin (II) chlo-

ride dihydrate can deliver traceless synthesis of 2-quinoxa-

linone analogues, an o-nitroaniline intermediate without

further reduction of another nitro group under microwave

irradiation or by conventional heating.

Products of reductions of nitroimidazole derivatives

exhibit potential biological significance and are inter-

mediates in syntheses of a variety of biologically active

imidazoles. The compounds containing amino group in

azoles ring can show good antimicrobial activity. In par-

ticular, the introduction of a bromine or two chlorine

atoms or one phenyl group to the phenyl ring, except

for the amino group in 2-amino-4(5)-arylimidazoles

VC 2010 HeteroCorporation
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leads to compounds provided some antimicrobial activ-

ity [19]. Moreover, compound with the amino and the

nitro groups have played important role as potent inhibi-

tor of Coxackie virus B3 replication [20]. Synthetic 2-

aminoimidazole derivatives including 2-aminohistamine

have shown to have H1 and H2 receptor agonist and an-

tagonist activity. Other 2-aminoimidazole derivatives are

selective 5-HT3 receptor antagonists, which may be

potentially useful in the treatment of chemotherapy

induced emesis [21]. Imidazole alkaloids containing the

amino group at C-2 position in the heterocyclic ring

also show interesting biological property such as anthel-

minthic activity (dorimidazole A, preclathridine A) [1].

RESULTS AND DISCUSSION

The reduction of N-substituted 2,4-dinitroimidazole,

4,5-dinitroimidazole, and 2-methyl-4,5-dinitroimidazole

to the corresponding aminonitroderivatives by use of

iron dust in glacial acetic acid at room temperature

exhibits high selectivity. It is very surprising that iron

dust in an acidic medium is capable of reducing one

nitro group without further reduction of second nitro

group. It is known that iron in the presence of acid is

not selective agent [11]. In our experiments, treatment

of dinitroimidazole derivatives with iron dust afforded,

after purification, the crystalline aminonitro-compounds.

Stability of these compounds depended on the position

of the amino group, decreased in a series of 2-amino, 5-

amino and 4-amino compounds.

The starting 4,5-dinitroimidazole (1), 2-methyl-4,5-

dinitroimidazole (2), and 2,4-dinitroimidazole (3) were

prepared according to the methods described in the liter-

ature [22,23]. The N-substituted derivatives of 4,5-dini-

troimidazoles (4–17) were obtained in the reaction of 1

or 2 with (CH3)2SO4, epoxypropane, epichlorohydrin, or

phenacyl bromides in accordance with the method

described in the literature [9,23,24]. The N-(2-hydroxy-
propyl) and N-(3-chloro-2-hydroxypropyl) compounds

(6–8) were oxidized by Jones reagent to the desired car-

bonyl derivatives (10–12) [24]. Additionally, 2-methyl-

4,5-dinitroimidazole was alkylated with epibromohydrin

according to the method described for prepared epichlor-

ohydrin derivatives [9]. The treatment of 2 with an

excess of epibromohydrin (1:2) under reflux without sol-

vent for about 3 h led to new 1-(3-bromo-2-hydroxy-

propyl)-2-methyl-4,5-dinitroimidazole (9). This new de-

rivative was oxidized by Jones reagent to the 1-(3-

bromo-2-oxopropyl)-2-methyl-4,5-dinitroimidazole (13)

in accordance with the method described earlier [24].

Synthesis of N-substituted 4,5-dinitroimidazole deriva-

tives 4–17 is shown in the Scheme 1.

Also, the 2,4-dinitroimidazole (3) was put on the

reactions with (CH3)2SO4 and phenacyl bromides

according to the methods described in the literature

[9,23,25]. The reactions of 3 with appropriate reagents

resulted in the formation of N-substituted derivatives of

2,4-dinitroimidazole (18–20), as shown in the Scheme 2.

The N-methyl (18) and N-phenacyl derivatives of 2,4-

dinitroimidazole (19,20) in the reduction gave only re-

spective 2-amino-4-nitroimidazole with yield 54–82%

(Scheme 3). When the reaction was complete, the excess

of iron and its oxidation products were filtered off and the

reaction mixture was diluted with water. The 2-amino-1-

methyl-4-nitroimidazole (21) was isolated by extraction.

After removal of the solvent, the crude product was crys-

tallized. The precipitated crude reduction products (22,

23) were filtered off. A large, lipophilic phenacyl group

facilitated obtaining the aminonitroderivatives. Reduction

Scheme 1
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of N-substituted 2,4-dinitroimidazole derivatives 18–20 is

shown in the Scheme 3.

The structures of 21–23 were confirmed by full spectral

data. The infrared spectra showed absorptions at about

3400 and 3265 cm�1 and also 1560 and 1300 cm�1 indic-

ative for the NAH and NO2 resonances, respectively. The

mass spectra exhibit strong molecular ions at 142, 246,

and 280, respectively. In addition to the molecular ions, in

spectra of compounds 22 and 23 strong signal (rel. int.

100%) corresponding to ion from phenacyl (m/z 105) or

p-chlorophenacyl group (m/z 139) was observed. In the
1H NMR spectra, the signals of the amino groups are as

singlets at about 6.30 ppm, CH2 protons of the phenacyl

groups resonated as singlet at 5.56 and 5.54 ppm. The ar-

omatic protons at C-5 position of the imidazole ring were

observed at about 7.84 ppm.

Reduction of 4,5-dinitroimidazole alkyl derivatives

led to N-alkylaminonitroimidazoles, as well. The iron

dust in glacial acetic acid reduced with facility one nitro

group but the second remained unreactive. In the same

conditions, mixture of two isomers: 4-amino-5-nitro-

and 5-amino-4-nitro- with predomination of the latter

mentioned were formed (Scheme 4). The 4,5-diaminoi-

midazoles were not observed in the reaction mixtures.

Formation of the aminonitroimidazoles depended on the

position of the new formed amino group and yielding of

4-amino-compounds was the poorest. The low efficiency

in reduction reactions of 4,5-dinitroimidazole alkyl

derivatives probably is connected with structures and

stability of compounds obtained. Moreover, the isolation

of pure, definite, aminonitroderivatives was very incon-

venient. Some of them were obtained after complex

extraction, then purification by column chromatography

and additional crystallization.

Reduction of N-substituted 4,5-dinitroimidazole deriv-

atives 4,5,7–17 is shown in the Scheme 4.

Reaction of the compounds containing N-methyl

group (4, 5) with iron dust afforded 4-amino-5-nitroim-

idazoles (24, 25) only that were separated after

extraction with chloroform. In the reduction of the

N-halohydroxypropyl derivatives (7–9) were formed

5-amino-4-nitro-compounds (26–28). These substances

were obtained as solid products. Other 4,5-dinitroimida-

zoles (10–17) containing the carbonyl group in the chain

Scheme 2

Scheme 3

Scheme 4
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at N-1 position of the imidazole ring provided mainly

4-amino-5-nitro- derivatives, after extraction (29–34, 36,

37). Only in the reduction of 2-methyl-4,5-dinitro-1-phe-

nacylimidazole (15) and (17), the mixtures of two prod-

ucts were obtained. After reduction of 15, isomers: 4-

amino-2-methyl-5-nitro-1-phenacylimidazole (34) and 5-

amino-2-methyl-4-nitro-1-phenacylimidazole (35) were

obtained. Compound 35 was separated by the filtration

and purified by crystallization. Dominating product, 34,

was obtained after extraction and was purified by col-

umn chromatography. Similarly, the 4-amino-1-(p-chlor-
ophenacyl)-2-methyl-5-nitroimidazole (37) and 5-amino-

1-(p-chlorophenacyl)-2-methyl-4-nitroimidazole (38)

were obtained as products of the reduction of 1-(p-chlor-
ophenacyl)-2-methyl-4,5-dinitroimidazole (17). These

derivatives were separated by column chromatography.

In all cases, 4,5-diamino derivatives were not observed.

The infrared spectra of 24–38 showed absorptions at

about 3400 and 3260 cm�1 and also 1560 and 1300

cm�1 indicative for the NAH and NO2 resonances,

respectively. The mass spectra confirmed that only one

nitro group in the dinitroimidazoles was reduced. The
1H NMR spectra of new products provided evidence for

the presence of the amino group. The NH2 protons were

observed as a singlet at about 7.40 ppm (24, 25) or

within the range of 7.57–7.71 ppm (26–38). In the 13C

NMR spectra of 26–28, signal for the carbon jointed

with hydroxyl group was near 67 ppm. Moreover, the

signal corresponded to the C¼¼O group of 29–38 reson-

ated in the range of 190.88–201.22 ppm. The position of

the amino group in 26–38 was connected with the place

of a signal of a methylene group at N-1 position of the

heterocylic ring. In the 13C NMR of 26–28, the signal in

the range 46.29–47.09 ppm was assigned to the CH2

group. It is also observed that in the 13C NMR of 29–

32, the resonances due to CH2 occurred in the range

52.21–54.40 ppm. It is very interesting that the signals

of the methylene groups of the pairs 34, 35 and 37, 38

occurred at different values: 52.01 and 50.27 ppm or

51.96 and 49.65 ppm, respectively. In the spectra of 5-

amino-4-nitro-products, the signals of the carbons in the

imidazole ring appeared in lower values, too. Addition-

ally, the X-ray structures determination of the pair of

isomers (34,35) facilitated the interpretation of NMR

data and to determine the position of the amino group.

The geometry of the molecules confirmed that the com-

pound 35 is 5-amino-4-nitro- derivative but the second

is 4-amino-5-nitro-isomer (34). The results obtained

were in agreement with our interpretation of NMR spec-

tra. The signals of the methylene group and carbon

atoms of the imidazole ring of the all 5-amino-4-nitro

compounds were shifted toward the lower field.

In conclusion, we have demonstrated very selective

nitro group reduction method in the dinitroimidazole

derivatives using iron dust in the acetic acid solution at

room temperature. This method provided the products

with the amino and the nitro group simultaneously. The

presence of an electron-donating amino group at a posi-

tion neighbouring to the nitro group can have influence

on the many biological properties, which depended on

the kind of substituents at positions N-1 and C-2 in the

heterocyclic ring, as well.

To recapitulate, the N-derivatives of 2,4-dinitroimida-

zoles were reduced only to the 2-amino-4-nitro com-

pounds. It was found that the reduction process among

the N-derivatives of 4,5-dinitroimidazoles is more compli-

cated, but it concerns mainly the 4-NO2 group. Nitro

group at C-5 position of imidazole ring is susceptible to

reduction when there is a hydroxy group in the N-1 alkyl

chain connected with tetrahedral carbon atom. Probably,

some specific trigonal arrangements have the influence on

the direction of nitro group reduction process.

EXPERIMENTAL

Melting points were determined on a Boetius apparatus and
were uncorrected. The 1H and 13C NMR spectra were recorded

on Varian Gemini 300 VT spectrometer (300 and 75 MHz
respectively). Chemical shifts (d) are expressed in ppm, rela-
tive to tetramethylsilane (TMS) as an internal standard, using
DMSO–d6 as solvents. Coupling constants (J values) are
expressed in Hertz (Hz). Splitting patterns are designated as

follows: s, singlet; d, doublet; t, triplet; m, multiplet. MS spec-
tra were recorded on a 402 AMD INTECTRA apparatus by
the electron impact technique, operating at 75 eV. The infrared
(IR) spectra were recorded in KBr tablets using a Specord 75–
IR spectrophotometer and were expressed in cm�1 scale. Ele-

mental analysis was performed on a Vario EL III model of
elemental analyzer and data of C, H, and N were within
60.4% of calculated values. The progress of reactions and pu-
rity of products were controlled with thin-layer chromatogra-

phy method (TLC) on silica gel plates (60 F254 from Merck)
in a CHCl3/MeOH (9:1, v/v) as a developing system. The
spots on the plates were observed in the UV light (k ¼
254nm). Solid products of amino-nitro-derivatives were puri-
fied in the crystallization process using acetonitrile. Crude,

oily products were purified by column chromatography on
silica gel using the mixture of chloroform and methanol (50:0
! 50:5) as eluent. Among substances, which were used as
substrates, the epichlorohydrin, epoxypropane, epibromohydrin,
phenacyl bromides, and iron dust were commercial products.

Compounds 4–8, 10–12, and 14–18 were obtained according
to the literature method [9,23–25].

1-(3-Bromo-2-hydroxypropyl)-2-methyl-4,5-dinitroimidazole

(9). The 2-methyl-4,5-dinitroimidazole (3.44 g, 20 mmol) was
added to epibromohydrin (3.42 mL, 40 mmol). The mixture

was heated under reflux for about 3 h. Then, cooled and
poured into the water. The precipitate was filtered off, washed
with water, air-dried and crystallized from 40% EtOH as yel-
low needles; 5.40 g (87.5%); mp 103–105�C; Rf ¼ 0.64; IR:

3380, 1520, 1340; 1H NMR (300 MHz, DMSO–d6): d ¼ 5.92
(m, 1H, OH), 4.49 (m, 1H, CH), 4.21 and 4.00 (2 m, 2H,
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CH2Br), 3.59 (m, 2H, N-CH2), 2.49 (s, 3H, CH3);
13C NMR

(75 MHz, DMSO–d6): d ¼ 145.42, 139.29, 130.68, 67.97,
50.09, 35.81, 13.72; ms: m/z 308 (2) and 310 (2) (Mþ), 182
(100.0); Anal. calc. for C7H9N4O5Br: C, 27.29; H, 2.94; N,
18.19; found: C, 27.25; H, 2.98; N, 18.22.

1-(3-Bromo-2-oxopropyl)-2-methyl-4,5-dinitroimidazole

(13). To a solution of 9 (3.10 g, 10 mmol) in acetone
(50 mL), at room temperature was dropped Jones reagent (10
mL). After 24 h, i-PrOH (10 mL) was added. The dark green
precipitate was filtered and washed with a small volume of ac-

etone. The combined filtrates were poured into the water (200
mL) and the solution was held 2–3 days to afford the crystal-
line solid. The precipitate was filtered off, washed with water,
air-dried, and crystallized from MeOH as yellow needless;
2.32 g (76.0%); mp 117–119�C; Rf ¼ 0.64; IR: 1720, 1510,

1380; 1H NMR (300 MHz, DMSO–d6): d ¼ 5.54 (s, 2H,
CH2), 4.59 (s, 2H, CH2Br), 2.43 (s, 3H, CH3);

13C NMR (75
MHz, DMSO–d6): d ¼ 193.95, 146.10, 140.06, 129.42, 53.28,
33.62, 13.31; ms: m/z 308 (15) and 306 (16) (Mþ), 156 (100);

Anal. calc. for C7H7N4O5Br: C, 27.47; H, 2.92; N, 18.31;
found: C, 27.52; H, 2.97; N, 18.28.

General procedure for synthesis of N-phenacyl-2,4-dini-
troimidazole derivatives (19–20). The solution of Na (1.38 g,
60 mmol) in absolute EtOH (40 mL) was added dropwise

under stirring to a solution of 2,4-dinitroimidazole (3) (7.90 g,
50 mmol) in absolute ethanol (50 mL). Subsequently, a solu-
tion of phenacyl bromide or p-chlorophenacyl bromide
(50 mmol) in absolute ethanol (100 mL) was dropped and
heated under reflux for 4 h. The mixture was cooled and the pre-

cipitate was filtered off, air-dried, and crystallized from EtOH.
2,4-Dinitro-1-phenacylimidazole (19). This compound was

obtained as cream needles (EtOH), 12.50 g (90.6%); mp 123–
125�C; Rf ¼ 0.64; IR: 1680, 1526, 1320; 1H NMR (300 MHz,
DMSO–d6): d ¼ 8.72 (s, 1H, 5-Im), 8.09 (m, 2H, 2,6-Ph),

7.76 (m, 1H, 4-Ph), 7.66 (m, 2H, 3,5-Ph), 6.27 (s, 2H, CH2);
13C NMR (75 MHz, DMSO–d6): d ¼ 190.84, 142.30, 141.69,
134.87, 133.34, 129.27, 128.27, 126.86, 57.24; ms: m/z 276
(28) (Mþ), 105 (100); Anal. calc. for C11H8N4O5: C, 47.86; H,

2.92; N, 20.29; found: C, 47.90; H, 2.94; N, 20.32.
1-(p-Chlorophenacyl)-2,4-dinitroimidazole (20). This com-

pound was obtained as cream needles (EtOH), 11.20 g (72.2%);
mp 154–156�C; Rf ¼ 0.62; IR: 1680, 1526, 1320; 1H NMR
(300 MHz, DMSO–d6): d ¼ 8.71 (s, 1H, 5-Im), 8.12 (m, 2H,

2,6-Ph), 7.74 (m, 2H, 3,5-Ph), 6.26 (s, 2H, CH2);
13C NMR (75

MHz, DMSO–d6): d ¼ 190.02, 142.29, 141.65, 139.80, 132.05,
130.18, 129.42, 126.85, 57.16; ms: m/z 312 (11), 310 (32)
(Mþ), 139 (100); Anal. calc. for C11H7N4O5Cl: C, 42.61; H,
2.27; N, 18.07; found: C, 42.58; H, 2.24; N, 18.10.

General procedure for synthesis of Aminonitroimidazoles

(21–38). Appropriate N-substituted 2,4-dinitro-, 4,5-dinitro-, or
2-methyl-4,5-dinitroimidazole derivatives (2 mmol) were dis-
solved in glacial AcOH (25 mL), and the excess of iron dust
(0.37 g, 6.60 mmol) was added. The resulting mixtures were

then left for about 3 days at room temperature shaking them
from time to time. Upon completion reaction, the excess of
iron and its oxidation products were filtered off, and the reac-
tion mixtures were diluted with water (75 mL). The precipi-

tated crude products were filtered off. If products not solidi-
fied, then the filtrate was extracted with CHCl3 (4 � 5 mL)
and the combined organic phases were dried (MgSO4), filtered
off. After removal of the solvents, the crude product was puri-

fied by column chromatography on silica gel. All new products
were crystallized from MeCN.

2-Amino-1-methyl-4-nitroimidazole (21). This compound
was obtained as yellow needles (MeCN), 0.15 g (53.6%); mp
216–218�C; Rf ¼ 0.18; IR: 3425, 3265, 1627, 1554, 1300; 1H

NMR (300 MHz, DMSO–d6): d ¼ 7.88 (s, H, 5-Im), 6.23 (s,
2H, NH2), 3.44 (s, 3H, CH3);

13C NMR (75 MHz, DMSO–d6):
d ¼ 149.38, 143.29, 119.93, 32.30; ms: m/z 142 (68) (Mþ), 42
(100); Anal. calc. for C4H6N4O2: C, 33.82; H, 4.25; N, 39.44;
found: C, 33.86; H, 4.20; N, 39.42.

2-Amino-4-nitro-1-phenacylimidazole (22). This compound
was obtained as yellow needles (MeCN), 0.40 g (81.3%); mp
243–245�C; Rf ¼ 0.41; IR: 3400, 3270, 1680, 1627, 1560,
1295; 1H NMR (300 MHz, DMSO–d6): d ¼ 8.03 (m, 2H, 2,6-
Ph), 7.84 (s, H, 5-Im), 7.73 (m, H, 4-Ph), 7.60 (m, 2H, 3,5-

Ph), 6.31 (s, 2H, NH2), 5.56 (s, 2H, CH2);
13C NMR (75

MHz, DMSO–d6): d ¼ 192.16, 149.51, 143.63, 134.34,
134.06, 128.92, 128.11, 119.67, 51.83; ms: m/z 246 (14) (Mþ),
105 (100); Anal. calc. for C11H10N4O3: C, 53.68; H, 4.09; N,

22.76; found: C, 53.73; H, 4.11; N, 22.81.
2-Amino-1-(p-chlorophenacyl)-4-nitroimidazole (23). This

compound was obtained as yellow needles (MeCN), 0.42 g
(75.0%); mp 260–262�C; Rf ¼ 0.43; IR: 3375, 3265,1675,
1634, 1565, 1285; 1H NMR (300 MHz, DMSO–d6): d ¼ 8.05

(m, 2H, 2,6-Ph), 7.82 (s, H, 5-Im), 7.70 (m, 2H, 3,5-Ph), 6.33
(s, 2H, NH2), 5.54 (s, 2H, CH2);

13C NMR (75 MHz, DMSO–
d6): d ¼ 191.33, 149.48, 143.64, 138.87, 133.03, 130.00,
129.05, 119.54, 51.83; ms: m/z 282 (6) and 280 (18) (Mþ),
139 (100); Anal. calc. for C11H9N4O3Cl: C, 47.17; H, 3.23; N,

20.00; found: C, 47.15; H, 3.26; N, 20.05.
4-Amino-1-methyl-5-nitroimidazole (24). This compound

was obtained as yellow needles (MeCN), 0.03 g (10.7%); mp
157–160�C; Rf ¼ 0.18; IR: 3405, 3265, 1620, 1540, 1350; 1H
NMR (300 MHz, DMSO–d6): d ¼ 7.72 (s, 1H, 2-Im), 7.40 (s,

2H, NH2), 3.76 (s, 3H, CH3);
13C NMR (75 MHz, DMSO–d6):

d ¼ 153.23, 143.56, 121.09, 34.83; ms: m/z 142 (51) (Mþ), 42
(100); Anal. calc. for C4H6N4O2: C, 33.82; H, 4.25; N, 39.44;
found: C, 33.86; H, 4.26; N, 39.45.

4-Amino-1,2-dimetylo-5-nitroimidazole (25). This com-
pound was obtained as yellow needles (MeCN), 0.09 g
(29.0%); mp 265–268�C; Rf ¼ 0.43; IR: 3405, 3265, 1625,
1555, 1380; 1H NMR (300 MHz, DMSO–d6): d ¼ 7.47 (s, 2H,
NH2), 3.70 (s, 3H, N-CH3), 2.27 (s, 3H, CH3);

13C NMR (75

MHz, DMSO–d6): d ¼ 153.20, 152.66, 120.32, 32.88, 13.84;
ms: m/z 156 (100) (Mþ); Anal. calc. for C5H8N4O2: C, 38.47;
H, 5.16; N, 35.89; found: C, 38.51; H, 5.21; N, 35.93.

5-Amino-1-(3-chloro-2-hydroxypropyl)-4-nitroimidazole
(26). This compound was obtained as dark yellow pales

(MeCN), 0.14 g (31.9%); mp 160–162�C; Rf ¼ 0.05; IR: 3360,
3325, 3225, 1625, 1560, 1340; 1H NMR (300 MHz, DMSO–
d6): d ¼ 7.57 (s, 2H, NH2), 7.20 (s, 1H, 2-Im), 5.71 (s, 1H,
OH), 3.90 (m, 2H, N-CH2), 3.68 (m, 2H, CH2Cl), 3.58 (m,
1H, CH); 13C NMR (75 MHz, DMSO–d6): d ¼ 143.39,

132.56, 128.06, 67.80, 47.34, 47.19; ms: m/z 222 (19) and 220
(44) (Mþ), 70 (100); Anal. calc. for C6H9N4O3Cl: C, 32.75; H,
4.12; N, 25.46; found: C, 32.80; H, 4.15; N, 25.47.

5-Amino-1-(3-chloro-2-hydroxypropyl)-2-methyl-4-nitroimid-
azole (27). This compound was obtained as light yellow pales
(MeCN), 0.16 g (34.1%); mp 206–208�C; Rf ¼ 0.25; IR: 3360,
3325, 3300, 1625, 1560, 1400; 1H NMR (300 MHz, DMSO–
d6): d ¼ 7.61 (s, 2H, NH2), 5.72 (s, 1H, OH), 3.91 (m, 2H, N-
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CH2), 3.78 (m, 2H, CH2Cl), 3.64 (m, 1H, CH), 2.23 (s, 3H,
CH3);

13C NMR (75 MHz, DMSO–d6): d ¼ 144.61, 140.30,
126.80, 67.78. 47.56, 46.29, 13.44; ms: m/z 236 (16) and 234
(45) (Mþ), 55 (100); Anal. calc. for C7H11N4O3Cl: C, 35.91;
H, 4.73; N, 23.93; found: C, 35.92; H, 4.75; N, 23.96.

5-Amino-1-(3-bromo-2-hydroxypropyl)-2-methyl-4-nitroimid-
azole (28). This compound was obtained as yellow needles
(MeCN), 0.14 g (25.4%); mp 195–197�C; Rf ¼ 0.19; IR: 3380,
3350, 3250, 1625, 1565, 1345; 1H NMR (300 MHz, DMSO–
d6): d ¼ 7.61 (s, 2H, NH2), 5.74 (m, 1H, OH), 3.70 (m, 5H,

CH2CH(OH)CH2Br), 2.23 (s, 3H, CH3);
13C NMR (75 MHz,

DMSO–d6): d ¼ 144.40, 140.09, 126.64, 67.34, 47.09, 37.23,
13.50; ms: m/z 280 (7) and 278 (7) (Mþ), 80 (100); Anal.
calc. for C7H11N4O3Br: C, 30.24; H, 3.98; N, 20.15; found: C,
30.22; H, 4.03; N, 20.18.

4-Amino-2-methyl-5-nitro-1-(2-oxopropyl)-imidazole (29). This
compound was obtained as yellow pales (MeCN), 0.20 g
(51.3%); mp 232–234�C; Rf ¼ 0.26; IR: 3420, 3350, 1720,
1620, 1520, 1340; 1H NMR (300 MHz, DMSO–d6): d ¼ 7.60

(s, 2H, NH2), 5.13 (s, 2H, CH2), 2.20 (s, 6H, 2xCH3);
13C

NMR (75 MHz, DMSO–d6): d ¼ 201.22, 153.16, 153.09,
120.29, 107.08, 54.40, 26.83, 13.59; ms: m/z 198 (100.0)
(Mþ); Anal. calc. for C7H10N4O3: C, 42.44; H, 5.08; N, 28.28;
found: C, 42.48; H, 5.05; N, 28.30.

4-Amino-1-(3-chloro-2-oxopropyl)-5-nitroimidazole (30). This
compound was obtained as yellow needles (MeCN), 0.08 g
(18.2%); mp 215�C; Rf ¼ 0.23; IR: 3405, 3360, 1710, 1610,
1500, 1300; 1H NMR (300 MHz, DMSO–d6): d ¼ 7.71 (s, 1H,
2-Im), 7.61 (s, 2H, NH2), 5.25 (s, 2H, NACH2), 4.68 (s, 2H,

CH2Cl);
13C NMR (75 MHz, DMSO–d6): d ¼ 195.94, 153.11,

144.29, 119.96, 53.57, 46.98; ms: m/z 220 (26) and 218 (75)
(Mþ), 68 (100); Anal. calc. for C6H7N4O3Cl: C, 33.05; H,
3.23; N, 25.69; found: C, 33.09; H, 3.26; N, 25.69.

4-Amino-1-(3-chloro-2-oxopropyl)-2-methyl-5-nitroimidazole
(31). This compound was obtained as yellow needles (MeCN),
0.20 g (43.5%); mp 270�C; Rf ¼ 0.20; IR: 3395, 3260, 1725,
1625, 1540, 1390; 1H NMR (300 MHz, DMSO–d6): d ¼ 7.65
(s, 2H, NH2), 5.24 (s, 2H, NACH2), 4.68 (s, 2H, CH2Cl), 2.23

(s, 3H, CH3);
13C NMR (75 MHz, DMSO–d6): d ¼ 195.73,

153.44, 153.12, 120.12, 52.21 46.99, 13.62; ms: m/z 234 (18),
232 (50) (Mþ), 67 (100); Anal. calc. for C7H9N4O3Cl: C,
36.23; H, 3.90; N, 24.14; found: C, 36.20; H, 3.89; N, 24.15.

4-Amino-1-(3-bromo-2-oxopropyl)-2-methyl-5-nitroimidazole
(32). This compound was obtained as yellow crystals (MeCN),
0.21 g (38.5%); mp 186–189�C; Rf ¼ 0.29; IR: 3395, 3260,
1725, 1625, 1540, 1360; 1H NMR (300 MHz, DMSO–d6): d ¼
7.65 (s, 2H, NH2), 5.23 (s, 2H, NACH2), 4.68 (s, 2H, CH2Br),
2.24 (s, 3H, CH3);

13C NMR (75 MHz, DMSO–d6): d ¼
195.72, 153.44, 153.11, 120.11, 52.21, 46.98, 13.61; ms: m/z
278 (7), 276 (7) (Mþ), 67 (100); Anal. calc. for C7H9N4O3Br:
C, 30.46; H, 3.28; N, 20.30; found: C, 30.42; H, 3.26; N, 20.27.

4-Amino-5-nitro-1-phenacylimidazole (33). This compound
was obtained as dark yellow pales (MeCN), 0.10 g (20.4%);

mp 219–221�C; Rf ¼ 0.30; IR: 3400, 3250, 1670, 1626, 1510,
1350; 1H NMR (300 MHz, DMSO–d6): d ¼ 8.01 (m, 2H, 2,6-
Ph), 7.65 (m, 3H, 3,4,5-Ph), 7.69 (s, 2H, NH2), 7.23 (s, 1H, 2-
Im), 5.64 (s, 2H, CH2);

13C NMR NMR (75 MHz, DMSO–

d6): d ¼ 191.49, 153.65, 144.06, 134.18, 133.75, 129.01,
128.32, 120.42, 50.55; ms: m/z 246 (6) (Mþ), 105 (100); Anal.
calc. for C11H10N4O3: C, 53.69; H, 4.09; N, 22.77; found: C,
53.72; H, 4.10; N, 22.74.

4-Amino-2-methyl-5-nitro-1-phenacylimidazole (34). This
compound was obtained as light yellow pales (MeCN), 0.16 g
(30.1%); mp 227–229�C; Rf ¼ 0.45; IR: 3400, 3250, 1680,

1620, 1500, 1340; 1H NMR (300 MHz, DMSO–d6): d ¼ 8.06
(m, 2H, 2,6-Ph), 7.68 (m, 5H, 3,4,5-Ph, NH2), 5.84 (s, 2H,
CH2), 2.28 (s, 3H, CH3);

13C NMR (75 MHz, DMSO–d6): d ¼
192.52, 153.66, 153.28, 134.06, 133.94, 128.80, 128.07,
120.42, 52.01, 13.70; ms: m/z 260 (27) (Mþ), 105 (100); Anal.

calc. for C12H12N4O3: C, 55.41; H, 4.65; N, 21.54; found: C,
55.42; H, 4.62; N, 21.54.

5-Amino-2-methyl-4-nitro-1-phenacylimidazole (35). This
compound was obtained as yellow needles (MeCN), 0.03 g
(5.8%); mp 265–267�C; Rf ¼ 0.28; IR: 3495, 3265, 1665,

1625, 1555, 1355; 1H NMR (300 MHz, DMSO–d6): d ¼ 8.06
(m, 2H, 2,6-Ph), 7.69 (m, 5H, 3,4,5-Ph, NH2), 5.63 (s, 2H,
CH2), 2.10 (s, 3H, CH3);

13C NMR (75 MHz, DMSO–d6): d ¼
192.80, 146.08, 142.11, 135.40, 134.40, 129.83, 129.06,
127.17, 50.27, 13.44; ms: m/z 260 (53) (Mþ), 105 (100); Anal.

calc. for C12H12N4O3: C, 55.41; H, 4.65; N, 21.54; found: C,
55.40; H, 4.67; N, 21.50.

4-Amino-1-(p-chlorophenacyl)-5-nitroimidazole (36). This
compound was obtained as yellow pales (MeCN), 0.12 g

(21.4%); mp 245–248�C; Rf ¼ 0.23; IR: 3440, 3255, 1680,
1625, 1565, 1300; 1H NMR (300 MHz, DMSO–d6): d ¼ 8.06
(m, 2H, 2,6-Ph), 7.73 (s, 1H, 2-Im), 7.69 (m, 2H, 3,5-Ph), 7.61
(s, 2H, NH2), 5.85 (s, 2H, CH2);

13C NMR (75 MHz, DMSO–
d6): d ¼ 191.78, 153.16, 144.22, 138.90, 132.57, 129.79,

129.05, 120.33, 53.39; ms: m/z 282(3), 280 (10) (Mþ), 139
(100); Anal. calc. for C11H9N4O3Cl: C, 47.18; H, 3.24; N,
20.01; found: C, 47.20; H, 3.28; N, 19.98.

4-Amino-1-(p-chlorophenacyl)-2-methyl-5-nitroimidazole
(37). This compound was obtained as dark yellow pales

(MeCN), 0.06 g (10.2%); mp 270–272�C; Rf ¼ 0.43; IR: 3440,
3255, 1680, 1625, 1565, 1300; 1H NMR (300 MHz, DMSO–
d6): d ¼ 8.07 (m, 2H, 2,6-Ph), 7.70 (m, 4H, 3,5-Ph, NH2),
5.82 (s, 2H, CH2), 2.27 (s, 3H, CH3);

13C NMR (75 MHz,
DMSO–d6): d ¼ 191.70, 153.64, 153.24, 138.80, 132.76,

129.97, 128.92, 120.36, 51.96, 13.68; ms: m/z 296 (10), 294
(32) (Mþ), 139 (100); Anal. calc. for C12H11N4O3Cl: C, 49.01;
H, 3.77; N, 19.05; found: C, 49.04; H, 3.78; N, 19.09.

5-Amino-1-(p-chlorophenacyl)-2-methyl-4-nitroimidazole
(38). This compound was obtained as cream needles (MeCN),

0.08 g (13.5%); mp 220�C; Rf ¼ 0.25; IR: 3420, 3250, 1680,
1625, 1540, 1320. 1H NMR (300 MHz, DMSO–d6): d ¼ 8.06
(m, 2H, 2,6-Ph), 7.71 (m, 4H, 3,5-Ph, NH2), 5.61 (s, 2H,
CH2), 2.10 (s, 3H, CH3);

13C NMR (75 MHz, DMSO–d6): d ¼
190.88, 144.91, 139.65, 138.78, 132.75, 130.05, 128.76,
126.58, 49.65, 12.84; ms: m/z 296 (10), 294 (31) (Mþ), 139
(100); Anal. calc. for C12H11N4O3Cl: C, 49.01; H, 3.77; N,
19.05; found: C, 49.03; H, 3.75; N, 19.09.
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[9] Zaprutko, L.; Gajdziński, M.; Michalska, W.; Pietkiewicz, K.;

Lutomski, K.; Łukaszewski, Z.; Wrzeciono, U. Pharmazie 1989, 44, 817.

[10] Zaprutko, L.; Olender, D.; Gzella, A. Monatsch Chem

2003, 134, 1145.

[11] Castera, C.; Crozet, M. D.; Crozet, M. P.; Vanelle, P. Het-

erocycles 2005, 65, 337.

[12] Grehn, L.; Ding, L.; Ragnarsson, U. Acta Chem Scand

1990, 44, 67.

[13] Palmer, B. D.; Zijl, P.; Denny, W. A.; Wilson, W. R. J

Med Chem 1995, 38, 1229.

[14] Helal, C. J.; Kang, Z.; Lucas, J. C.; Bohall, B. R. Org Lett

2004, 6, 1853.
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Facile methods were developed to prepare a series of 6-phenyl and 6-alkyl-2,4-diaminopyrimidine
derivatives. The pyrimidine ring of the final products was constructed by treatment of a 1,3-dicarbonyl

derivative with an amidine or guanidine. The 6-phenyl-pyrimidine derivatives were also prepared by
Suzuki coupling reaction, using 2-methylthio-4,6-dichloropyrimidine as the starting material.
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INTRODUCTION

As part of our efforts in search of malaria prophylac-

tic and/or therapeutic agents, a series of imidazolidine-

dione (IZ) derivatives was found to possess profound

activity against liver stage malarias in rodent and nonhu-

man primate models [1–4]. Subsequently, the IZ com-

pounds were found to metabolize to s-triazine deriva-

tives in microsomal preparations and in rodents [4].

Active in mice tests, the s-triazines were considered the

active metabolite of the IZ compounds. This finding

prompted us to develop methods to prepare a series of

N,N0-di-substituted 2,4-diamino-1,3,5-triazines and 2,4-

diamino-pyrimidine derivatives as potential antimalarial

agents. This report focused on the method development

for the synthesis of the latter class of compounds.

Polyamino-pyrimidines play a very important role in

biological and pharmaceutical chemistry. A number of

applications as therapeutic agents have been documented

[5]. The most general method for the synthesis of 2,4,6-

trisubstituted pyrimidines involves the treatment of two

essential starting materials, a 1,3-dicarbonyl component

and a NACAN fragment such as urea, amidine, or gua-

nidine [6,7]. The other method involved Suzuki coupling

or Grignard reactions to insert various aryl or alkyl

groups into 2,4,6-trichloropyrimidine [8] followed by

stepwise amination with appropriate amines.

In this study, facile methods were developed to prepare

substituted 6-alkyl or 6-aryl-2,4-diaminopyrimidines.

RESULTS AND DISCUSSION

Methods were developed to prepare substituted 6-

alkyl or 6-arylpyrimidine-2,4-diamines. The pyrimidine

ring of the desired products was constructed by conden-

sation of a 1,3-dicarbonyl component with an amidine,

isopropylguanidine, or 3,4-dichloroguanidine as shown

in Scheme 1. The hydroxypyrimidines (2a–f) obtained

were converted to the corresponding chloropyrimidines

(3a–f) in high yields with phosphorus oxychloride [9–

11]. The amination of chloropyrimidine derivatives was

achieved via acid- or base-mediated nucleophilic substi-

tution [12]. Hartung et al. reported that the chloro group

of chloropyrimindines can be easily displaced with an

aromatic amine under acidic conditions, but it can only

be displaced by an aliphatic amino group under basic
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conditions [12]. The method was adapted to insert the 3,

4-dichloroanilino, and the isopropylamino groups into

the pyrimidine ring in high yield under the acidic and

basic conditions, respectively (Scheme 1). Likewise, 4-

alkyl analogs 4c–f were prepared using ethyl propiony-

lacetate or ethyl pivaloylacetate as 1,3-dicarbonyl

component.

The Suzuki coupling method was an alternative

approach used to make the 2,4-diamino-6-phenylpyrimi-

dine derivatives (4a and 4b) (Scheme 2). Initially, the

Suzuki coupling reaction was attempted using 2,4,6-tri-

chloropyrimidine as the starting material to introduce a

phenyl group at either the 4- or 6-position, followed by

amination. However, the success of this approach

depends on the relative reactivity of the 2- and 4-chloro

groups toward amination reactions, allowing for inser-

tion of an amino group selectively to either 2- or 4-posi-

tion of the pyrimidine ring. Although the Suzuki reac-

tion of 2,4,6-trichloropyrimidine gave a good yield of

2,4-dichloro-6-phenyl-pyrimidine, the followed up

Scheme 1. Synthesis of 6-phenyl or alkyl-2,4-diaminopyrimidine derivatives.

Scheme 2. Method involved Suzuki reaction on 4,6-dichloro-2-methylthiopyrimidine.
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amination gave a mixture consisting almost equal

amount of 2-amino- and 4-aminopyrimidine derivatives.

The low selectivity of 2,4-dichloro-6-phenyl-pyrimidine

in the amination reaction led us to use 4,6-dichloro-2-

methylthio-pyrimidine as the starting material. On treat-

ment with phenylboronic acid in the presence of triphe-

nylphosphine and palladium acetate, 4,6-dichloro-2-

methylthio-pyrimidine (5) gave 4-chloro-2-methylthio-6-

phenylpyrimidine (6) in very high yield. The first amina-

tion of compound 6 gave intermediate 7a or 7b readily,

whereas the second amination on the 2-methylthio group

failed to produce the desired products 4a and 4b [13–

15]. Thus, oxidative activation of the 2-methylthio group

in 7a and 7b was necessary before the amination reac-

tion on the 2-position can be carried out. The oxidation

was achieved by treatment of the 2-methylthiopyrimi-

dine derivative with hydrogen peroxide under the cataly-

sis of sodium tungstate dehydrate [14,15]. The mixture

of sulfone and sulfoxide (8) formed was used without

purification for further reactions with 3, 4-dichloroani-

line or isopropylamine to give the products 4a (11%)

and 4b (84%), respectively. The striking disparity in

yields between 4a and 4b is, most likely, a result of dif-

ference in nucleophilicity of the two amines used.

The major difference between the two methods used

in Scheme 1 (Method 1) and Scheme 2 (Method 2) to

prepare compounds 4a and 4b is the order of introduc-

tion of 2-amino, 4-amino-, and 6-phenyl groups to the

pyrimidine ring. The former method assembled the 2-

amino and the 6-phenyl groups during the formation of

the pyrimidine ring followed by insertion of the aryla-

mino or alkylamino group at either 2- or 4-posion under

the acidic or basic conditions, respectively. The overall

yield of the Method 1 is good and the reaction condi-

tions are mild. The latter method as described in

Scheme 2 started from the commercially available start-

ing material 4,6-dichloro-2-methylthio-pyrimidine. The

6-phenyl substituent was constructed first by the Suzuki

coupling reaction followed by stepwise amination reac-

tions to yield the substituted 2, 4-diamino-6-phenylpyri-

midines 4a or 4b. The yield of the 2nd nucleophilic

substitution reaction is good when alkylamines were

used, but poor when aromatic amines were the

nucleophiles.

In conclusion, the method described in Scheme 1 is

superior to that of Scheme 2 for the preparation of the

desired pyrimidine derivatives 4a-f, with better yield,

milder reaction conditions and cheaper reagents.

EXPERIMENTAL

Melting points were determined on a Mettler FP62 melting

point apparatus and are uncorrected. Analytical thin layer chro-
matography (TLC) was performed using HPTLC-HLF normal

phase 150 microns silica gel plates (Analtech, Newark, DE).

Visualization of the developed chromatogram was performed

by UV absorbance, or spreading with aqueous potassium per-

manganate or ethanolic anisaldehyde. Liquid chromatography

was performed using a Horizon HPFC System (Biotage, Char-

lottesville, VA) with Flash 25M or 40M cartridges (KP-SilTM

Silica, 32–63 lm, 60 Å). Preparative TLC was performed

using silica gel GF Tapered Uniplates (Analtech, Newark,

DE). 1H NMR and 13C NMR spectra were recorded in deuter-

iochloroform, unless otherwise noted, on a Bruker Avance 300

spectrometer (Bruker Instruments, Wilmington, DE). Chemical

shifts are reported in parts per million on the d scale from an

internal standard of tetramethylsilane. Combustion analyses

were performed by Atlantic Microlab, (Norcross, GA). Where

analyses are indicated by symbols of the elements, the analyti-

cal results obtained were within þ/� 0.4% of the theoretical

values.

2-(3,4-Dichlorophenylamino)-4-hydroxy-6-phenylpyrimidine

(2a). Ethyl benzoylacetate (15 mL) was added dropwise to a

suspension of 3,4-dichlorophenylguanidine (1a, 7.23g. 35.4

mmol) [2] in 100 mL of anhydrous DMF. The mixture was

heated at 100�C for 48 h. After cooling, the reaction mixture

was poured into 500 mL of ice water. The precipites were col-

lected, washed with water, and dried to give 64% yield of

compound 2a as a pink solid. The product was used for further

reactions without purification. 1H NMR (CD3OD): d 8.24 (d,

1H, J ¼ 2.4Hz), 8.00 (m, 2H), 7.57 (m, 2H), 7.47 (m, 3H),

6.45 (s, 1H). ms: m/z 331 (Mþ).
4-Hydroxy-2-isopropylamino-6-phenylpyrimidine (2b). Ethyl

benzoylacetate (11.7 mL) was added dropwise to a suspension

of isopropylguanidine (1b) [2] (2.3 g, 22.7 mmol) in 50 mL of
anhydrous DMF. The reaction mixture was heated at 100�C
for 3 days. After cooling, the solution was poured into crushed
ice water. The mixture was extracted with EtOAc three times

and the EtOAc extracts were combined, washed with water,
and brine successively, dried over Na2SO4 and evaporated to
dryness in vacuole. The residue was applied to a silica gel
flash column and eluted with 2.5% MeOH in CHCl3 to give
35% yield of compound 2b as a white solid. 1H NMR

(CDCl3): d 8.01 (d, 2H, J ¼ 3.6 Hz), 7.48 (m, 3H), 6.24 (s,
1H), 4.37 (m, 1H), 1.36 (d, 6H, J ¼ 6.6 Hz). ms: m/z 229
(Mþ).

2-(3,4-Dichlorophenylamino)-6-ethyl-4-hydroxy-pyrimidine

(2c). Compound 2c was prepared by the same method for the

preparation of 2a, using ethyl propionylacetate as starting ma-
terial to yield 75% of 2c as a white solid. 1H NMR (CD3OD)
d 8.06 (d, 1H, J ¼ 2.2 Hz), 7.46 (dd, 1H, J ¼ 2.2 Hz, 8.7 Hz),
7.42 (d, 1H, J ¼ 8.7 Hz), 5.82 (s, 1H), 2.54 (q, 2H, J ¼ 7.5
Hz), 1.25 (t, 3H, J ¼ 7.5 Hz). ms: m/z 283 (Mþ).

6-t-Butyl-2-(3,4-dichlorophenylamino)-4-hydroxy-pyrimidine

(2d). The title compound was prepared by the same method as

for the preparation of 2a, using ethyl pivaloylacetate as start-

ing material to yield 60% of 2d as an off-white solid. 1H

NMR (CD3OD): d 8.22 (s, 1H), 7.41 (m, 2H), 5.93 (s, 1H),

1.28 (s, 9H). ms: m/z 311 (Mþ).
6-t-Butyl-4-hydroxy-2-isopropylamino-pyrimidine (2e). Com-

pound 2e was prepared by the same method as for the prepara-

tion of 2b, using ethyl pivaloylacetate as starting material to

afford the product as a white solid (33% yield). 1H NMR

(CDCl3): d 5.73 (s, 1H), 4.17 (m, 1H), 1.21 (m, 15H). ms: m/z
209 (Mþ).
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6-Ethyl-4-hydroxy-2-isopropylamino-pyrimidine (2f). Com-

pound 2f was prepared by the same method as for the prepara-

tion of 2b, using ethyl propionylacetate as starting material to

give 31% yield of the desired product as a white solid. 1H

NMR (CDCl3): d 6.04 (s, 1H), 4.17 (m, 1H), 2.45 (q, 2H, J ¼
7.2 Hz), 1.25 (t, 3H, J ¼ 7.2 Hz), 1.21 (d, 6H, J ¼ 6.6 Hz).

ms: m/z 181 (Mþ).
4-Chloro-2-(3,4-dichlorophenylamino)-6-phenylpyrimidine

(3a). 2-(3, 4-Dichlorophenylamino)-4-hydroxy-6-phenylpyrimi-
dine (2a) in 100 mL of POCl3 was stirred at room temperature
overnight. The excess POCl3 was removed under reduced pres-
sure to give a gummy residue which solidified upon addition
of excessive amount of crushed ice. The solid was purified by

silica gel flash column chromatography, eluting with 10%
EtOAc in hexane to afford the desired compound 3a in 82%
yield as a light yellow solid. 1H NMR (CDCl3): d 8.07 (m,
3H), 7.56 (m, 3H), 7.46 (m, 1H), 7.42 (d, 1H, J ¼ 8.7 Hz),

7.24 (s, 1H). ms: m/z 349 (Mþ).
4-Chloro-2-isopropylamino-6-phenylpyrimidine (3b). The

title compound was prepared by the same method for the prep-

aration of 3a, using hydroxyl intermediate 2b as the starting

material giving the desired 4-chloro product 3b as light yellow

oil in 47% yield. 1H NMR (CDCl3): d 8.01 (d, 2H, J ¼ 3.6

Hz), 7.48 (m, 3H), 6.97 (s, 1H), 4.28 (m, 1H), 1.27 (d, 6H, J
¼ 6.5 Hz). ms: m/z 247 (Mþ).

2-(3,4-Dichlorophenylamino)-4-chloro-6-ethylpyrimidine

(3c). The title compound was prepared by the same method as

for the preparation of 3a, using compound 2c as the starting

material, to give 75% yield of the desired compound as off-

white solid. 1H NMR (CDCl3,): d 8.06 (s, 1H), 7.38 (s, 1H),

7.10 (s, 1H), 6.70 (s, 1H), 2.70 (q, 2H, J ¼ 7.5 Hz), 1.30 (t,

3H, J ¼ 7.5 Hz). ms: m/z 301 (Mþ).
6-t-Butyl-4-chloro-2-(3,4-dichlorophenylamino)-pyrimidine

(3d). Compound 3d was prepared by the same method as for

the preparation of 3a, using 2d as the starting material to give
83% yield of the product as off-white solid. 1H NMR
(CDCl3): d 8.01 (s, 1H), 7.38 (s, 2H), 6.83 (s, 1H), 1.38 (s,
9H). ms: m/z 329 (Mþ).

6-t-Butyl-4-chloro-2-isopropylamino-pyrimidine (3e). Com-
pound 3e was prepared from 2e using the same method as for
the preparation of 3a; giving 50% yield of the desired com-
pound as white oil. 1H NMR (CDCl3): d 6.55 (s, 1H), 4.97
(brs, 1H), 4.15 (m, 1H), 1.25 (m, 15H). ms: m/z 227 (Mþ).

4-Chloro-6-ethyl-2-isopropylamino-pyrimidine (3f). Com-
pound 3f was prepared by the same method as for the prepara-
tion of 3a, starting from 2f to get the desired compound as
white oil in 47% yield. 1H NMR (CDCl3): d 6.44 (s, 1H), 5.04
(brs, 1H), 4.15 (m, 1H), 2.58 (q, 2H, J ¼ 7.2 Hz), 1.25 (m,

9H). ms: m/z 199 (Mþ).
2-(3,4-Dichlorophenylamino)-4-isopropylamino-6-phenyl-

pyrimidine.HCl (4a)

Method 1. 4-Chloro-2-(3,4-dichlorophenylamino)-6-phenyl-

pyrimidine (3a, 5g) in 100 mL of isopropylamine was heated

in a sealed tube at 110�C overnight. Upon cooling, the reaction

mixture was poured into ice water and the mixture was

extracted with EtOAc three times. The EtOAc extracts were

combined, washed with brine, dried over Na2SO4 and concen-

trated. The residue was applied to a silica gel flash column

and eluted with hexane: EtOAc (10:1, v/v) to give the desired

product 4a as light yellow solid in 90% yield, mp 277.6�C
(decomposed). 1H NMR (CDCl3): d 8.16 (br, 1H), 7.95 (m,

2H), 7.47 (m, 3H), 7.33 (d, 2H, J ¼ 1.8 Hz), 7.00 (brs, 1H),

6.28 (s, 1H), 4.72 (s, 1H), 4.14 (m, 1H), 1.32 (d, 6H, J ¼
6.4Hz). ms: m/z 372 (Mþ). Anal. calcd. for C19H18Cl2N4.HCl:

C, 55.69; H, 4.67; N, 13.67; Cl, 25.96. Found: C, 55.80; H,

4.65; N, 13.66; Cl, 25.90.

Method 2. A mixture of sulfone/sulfoxide 8a (2.0 g) and

3,4-dichloroaniline (3.34 mL, 3.0 equiv) was heated in a sealed

tube at 140�C for 2 h. The mixture was cooled and the crude

product was purified by a silica gel flash column, eluting with

hexane/EtOAc (4:1 v/v) to give the desired compound 4a in

11% yield. The NMR and MS spectra data are identical to

compound 4a prepared by method 1 as shown in Scheme 1.

4-(3,4-Dichlorophenylamino)-2-isopropylamino-6-phenyl-

pyrimidine (4b)

Method 1. Concentrated hydrochloric acid (1.5 mL) was
added to a solution of 4-chloro-2-isopropylamino-6-phenylpyri-
midine (3b) (886 mg) and 3,4-dichloroaniline (815 mg, 1.5
equiv) in 15 mL of isopropanol. The reaction mixture was
heated at 100�C overnight. The crude product was purified by

silica gel flash column chromatography and eluted with 2.5%
MeOH in CH2Cl2 to give the desired compound as an off-
white solid, yield 97%, mp 79.7�C. 1H NMR (CDCl3): d 7.93
(m, 3H), 7.43 (m, 2H), 7.37 (s, 1H), 7.28 (d, 1H, J ¼ 2.6 Hz),
7.25 (d, 1H, J ¼ 2.6 Hz), 6.48 (s, 1H), 6.36 (s, 1H), 4.98 (br,

1H), 4.25 (m, 1H), 1.32 (d, 6H, J ¼ 6.4 Hz). 13C NMR:
(CDCl3) d 163.21, 161.89, 161.74, 141.51, 138.41, 131.35,
130.68, 130.27, 129.01, 126.74, 122.72, 120.45, 119.27, 92.51,
79.64, 42.77, 23.00. ms: m/z 374 (Mþ). Anal. calcd. for
C19H18Cl2N4.HCl: C, 55.69; H, 4.67; N, 13.67; Cl, 25.96.

Found: C, 55.40; H, 4.62; N, 13.50; Cl, 25.69.
Method 2. The mixture of sulfone/sulfoxide 8b (3.0g) and

isopropylamine (6.21mL, 10.0 equiv) was heated in a sealed
tube at 140�C for 20 min. The mixture was cooled and the

crude product was purified by silica gel flash column chroma-
tography and eluted with hexane/EtOAc (4:1 v/v) to give com-
pound 4b in 84% yield. The NMR and MS spectra data are
identical to compound 4b prepared by method 1 as shown in
Scheme 1.

2-(3,4-Dichlorophenylamino)-6-ethyl-4-isopropylamino-

pyrimidine (4c). Compound 4c was prepared by the same

method as for the preparation of 4a, using 3c as starting mate-

rial to give the gummy desired compound. The product was

dissolved in anhydrous ether and 2.0M HCl ether solution was

added to form HCl salt. The HCl salt was recrystallized from

hexanes/CHCl3 to give a white solid in 95% yield, mp

211.3�C. 1H NMR (CD3OD): d 8.02 (s, 1H), 7.55 (d, 1H, J ¼
8.7 Hz), 7.42 (d, 1H, J ¼ 8.7 Hz), 6.05 (s, 1H), 4.24 (m, 1H),

2.65 (q, 2H, J ¼ 7.5 Hz), 1.31 (m, 9H). 13C NMR (CDCl3): d
170.9, 162.9, 159.3, 140.2, 132.2, 129.9, 123.8, 120.0, 117.8,

94.0, 42.8, 30.7, 22.8, 12.7. ms: m/z 324 (Mþ). Anal. calcd.
for C15H18Cl2N4: C, 55.39; H, 5.58; N, 17.23; Cl, 21.80.

Found: C, 55.18; H, 5.67; N, 16.95; Cl, 22.05.

6-t-Butyl-2-(3,4-dichlorophenylamino)-4-isopropylamino-

pyrimidine (4d). Compound 4d was prepared by the same

method as for the preparation of 4a, starting from 3d to give

the desired compound in 99% yield as an off-white solid, mp

125.8–126.5�C. 1H NMR (CDCl3): d 8.20 (s, 1H), 7.30 (m,

2H), 7.05 (br, 1H), 5.88 (s, 1H), 4.59 (s, 1H), 4.08 (m, 1H),

1.30 (s, 9H), 1.25 (d, 6H, J ¼ 6.4 Hz). 13C NMR (CDCl3): d
177.1, 162.9, 158.9, 140.5, 132.2, 129.9, 123.5, 119.9, 117.5,

91.9, 42.7, 37.1, 19.3, 22.9. ms: m/z 352 (Mþ). Anal. calcd.
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for C17H22Cl2N4: C, 57.79; H, 6.28; N, 15.86; Cl, 20.07.

Found: C, 58.01; H, 6.18; N, 15.80; Cl, 20.05.

6-t-Butyl-4-(3,4-dichlorophenylamino)-2-isopropylamino-

pyrimidine (4e). Compound 4e was prepared by the same

method as for the preparation of 4b, using 6-t-butyl-4-chloro-2-

isopropylamino-pyrimidine (3e) as starting material to give the

desired compound as a white solid in 71% yield, mp 249.5–

250.8�C. 1HNMR (CDCl3): d 11.94 (s, 1H), 11.04 (s, 1H), 8.30

(d, 1H, J ¼ 6.9 Hz), 8.25 (s, 1H), 7.71 (d, 1H, J ¼ 8.7 Hz),

7.33 (d, 1H, J ¼ 6.9 Hz), 6.78 (s, 1H), 4.14 (m, 1H), 1.36 (s,

9H), 1.32 (t, 6H, J ¼ 6.5 Hz). ms: m/z 352 (Mþ). Anal. calcd.
for C17H22Cl2N4.HCl: C, 52.39; H, 5.95; N, 14.38; Cl, 27.29.

Found: C, 52.46; H, 5.96; N, 14.33; Cl, 27.16.

4-(3,4-dichlorophenylamino)-6-ethyl-2-isopropylamino-py-

rimidine (4f). Compound 4f was prepared by the same method
as for the preparation of 4b, using compound 3f as the starting
material to afford the desired compound as a pink solid in 92%
yield, mp 251.3�C (decomposed).1H NMR (CDCl3): d 7.92 (d,
1H, J ¼ 2.5 Hz), 7.33 (d, 1H, J ¼ 8.7 Hz), 7.20 (dd, 1H, J ¼
2.5Hz, 8.7Hz), 6.47 (br, 1H), 5.80 (s, 1H), 4.82 (d, 1H, J ¼ 7.0
Hz), 4.11 (m, 1H), 2.48 (q, 2H, J ¼ 7.6 Hz), 1.25 (d, 6H, J ¼
6.5 Hz), 1.21 (t, 3H, J ¼ 7.6 Hz). 13C NMR (CDCl3): d 161.7,
158.8, 154.1, 138.7, 131.5, 131.1, 126.3, 122.7, 121.4, 95.9,
43.9, 25.8, 22.3, 11.8. ms: m/z 324 (Mþ). Anal. calcd. for

C15H18Cl2N4.HCl: C, 49.81; H, 5.29; N, 15.49; Cl, 29.41.
Found: C, 49.98; H, 5.28; N, 15.52; Cl, 29.31.

4-Chloro-2-methylthio-6-phenylpyrimidine (6). A catalytic

amount of palladium acetate (0.286 g, 0.05 equiv) and triphenyl-

phosphine (0.668 g, 0.10 equiv) were added to the solution of 4,6-

dichloro2-methylthio-pyrimidine (5) (5.0 g, 25.42 mmol), phe-

nylboronic acid (3.10 g, 1.0 equiv), and sodium carbonate (8.3 g,

3.1 equiv dissolved in a minium amount of water) in 250 mL of

glyme. The reaction mixture was heated to reflux for 18 h, and the

solvent was removed under reduced pressure. The crude product

was extracted with methylene chloride and the extracts were

combined, washed with water three times, dried over Na2SO4 and

evaporated to dryness. The residue was purified by flash column

chromatography, using hexane/ethyl acetate as eluent to yield

compound 6 as a white solid in 84% yield, mp 59.8�C. 1H NMR

(CDCl3): d 8.06 (m, 2H), 7.68 (m, 3H), 7.38 (s, 1H), 1.54 (s, 3H).
13C NMR (CDCl3): d 173.55, 165.29, 161.53, 135.31, 131.66,

128.98, 127.35, 111.70, 14.41. ms:m/z 236 (Mþ).
4-Isopropyl-amino-2-methylthio-6-phenylpyrimidine (7a). A

suspension of 4-chloro-2-methylthio-6-phenylpyrimidine (6,

2.0g) and isopropylamine (1.0 mL, 1.5 equiv) in 100 mL of 1-

BuOH was heated under reflux for 6 h. The solution was

evaporated to dryness under reduced pressure. The residue was

purified by silica gel column chromatography, and eluted with

hexane/EtOAc (8:2 v/v) to yield 68% of the desired compound

7a, mp 89.6�C. 1H NMR (CDCl3): d 7.98 (d, 2H, J ¼ 6.0 Hz),

7.43 (m, 3H), 6.38 (s, 1H), 4.77 (br, 1H), 4.10 (m, 1H), 1.54

(s, 3H), 1.27 (d, 6H, J ¼ 6.4 Hz). 13C NMR (CDCl3): d 171.5,

162.7, 162.0, 137.7, 94.9, 42.8, 22.7, 14.0. ms: m/z 259 (Mþ).
4-(3,4-Dichlorophenylamino)-2-methylthio-6-phenylpyri-

midine (7b). The title compound was prepared by the same

method as for the preparation of 7a using 3,4-dichloroaniline

as nucleophile to give compound 7b in 65% yield. 1H NMR

(CD3OD): d 8.13 (d, 1H, J ¼ 2.4 Hz), 7.82 (m, 2H), 7.62 (m,

3H), 7.57 (s, 1H), 7.54 (d, 1H, J ¼ 2.4 Hz), 6.85 (s, 1H), 2.73

(s, 3H). 13C NMR (CD3OD):: d 169.6, 160.3, 157.5, 137.3,

132.1, 131.8, 130.4, 129.1, 127.9 127.1, 123.3, 121.1, 99.7,

13.1. ms: m/z: 361 (Mþ). Anal. calcd. for C17H13Cl2N3S: C,

56.36, H, 3.62, Cl, 19.57, N, 11.60. Found: C, 56.74, H, 3.98,

Cl, 20.08, N, 12.10.

4-Isopropylamino-2-methanesulfonyl/sulfinyl-6-phenylpyri-

midine (mixture of sulfone and sulfoxide) (8a). 4-Isopropyla-

mino-2-methylthio-6-phenylpyrimidine (7a) (2.0g, 7.7 mmol)
was dissolved in 50 mL of ethyl acetate/toluene mixture.
Water (2 ml) was added to the solution followed by a catalytic
amount of sodium tungstate dihydrate (0.18 g, 0.1 equiv). The
mixture was cooled to 0�C and hydrogen peroxide (30% aque-

ous solution, 1.69 mL, 10 equiv) was added dropwise. The
reaction was stirred for 30 min, warmed to room temperature,
and monitored by TLC until the disappearance of the starting
material 7a (�2 h). The mixture was cooled to 0�C again and
excess H2O2 was decomposed carefully by addition of satu-

rated sodium sulfide (20 mL). The organic layer was separated,
concentrated under vacuum at 50�C to a volume of 100 mL.
The mixture was cooled to room temperature and diluted with
hexanes (20 mL). Compound 8a, as a mixture of sulfone and
sulfoxide, precipitated out from the solution, was collected and

washed with hexanes to give 8a in yield 71%. The product
was used for further reaction without purification. 1H NMR
(CD3OD): d 7.50 (d, 2H, J ¼ 6.0 Hz), 7.27 (m, 3H), 6.77 (s,
1H), 4.77 (m, 1H), 1.59 (s, 6H), 1.32 (d, 6H, J ¼ 6.4 Hz). 13C

NMR (DMSO-d6): d 166.3, 163.2, 160.7, 136.2, 131.2, 129.4,
127.5, 126.9, 103.1, 98.8, 42.7, 22.4. ms: m/z 291 (Mþ).

4-(3,4-Dichlorophenylamino)-2-methanesulfonyl/sulfinyl-

6-phenylpyrimidine (mixture of sulfone and sulfoxide)

(8b). Compound 8b was prepared from 7b according to the

same method for the preparation of 8a to give the desired prod-
uct in 74 % yield. 1H NMR (DMSO-d6): d 10.59 (s, 1H), 8.18
(d, 1H, J ¼ 2.8 Hz), 8.10 (m, 2H), 7.64 (m, 3H), 7.60 (d, 1H, J
¼ 2.8 Hz), 7.40 (s, 1H), 2.73 (s, 3H). ms: m/z 393 (Mþ).
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A clean, one-pot and three-component synthesis of new dibenzo[a,i]xanthene-diones derivatives by
cyclo-condensation reaction of 2-hydroxynaphthalene-1,4-dione, aromatic aldehydes and dimedone or 2-
naphthol in aqueous media is reported.

J. Heterocyclic Chem., 47, 1062 (2010).

INTRODUCTION

ortho-Quinone methides (o-QMs) are highly reactive

intermediates that have been extensively harnessed by

nature. Despite the general knowledge of o-QMs for

over a century these intermediates still lie outside the

synthetic mainstream [1,2]. Very recently, Pettus

described the methods by which o-QMs are prepared,

the benefits and limitations associated with each method

as well as current applications in total synthesis [3]. The

pseudo three-component condensation reaction of 2-

naphthol with aldehydes in the presence of various cata-

lysts to form xanthenes has been studied widely. The

reaction proceeds through the in situ formation of ortho-
quinone methides with 2-naphthol acting as a nucleo-

phile [4]. However, the three-component condensation

reactions of 2-naphthol and aldehydes with other nucleo-

philes is rarely reported in literature [5].

Xanthenes and benzoxanthenes have been reported to

posses diverse biological and therapeutic properties,

such as antibacterial [6], antiviral [7], and anti-inflam-

matory activities [8], as well as photodynamic therapy

[9] and for antagonism of the paralyzing action of zoxa-

zolamine [10]. The other useful applications of this het-

erocycles are as dyes [11], fluorescent materials for vis-

ualization of biomolecules [12], and in laser technolo-

gies [13]. Therefore, a number of methods have been

reported for the preparation of xanthene derivatives

[4,5f–h, 14–17].

Molecules with the naphthoquinone structure consti-

tute one of the most interesting classes of compounds in

organic chemistry, because of their biological properties,

their industrial applications, and their potential as inter-

mediates in the synthesis of heterocycles [18]. Naphtho-

quinone moiety occurs in different natural products,

including b-lapachone A, a-xiloidone B, lambertellin C,

WS-5995A D, and pyranokunthone B E [19]. Com-

pounds F and G were extracted from marine actinomy-

cete strain CNQ-525 bacteria; these bacteria were iso-

lated from ocean sediments, which were collected at a

depth of 152 m near La Jolla, California (Fig. 1). Com-

pounds F and G possess significant antibiotic properties

and cancer cell cytotoxicities activities [20].

In continuation of our previous works on synthesis of

heterocycles containing naphthoquinone or xanthene

moiety [21–25], herein we report a simple and efficient

method for the preparation of benzo[b]xanthene-triones
and dibenzo[a,i]xanthene-diones in aqueous media.

RESULTS AND DISCUSSION

We found that a mixture of 2-hydroxynaphthalene-

1,4-dione 1, 2-naphthol 2 and aromatic aldehydes 3a–i,
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in the presence of a catalytic amount of p-toluenesul-
fonic acid (p-TSA) as an inexpensive and readily avail-

able catalyst at refluxing water for 8–10 h, afforded 14-

aryl-8H-dibenzo[a,i]xanthene-8,13(14H)-diones 4a–i in

83–91% yields (Scheme 1). The optimized results are

summarized in Table 1. In all cases, aromatic aldehydes

substituted with either electron-donating or electron-

withdrawing groups underwent the reaction smoothly

and gave the products in good yields.

The results were good in terms of yields and product

purity in the presence of p-TSA, while without p-TSA
and over long period of time (24 h) the yields of prod-

ucts were low (<30%).

When this reaction was carried out with aliphatic

aldehyde, such as butanal or pentanal, TLC and 1H

NMR spectra of the reaction mixture showed a combi-

nation of starting materials and numerous products, the

yield of the expected product was very poor.

By referring to the literature [4], the formation of prod-

ucts 4 can be rationalized by initial formation of ortho-
quinone methides intermediate 5. Subsequent addition of

1 to the intermediate 5, followed by elimination of water

afforded the corresponding products 4 (Scheme 2).

To further explore the potential of this protocol for

xanthene synthesis, we investigated reaction of 1,3-

cyclohexadione 6 instead of 2-naphthol 2 and obtained

3,4-dihydro-1H-benzo[b]xanthene-1,6,11(2H,12H)-trione
7a–i, in good yields for 14–16 h (Scheme 3). The opti-

mized results are summarized in Table 2.

The nature of the compounds 4 and 7 as 1:1:1 adducts

was apparent from their mass spectra, which displayed,

in each case, the molecular ion peak at appropriate m/z
values. Compounds 4 and 7 are stable solids whose

structures are fully supported by IR, NMR spectroscopy,

and elemental analysis.

In summary, a novel, simple, convenient, and practi-

cal method for the synthesis of substituted benzo[b]xan-
thene-triones and dibenzo[a,i]xanthene-diones has been

reported by one-pot and three component reaction using

p-TSA as an inexpensive and readily available catalyst.

This protocol includes some important aspects like the

use of water as a ‘‘green’’ reaction medium, high atom

economy, mild reaction conditions, and excellent yields.

EXPERIMENTAL

Melting points were measured on an Electrothermal 9100

apparatus and are uncorrected. Mass spectra were recorded on
a FINNIGAN-MAT 8430 mass spectrometer operating at an
ionization potential of 70 eV. IR spectra were recorded on a
Shimadzu IR-470 spectrometer. 1H and 13C NMR spectra were
recorded on a BRUKER DRX-300 AVANCE spectrometer at

Figure 1. Examples of biologically active naphthoquinone derivatives.

Scheme 1

Table 1

Synthesis of dibenzo[a,i]xanthene-diones 4.

Product 4 Ar Time (h) Yield (%)

a C6H5 10 88

b 4-ClAC6H4 9 83

c 4-BrAC6H4 10 89

d 4-FAC6H4 8 85

e 4-MeOAC6H4 10 84

f 4-MeAC6H4 10 87

g 4-HOAC6H4 10 78

h 3-NO2AC6H4 8 91

i 2-ClAC6H4 9 87
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300.13 and 75.47 MHz, respectively. Elemental analyses were
performed using a Heracus CHN-O-Rapid analyzer.

Typical procedure for preparation of 14-phenyl-8H-

dibenzo[a,i]xanthene-8,13(14H)-dione (4a). A mixture of
benzaldehyde (0.11 g, 1 mmol), 2-naphtol (0.140 g, 1 mmol),
2-hydroxynaphthalene-1,4-dione (0.17 g, 1 mmol), p-TSA (0.1
g) was refluxed in water (5 mL) for 10 h (TLC). At the end of
the reaction, the precipitate formed was collected by filtration

and washed with ethanol to afford the pure product 4a. Orange
powder (88%); m.p. 294–297�C; IR (KBr) (mmax/cm

�1): 3054,
1703, 1656; 1H NMR (DMSO-d6): dH 5.09 (1H, s, CH), 7.16–
8.08 (15H, m, H-Ar). MS (m/z) 388 (Mþ). Anal. Calcd (%) for
C27H16O3: C, 83.49; H, 4.15. Found C, 83.55; H, 4.10.

Selected Characterization Data.

14-(4-Chlorophenyl)-8H-dibenzo[a,i]xanthene-8,13(14H)-
dione(4b). Yellow powder (83%); m.p. 281–284�C; IR (KBr)
(mmax/cm

�1): 3044, 1699, 1663; 1H NMR (DMSO-d6): dH 5.77

(1H, s, CH), 7.24 (2H, d, J ¼ 7.4 Hz, H-Ar), 7.39 (2H, d, J ¼
7.4 Hz, H-Ar), 7.46–7.51 (2H, m, H-Ar). 7.67–7.74 (2H, m,
H-Ar). 7.86 (1H, d, J¼7.1 Hz, H-Ar), 7.90–8.02 (4H, m, H-
Ar), 8.20 (1H, d, J¼7.1 Hz, H-Ar). MS (m/z, %) 422 (Mþ).
Anal. Calcd (%) for C27H15ClO3: C, 76.69; H, 3.58. Found C,

76.61; H, 3.52.
14-(4-Bromophenyl)-8H-dibenzo[a,i]xanthene-8,13(14H)-

dione (4c). Yellow powder (89%); m.p. 294–298�C; IR (KBr)
(mmax/cm

�1): 3075, 1704, 1663; 1H NMR (DMSO-d6): dH 5.89
(1H, s, CH), 7.27–7.34 (4H, m, H-Ar), 7.45 (2H, t, J ¼ 6.8

Hz, H-Ar). 7.50–7.62 (2H, m, H-Ar), 7.79 (1H, t, J ¼ 7.6 Hz,
H-Ar). 7.85–7.92 (3H, m, H-Ar), 8.11–8.18 (2H, m, H-Ar).
MS (m/z, %) 468 (Mþ þ 2), 466 (Mþ). Anal. Calcd (%) for
C27H15BrO3: C, 69.39; H, 3.24. Found C, 69.30; H, 3.33.

Due to very low solubility of the product 4a–c, we cannot

report the 13C NMR data for this product.
12-phenyl-3,4-dihydro-1H-benzo[b]xanthene-1,6,11(2H,12H)-

trione (7a). Orange powder (82%); mp: 263–265�C. IR (KBr)
(mmax/cm

�1): 2926, 1678, 1606. 1H NMR (300 MHz, DMSO-

d6): dH 0.94 (3H, s, CH3), 1.07 (3H, s, CH3), 2.15 and 2.31
(2H, AB system, J ¼ 16.2 Hz, CH2), 2.67 (2H, s, CH2), 4.88
(1H, s, CH), 7.10–7.15 (1H, m, H-Ar), 7.21–7.32 (2H, m, H-
Ar), 7.43–7.46 (2H, m, H-Ar). 7.80–7.91 (3H, m, H-Ar) 7.99–

8.07 (1H, m, H-Ar). 13C NMR (75 MHz, DMSO-d6): dc 26.9,
28.9, 32.4, 32.7, 40.1, 113.6, 124.2, 126.2, 126.5, 127.2, 128.7,
128.8, 129.0, 130.9, 131.4, 134.6, 135.0, 143.2, 149.5, 163.4,

177.5, 183.2, 196.3. MS (m/z) 384 (Mþ). Anal. Calcd for
C25H20O4: C, 78.11; H, 5.24;%. Found: C, 78.21; H, 5.29%.

12-(4-Chlorophenyl)-3,3-dimethyl-3,4-dihydro-1H-ben-

zo[b]xanthene-1,6,11(2H,12H)-trione (7b). Yellow powder
(90%); mp: 282–284�C. IR (KBr) (mmax/cm

�1): 2932, 1663,

1618, 1594. 1H NMR (300 MHz, DMSO-d6): dH 0.94 (3H, s,
CH3), 1.06 (3H, s, CH3), 2.15 and 2.31 (2H, AB system, J ¼
16.2 Hz, CH2), 2.67 (2H, s, CH2), 4.89 (1H, s, CH), 7.28–7.37
(4H, m, H-Ar), 7.83–7.90 (3H, m, H-Ar), 8.03–8.06 (1H, m,
H-Ar). 13C NMR (75 MHz, DMSO-d6): dc 26.9, 29.0, 32.5,

33.7, 33.5, 50.5, 113.7, 124.2, 126.2, 126.5, 127.2, 128.6,
129.1, 130.9, 131.4, 134.6, 135.0, 143.2, 149.5, 163.4, 183.3,
196.4. MS (m/z) 418 (Mþ). Anal. Calcd for C25H19ClO4: C,
71.69; H, 4.57%. Found: C, 71.78; H, 4.50%.

12-(4-Bromophenyl)-3,3-dimethyl-3,4-dihydro-1H-ben-

zo[b]xanthene-1,6,11(2H,12H)-trione (7c). Yellow powder
(86%); mp: 268–270�C. IR (KBr) (mmax/cm

�1): 2957, 1660,
1616, 1579. 1H NMR (300 MHz, DMSO-d6): dH 0.94 (3H, s,
CH3), 1.07 (3H, s, CH3), 2.15 and 2.31 (2H, AB system, J ¼
15.9 Hz, CH2), 2.67 (2H, s, CH2), 4.88 (1H, s, CH), 7.10–7.12
(2H, d, J ¼ 8.4 Hz, H-Ar), 7.42–7.45 (2H, m, H-Ar), 7.83–
7.90 (3H, m, H-Ar), 8.03–8.06 (1H, m, H-Ar). 13C NMR (75
MHz, DMSO-d6): dc 27.3, 29.0, 32.4, 33.7, 40.7, 50.5, 113.3,
123.8, 123.9, 126.6, 126.8, 129.7, 130.4, 131.4, 134.1, 134.7,

146.9, 149.3, 149.6, 163.4, 177.5, 196.0. MS (m/z) 464 (Mþ),
462 (Mþ). Anal. Calcd for C25H19BrO4: C, 64.81; H, 4.13%.
Found: C, 64.73; H, 4.20%.
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1,4-Diethyl-1,2,3,4-tetrahydro-6-nitroquinoxaline 4 was synthesized by alkylative reduction of 6-nitro-
quinoxaline. Catalytic reduction of 4 followed by cyclocondensation with heterocyclic malondialdehydes
afforded novel 8-(heteroaryl)-1,4-diethyl-1,2,3,4-tetrahydropyrido[2,3-g]quinoxalines. The solutions of
these novel compounds having 1,4-diethyl-1,2,3,4-tetrahydroquinoxaline framework as an electron

releasing system showed absorption in the range of 424–426 nm in the visible region and exhibited bril-
liant bluish-green fluorescence. The thermogravimetric curve obtained by thermogravimetric analysis
displayed that these fluorophores possess excellent thermal stability with one-step thermal
decomposition.

J. Heterocyclic Chem., 47, 1066 (2010).

INTRODUCTION

The structural diversity, stability, and biological im-

portance of heterocycles have made them attractive syn-

thetic targets over many years, and they have found

potential applications in various fields of science and

technology. Especially in the field of colorants, hetero-

cycles have gained extreme importance because of their

planar and rigid p-conjugation system. Many hetero-

cycles based on rigid ring systems such as coumarins

[1], thiazoles [2], benzimidazoles [3], pyrazines [4],

naphthalimides [5], and oxadiazoles [6] are well-estab-

lished fluorescent dye chromophores. Heterocyclic fluo-

rescent compounds have been extensively investigated

for various potential applications including tunable dye

lasers [7], molecular probes for biochemical research

[8], and traditional textile and polymer fields [9].

Quinoxaline is one of the interesting heterocyclic sys-

tems. Many quinoxaline scaffolds are found as a core

unit in a number of biologically active compounds

[10,11]. Its derivatives are used in the development of
novel organic dyes and organic semiconductors [12].
Fluorescent styryl dyes based on fused quinoxaline sys-
tem are reported in the literature. In earlier work from

our laboratory, the versatility of quinoxaline has been
demonstrated [13–16]. Quinoxalines can be easily
reduced to 1,2,3,4-tetrahydroquinoxalines by reducing
agents such as lithium aluminium hydride [17] and so-
dium borohydride [18] in excellent yields. Sequential

reduction and alkylation of N-heterocycles such as
indole to N-alkylated indoline and quinoline to 1,2,3,4-
tetrahydroquinoline by sodium borohydride and tri-
fluoroacetic acid is well known [19–22]. Quinoxalines
can also be sequentially reduced and dialkylated using

sodium borohydride and carboxylic acids. 6-Nitroqui-
noxaline has been subjected to similar reductive alkyla-
tion using sodium borohydride and glacial acetic acid to
obtain 1,4-diethyl-1,2,3,4-tetrahydro-6-nitroquinoxaline
[23]. The 1,4-diethyl-1,2,3,4-tetrahydroquinoxaline

framework is rigid and highly electron rich. We have
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reported mono- and bis-styryl dyes derived from 1,4-
diethyl-1,2,3,4-tetrahydro-6-methoxyquinoxaline [24].
These dyes having orange to violet hue displayed pro-
nounced bathochromicity and good thermal stability. A
series of highly fluorescent coumarin derivatives based

on 1,4-diethyl-1,2,3,4-tetrahydroquinoxaline framework,
synthesized by us, exhibited excellent bathochromicity
[25]. These results encouraged us to envisage that, the
molecular structures possessing a strong electron donat-
ing and rigid 1,4-diethyl-1,2,3,4-tetrahydroquinoxaline

unit in conjugation with heterocyclic p-conjugated sys-
tem should exhibit brilliant fluorescence and display
absorption maxima in the yellow region of the electro-
magnetic spectrum.

In this communication, we report the synthesis and

spectroscopic properties of novel pyrido[2,3-g]quinoxa-

line derivatives having 1,4-diethyl-1,2,3,4-tetrahydroqui-

noxaline framework as an electron releasing unit in con-

jugation with electron accepting heterocycles like benz-

imidazole and benzothiazole. The electronic properties

of these highly fluorescent compounds were analyzed by

UV-vis absorption spectroscopy and fluorescence emis-

sion spectroscopy. The fluorescent compounds 7a and

7b were also evaluated for thermal stability by thermog-

ravimetric analysis. The spectroscopic properties of

these pyrido[2,3-g]quinoxaline derivatives were com-

pared with the closely related coumarin analogs 8a–8b

and styryl derivatives 9a–9b.

RESULTS AND DISCUSSION

Synthesis of compounds 7a–7b. Substituted 1,4-

diethyl-1,2,3,4-tetrahydropyrido[2,3-g]quinoxalines 7a–

7b were synthesized by cyclocondensation of 6-amino-

1,4-diethyl-1,2,3,4-tetrahydroquinoxaline 5 and suitable

malondialdehyde derivatives 6a–6b as depicted in

Scheme 1. 4-Nitro-1,2-phenylenediamine 1 was con-

densed with glyoxal 2 in dry acetonitrile to obtain 6-

nitroquinoxaline 3 in excellent yield. Reductive

Scheme 1. Synthetic pathway of compounds 7a–7b.
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alkylation of 6-nitroquinoxaline with sodium borohy-

dride and glacial acetic acid in dry toluene yielded 1,4-

diethyl-6-nitro-1,2,3,4-tetrahydroquinoxaline 4 as a

bright red solid, which was then hydrogenated over 10%

palladium charcoal in glacial acetic acid to afford

6-amino-1,4-diethyl-1,2,3,4-tetrahydroquinoxaline 5. The

catalyst was filtered under nitrogen atmosphere and fil-

trate was immediately used for further reactions as the

amino compound 5 was unstable and rapidly oxidized.

The reaction of 6-amino-1,4-diethyl-1,2,3,4-tetrahydro-

quinoxaline 5 with appropriate malondialdehyde deriva-

tives 6a–6b took place readily in glacial acetic acid in

the presence of equivalent amount of p-toluenesulphonic
acid to yield 8-(heteroaryl)-1,4-diethyl-1,2,3,4-tetrahy-

dropyrido[2,3-g]quinoxalines 7a–7b. This cyclocon-

densation reaction proceeded in a facile manner owing

to the presence of electron releasing 1,4-diethyl-1,2,3,4-

tetrahydroquinoxaline framework. The structures of the

compounds were confirmed by FT-IR, 1H NMR spec-

troscopy, mass spectrometry, and elemental analysis.

The results are summarized in the experimental section.

Spectral characteristics of compounds 7a–7b. Basic

spectral characteristics of the chromophores such as

absorption maxima (kmax), emission maxima (kem), and
extinction coefficient (e) were measured in different sol-

vents and are presented in Tables 1 and 2. The elec-

tronic absorption spectra of the compounds 7a–7b dis-

played absorption maxima in the visible region from

412 to 427 nm. Compound 7a showed absorption max-

ima at 412 nm in hexane, lowest among two derivatives,

whereas compound 7b showed well-pronounced absorp-

tion maxima at 427 nm in DMF which is the highest

between the two derivatives. To investigate the influence

of solvents on the absorption maxima of compounds 7a

and 7b, their absorption spectra were measured in differ-

ent solvents such as toluene, chloroform, ethyl acetate,

hexane, methanol, DMF, acetonitrile, and ethyl acetate.

The solvents differ considerably in polarity and ability

to form H-bonds. From the presented values in Tables 1

and 2, it is apparent that practically no solvatochromism

was observed. Only in the case of 7a in hexane, signifi-

cant hypsochromic shift in the absorption maxima was

noticed. Figure 1 displays absorption maxima of the

compounds 7a–7b in methanol.

These 8-(heteroaryl)-1,4-diethyl-1,2,3,4-tetrahydropyr-

ido[2,3-g]quinoxalines were expected to be strongly flu-

orescent in view of the conjugation of rigid and electron

rich 1,4-diethyl-1,2,3,4-tetrahydropyrido[2,3-g]quinoxa-

line ring with electron accepting heterocycles. To our

delight, both compounds exhibited strong bluish-green

fluorescence with large Stokes shift values (Tables 1

and 2). Especially, fluorophore 7b containing benzothia-

zole ring showed remarkably high Stokes shift value of

107 in methanol. Figure 2 displays emission maxima of

T
a
b
le

1

S
p
ec
tr
al

p
ro
p
er
ti
es

o
f
co
m
p
o
u
n
d
s
7
a
–
7
b
in

to
lu
en
e,

ch
lo
ro
fo
rm

,
h
ex
an
e,

an
d
m
et
h
an
o
l.

C
o
m
p
d
.

T
o
lu
en
e

C
h
lo
ro
fo
rm

H
ex
an
e

M
et
h
an
o
l

k
m
a
x

(n
m
)

k e
m

(n
m
)

S
to
k
es

sh
if
t

e
(l
m
o
l�

1
cm

�1
)

k
m
a
x

(n
m
)

k
e
m

(n
m
)

S
to
k
es

sh
if
t

e
(l
m
o
l�

1
cm

�1
)

k
m
a
x

(n
m
)

k
e
m

(n
m
)

S
to
k
es

sh
if
t

e
(l
m
o
l�

1
cm

�
1
)

k
m
a
x

(n
m
)

k
e
m

(n
m
)

S
to
k
es

sh
if
t

e
(l
m
o
l�

1
cm

�1
)

7
a

4
1
8

4
9
7

7
9

3
4
,4
0
4

4
2
2

5
0
2

8
0

3
3
,2
9
0

4
1
2

4
8
3

7
1

3
3
,6
1
1

4
2
4

5
1
2

8
8

2
9
,8
5
4

7
b

4
2
3

5
1
9

9
6

2
5
,9
5
6

4
2
6

5
2
0

9
3

2
6
,5
9
1

4
1
8

5
0
7

8
9

2
6
,6
6
6

4
2
6

5
3
3

1
0
7

2
5
,4
6
9

1068 Vol 47V. S. Satam, R. N. Rajule, A. R. Jagtap, S. R. Bendre, H. N. Pati, and V. R. Kanetkar

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



the compounds 7a–7b in methanol. Figure 3 shows

photographs of the fluorophores 7a and 7b in UV light

(366 nm).

As stated earlier, the fluorophores 7a and 7b have

rigid and electron rich 1,4-diethyl-1,2,3,4-tetrahydropyr-

ido[2,3-g]quinoxaline ring in conjugation with electron

accepting heterocycles. The situation is rather similar to

the coumarin fluorophores 8a and 8b (Table 3) reported

by us [25]. Also, the styryl dyes 9a and 9b (Table 3)

were derived from the same electron donor and accept-

ors [24]. In short, compounds 7a–7b are structural ana-

logs of compounds 8a–8b and 9a–9b. Hence, the spec-

tral properties of 7a and 7b in methanol were also com-

pared with the established dyes 8a–8b and 9a–9b. The

comparative data are summarized in Table 3. Com-

pounds 7a and 7b showed intense yellow hue with

absorption maxima at 424 and 426 nm, respectively,

whereas compounds 8a and 8b showed bright orange

Figure 2. Emission maxima of compounds 7a–7b in methanol.
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Figure 1. Absorption maxima of compounds 7a–7b in methanol.

September 2010 1069Synthesis and Characterization of Novel Fluorescent Compounds Derived from

1,4-Diethyl-1,2,3,4-tetrahydro-6-nitroquinoxaline

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



hue and absorbed at 483 and 501 nm, respectively. The

large bathochromic shift in the case of 8a and 8b is

clearly due to the presence of lactone ring. The com-

pounds 8a and 8b were highly fluorescent, as it is usual

with coumarin compounds. Stokes shift value of 8a was

almost close to that of 7a, whereas Stokes shift value of

8b was lower than that of 7b. It must be noted that the

styryl dyes 9a and 9b, having same electron donating

1,4-diethyl-1,2,3,4-tetrahydroquinoxaline skeleton in

conjugation with electron accepting benzimidazole and

benzothiazole rings, respectively, were nonfluorescent.

The absence of fluorescence was probably due to lack

of rigidity provided by pyrido ring as in the case of

compounds 7a–7b and lactone ring as in the case of

compounds 8a–8b. However, the styryl dyes 9a and 9b

showed remarkably higher bathochromic shift with

absorption maxima at 501 and 528 nm, respectively,

owing to the presence of an additional electron

Table 3

Spectral properties of compounds 7a–7b, 8a–8b, 9a–9b, and 10a–10b in methanol.

Structure Compd. kmax (nm) e (l mol�1 cm�1) kem (nm) Stokes shift Quantum yielda (U)

7a 424 24,054 512 88 0.1

7b 426 25,469 533 107 0.14

8a 483 24,600 574 91 0.28

8b 501 33,900 598 97 0.34

9a 501 29,218 – – –

9b 528 25,514 – – –

10a 435 52,200 480 45 0.62

10b 465 54,000 491 26 0.7

a Quantum yields were measured in methanol using Rhodamine-6G (U ¼ 0.94) as standard [26,27].

Figure 3. Photographs of fluorophores 7a–7b in UV light (366 nm).
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accepting cyano group. In all the three classes, the com-

pounds 7b, 8b, and 9b having benzothiazole ring under-

went bathochromic shift relative to their respective ana-

logs having benzimidazole ring, owing to high electro-

negativity of sulfur atom in the ring.

To complement this study, spectral properties of fluo-

rescent compounds 7a–7b and 8a–8b were compared

with that of commonly encountered commercial fluores-

cent coumarin dyes 10a (Coumarin 535) and 10b (Cou-

marin 540) (Table 3) having same electron accepting

groups. As expected, the rigid coumarins 8a and 8b

showed significant bathochromic shift in absorption

maxima compared with the nonrigid coumarins 10a and

10b. The compounds 10a and 10b, however, have

remarkably high molar extinction coefficient values and

absorb at longer wavelength compared with quinoxaline

derivatives 7a and 7b. The Stokes shift values of com-

pounds 10a and 10b are lower than that of compounds

7a–7b and 8a–8b. The fluorescence quantum yields (U)
of the compounds were measured in methanol using

Rhodamine-6G (U ¼ 0.94) [26,27] as standard. Com-

pound 7b showed U value of 0.14 which is marginally

higher than that of 7a (U ¼ 0.1). The fluorescence quan-

tum yields of compounds 7a and 7b were found to be

lower than that of coumarin derivatives. Although, the

quinoxaline derivatives 7a–7b possess similar electron

donor and acceptor groups as coumarins 8a–8b and

10a–10b, they exhibit significant hypsochromic shift in

absorption maxima and lower fluorescence quantum

yields. The lower fluorescence in quinoxaline derivatives

is due to the absence of lactone framework in coumarins

which impart rigidity, high electronegativity, and excel-

lent planarity to the molecule.

Thermal properties of fluorophores 7a and 7b. The

fluorophores were subjected to the thermogravimetric

analysis to investigate their thermal stability. The

change in weight of the compound was measured as a

function of temperature. Figure 4 displays thermograph

of the fluorophores 7a and 7b. The thermogravimetric

curves for the compounds show a clear plateau followed

by a sharp and smooth decomposition curve. The loss in

weight of the compound 7a was rapid when heated

above 250�C. This fact indicates that the compound is

stable up to 250�C after which it decomposes rapidly

and decomposition completes at 440�C. Among the two

compounds, compound 7b in particular showed excel-

lent thermal stability up to 310�C. Rapid decomposition

of 7b occurred when it was heated above 310�C. The
decomposition completed at about 455�C. Both the fluo-

rophores underwent one-step thermal decomposition.

Coumarin chromophores 8a–8b and styryl dyes 9a–9b

also showed thermal stability above 250�C with smooth,

one step thermal decomposition curve [24,25].

CONCLUSION

In conclusion, novel 8-(heteroaryl)-1,4-diethyl-1,2,3,4-

tetrahydropyrido[2,3-g]quinoxalines are valuable as new

fluorescent chromophores having absorption maxima at

412–427 nm and emission maxima at 502–533 nm in

different solvents. These compounds did not show any

appreciable solvatochromism and have lower fluores-

cence quantum yields than coumarins having same elec-

tron donating and accepting groups. The compounds dis-

played good thermal stability.

EXPERIMENTAL

All melting points were uncorrected and are in �C. IR spectra
were recorded on a Bomem Hartmann and Braun MB-Series
FT-IR spectrometer (KBr). 1H NMR spectra were recorded on

Varian 300 MHz mercury plus spectrometer, and chemical shifts
are expressed in d ppm using TMS as an internal standard. Mass
spectra were recorded on Micromass: Q-T of micro (YA-105)
mass spectrometer. Microanalysis for C, H, N, and S were per-
formed on Thermofignnin elemental analyzer. Electronic spectra

were recorded on Spectronic spectrophotometer. The fluores-
cence maxima of the compounds were recorded on Jasco FP-
1520 fluorimeter. Thermogravimetric analysis was carried out
on SDT Q600 v8.2 Build 100 model of TA instruments.

Synthesis of 6-amino-1,4-diethyl-1,2,3,4-tetrahydroqui-

noxaline (5). 1,4-Diethyl-1,2,3,4-tetrahydro-6-nitroquinoxaline
4 [23] (5.0 g, 0.021 moles) and catalytic amount of palladium
on charcoal (10%) in glacial acetic acid (100 mL) were stirred
in Parr hydrogenator at 50�C under an atmosphere of hydrogen
until think layer chromatography (TLC) (eluent: 10% ethyl ac-

etate in n-hexane) of the reaction mixture showed no red col-
ored spot of reactant. The reaction mixture was then filtered
under nitrogen atmosphere to separate the catalyst. 6-Amino-
1,4-diethyl-1,2,3,4-tetrahydroquinoxaline 5 thus obtained was

not isolated and subsequently used for further reaction immedi-
ately after filtration as it was found to be unstable [23]. (The

Figure 4. Thermogravimetric curves of fluorophores 7a–7b.
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pale yellow reaction mixture was filtered under nitrogen blan-
ket as it turns black on exposure to air).

General method for the synthesis of compounds

(7a–7b). Above reaction mixture, appropriate malondialdehyde
derivative 6a or 6b [28] (0.021 moles) and p-toluenesulphonic
acid (P-TSA) (3.6 g, 0.021 moles) were heated to reflux under
nitrogen atmosphere for 4 h. The reaction mixture was then
cooled to room temperature, neutralized with dilute sodium hy-
droxide solution (10%) maintaining the temperature below
15�C. Dark brown solid obtained was filtered, washed with

water and dried. The crude compound was purified by column
chromatography on activated neutral aluminium oxide using
toluene–ethyl acetate (7:3) system.

8-(Benzimidazol-2-yl)-1,4-diethyl-1,2,3,4-tetrahydropyrido[2,3-

g]quinoxaline (7a). (5.17 g, 69%); mp 160–162�C; ir (KBr)
mmax cm�1: 3090–3015, 2900–2850, 1688, 1612, 1279; 1H
NMR: d 1.20 (t, J ¼ 7.1 Hz, 3H, CH3), d 1.26 (t, J ¼ 7.1 Hz,
3H, CH3), d 3.15–3.21 (m, 2H), d 3.29 (q, J ¼ 7.1 Hz, 2H,
CH2), d 3.39 (q, J ¼ 7.1 Hz, 2H, CH2), d 3.47–3.53 (m, 2H),
d 6.69 (s, 1H, phenyl proton), d 7.03 (s, 1H, phenyl proton), d
7.31–7.37 (m, 2H, protons on benzimidazole ring), d 7.53–
7.58 (m, 1H, proton on benzimidazole ring), d 7.72–7.77 (m,
1H, proton on benzimidazole ring), d 8.55 (d, J ¼ 1.95 Hz,
1H, proton para to N of pyrido ring), d 9.26 (d, J ¼ 1.95 Hz,
1H, proton ortho to N of pyrido ring), Anal. Calcd for
C22H23N5: C, 73.92; H, 6.49; N, 19.59. Found: C, 73.95; H,
6.48; N, 19.55; ms: m/z 358 (MþþH).

8-(Benzthiazol-2-yl)-1,4-diethyl-1,2,3,4-tetrahydroquinoxa-

line (7b). (5.74 g, 73%); mp 174–176�C; ir (KBr) mmax cm�1:
3100–3010, 2911–2850, 1682, 1608, 1280; 1H NMR: d 1.21 (t,
J ¼ 6.9 Hz, 3H, CH3), d 1.28 (t, J ¼ 6.9 Hz, 3H, CH3), d
3.13–3.18 (m, 2H), d 3.31 (q, J ¼ 6.9 Hz, 2H, CH2), d 3.41

(q, J ¼ 6.9 Hz, 2H, CH2), d 3.49–3.54 (m, 2H), d 6.71 (s, 1H,
phenyl proton), d 7.04 (s, 1H, phenyl proton), d 7.31–7.51 (m,
2H, phenyl protons on benzthiazole ring), d 7.87–7.91 (m 1H,
phenyl proton on benzthiazole ring), d 8.03–8.07 (m, 1H, phe-
nyl proton on benzthiazole ring), d 8.42 (d, J ¼ 2.42 Hz, 1H,

proton para to N of pyrido ring), d 9.11 (d, J ¼ 2.42 Hz, 1H,
proton ortho to N of pyrido ring); Anal. Calcd for C22H22N4S:
C, 70.56; H, 5.92; N, 14.96; S, 8.56. Found: C, 70.59; H, 5.88;
N, 14.97; S, 8.57; ms: m/z 375 (MþþH).
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Two new series of 1,10-carbonyl-bis[3-aryl(heteroaryl)-5-trihalomethyl-1H-pyrazoles], where aryl ¼
C6H5, 4-CH3C6H4, 4-FC6H4, 4-OCH3C6H4, 4-NO2C6H4, 4,40-BiPh, 1-naphthyl, and heteroaryl ¼ 2-
thienyl and 2-furyl have been synthesized, in a one-pot methodology, from the reaction of 4-methoxy-4-
aryl(heteroaryl)-1,1,1-trihalobut-3-en-2-ones with 1,3-diaminoguanidine monohydrochloride. The hetero-

cycles were obtained regioselectively in good yields (62–86%) and in a short reaction time. Ring-open-
ing reactions with 1,2-dinuleophiles and the synthesis of ethyl carboxylate derivative from a
pyrazolycarbohydrazide is also reported.

J. Heterocyclic Chem., 47, 1073 (2010).

INTRODUCTION

The linked pyrazole ring represents an interesting

block for synthesis strategies as well as studies on their

biological and chemical properties. Moreover, pyrazoles

are a class of heterocyclic compounds with many deriv-

atives, and of note, the fluorinated pyrazoles have been

demonstrated to play key pharmacophore functions in

many pharmaceutical and agrochemical fields [1,2].

The introduction of fluorine(s) into heterocyclic rings

is still limited and the trifluoromethyl substituted a,b-
unsaturated ketones represent a practical way to access

such compounds [3–11]. In recent years, the synthesis

of trifluoromethyl pyrazoles has drawn much attention

and the literature has reported a series of specific 5-CF3
substituted pyrazoles. The main synthetic methods to

prepare such compounds involve CCC and NN atom

fragments in cyclization reactions of substituted hydra-

zines or derivatives thereof with 4-alkoxy-1,1,1-tri-

fluoro-3-alken-2-ones [3–9].

This [3þ2] cyclization approach has been shown to

be an efficient method to prepare such compounds,

where the pyrazole ring is linked to another pyrazole.

On the other hand, carbonyl-bispyrazoles are not so

common in the literature. For instance, new synthetic

routes to obtain these compounds and studies on their

potential as pharmaceuticals and agrochemicals have

been relatively little explored [10–12].

1,10-Carbonyl-bispyrazoles have been most commonly

synthesized by substitution reaction involving phosgene

and other derivatives with pyrazoles [13–19]. However,

this synthetic procedure is efficient only when the start-

ing materials are symmetric substituted or nonsubstituted

pyrazoles, because nonsymmetric 3- or 5-substituted

pyrazoles may exist in two tautomeric structures in solu-

tion and their N1-substitution reactions lead undoubtedly

to three possible carbonyl-bispyrazoles isomers.

Soliman and Darwish [13] have reported that substi-

tuted 3,5-dimethyl-1H-pyrazoles reacted with ethyl

chloroformate, in the presence of anhydrous potassium

carbonate, giving bis-(3,5-dimethyl-1H-pyrazole)metha-

none, in good yields, as a possible hypoglycemic agent.

However, a very limited scope is observed when the

bis-pyrazole synthesized by this procedure has only

methyl substituents at the position 3 and 5 of both pyr-

azole rings.

More recently, Higgs and Carrano [20] reported the

synthesis of carbonyl-bispyrazoles prepared by the

VC 2010 HeteroCorporation
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reaction of 3,5-substituted 1H-pyrazoles (R and R1 ¼ H,

CH3, i-Pr) with phosgene, using triethylamine in anhy-

drous THF as solvent. In this procedure, symmetric car-

bonyl-bispyrazoles (R ¼ R1 ¼ H or CH3) were

obtained, except when R ¼ H and R1 ¼ i-Pr. In the pre-

vious example, a mixture of isomeric bis-pyrazoles was

not obtained due to a steric hindrance between the i-
propyl substituents.

Recently, we have reported the one-step and regiose-

lective procedure for the synthesis of a novel series of

1,10-carbonyl-bis[3-alkyl(aryl/heteroaryl)-5-trifluoromethyl-

5-hydroxy-4,5-dihydro-1H-pyrazoles] [21] from the

cyclocondensation reactions of 4-alkoxy-4-aryl(heter-

oaryl)-1,1,1-trifluoroalk-3-en-2-ones with carbohydrazide.

Subsequently, as an example, 1,10-carbonyl-bis(5-trifluoro-
methyl-5-hydroxy-3-phenyl-4,5-dihydro-1H-pyrazole) was

subjected to dehydration reactions, using acetic acid/etha-

nol [22,23], at reflux for 4 h or sulfuric acid/ethanol [24]

at reflux for 4 h. In both the cases, the aromatic 1H-pyr-
azole was obtained with the simultaneous removal of the

carbonyl function. Because of the relative elimination dif-

ficulty, the presence of trifluoromethyl, and the carbonyl

groups at positions 5 and 1 of the pyrazole, respectively,

another synthetic procedure was performed. After a

review of the literature and in an attempt to obtain the ar-

omatic bis-pyrazole, we chose thionyl chloride/pyridine

[24,25] as the dehydration agent. Again, the isolation of

1H-pyrazole was observed with the cleavage of both

C(O)AN bonds.

RESULTS AND DISCUSSION

As an alternative strategy for the synthesis of trifluor-

omethylated aromatic bis-pyrazoles, in this study we

describe firstly the full regioselective synthesis and

characterization of a new series of 1,10-carbonyl-bis(3-
substituted-5-trifluoromethyl-1H-pyrazoles) (3) from the

reaction of trifluoromethyl vinyl ketones (1) with 1,3-

diaminoguanidine monohydrochloride (Scheme 1).

In principle, b-alkoxyvinyl trihalomethyl ketones (1a–

i and 8a–f) are prepared by trihaloacetylation reaction

of acetals derived from ketones, according to the previ-

ously described procedures [5,26–28].

1,10-carbonyl-bis(3-substituted-5-trifluoromethyl-1H-
pyrazoles) (3a–i) were obtained from the reaction of

two equivalents of 4-methoxy-1,1,1-trifluorobut-3-en-2-

ones (1a–i) and one equivalent of 1,3-diaminoguanidine

monohydrochloride, in a one-pot reaction and in 62 to

86% yields. All reactions were carried out in ethanol/

water (20:1), monitored by TLC, and the optimal reac-

tion time and temperature were 4–5 h at 90�C. After

this time, the compounds (3a–i) were isolated by

extraction with chloroform/water (1.5:1). The organic

layer was dried and evaporated under reduced pressure.

The products (3a–i) were purified by recrystallization

from iso-propyl ether, to give pure yellow solids.

According to our previous experience, trifluoromethyl

vinyl ketones 1a–i readily react with substituted hydra-

zines to give only 5-CF3 substituted pyrazoles [3–9]. In

this study, we found that 1,3-diaminoguanidine monohy-

drochloride reacted specifically as a bis-1,2-dinucleo-

phile with enones 1a–i and 8a–f to give bis-pyrazoles

linked through a carbonyl carbon. As for the reaction

mechanism, firstly, the cyclization of enones 1a–i takes

place furnishing 1,10-carbonyl-bis(4,5-dihydro-pyrazole)
intermediates linked through an imino group. These

intermediates undergo in situ water elimination and

hydrolysis of the imino group to give the respective bis-

pyrazoles 3a–i. The evidence of this mechanism is given

Scheme 1. Synthetic route to prepare bis-pyrazoles 3. Reagents and conditions: (i) 1,3-diaminoguanidine. HCl (1.0 equiv), EtOH/H2O, 90
�C,

4–5 h.
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by the isolation of the intermediate 2a, the only interme-

diate that was isolated and whose was structure con-

firmed by single-crystal x-ray diffraction (Fig. 1) [29].

The optimal condition to isolate product 3a together

with a trace of the intermediate 2a was when the reac-

tion was carried out in ethanol/water, at 90�C for 3 h.

The structures of 3a–i and 9a–f were deduced from

their NMR spectra (1H and 13C) and by comparison

with NMR data of other pyrazoles formerly synthesized

in our laboratory [5–9].

The symmetrical carbonyl heterocycles 3a–i show a

symmetrical pattern with one set of signals for the

hydrogens and carbons of the 3-substituted pyrazole

rings. The compounds 3a–i show the 1H NMR chemical

shifts in DMSO-d6 for the H-4 as a sharp singlet in the

range of 5.85–6.41 ppm. The signals for the other aro-

matic hydrogens are in the range of 6.53–8.23 ppm.

The compounds 3a–i present the typical 13C chemical

shifts of pyrazole rings at an average of 148.1 ppm (C-

3) and 86.7 ppm (C-4). The C-5 exhibit signals at

around 169.3 and appear as a characteristic quartet with
2J ¼ 28 Hz, because they are attached to a CF3 group.

The CF3 group shows a typical quartet at an average of

118.2 ppm, with JC-F ¼ 291 Hz. The 13C chemical shifts

of the other aromatic carbons present a signal in the

range of 113.2–147.3 ppm. The carbonyl carbon inter-

facing the two pyrazole rings shows signals in the range

of 185.6 ppm.

Subsequently, aiming to obtain examples of heterocy-

clic derivatives, the reaction of carbohydrazide 4 with a

1,3-diketone (2,4-pentanedione) was performed. In this

case, the well-known ester 5 [30] was isolated in 63%

yield, instead the desired nonsymmetrical bis-pyrazole,

showing an interesting and promising employment

of pyrazolyl carbohydrazides such as 4 (Scheme 2).

Compound 4 was obtained when the reaction of pure car-

bohydrazide [(NH2NH)2CO] and 4-methoxy-4-phenyl-

1,1,1-trifluorobut-3-en-2-one was carried out at a molar

ratio 1:1, in ethanol, according to the literature [21].

Finally, the new ketone 3b was subjected to reactions

with phenylhydrazine [31] and hydroxylamine hydro-

chloride [32] to verify the possibility of an induced

ring-opening reaction followed by recyclization with

these two dinucleophiles (Scheme 3).

Although 3b is not the best precursor to synthesize

pyrazole 6 and isoxazoline 7, these well-known hetero-

cycles were easily isolated in good yields (77–89%)

from this type of reaction.

In addition to the interest inherent in the chemical

attributes of these novel trifluoromethylated condensa-

tion products 3, it seemed appropriate to evaluate the

cyclization reactions involving now the b-alkoxyvinyl
trichloromethyl ketones 8a–f and 1,3-diaminoguanidine

monohydrochloride (Scheme 4).

Figure 1. ORTEP plot of the intermediate 2a. Thermal ellipsoids are

shown at the 50% probability level. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

Scheme 2. Synthesis of nonsymmetrical ketone 5. Reagents and condi-

tions: (i) 2,4-pentanedione, EtOH, reflux, 20 h.

Scheme 3. Preparation of pyrazole 6 and isoxazole 7 from ketone 3b.

Reagents and conditions: (i) NH2NHPh, EtOH, reflux, 4 h; (ii)
NH2OH�HCl, Py, H2O, 45

�C, 24 h (R ¼ 4-Tolyl).
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We reported now the results of reactions of ketones 8

with 1,3-diaminoguanidine monohydrochloride which

were expected to deliver 1,10-carbonyl-bis(5-trichloro-
methyl-1H-pyrazoles) 9a–f bearing an carbonyl moiety

on the newly formed bis-trichoromethyl substituted het-

erocyclic system. We carried out the reactions of 4-

methoxy-1,1,1-trichlorobut-3-en-2-ones 8 with 1,3-dia-

minoguanidine monohydrochloride, in 2:1 molar ratio,

respectively, and in ethanol/water (20:1) as solvent.

When the mixtures were heated at 90�C, after stirring
for 4–5 h, the TLC showed that the reactions proceeded

smoothly and gave the products 9 in 62–80% yields

(Scheme 4). The derivatives 9 were all stable, white

crystalline solids, which showed no significant signs of

decomposition after being stored for many months under

refrigeration and were unaffected by the recrystallization

method.

NMR spectroscopic studies alone allow convincing

structural assignments for this heterocyclic system and

consequently unequivocal determination of structures of

9. The symmetrical carbonyl heterocycles 9a–f show a

symmetrical pattern with one set of signals for the

hydrogens and carbons of the 3-substituted pyrazole

rings. The compounds 9a–f show the 1H NMR chemical

shifts in DMSO-d6 for the H-4 as a sharp singlet in the

range of 6.21–6.98 ppm. The signals for the other aro-

matic hydrogens are in the range of 7.21–8.30 ppm.

The compounds 9a–f present the typical 13C chemical

shifts of pyrazole rings in average of 175.0 ppm (C-3)

and 85.6 ppm (C-4). The carbonyl carbon bonding the

two pyrazole rings shows signals in the range of 182.8

ppm. The two CCl3 groups show a typical singlet in

average of d 98.9 ppm. All the signals are consistent

with 1H and 13C NMR chemical shifts of the pyrazoline

moieties for these symmetrical systems.

In conclusion, we have developed a useful, simple,

and convenient procedure to obtain new 1,10-carbonyl-
bis[3-aryl(heteroaryl)-5-trihalomethyl-1H-pyrazoles] (3,

9), starting from the cyclocondensation reactions with

b-alkoxyvinyl trihalomethyl ketones (1, 8) and 1,3-dia-

minoguanidine monohydrochloride in a one-pot method

leading to high yields (62–86%). In addition, the reac-

tion was proven to be regioselective because only the

1,10-carbonyl-bis(5-trihalomethyl-1H-pyrazole) isomer

was isolated. Moreover, we think that alkylcarboxylate

heterocycles such as 5 and many other ring-opening

reactions can be induced in this new heterocyclic system

using several dinucleophiles.

EXPERIMENTAL

Unless otherwise indicated all common reagents and sol-
vents were used from commercial suppliers without further pu-
rification. All melting points were determined using open
capillaries on an Electrothermal Mel-Temp 3.0 apparatus. 1H
and 13C NMR spectra were acquired on a Bruker DPX 200

spectrometer (1H at 200.13 MHz and 13C at 50.32 MHz), 5
mm sample tubes, 298 K, digital resolution 6 0.01 ppm, in
DMSO-d6 for 3, 5, 9 and in CDCl3 for 6 and 7, using TMS as
internal reference. Mass spectra were registered in a HP 5973

MSD connected to a HP 6890 GC and interfaced by a Pentium
PC. The GC was equipped with a split-splitless injector, auto-
sampler, cross-linked HP-5 capillary column (30 m, 0.32 mm
of internal diameter), and He was used as the carrier gas.

Synthetic procedures. General procedure for the prepa-

ration of 1,10-carbonyl-bis[3-aryl(heteroaryl)-5-(trihalo-
methyl)-1H-pyrazoles] (3a–i, 9a–f). A stirred mixture of
4-methoxy-1,1,1-trifluorobut-3-en-2-ones (1a–i) or 4-methoxy-
1,1,1-trichlorobut-3-en-2-ones (8a–f) (2.0 mmol) and 1,3-dia-
minoguanidine monohydrochloride (1.0 mmol), diluted in etha-

nol (20 mL) and water (1 mL) was heated in an oil bath for
4–5 h at 90�C. After cooling, water (10 mL) was added to the
reaction and the product extracted with chloroform (2 � 15
mL). The organic layer was dried (Na2CO3) and evaporated
under reduced pressure. The solid residues were recrystallized

from iso-propyl ether to give white solids.
1,10-Carbonyl-bis(3-phenyl-5-trifluoromethyl-1H-pyrazole)

(3a). This compound was obtained as a yellow solid, yield
75%, Mp. 211–212�C. 1H NMR (DMSO-d6) d ¼ 7.75–7.79

(m, 4H, aromatic-H), 7.38–7.42 (m, 6H, aromatic-H), 5.94 (s,
2H, H-4). 13C NMR (DMSO-d6) d ¼ 186.1 (C¼¼O), 169.3 (C-
5, J ¼ 28), 141.7 (C-3), 130.2; 128.1; 126.8; 126.6 (aromatic-
C); 118.2 (q, CF3, J ¼ 291), 87.3 (C-4).

1,10-Carbonyl-bis[3-(4-tolyl)-5-trifluoromethyl-1H-pyrazole]

(3b). This compound was obtained as a yellow solid, yield
80%, Mp. 241–243�C. 1H NMR (DMSO-d6) d ¼ 7.69 (d, 4H,
Ar); 7.21 (d, 4H, Ar); 5.91 (s, 2H, H-4); 2.32 (s, 3H, Me). 13C
NMR (DMSO-d6) d ¼ 185.6 (C¼¼O); 169.3 (q, 2J ¼ 28, C-5),
152.9 (C-3), 128.7, 128.5, 126.7, 126.5 (6C, Ar), 122.1 (q, 1J
¼ 291, CF3), 86.8 (C-4), 20.7 (Me).

1,10-Carbonyl-bis[3-(4-fluorophenyl)-5-trifluoromethyl-1H-

pyrazole] (3c). This compound was obtained as a yellow solid,
yield 79%, Mp. 179–181�C. 1H NMR (DMSO-d6) d ¼ 7.85 (t,
4H, Ar), 7.20 (t, 4H, Ar), 5.91 (s, 2H, H-4). 13C NMR

(DMSO-d6) d ¼ 184.5 (C¼¼O), 169.3 (q, 2J ¼ 28, C-5), 138.1
(C-3), 129.1, 129, 114.9, 114.7 (6C, Ar), 118.1 (q, 1J ¼ 291,
CF3), 86.9 (C-4).

1,10-Carbonyl-bis[3-(4-methoxyphenyl)-5-trifluoro-methyl-

1H-pyrazole] (3d). This compound was obtained as a yellow
solid, yield 81%, Mp. 242–244�C. 1H NMR (DMSO-d6) d ¼

Scheme 4. Synthetic route to prepare bis-pyrazoles 9. Reagents and

conditions: (i) 1,3-diaminoguanidine. HCl (1.0 equiv), EtOH/H2O,

90�C, 4–5 h.
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7.76 (d, 4H, Ar), 6.93 (d, 4H, Ar), 5.90 (s, 2H, H-4), 3.78 (s,
3H, OMe). 13C NMR (DMSO-d6) d ¼ 173.4 (C¼¼O), 168.5 (q,
2J ¼ 28, C-5), 160.9 (C-3), 134.1, 128.5, 128.3, 113.2 (4C,
Ar), 119.3 (q, 1J ¼ 291, CF3), 86.5 (C-4), 55.1 (OMe).

1,10-Carbonyl-bis[3-(4-nitrophenyl)-5-trifluoromethyl-1H-

pyrazole] (3e). This compound was obtained as a yellow
solid, yield 62%, Mp. 258–260�C. 1H NMR (DMSO-d6) d ¼
8.23 (d, 4H, Ar), 7.99 (d, 4H, Ar), 5.94 (s, 2H, H-4). 13C
NMR (DMSO-d6) d ¼ 183.1 (C¼¼O), 170.2 (q, 2J ¼ 28, C-5),
148.1 (C-3), 147.3, 127.8, 123.5, 123.3 (4C, Ar), 118.3 (q,
1J ¼ 292, CF3), 87.7 (C-4).

1,10-Carbonyl-bis[3-(4,40-biphenyl)-5-trifluoromethyl-1H-

pyrazole] (3f). This compound was obtained as a yellow
solid, yield 83%, Mp. 170–172�C. 1H NMR (DMSO-d6) d ¼
8.02 (s, 4H, Ar), 7.71–7.76 (m, 8H, Ar), 7.45 (d, 6H, Ar), 6.41

(s, 2H, H-4). 13C NMR (DMSO-d6) d ¼ 187.3 (C¼¼O), 170.5
(q, 2J ¼ 31, C-5), 143.2 (C-3), 138.9, 137.7, 137.4, 128.8,
127.9, 127.7, 126.6, 126.5 (8C, Ar), 119.2 (q, 1J ¼ 287, CF3),
89.2 (C-4).

1,10-Carbonyl-bis[3-(1-naphthyl)-5-trifluoromethyl-1H-

pyrazole] (3g). This compound was obtained as a yellow
solid, yield 74%, Mp. 186–188�C. 1H NMR (DMSO-d6) d ¼
7.98–8.07 (m, 4H, Ar), 7.70–7.75 (m, 2H, Ar), 7.43–7.60 (m,
8H, Ar), 6.37 (s, 2H, H-4). 13C NMR (DMSO-d6) d ¼ 177.5

(C¼¼O), 176.5 (q, 2J ¼ 33, C-5), 132.8 (C-3), 132.4, 129.8,
129.6, 128.2, 127.5, 126.8, 126.1, 126, 125.1, 123.7 (10C, Ar),
115.7 (q, 1J ¼ 293, CF3), 94.4 (C-4).

1,10-Carbonyl-bis[3-(thien-2-yl)-5-trifluoromethyl-1H-pyr-

azole] (3h). This compound was obtained as a yellow solid,

yield 86%, Mp. 237–239�C. 1H NMR (DMSO-d6) d ¼ 7.63
(d, 2H, Thienyl), 7.56 (d, 2H, Thienyl), 7.08 (d, 2H, Thienyl),
5.89 (s, 2H, H-4). 13C NMR (DMSO-d6) d ¼ 178.9 (C¼¼O),
168.9 (q, 2J ¼ 28, C-5), 149 (C-3), 129.7, 127.8, 126.9, 126.7
(4C, Thienyl), 118.7 (q, 1J ¼ 291, CF3), 86.7 (C-4).

1,10-Carbonyl-bis[3-(fur-2-yl)-5-trifluoromethyl-1H-pyraz-

ole] (3i). This compound was obtained as a yellow solid, yield
67%, Mp. 259–261�C. 1H NMR (DMSO-d6) d ¼ 7.69 (s, 2H,
Furyl), 6.90 (d, 2H, Furyl), 6.53–6.54 (m, 2H, Furyl), 5.85 (s,

2H, H-4). 13C NMR (DMSO-d6) d ¼ 175.8 (C¼¼O), 169.4 (q,
2J ¼ 28, C-5), 155.3 (C-3), 144, 143.8, 111.7, 111.6 (4C, Fu-
ryl), 118.9 (q, 1J ¼ 291, CF3), 86.8 (C-4).

1,10-Carbonyl-bis(3-phenyl-5-trichloromethyl-1H-pyrazole)

(9a). This compound was obtained as a white solid, yield

80%, Mp. 150–152�C. 1H NMR (DMSO-d6) d ¼ 7.43–7.53
(m, 2H, Ar), 7.42–7.48 (m, 8H, Ar), 6.21 (s, 2H, H-4). 13C
NMR (DMSO-d6) d ¼ 185.6 (C¼¼O), 175.2 (C-3), 141.8 (C-
5), 130.1, 128.6, 128.1, 126.4 (4C, Ar), 100.4 (CCl3), 83.4
(C-4).

1,10-Carbonyl-bis(3-tolyl-5-trichloromethyl-1H-pyrazole)

(9b). This compound was obtained as a white solid, yield
62%, Mp. 204–206�C. 1H NMR (DMSO-d6) d ¼ 7.68 (d, 4H,
Ar), 7.21 (d, 4H, Ar), 6.36 (s, 2H, H-4), 2.33 (s, 6H, Me). 13C
NMR (DMSO-d6) d ¼ 185.8 (C¼¼O), 174.6 (C-3), 139.6 (C-

5), 129.1, 128.6, 128.2, 126.5 (4C, Ar), 100.8 (CCl3), 82.9
(C-4), 20.9 (Me).

1,10-Carbonyl-bis[3-(4-chlorophenyl)-5-trichoromethyl-1H-

pyrazole] (9c). This compound was obtained as a white solid,

yield 76%, Mp. 168–169�C. 1H NMR (DMSO-d6) d ¼ 7.77
(d, 4H, Ar), 7,44 (d, 4H, Ar), 6.98 (s, 2H, H-4). 13C NMR
(DMSO-d6) d ¼ 184.1 (C¼¼O), 177.9 (C-3), 138.4 (C-5),
130.7, 130.4, 129.1, 129.0 (6C, Ar), 94.6 (CCl3), 89.5 (C-4).

1,10-Carbonyl-bis[3-(4-bromophenyl)-5-trichoromethyl-1H-

pyrazole] (9d). This compound was obtained as a white solid,
yield 64%, Mp. 142–144�C. 1H NMR (DMSO-d6) d ¼ 7.72

(d, 4H, Ar), 7.60 (d, 4H, Ar), 6.3 (s, 2H, H-4). 13C NMR
(DMSO-d6) d ¼ 184.1 (C¼¼O), 175.3 (C-3), 140.9 (C-5),
131.7, 131.0, 130.0, 128.5 (6C, Ar), 100.3 (CCl3), 83.2 (C-4).

1,10-Carbonyl-bis[3-(4-nitrophenyl)-5-trichoromethyl-1H-

pyrazole] (9e). This compound was obtained as a white solid,

yield 73%, Mp. 191–193�C. 1H NMR (DMSO-d6) d ¼ 8.30
(d, 4H, Ar), 7.71 (d, 4H, Ar), 6.32 (s, 2H, H-4). 13C NMR
(DMSO-d6) d ¼ 178.7 (C¼¼O), 174.9 (C-3), 148.2 (C-5),
140.5, 129.8, 123.8, 123.2 (4C, Ar), 97.0 (CCl3), 91.8 (C-4).

1,10-Carbonyl-bis[3-(thien-2-yl)-5-trichoromethyl-1H-pyr-

azole] (9f). This compound was obtained as a white solid,
yield 68%, Mp. 183–185�C. 1H NMR (DMSO-d6) d ¼ 7.61
(d, 2H, Thienyl), 7.50 (d, 2H, Thienyl), 7.08 (d, 2H, Thienyl)
6.29 (s, 2H, H-4). 13C NMR (DMSO-d6) d ¼ 179 (C¼¼O),
174.7 (C-3), 149.6 (C-5), 129.4, 128.7, 127.8, 126.3 (4C,

Thienyl), 100.4 (CCl3), 82.9 (C-4).
General procedure for the synthesis of ethyl 5-(trifluoro-

methyl)-3-phenyl-5-hydroxy-4,5-dihydro-1H-pyrazole-1-car-

boxylate (5). A solution of 5-trifluoromethyl-3-(phenyl)-5-

hydroxy-4,5-dihydro-1H-pyrazolylcarbohydrazide (4) (1 mmol)
and 2,4-pentanedione (1 mmol), in ethanol as solvent (4 mL)
was stirred under reflux for 20 h. After the reaction time,
the solvent was removed under reduced pressure. The solid
residue was recrystallized from ethanol and isolated in high

purity.
Ethyl 5-(trifluoromethyl)-3-phenyl-5-hydroxy-4,5-dihy-

dro-1H-pyrazole-1-carboxylate (5). This compound was
obtained as a white solid, yield 63%, Mp. 127–129�C [30]. 1H
NMR (DMSO-d6) d ¼ 8.08 (s, 1H, OH), 7.76–7.74 (m, 2H,

Ar), 7.47 (s, 3H, Ar), 4.23 (q, 2H, CH2, J ¼ 7), 3.86 (d, 1H,
H-4a, J ¼ 19), 3.55 (d, 1H, H-4b, J ¼ 19), 1.26 (t, 3H, CH3,
J ¼ 7). 13C NMR (DMSO-d6) d ¼ 151.08 (C¼¼O), 150.79
(C-3), 130.17, 130.09, 128.46, 126.2 (Ar), 123.4 (q, CF3, J ¼
285), 91,2 (q, J ¼ 41), C-5), 61.4 (C-4), 44.4 (CH2), 13.9

(CH3). GC-MS (EI, 70 eV): m/z (%) ¼ 302 (Mþ, 19), 212
(46), 189 (42), 161 (100), 77 (72).

General procedure for the synthesis of 3-(4-methyl-

phenyl)-5-(trifluoromethyl)-1H-1-phenylpyrazole (6). A stirred
solution of ketone (3b) (2 mmol) with phenylhydrazine (2

mmol) in 15 mL of dry ethanol was stirred at 80�C during 4
h. After the reaction time, the solvent was removed under
reduced pressure, and the product 6 was dried under reduced
pressure, and isolated in high purity.

3-(4-Methylphenyl)-5-(trifluoromethyl)-1H-1-phenylpyra-

zole (6). This compound was obtained as an oil, yield 77%.
1H NMR (CDCl3) d ¼ 7.34 (s, 5H, Ar), 7.11 (s, 4H, Ar), 6.72
(s, 1H, H-4), 2.34 (s, 3H, CH3). GC-MS (EI, 70 eV): m/z (%)
¼ 302 (Mþ, 100), 281 (19), 233 (5), 77 (10).

General procedure for the synthesis of 5-hydroxy-3-(4-

methylphenyl)-5-(trifluoromethyl)-4,5-dihydroisoxazole (7). To
a stirred solution of ketone (3b) (2 mmol) in pyridine (2
mmol), was added a solution of hydroxylamine hydrochloride
(2 mmol) in H2O (1 mL). The mixture was stirred at 45�C for

24 h. After 24 h, water (25 mL) was added and extracted with
diethyl ether (3 � 15 mL). The organic layer was dried with
Na2CO3, filtered and evaporated under reduced pressure. The
solid was recrystallized from diethyl ether and obtained in
high purity.
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5-Hydroxy-3-(4-methylphenyl)-5-(trifluoromethyl)-4,5-dihy-

droisoxazole (7). This compound was obtained as a yellow
solid, yield 89%, Mp. 62–63�C. 1H NMR (CDCl3) d ¼ 7.53

(d, 2H, Ar, J ¼ 8), 7.23 (d, 2H, Ar, J ¼ 8), 3.66 (d, 1H, H-4a,
J ¼ 18), 3.47 (d, 1H, H-4b, J ¼ 18), 2.39 (s, 3H, CH3). GC-
MS (EI, 70 eV): m/z (%) ¼ 245 (Mþ, 100), 176 (30), 133
(21), 91 (53).
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Reaction of N-arylisoindolines with benzyne afforded predominantly 10-arylisoindolo[2,1-f]phenan-
thridines. On the other hand, N-arylisoindolines react with dimethyl acetylenedicarboxylate to give di-
methyl 2-(2-aryl-2H-isoindol-1-yl)fumarates. Possible reaction mechanisms are discussed.
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INTRODUCTION

Previously, it was demonstrated that N-arylisoindo-
lines underwent charge-transfer complexation [1,2] and

deep seated chemical transformations with 1,4-benzo- or

1,4-naphthoquinones [2] under initial a-H-atom abstrac-

tion to give a-oxygenated products [3,4]. Also and in

a multistep reaction, 3,30-(2-aryl-2H-isoindol-1,3-ylene)-
di-(1,4-naphthoquinone-2-carbonitriles) have been formed

in 25–61% yield from a series of N-aryl-isoindolines
with (1,3-dioxo-2,3-dihydro-1H-inden-2-ylidene)propa-
nedinitrile in aerated pyridine [5]. On the other side,

N-arylisoindolines react with ethenetetracarbonitrile

(TCNE) in aerated benzene with the formation of [3-

(2-aryl-3-dicyanomethylene-2,3-dihydro-1H-isoindol-1-
ylidene)-2-aryl-2,3-dihydro-1H-isoindol-1-ylidene]propa-
nedinitriles, N-aryl-3-dicyanomethylene-isoindol-2-ones,

and N-aryl-phthalimides as well as ethanetetracarboni-

trile [4,6]. The highly reactive parent system, benzyne,

reacts with imine compounds to give (o-anilinobenzy-
hydryl)-aniline [7] and phenanthridine derivatives [8]

as well as acridines [8] via [2p þ 2p] and/or [4p þ 2p]
cycloaddition reactions. We investigated the cycloaddi-

tion reactions of aromatic diimines [9], azomethine com-

pounds having [2.2]paracyclophane [10] and ethenyl-

[2.2]-paracyclophanes [11] with selected dienophiles

including benzyne aiming to synthesize various hetero-

cycles and heterophanes. Synthesis of biologically active

heterocycles has also been one of our interests [12,13].

Aryne chemistry has been applied to the synthesis of aryl

amines in a tandem reaction including two Diels-Alder

reactions, with three benzyne molecules reacting with

one imidazole molecule (Scheme 1) [14]. The reaction

proceeds via formation of 2-methyl-2H-isoindole (1),

which reacted with two more molecules of benzyne (2) to

give the corresponding N-methyl-N-phenylanthracen-9-
amine (3, Scheme 1) [14]. Accordingly, we were encour-

aged to investigate the reaction of N-arylisoindolines 4a–
d [2,15] with benzyne (2) and dimethyl acetylenedicar-

boxylate (DMAD, 11).

RESULTS AND DISCUSSION

Herein, we report the cycloaddition reactions of N-
arylisoindolines 4a–d with benzyne (dehydrobenzene,

2), which was generated by diazotization of 1,2-anthra-

nilic acid [11,16–19]. We chose N-arylisoindolines 4a–d
bearing electron donating and withdrawing substituents

on the benzene ring, to examine their effect on the

course of reaction. Scheme 2 outlines the reaction of

4a–d with 2 in dry acetonitrile under N2 atmosphere.
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The reaction proceeded to yield, after chromatographic

purification and recrystallization, compounds 8a–d (58–

68%) (Scheme 2). The NMR and mass spectra, and ele-

mental analyses, confirm the addition of two molecules

of 2 to 4 (Scheme 2).

NMR spectra confirmed the absence of the isoindoline

CH2 protons and their corresponding carbons. In 8a, a

double-doublet at dH ¼ 8.46 corresponded to H-11 (J ¼
7.8, 1.2 Hz). Another multiplet at dH ¼ 8.40–8.34 was

assigned to H-8,12,13,14. Another two double-doublets at

dH ¼ 8.00 and 7.76 corresponded to H-5 and H-4 (J ¼
7.8, 1.2 Hz), respectively. The 13C NMR spectrum of 8a

showed C-14b, C-10a, C-4a, C-8a at dC ¼ 150.2, 141.0,

137.4, and 131.0, respectively. The absence of the sym-

metrical anthracene ring system from the 13C NMR spec-

tra [20] excluded the formation of compounds 9a-d. One

can also envision that the regioisomers 10a–d might be

formed. Of compounds 10a–d, 1,2,3-triphenylisoindole

(10a) is known [21]. However, the NMR spectra of 10a

should show the molecular symmetry, which is absent

from 8a. Autoxidation of 10a is reported to give ring

opening, not closure to 8a [22]; thus, we exclude 10a–d

as intermediates in our pathways leading to 8a–d. Pub-

lished syntheses of isoindoles from isoindolines proceed

via N-oxidation, followed by O-acylation and elimination

[17,23]. However, benzyne is reported to oxidize dihydro-

pyridines to pyridines [24], presumably by a hydrogen-

transfer mechanism like a diimide reduction. We,

therefore, propose that 2 oxidizes isoindolines 4a–d to the

corresponding isoindoles 5a–d, which undergo electro-

philic substitution by 2, selectively at C-1 [25], to give

compounds 6a–d. (The order of these steps may be

reversed: see below) Subsequently, compounds 6a–d

react with a second molecule of 2 by intermolecular

cycloaddition, followed by oxidation in situ to produce

the stable heterocyclic compounds 8a–d. Interestingly,

the reaction of isoindolines having electron-donating sub-

stituents in the arylidene groups, such as 4b and 4c, with

Scheme 1. Reaction of N-methylisoindolone with benzene.

Scheme 2. Reaction of N-arylisoindolines 4a–d with benzyne (2). 8a: 6 h, 62%; 8b: 8 h, 64%; 8c: 4 h, 68%; 8d: 10 h, 58%.
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2 yielded the main products 8b,c in higher percentage

yields compared with 8d.

Surprisingly, the reactions of 4a–d with dimethyl ace-

tylenedicarboxylate (DMAD, 11), in refluxing ethanol,

afforded dimethyl 2(2-aryl-2H-isoindole-1-yl)fumarates

12a–d (Scheme 3). Structure 12a has formula

C20H17NO4, consistent with the molecular ion of m/z ¼
335. The 1H NMR spectrum of 12a showed the two

methyl esters as two singlets at dH ¼ 3.86 and 3.78.

Another singlet at dH ¼ 7.00 denoted the vinylic H of

the ethylenic bond. The 13C NMR spectrum of 12a

showed two carbonyl carbons at dC ¼ 170.0 and 168.5.

The remaining carbons of 12a showed signals at dC ¼
138.9, 138.4, 127.6, 123.2, 120.5, 120.0, 118.8, 116.2,

115.2, 112.8, 102.0, 52.0, and 51.7 corresponding to

(Ar-CAN), (vinylic-C-20), (Ar-CH-6), (Ar-CH-7), (Ar-

CH-5), (C-1), (Ar-CH-4), (CH-3), (C-3a), (vinylic-CH-

10), (C-7a), (ester-CH3) and (ester-CH3), respectively.

Formally, compounds 12a–d arise by ene reaction

between 11 and a tautomer of 4a–d, followed by oxida-

tion (Scheme 3). The same kind of sequence can be

written for reaction of 4a–d with benzyne, which would

lead the substitution invoked above (Scheme 2) to occur

before oxidation.

CONCLUSIONS

In conclusion, N-arylisoindolines react with benzyne

to form arylisoindolophenanthridines and with DMAD

to form (2-aryl-2H-isoindol-1-yl)fumarates. The mecha-

nisms of these transformations are uncertain but appear

to involve both concerted reactions and oxidations.

EXPERIMENTAL SECTION

General. Melting points are uncorrected. 1H NMR and 13C
NMR spectra were measured in deuterochloroform solutions
on Bruker AM-400 or AV-400 spectrometers (400.13 MHz for
1H and 100.6 MHz for 13C). The AV-400 was purchased with

assistance from the National Science Foundation (CHE 03-
42251). For preparative thin layer chromatography (PLC),
glass plates (20 � 48 cm) were covered with a slurry of silica
gel Merck PF254 and air-dried using the solvents listed for de-

velopment. Zones were detected by quenching of indicator flu-
orescence upon exposure to 254 nm UV light. Elemental anal-

yses were carried in Assiut Microanalysis Center of Assiut
University. Mass spectroscopy was performed with a Finnigan

Mat 8430 spectrometer at 70 eV Institute of Organic Chemis-
try, TU-Braunschweig. Germany. IR spectra were run on a
Shimadzu 470 spectrometer using KBr pellets.

Starting materials. 2-Aryl-2,3-dihydro-1H-isoindoles 4a–d
were prepared according to published procedures [2,15]. Di-

methyl acetylene-dicarboxylate (DMAD, 10) was bought from
Fluka.

Reaction of isoindolines 4a-d with benzyne (2).

Benzenediazonium carboxylate was prepared by the procedure

described in [16–19]. Under nitrogen atmosphere, 6 mmol of
benzyne (2) precursor was slowly added to the stirred and
refluxed solutions of 4a–d (2 mmol) in dry acetonitrile (250
mL) for 1 h. The reaction mixture was refluxed till the con-
sumption of the starting materials was completed (reaction

progress monitored by TLC analysis) in 4–10 h. The solvent
was concentrated and the residue was filtered off. The precipi-
tate was washed with dichloromethane (200 mL). The filtrate
was then concentrated in vacuum and the residue was applied
to PLC using toluene as an eluent. The migrating zones con-

tained the products 8a–d were recrystallized from the stated
solvents. All zones were extracted with acetone and the prod-
ucts recovered.

10-Phenylisoindolo[2,1-f]phenathridines (8a). Yellow crys-
tals (0.213 g, 62%), mp 240�C (ethanol); [Found: C, 90.80; H,

4.90; N, 4.00. C26H17NO requires C, 90.93; H, 4.99; N,
4.08%]; mmax (potassium bromide) 3030–3000 (m, Ar-CH),
1580 (m, olefinic-CH) cm�1; dH ¼ 8.46 (dd, J ¼ 7.8, 1.2 Hz,
1H, H-11), 8.40–8.34 (m, 4H, H-8,12,13,14), 8.00 (dd, J ¼
7.8, 1.2 Hz, 1H, H-5), 7.76 (dd, J ¼ 7.8, 1.2 Hz, 1H, H-4),
7.60–7.58 (m, 6H, Ar-H), 7.50–7.38 (m, 4H, Ar-H); dC ¼
150.2 (C-14b), 141.0 (C-10a), 137.4 (C-4a), 133.4 (Ph-C),
131.0 (C-8a), 130.0 (Ar-CH-p), 129.2 (Ar-CH-p), 128.6 (Ar-
2CH-m), 128.4 (Ar-2CH-o), 128.0, 127.6, 127.4, 127.0, 126.6
(Ar-CH), 126.4 (C-14a), 125.9, 125.6 (Ar-CH), 124.8 (C-4b),
124.0 (CH-11), 123.4 (CH-12), 123.0 (CH-13), 122.8 (CH-14),
118.0 (C-14c), 116.8 (C-10); m/z (70 eV, EI): 343 [Mþ] (100),
266 (30), 242 (18), 192 (20), 168 (28), 92 (20), 78 (24%).

6-Methyl-10-phenylisoindolo[2,1-f]phenathridines (8b).
Yellow crystals 8b (0.229 g, 64%), mp 260�C (methanol);
[Found: C, 90.60; H, 5.39; N, 4.08. C27H19N requires C,
90.72; H, 5.36; N, 3.92%]; mmax (potassium bromide): 3065–
3008 (m, Ar-CH), 2980–2870 (w, aliph.ACH), 1582 (m, ole-
finic-CH) cm�1; dH ¼ 8.38 (dd, J ¼ 7.6, 1.2 Hz, 2H, H-

11,14), 8.40–8.28 (m, 2H, H-12,13), 7.86 (m, 2H, H-5,4),
7.76–7.52 (6H, m), 7.40–7.30 (4H, m), 2.34 (s, 3H, CH3); dC
¼ 149.6 (C-14b), 141.2 (C-10a), 137.0 (C-4a), 133.0, 132.6
(Ar-C), 128.9 (C-8a), 128.4 (Ar-CH-p), 127.6 (Ar-2CH-m),
127.0 (Ar-2CH-o), 126.9 (C-14a), 126.6, 126.2, 125.8, 125.6,
125.4, 125.0, 124.8 (Ar-CH), 124.4 (C-4b), 124.0 (CH-11),

Scheme 3. Reaction of N-arylisoindolines 4a–d with DMAD (11). 12a: 14 h, 82%; 12b: 14 h, 82%; 12c: 12 h, 87%; 12d: 18 h, 78%.
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123.6 (CH-12), 123.2 (CH-13), 122.6 (CH-14), 118.2 (C-14c),
116.6 (C-10), 21.8 (CH3); m/z (70 eV, EI): 357 [Mþ] (100),
342 (26), 264 (28), 242 (28), 190 (26), 168 (32), 92 (32), 78
(44%).

6-Methoxy-10-phenylisoindolo[2,1-f]phenathridines (8c).
Yellow crystals (0.254 g, 68%), mp 290�C (acetonitrile); [Found:
C, 86.70; H, 5.10; N, 3.68. C27H19NO requires C, 86.84; H, 5.13;
N, 3.75%]; mmax (potassium bromide) 3080–3012 (m, Ar-CH),
2988–2860 (m, aliph.ACH), 1590 (s, olefinic-CH) cm�1; dH ¼
8.38 (dd, J ¼ 7.6, 1.0 Hz, 2H, H-11,14), 8.30–8.20 (m, 2H, H-

12,13), 7.94 (t, J ¼ 7.8 Hz, 1H, H-8), 7.90 (dd, J ¼ 7.8, 1.2 Hz,
1H, H-1), 7.80 (dd, J ¼ 7.8, 1.2 Hz, 2H, H-5,4), 7.52–7.40 (6H,
m), 7.30–7.18 (2H, m), 3.90 (s, 3H, OCH3); dC ¼ 158.0 (H3CO-
Ar-C), 148.0 (C-14b), 141.2 (C-10a), 135.8 (C-4a), 133.2 (Ph-C),
128.6 (Ph-CH-p), 128.0 (Ph-2CH-m), 127.2 (Ph-2CH-o), 127.0
(C-8a), 126.9 (C-14a), 126.8, 126.6, 126.0, 125.4, 125.0 (Ar-CH),
124.6 (C-4b), 123.8 (CH-11), 123.6 (CH-12), 123.0 (CH-13),
122.8 (CH-14), 122.6 (CH-7), 117.6 (C-14c), 115.0 (C-10), 104.0
(CH-5), 55.8 (OCH3); m/z (70 eV, EI): 373 [Mþ] (100), 356 (18),
342 (26), 264 (28), 242 (30), 190 (34), 168 (22), 109 (22), 92 (30),
78 (34%).

6-Chloro-10-phenylisoindolo[2,1-f]phenathridines (8d).
Yellow crystals (0.219 g, 58%), mp 250�C (ethyl acetate);
[Found: C, 82.50; H, 4.20; Cl, 9.50; N, 3.62. C26H16ClN

requires C, 82.64; H, 4.27; Cl, 9.38; N, 3.71%]; mmax (potas-
sium bromide) 3060–3009 (m, Ar-CH), 1585 (s, olefinic-CH)
cm�1; dH ¼ 8.45 (dd, J ¼ 7.8, 1.2 Hz, 2H, H-8), 8.30 (t, J ¼
7.6 Hz, 1H, H-14), 8.20 (t, J ¼ 7.6 Hz, 1H, H-11), 8.08 (t, J
¼ 7.6 Hz, 1H, H-13), 8.04 (dd, J ¼ 7.6, 1.2 Hz,, 1H, H-5),

7.90–7.64 (10H, m); dC ¼ 149.0 (C-14b), 141.6 (C-10a), 136.2
(C-4a), 133.4 (Ph-C), 130.6 (CH-3), 131.2 (CH-7), 130.0 (CH-
8), 129.6 (CH-2), 129.4 (C-8a), 129.2 (Ar-2CH-m), 128.6 (CH-
1), 128.4 (Ar-CH-p), 128.0 (CH-1), 127.8 (Ar-2CH-o), 127.0
(Ar-CACl), 126.6 (C-14a), 125.8 (C-4b), 124.0 (CH-14), 123.6

(CH-5), 123.2 (CH-11), 123.0 (CH-12), 122.8 (CH-13), 119.2
(C-14c), 116.0 (C-10); m/z (70 eV, EI): 378 [Mþ1] (30), 377
[Mþ] (100), 344 (23), 342 (34), 266 (28), 242 (20), 192 (26),
168 (30), 112 (28), 92 (20), 78 (24%).

Reaction of isoindolines 4a–d with dimethyl acetylenedi-

carboxylate (DMAD, 11). A mixture of 4a–d (1 mmol) with
11 (0.142 g, 1 mmol) in absolute ethanol (50 mL) was refluxed
for 12–18 h (the reaction was followed by TLC analysis). The
solvent was removed under vacuum. The residue was applied

on column chromatography (silica gel) using dichloromethane
as eluent. The separated products 12a–d were recrystallized
from the stated solvents.

Dimethyl 2-(2-phenyl-2H-isoindol-1-yl)fumarate (12a).
Yellow crystals (0.275 g, 82%), mp 220�C (methanol); [Found:

C, 71.50; H, 5.08; N, 4.18. C20H17NO4 requires C, 71.63; H,
5.11; N, 4.18%]; mmax (potassium bromide): 3090–3008 (m,
Ar-CH), 2980–2860 (m, aliph.ACH), 1730–1712 (br, s, CO),
1586 (s, olefinic-CH) cm�1; dH ¼ 8.38 (t, J ¼ 7.6 Hz, 1H, H-
4), 8.30 (t, J ¼ 7.8 Hz, 1H, H-6), 8.10 (dd, J ¼ 7.8, 1.2 Hz,

1H, H-5), 8.06 (dd, J ¼ 7.6, 1.2 Hz, 1H, H-5), 7.36–7.20 (5H,
m), 7.00 (s, 1H, vinylic-H-20), 6.96 (s, 1H, H-3), 3.86 (s, 3H,
CH3-ester), 3.78 (s, 3H, CH3-ester); dC ¼ 170.0 (CO-ester),
168.5 (CO-ester), 138.9 (Ar-CAN), 138.4 (vinylic-C-20), 129.0
(Ph-2CH-m), 126.8 (Ar-CH-p), 127.6 (Ar-CH-6), 122.4 (Ar-
2CH-o), 123.2 (Ar-CH-7), 120.5 (Ar-CH-5), 120.0 (C-1),
118.8 (Ar-CH-4), 116.2 (CH-3), 115.2 (C-3a), 112.8 (vinylic-
CH-10), 102.0 (C-7a), 52.0 (ester-CH3), 51.7 (ester-CH3); m/z

(70 eV, EI): 335 [Mþ] (100), 320 (22), 305 (24), 277 (18),
266 (30), 250 (18), 212 (40), 192 (20), 168 (28), 92 (20), 78
(24%).

Dimethyl 2-(2-(40-methylphenyl)-2H-isoindol-1-yl)fumarate
(12b). Yellow crystals (0.293 g, 84%), mp 240�C (ethanol);

[Found: C, 72.30; H, 5.34; N, 4.00. C21H19NO4 requires C,
72.19; H, 5.48; N, 4.01%]; mmax (potassium bromide) 3085–3008
(m, Ar-CH), 2982–2840 (m, aliph.ACH), 1728–1715 (br, s, CO),
1586 (s, olefinic-CH) cm�1; dH ¼ 8.36 (t, J ¼ 7.8 Hz, 1H, H-4),
8.32 (t, J ¼ 7.6 Hz, 1H, H-6), 8.08 (dd, J ¼ 7.8, 1.2 Hz, 1H, H-

5), 8.00 (dd, J ¼ 7.8, 1.2 Hz, 1H, H-5), 7.36 (d, J ¼ 7.7 Hz, 2H),
7.20 (d, J ¼ 7.8 Hz, 2H), 7.10 (s, 1H, vinylic-H-20), 6.90 (s, 1H,
H-3), 3.90 (s, 3H, CH3-ester), 3.86 (s, 3H, CH3-ester), 2.34 (s,
3H, CH3-Ar); dC ¼ 169.4 (CO-ester), 168.8 (CO-ester), 138.6
(Ar-CAN), 138.2 (vinylic-C-20), 135.4 (Ar-C), 129.2 (Ph-2CH-

m), 127.2 (Ar-CH-6), 124.4 (Ar-2CH-o), 123.2 (Ar-CH-7),
120.5 (Ar-CH-5), 120.2 (C-1), 119.2 (Ar-CH-4), 116.4 (CH-3),
115.4 (C-3a), 113.0 (vinylic-CH-10), 102.2 (C-7a), 52.2 (ester-
CH3), 51.2 (ester-CH3), 22.4 (Ar-CH3) m/z (70 eV, EI): 349

[Mþ] (100), 335 (24), 320 (20), 304 (18), 276 (26), 266 (30), 250
(18), 207 (34), 192 (20), 168 (28), 92 (40), 78 (34%).

Dimethyl 2-(2-(40-methoxyphenyl)-2H-isoindol-1-yl)fuma-
rate (12c). Yellow crystals (0.318 g, 87%), mp 202�C (metha-
nol); [Found: C, 68.90; H, 5.20; N, 3.90. C21H19NO5 requires C,

69.03; H, 5.24; N, 3.83%]; mmax (potassium bromide) 3090–3006
(m, Ar-CH), 2980–2850 (m, aliph.ACH), 1730–1712 (br, s, CO),
1585 (s, olefinic-CH) cm�1; dH ¼ 8.40 (t, J ¼ 7.6 Hz, 1H, H-4),
8.34 (t, J ¼ 7.8 Hz, 1H, H-6), 8.12 (dd, J ¼ 7.6, 1.2 Hz, 1H, H-
5), 8.05 (dd, J ¼ 7.6, 1.2 Hz, 1H, H-5), 7.56 (d, J ¼ 7.8 Hz, 2H),

6.90 (d, J ¼ 7.8 Hz, 2H), 6.96 (s, 1H, vinylic-H-20), 6.90 (s, 1H,
H-3), 3.92 (s, 3H, CH3-ester), 3.80 (s, 3H, CH3-ester), 3.92 (s,
3H, CH3O-Ar); dC ¼ 169.7 (CO-ester), 168.2 (CO-ester), 156.9
(CH3O-Ar-C), 138.5 (Ar-CAN), 139.0 (vinylic-C-20), 127.2
(Ar-CH-6), 124.4 (Ar-2CH-o), 123.4 (Ar-CH-7), 120.5 (Ar-CH-

5), 120.2 (C-1), 119.6 (Ar-CH-4), 118.2 (Ar-2CH-m), 116.4
(CH-3), 115.4 (C-3a), 113.4 (vinylic-CH-10), 102.2 (C-7a), 52.0
(ester-CH3), 51.0 (ester-CH3), 50.8 (Ar-OCH3); m/z (70 eV, EI):
365 [Mþ] (100), 350 (14), 334 (16), 320 (20), 306 (22), 280 (24),
222 (30), 192 (20), 91 (38), 78 (36%).

Dimethyl 2-(2-(40-chlorophenyl)-2H-isoindol-1-yl)fumarate
(12d). Yellow crystals (0.288 g, 78%), mp 162�C (methanol);
[Found: C, 64.96; H, 4.36; Cl, 9.59; N, 3.79. C20H16ClNO4

requires C, 64.80; H, 4.30; Cl, 9.70; N, 3.70%]; mmax (potassium

bromide): 3060–3005 (m, Ar-CH), 2980-2770 (m, aliph.ACH),
1732–1710 (br, s, CO), 1586 (s, olefinic-CH) cm�1; dH ¼ 8.30–
8.26 (m, 2H, H-4,7), 8.12–8.08 (m, 2H, H-6,7), 7.42 (d, J ¼ 7.8
Hz, 2H), 7.30 (d, J ¼ 7.8 Hz, 2H), 7.03 (s, 1H, H-3), 6.95 (s, 1H,
vinylic-H-20), 3.95 (s, 3H, CH3-ester), 3.86 (s, 3H, CH3-ester);

dC ¼ 170.0 (CO-ester), 169.2 (CO-ester), 136.5 (Ar-CAN),
138.2 (vinylic-C-20), 131.0 (Ar-C-Cl), 129.0 (Ar-2CH-o), 127.0
(Ar-CH-6), 123.2 (Ar-CH-7), 120.4 (Ar-2CH-m), 120.3 (Ar-CH-
5), 120.0 (C-1), 119.4 (CH-3), 119.2 (Ar-CH-4), 114.4 (C-3a),
112.0 (vinylic-CH-10), 101.2 (C-7a), 52.4 (ester-CH3), 51.2

(ester-CH3); m/z (70 eV, EI): 370 [Mþ1] (32), 369 [Mþ] (100),
354 (24), 352 (26), 340 (14), 339 (18), 334 (22), 312 (16), 310
(18), 227 (20), 226 (24), 192 (24), 114 (42), 91 (38), 78 (39%).
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A diisopropylcarbodiimide (DIC) mediated small library of thiazolidin-4-one and 1,3-Thiazinan-4-one
derivatives were efficiently synthesized using one pot three component condensation of amino acid,
aldehyde, and mercapto carboxylic acid on a polymer support. The study shows significantly higher
yields of the thiazolidin-4-one derivatives thereby indicating a lower dependence on the nature of the
amino acid and aldehyde components. As an obvious extension of this protocol, the reactions were per-

formed using heterocyclic aldehydes and substituted hindered aromatic aldehydes instead of simple aro-
matic aldehydes. The synthesized library compounds were also screened for their antifungal acitivity
against these three pathogenic fungi: Candida albicans (Ca), Candida parapsilosis (Cp), and Cryptococ-
cus neoformans (Cn).

J. Heterocyclic Chem., 47, 1084 (2010).

INTRODUCTION

The categorical imperative of modern drug discovery

is to produce better clinical candidates that are less

prone to failure at later stage. Solid phase organic syn-

thesis is regarded as one of the key disciplines for pro-

viding constant supply of chemical compounds that may

be monitored for their biological activity on the vastly

increasing number of biological targets. Solid phase or-

ganic synthesis together with high throughput synthesis

and efficient data management, undoubtedly lead to

acceleration in the process of drug discovery [1].

There are numerous biologically active molecules

whose framework includes a five-membered and six-

membered ring containing two hetero atoms. Thiazoli-

din-4-one and thiazinan-4-one are biologically important

scaffolds known to be associated with several biological

activities. These structures contain one S and one N

atom in skeleton as heterocyclic atoms [2–3].

Several protocols for the synthesis of thiazolidin-4-

one and thiazinan-4-one derivatives are available in the

literature [4–12] (Scheme 1). Essentially these are three

component reactions involving an amine, a carbonyl

compound and a mercapto acid. The process can be ei-

ther a one-pot three-component condensation or a two-

step process. The reaction has been suggested to proceed

via imine formation followed by the attack of sulfur

nucleophile on the imine carbon. The last step involves

intramolecular cyclization with the elimination of water

to give the final compound. This step appears to be

VC 2010 HeteroCorporation
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critical for obtaining high yields. Therefore, variations

have been affected in this step to facilitate removal of

water. Most commonly used protocols utilize azeotropic

distillation, molecular sieves, and use of other desiccants

like anhydrous zinc chloride [13], sodium sulfate [14],

or magnesium sulfate [15]. These protocols require pro-

longed heating at 70–80�C for 17–20 h and give moder-

ate to good yields. More recently, an improved protocol

has been reported wherein N,N-dicyclohexylcarbodii-
mide (DCC) or 2-(1H-benzotrizole-1-yl)-1,1,3,3 tetrame-

thyluraniumhexafluorophospate (HBTU) is used as an

acid amine coupling and dehydrating agent to accelerate

intramolecular cyclization, resulting in faster reaction

and improved yields [16,17]. First time Holmes et al.
[18] reported solution and polymer-supported synthesis

of thiazolidin-4-one and thiazinan-4-one derivatives,

derived from amino acids. In amino acids, the carbox-

ylic acid function serves as an anchor group for attach-

ment to the site of support. The condensation of this

support bound amine with several aldehydes and mer-

capto acetic acids in a one-pot reaction, afforded desired

products. A series of experiments were performed using

different proportions to optimize the ratio of reactants.

The ratio of reactants in 1:2:3 for amino acid, aldehyde,

and mercapto acetic acid, respectively, as in case of so-

lution phase HBTU protocol gave poor yields. Quantita-

tive yields were obtained by using the ratio of reactants

in 1:4:6 for amino acid, aldehyde, and mercapto acetic

acid, respectively. This is in agreement with the earlier

observation by Holmes et al. In a typical experiment,

amino acid and aldehyde were shaken in dry tetrahydro-

furan (THF) for 15 min, followed by addition of mer-

capto acetic acid and HBTU, and shaking of reaction

mixture for an additional 5 h. The resin was then fil-

tered, washed successively with N,N0-dimethyl formam-

ide (DMF) (3 � 2 mL), methanol (MeOH) (3 � 2 mL),

dichloromethane (DCM) (3 � 2 mL), and diethylether

(3 � 2 mL) and dried in vacuum. After cleavage of the

final compounds from the resin by treating it with tri-

fluroacetic acid (TFA): dichloromethane (DCM) (1:1)

mixture, the desired products in almost quantitative

yields were obtained. It was observed that in the case of

phenylalanine, the yields were significantly lower than

that with glycine, using HBTU in both the reactions.

Fast decomposition of HBTU and steric hindrance could

be a major reason for lower yield with phenylalanine.

Previous studies suggest that the use of carboxylate

activating reagents have facilitated cyclization [19]. There-

fore it was thought to explore N, N0-diisoproplylcarbodii-
mide (DIC) as a coupling and dehydrating agent by keep-

ing N,N- dicyclohexylcarbodiimide (DCC) mediated pro-

tocol in mind, which is usually used in solid phase pep-

tide coupling reactions [20–21]. The generality of the DIC

mediated reactions have been demonstrated by synthesiz-

ing a variety of thiazolidin-4-one and thiazinan-4-one

derivatives. In previous study, it was observed that steri-

cally hindered amino acids react sluggishly during cycliza-

tion and lead to poor yields or sometimes do not react at

all. To avert these shortcomings, in this study, sterically

hindered amino acids were examined and the results

obtained were excellent (Table-2).

Candida albicans, Candida parapsilosis, and Crypto-
coccus neoformans are the common opportunistic fungi

responsible for infections. Out of these Candida albicans
infections may become problematic in severely immuno-

compromised patients and may induce oral candiasis,

Scheme 1. Schematic representation for synthesis of thiazolidin-4-one

and metathiazinan-4-one derivatives on solid support.

Figure 1. The HPLC data of the final compound VI. HPLC trace of

diastereomeric thiazolidin-4-one (VI) (7.333 and 8.95 min) after TFA

cleavage from solid support at 220 nm.
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oesophageal candiasis, and vaginal candiasis. Candida
parapsilosis is second to Candida albicans as a cause of

candida endocarditis. Approximately 25% of candidal en-

docarditis cases reported have been caused by Candida
parapsilosis. On the contrary Cryptococcus neoformans is
the causative agent of cryptococcosis, which is the leading

cause of morbidity and mortality due to fungi in patients

with AIDS. Thus, there is urgent need for more effective

and novel antifungal therapies. Therefore in the first

instance, synthesized library compounds were screened for

their antifungal activity, against these three pathogenic

fungi: Candida albicans (Ca), Candida parapsilosis (Cp),
and Cryptococcus neoformans (Cn).

EXPERIMENTAL

The reagents used in the study are figured in Table 1.
Unless otherwise stated, the materials were of the highest
grade available from commercial sources and used without fur-
ther purification. The solvents and reagents were purchased

from the following sources: Wang resin (1% divinylbenzene,
200–400 mesh, 0.5–1.2 mmol/g substitutions) from Novabio-
chem; Fmoc protected amino acids, N,N0-diisopropylcarbodii-
mide, piperidine, diisopropylamine, and trifluoroacetic acid

from Aldrich and mercapto acid derivatives from Lancaster.
The reactions on solid phase were optimized using polypro-

pylene syringes of 5 mL capacity (Becton and Dickinson) with
fritt (12 mm diameter and 2 mm thickness for 5 mL syringes)
inserted at the bottom of the syringes. They were shaken on an

orbital shaker (IKA-Vibrax-VXR). The syringes were capped
at the bottom with Leur positive (VSG-0419, Roland Vetter)
cap. The compounds after cleavage from the resin were dried
under N2.

1H NMR spectra were obtained on Brucker Evans
DRX-600 spectrometer and chemical shifts (d) were reported

in ppm relative to TMS. Because of solubility properties, the
solvents used was CDCl3. RP-HPLC analysis of crude prod-
ucts was carried using a 5 lm, 4.8 � 150 mm C-18 reverse-
phase column with a linear gradient of Acetonitrile:Water
(80:20 v/v) with 100 lL TFA over 25 min. The flow rate was

0.4 mL/min, and UV detection was observed at 220 nm. The
retention time of compounds has been expressed in minutes as
tR (Fig. 1). Mass spectra were recorded using electron spray
ionization (ESI) technique or FAB.

Ninhydrine test for aliphatic primary amines. Ninhydrine
test is used to detect the presence and absence of free aliphatic
ANH2 group on resin beads after de-protection of Fmoc group.
The test was performed by taking small aliquot of the resin in
an eppendorf followed by the addition of few drops of follow-

ing solutions:

1. 80% solution of phenol in absolute alcohol.

2. 2% solution of aqueous KCN (0.001M) in Pyridine.

3. 5% solution of Ninhydrine in absolute alcohol.

The eppendorf was then heated at 100�C in a water bath,
for 5 min. and colour of the beads was examined. The pres-

ence of free aliphatic ANH2 group of amino acids was indi-
cated by blue resin beads (Positive Ninhydrine test), whereas

its absence was confirmed by colorless beads (Negative Ninhy-

drine test).

GENERAL PROCEDURE

Loading of amino acid on resin. The Wang resin

(500 mg) was swelled by shaking on an orbital shaker

(IKA-Vibrax-VXR) at 600 rpm in 5 mL DCM:DMF

(1:1) for 30 min. The resin was then filtered and washed

with DMF. The resin so obtained was then coupled with

a preactivated solution of amino acid (5 equiv., 2.825

mmol), DIC (3 equiv., 1.695 mmol, 267.38 lL) and

DMAP (3 equiv., 1.695 mmol, 207 mg) in dry DMF (2

mL) and the reaction mixture was allowed to shake at

room temperature for 6–7 h. The resin was filtered and

washed, successively, with DMF (3 � 2 mL), MeOH (3

� 2 mL), DCM (3 � 2 mL), and diethylether (3 � 2

mL) and dried in vacuum. A second repeat cycle was

made with a preactivated solution of amino acid (2

equiv., 1.13 mmol), DIC (1.5 equiv., 0.847 mmol, 133.5

lL) and DMAP (1.5 equiv., 0.847 mmol, 103.5 mg) in

dry DMF (2 mL), and the reaction mixture was allowed

to shake at room temperature for 6–7 h to achieve com-

plete loading of amino acids on resin. The resin was fil-

tered and washed, successively, with DMF (3 � 2 mL),

MeOH (3 � 2 mL), DCM (3 � 2 mL), and diethylether

(3 � 2 mL) and dried in vacuum. (Scheme 2).

Deprotection of Fmoc groups of resin bound amino

acids. This was carried out by treating the resin twice

with 30% (v/v) piperidine/DMF solution at room tem-

perature for 15 and 25 min, respectively. Then the resin

was filtered and washed successively with DMF (3 � 2

Table 1

Building blocks for solid phase synthesis.

(Continued)
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mL), MeOH (3 � 2 mL), DCM (3 � 2 mL), and diethy-

lether (3 � 2 mL) and dried in vacuum.

Preparation of resin bound thiazolidin-4-one and

thiazinan-4-one derivatives. The Fmoc-deprotected

amino acids loaded Wang resin (200 mg in a polypro-

pylene syringe) was swelled in dry THF for 30 min. Af-

ter 30 min (hetero)/aromatic aldehyde (4 eq.) in THF

was added and shook on an orbital shaker (IKA-Vibrax-

VXR) at 600 rpm for 30 min. Then, an appropriate mer-

capto acid (6 eq.) was poured into the reaction mixture.

After 5 min diisopropylcarbodiimide (DIC) (4 eq.) was

added to the reaction mixture. The reaction mixture was

then allowed to shake at room temperature for 8 h. Dii-

sopropylurea (DIU) was separated during reaction was

removed by washing. The resin was then filtered,

washed successively with DMF (3 � 2 mL), MeOH (3

� 2 mL), DCM (3 � 2 mL), and diethylether (3 � 2

mL) and dried in vacuum.

Cleavage of final compounds (I–XXIII). The final

compounds (Table 2) were cleaved from the resin by

treating it with TFA:DCM (1:1) mixture. The resulting

mixture was filtered and the filtrate was evaporated to

dryness in vacuum.

ANTIFUNGAL ACTIVITY

The IC50 values of library compounds were deter-

mined against the test fungi by using micro-broth dilu-

tion technique as per guidelines of NCCLS M-27A [22].

IC50 values of standard antifungal (Miconazole) and

synthetic compounds were measured in 96 well tissue

culture plate (CellStar Greiner Bio One, Germany) using

RPMI 1640 media buffered with MOPS [3-(N-Morpho-

lino) propanesulfonic acid, Sigma]. Starting inocula of

test culture were maintained at 1.0–5.0 � 103 cfu/mL.

A solution of 2 mg/mL of library compounds in 10%

DMSO was used. Microtitre plates were incubated at

35�C in a moist dark chamber and IC50 and MIC values

were recorded spectrophotometrically (Softmax pro 4.3,

Versamax microplate reader, molecular devices) after

48 h for candida albicans and candida parapsilosis and

72 h for cryptococcus neoformans. The antifungal

Scheme 2. DIC mediated synthesis of thiazolidin-4-one and metathiazinan-4-one derivatives. Reagents and conditions: (i) 5 mL DCM:DMF (1:1),

30 min (ii) 10 equiv. FmocAA-OH (1a–d), 5 equiv. DMAP, 5 equiv. DIC, dry DMF, rt, 600 rpm, 6h. (iii) 20% piperidine in dry DMF, rt, two

cycles of 15 and 30 min, respectively. (iv) 4 equiv. aldehyde(2a–e), 6 equiv. mercapto acid (3a–c), 4 equiv. DIC, rt, 8 h. (v) 20% TFA/DCM, rt,

1h.
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activity of library compounds has been summarized in

Table 3.

RESULTS AND DISCUSSION

Physicochemical data. (4-Oxo-2-pyridin-2-yl-thiazoli-
din-3-yl)-acetic acid (III). mp semisolid on RT: IR (KBr)

1681.81, 1745.46; 1H NMR (CDCl3, 600 MHz) d 2.56

(bs, 1H, OH), 3.44 (d, J ¼ 18.0 Hz, 1H, NCH2), 3.76

(d, J ¼ 15.6 Hz, 1H, HA), 3.82 (dd, J ¼ 15.6, 1.2 Hz,

1H, HB), 4.39 (d, J ¼ 18.0 Hz, 1H, NCH2), 6.01 (s, 1H,

C-2), 7.40 (m, 1H, H5-Py), 7.58 (d, J ¼ 7.8 Hz, 1H, H3-

Py), 7.88 (m, 1H, H4-Py), 8.53 (d, J ¼ 4.8 Hz, 1H, H6-

Py); 13C NMR (CDCl3) d 32.18, 45.00, 63.13, 122.88,

124.72, 139.23, 147.82, 157.82, 169.73, 172.11.
2-(4-Oxo-2-phenyl-thiazolidin-3-yl)-propionic acid (VI).

mp 176–182�C (3:1 mixture of diastereomers): IR (KBr)

1664.45, 1685.67, 1743.53; 1H NMR (CDCl3, 600

MHz) d major isomer 1.25 (d, J ¼ 7.8 Hz, 3H, CH3),

3.67 (d, J ¼ 16.2 Hz, 1H, HA), 3.85 (dd, J ¼ 16.2, 1.2

Hz, 1H, HB), 4.21 (q, J ¼ 7.2 Hz, 1H, CHCH3), 5.20

(bs, 1H, OH), 5.75 (s, 1H, C-2), 7.35–7.45 (m, 5H, Ph);

minor isomer, 1.41 (d, J ¼ 7.8 Hz, 3H, CH3), 3.73 (q, J
¼ 7.2 Hz, 1H, CHCH3), 3.77 (s, 2H, CH2), 5.20 (bs,

1H, OH), 5.74 (s, 1H, C-2), 7.35–7.45 (m, 5H, Ph); 13C

NMR (CDCl3) d major isomer 14.24, 32.41, 52.60,

63.24, 127.11, 128.23, 129.11, 137.78, 172.35, 172.96;

minor isomer 14.38, 33.10, 53.46, 65.69, 127.11,

128.23, 129.82, 139.74, 172.35, 172.96.
2-(4-Oxo-2-phenyl-thiazolidin-3-yl)-3-phenyl-propionic acid

(X). mp 75–81�C (3:1 mixture of diastereomers): IR

(KBr) 1681.81, 1745.46; 1H NMR (CDCl3, 600 MHz) d
major isomer 3.23–3.27 (m, 1H, CH2-Ph), 3.31–3.48 (m,

1H, CH2-Ph), 3.66–3.76 (m, 2H, HA & HB), 3.89 (q,

J ¼ 6.0, 0.5H, CH), 5.07 (q, J ¼ 6.0, 0.5H, CH), 6.74

(bs, 1H, OH), 6.87 (s, 0.5H, C-2), 6.98 (s, 0.5H, C-2),

7.14–7.41 (m, 7H, Ar-H), 7.48 (t, J ¼ 7.2, 1H, H5-ben-

zyl), 7.68 (d, J ¼ 7.20, 2H, H2&6-Ph);
13C NMR

(CDCl3) d major isomer (32.66, 33.00), (33.10, 34.30),

(58.97, 59.25), (65.49, 65.94), (126.65, 127.12), (128.48,

128.53), (128.62, 128.69), (128.84, 129.05), (129.24,

129.45), (129.72, 132.00), (133.48, 135.77), (136.44)

137.39), (172.22, 172.49), (173.67, 174.02).

The above findings draw attention to address the

scope and limitations of the present protocol. The work

concentrated on aldehydes having electron-donating and

electron-withdrawing substituents. It is evident from the

yields that the present method obviates the limitations

of earlier methods and is more versatile. Furthermore,

this method shows significantly higher yields of the thia-

zolidin-4-one derivatives thereby indicating a lower de-

pendence on the nature of the amino acid and aldehyde

components (Table 2). As an obvious extension of this

Table 2

Data of compounds synthesized on solid phase.

Entry

Building blocks

Overall yieldsa (%) M.Wt ESI-MS m/z (MþH)þAmino acids Aldehydes Mercapto acids

I 1a 2a 3a 98 237 238

II 1a 2b 3a 90 267 268

III 1a 2c 3a 96 238 239

IV 1a 2d 3a 66 271 272

V 1a 2e 3a 95 306 307

VI 1b 2a 3a 90 251 252

VII 1b 2b 3a 63 281 282

VIII 1b 2c 3a 55 252 253

IX 1b 2d 3a 30 285 286

X 1c 2a 3a 75 327 328

XI 1c 2b 3a 42 357 358

XII 1c 2c 3a 53 328 329

XIII 1c 2d 3a 28 361 362

XIV 1c 2e 3a 58 396 397

XV 1d 2a 3a 89 293 294

XVI 1d 2b 3a 42 323 324

XVII 1a 2c 3c 68 252 253

XVIII 1b 2a 3c 40 265 266

XIX 1c 2a 3c 80 341 342

XX 1c 2b 3c 32 371 372

XXI 1b 2c 3b 62 266 267

XXII 1c 2b 3b 36 371 372

XXIII 1d 2a 3b 40 307 308

a The overall yields are based on the initial loading of hydroxymethyl resin.
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protocol, the reactions were performed using heterocy-

clic aldehydes and substituted hindered aromatic alde-

hydes instead of simple aromatic aldehydes. The corre-

sponding thiazolidin-4-one derivatives were obtained in

quantitative yield. Generally, low yields of thiazolidin-

4-one derivatives were reported in the literature when

amino acids were used as a source of amine; however,

with this protocol, excellent to moderate yields were

obtained. The versatility of the protocol and to further

enhance the scope of this reaction, efforts were made on

adaptation of the method for synthesis of thiazinan-4-

one, another biologically active chromophore. It is appa-

rent from the variety of reactants that this method has

the potential to generate a battery of thiazolidin-4-one

and thiazinan-4-one derivatives by solid phase combina-

torial synthesis.

The results for the antifungal assay of the synthesized

library compounds are summarized in Table 3. As is

evident that out of 23 synthesized molecules, compound

XIV exhibited best inhibitions in comparison to others

with IC50 values of 22.01 lM against Ca, 13.54 lM
against Cp, and 12.16 lM against Cn.

Our studies thus suggest that activity is strongly de-

pendent on the nature of the substituent at C-2 and N-3

positions of thiazolidin-4-one ring. In particular, a high

activity level was observed for compounds possessing a

2,6-dihalophenyl group at C-2 position and a phenethyl

ring at N-3 position.

The results presented in this study indicate that

changes at C-2 position of thiazolidin-4-one moiety,

except for 2,6-dihalophenyl, may lead to reduction in

antifungal activity of these compounds. However, intro-

duction of phenethyl moiety at the N-3 position in the

thiazolidin-4-one ring is well-supported.
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Table 3

IC50 values for synthesized library compounds (I–XXIII).

Entry

Ca IC50

[lM]

Cp IC50

[lM]

Cn IC50

[lM]

I 82.37 82.37 53.45

II 79.49 79.49 79.49

III 78.61 78.61 78.61

IV 77.51 77.51 77.51

V 83.33 75.33 52.91

VI 78.12 78.12 43.28

VII 79.61 79.61 21.17

VIII 27.14 20.22 22.50

IX 79.61 79.61 33.91

X 78.49 52.90 24.01

XI 79.55 79.55 48.05

XII 80.64 80.64 15.16

XIII 78.67 56.17 49.80

XIV 22.01 13.54 12.16

XV 81.30 57.23 28.94

XVI 80.38 56.51 35.85

XVII 80.51 80.51 30.27

XVIII 75.24 52.89 23.70

XIX 55.36 56.28 47.09

XX 78.12 78.12 43.28

XXI 81.27 98.25 43.16

XXII 84.14 81.27 82.64

XXIII 78.16 79.52 78.32

Standard (miconazole) 05.12 08.22 01.32

Control 85.23 98.48 92.54
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Piperidine catalyzes efficiently the one-pot, four-component reaction of b-ketoesters, hydrazine
hydrate, malononitrile, and isatines in aqueous media. The reaction was done at room temperature and
the spiro[indoline-3,40-pyrano[2,3-c]pyrazole]-50-carbonitriles were obtained with high yields and purity

via an easy work-up procedure. These compounds were also investigated in vitro for antibacterial
activities.
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INTRODUCTION

Multicomponent reactions (MCRs) are of increasing

importance in organic and medicinal chemistry because

the strategies of MCR offer significant advantages over

conventional linear-type syntheses. MCRs leading to

interesting heterocyclic scaffolds are particularly useful

for the creation of diverse chemical libraries of ‘‘drug-

like’’ molecules for biological screening, as the combi-

nation of three or more small molecular weight building

blocks in a single operation leads to a high combinato-

rial efficacy [1,2]. Designing of MCRs in water is

another attractive area in chemistry [3] because water is

a cheap, safe, and environmentally benign solvent.

There is need for developing MCRs in water with a suit-

able catalyst and without the use of any harmful organic

solvents.

The indole moiety is probably the most well-known

heterocycle, a common and important feature of a vari-

ety of natural products and medicinal agents [4]. Fur-

thermore, it has been reported that sharing of the indole

3-carbon atom in the formation of spiroindoline deriva-

tives highly enhance biological activity [5–7]. The spi-

rooxindole system is the core structure of many pharma-

cological agents and natural alkaloids [8–10]. Therefore,

a number of methods have been reported for the prepa-

ration of spirooxindole-fused heterocycles [11–14].

Substituted amino-pyrans take a significant place

among the six-membered oxygen-containing hetero-

cycles. Some of them possess anticancer and antimicro-

bial activity [15,16]. Serotonin receptor modulators

(pteropodine and its stereoisomers), natural alkaloids,

containing both spiro-indole and pyran cycles, were iso-

lated from stem bark of Uncaria tomentosa (Fig. 1) [8].

Several spiroheterocycles, containing both indole and

pyran heterocycles, possess anticonvulsant and analgetic

[17], herbicidal [18], and antibacterial activities [19].

Similarly, pyrano[2,3-c]pyrazoles play an essential role

in biologically active compounds and therefore represent

an interesting template for medicinal chemistry [20–22].

As part of our continuing efforts on the synthesis of

biologically active heterocyclic compounds [23–32],

especially spirooxindole derivatives [33–35], we report

herein a novel and clean synthesis of spiro[indoline-3,40-
pyrano[2,3-c]pyrazole]-50-carbonitriles 5 through a one-

pot, four-component condensation reaction of b-ketoest-
ers 1, hydrazine hydrate 2, malononitrile 3, and isatins 4

in water (Scheme 1).

RESULTS AND DISCUSSION

We found that the one-pot, four-component condensa-

tion reaction of b-ketoesters 1a,b, hydrazine hydrate 2,

malononitrile 3, and isatins 4 proceeded rapidly in water

at ambient temperature and were complete after 5 h to

afford spiro[indoline-3,40-pyrano[2,3-c]pyrazole]-50-car-
bonitriles 5a–l, in high yields (Table 1). 1H and 13C

NMR spectra of the crude products clearly indicated the

formation of spirooxindol-fused pyranopyrazole 5. The

nature of these compounds as 1:1:1:1 adducts was appa-

rent from their mass spectra, which displayed, in each

case, the molecular ion peak at appropriate m/z values.

Compounds 5a–l are stable solids whose structures were
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established by IR, 1H and 13C NMR spectroscopy, and

elemental analysis. The structures of 5j were confirmed

by a single-crystal X-ray analysis [36] (Fig. 2).

The results were good in terms of yields and product

purity in the presence of piperidine, whereas without pi-

peridine the yields of products were very low (<40%)

even after 24 h.

To the best of our knowledge, this new procedure

provides the first example of an efficient and four-com-

ponent method for the synthesis of spiro[indoline-3,40-
pyrano[2,3-c]pyrazole]-50-carbonitriles. This method,

based on four-component piperidine-catalyzed reaction

in water, is the most simple and convenient and would

be applicable for the synthesis of different types of spi-

roindoline-pyranopyrazoles.

For the investigation of the reaction mechanism, it is

notable that when the ethyl acetoacetate 1a, hydrazine

hydrate 2, malononitrile 3, and isatin 4a were reacted

for 1 h, the intermediate 6 and 7 were isolated and char-

acterized by spectroscopic methods. When intermediate

6 and 7 were isolated and reacted in the presence of pi-

peridine under the same reaction conditions, the product

5a was obtained in 75% yield (Scheme 2).

According to the results, the formation of products 5

can be rationalized by initial formation of pyrazol-5-ol 6

via condensation of 1 and 2. Subsequent Michael-type

addition of 6 to the intermediate 7 (formed in situ by

reaction of the malononitrile 3 and isatin 4), followed

by cyclization and tautomerization afforded the corre-

sponding products 5 (Scheme 3).

To further explore the potential of this protocol for

spiro-heterocyclic synthesis, we investigated reaction of

acenaphthylene-1,2-dione 8 instead of isatin 4 and

obtained spiro[acenaphthylene-1,40-pyrano[2,3-c]pyraz-
ole]-50-carbonitrile 9 in 87% yield (Scheme 4).

Finally, all synthesized compounds were screened for

antimicrobial activity. The microorganisms used in this

study were Escherichia coli ATCC 25922, Pseudomonas
aeruginusa ATCC 85327, (Gram-negative bacteria),

Enterococcus faecalis ATCC 29737, Bacillus subtilis
ATCC 465, Bacillus pumilus PTCC 1114, Micrococcus
luteus PTCC 1110, Staphylococcus aureus ATCC

25923, Staphylococcus epidermidis ATCC 12228, Sterp-
tococcus mutans PTCC 1601 (Gram-positive bacteria).

The minimum inhibitory concentration of the synthe-

sized compounds determined by microdilution method

[37] and compared to two commercial antibiotics (Table

2).

As can be seen from Table 2, good to improved anti-

bacterial activity was observed for most of the com-

pounds against all species of Gram positive and Gram

negative bacteria used in the study. Almost, all of the

Figure 1. Spirooxindole natural alkaloid.

Scheme 1

Table 1

Synthesis of spiroindoline-pyranopyrazoles 5.

Product 5 R R0 X Yield (%)

A Me H H 89

B Me Me H 85

C Me Et H 80

D Me PhCH2 H 85

E Me H Br 95

F Me Me Br 93

G Me Et Br 90

H Me H NO2 94

I n-Pr H H 92

J n-Pr Me H 90

K n-pr H Br 97

L n-Pr H NO2 95

Figure 2. X-ray crystal structure of 5j.
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compounds were found to be more active than Gentami-

cin against all tested strains.

In conclusion, we have developed a facile, one-pot

and four-component procedure for the preparation of

10H-spiro[indoline-3,40-pyrano[2,3-c]pyrazole]-50-carbon-
itriles of potential synthetic and biological interest. The

method is simple, starts from readily accessible com-

mercial reagents, and provides biologically interesting

spirooxindol derivatives in good yields. Almost most of

the compounds exhibited good to excellent antibacterial

activity against all the tested strains.

EXPERIMENTAL

Melting points were taken on an Electrothermal 9100 appa-

ratus and left uncorrected. IR spectra were obtained on a Shi-
madzu IR-470 spectrometer. 1H and 13C NMR spectra were
recorded on a BRUKER DRX-300 AVANCE spectrometer at
300.13 and 75.47 MHz. NMR spectra were obtained on solu-
tions in DMSO using TMS as internal standard. All of the

chemicals were purchased from Fluka, Merck, and Aldrich and
used without purification.

Typical procedure for the preparation of 60-amino-30-
methyl-2-oxo-20H-spiro[indoline-3,40-pyrano[2,3-c]pyrazole]-
50-carbonitrile (5a). To a magnetically stirred solution of

ethyl acetoacetate 1a (1 mmol) and hydrazine hydrate 96% 2

(1 mmol) in water (5 mL) for 0.5 h were added isatin 4a (1
mmol), malononitril 3 (1 mmol), and piperidine (0.3 mmol) at
room temperature. The mixture was finally stirred for 4.5 h.

After completion of the reaction (TLC), the reaction mixture
was filtered off and the residue was washed with water (10
mL) and then residue recrystallized from EtOH to afford the

pure product 5a as brown powder (89%). m.p. 224�C (dec). IR
(KBr) (mmax/cm

�1): 3383, 3332, 2182, 1714. MS (EI, 70 eV)
m/z: 293 (Mþ). 1H NMR (300 MHz, DMSO-d6): dH 1.52 (3H,

s, CH3), 6.88–7.25 (6H, m, H-Ar, and NH2), 10.60 (1H, s,
NH), 12.28 (1H, s, NH). 13C NMR (DMSO-d6): dc ¼ 9.4,
47.7, 55.5, 95.8, 110.1, 119.2, 122.9, 124.9, 129.3, 133.1,
135.1, 141.9, 155.7, 162.9, 178.4. Anal. Calcd. for
C15H11N5O2:C, 61.43; H, 3.78; N, 23.88. Found: C, 61.38; H,

3.74; N, 23.80%.
60-Amino-1,30-dimethyl-2-oxo-20H-spiro[indoline-3,40-pyr-

ano[2,3-c]pyrazole]-50-carbonitrile (5b). Cream powder
(85%); m.p. 262�C (dec). IR (KBr) (mmax/cm

�1): 3374, 3329,

2188, 1709. MS (EI, 70 eV) m/z: 307 (Mþ). 1H NMR (300
MHz, DMSO-d6): dH 1.44 (3H, s, CH3), 3.19 (3H, s, CH3),
7.08–7.33 (6H, m, H-Ar, and NH2), 12.30 (1H, s, NH). 13C
NMR (DMSO-d6): dc ¼ 9.3, 26.7, 47.4, 55.1, 95.6, 109.1,
119.1, 123.6, 124.6, 129.5, 132.3, 135.2, 143.3, 155.6, 163.0,

176.7. Anal. Calcd for C16H13N5O2: C, 62.53; H, 4.26; N,
22.79%. Found: C, 62.59; H, 4.21; N, 22.73%.

60-Amino-5-bromo-30-methyl-2-oxo-20H-spiro[indoline-3,40-
pyrano[2,3-c]pyrazole]-50-carbonitrile (5e). Cream powder
(95%); m.p. 243�C (dec). IR (KBr) (mmax/cm

�1): 3343, 3132,

2182, 1709. MS (EI, 70 eV) m/z: 373 (Mþ), 371 (Mþ). 1H
NMR (300 MHz, DMSO-d6): dH 1.58 (3H, s, CH3), 6.87–7.44
(5H, m, H-Ar, and NH2), 10.76 (1H, s, NH), 12.34 (1H, s,
NH). 13C NMR (DMSO-d6): dc ¼ 9.5, 47.9, 54.9, 95.1, 112.2,
114.6, 119.1, 127.7, 132.2, 135.2, 135.5, 141.2, 155.6, 162.9,

178.0. Anal. Calcd. for C15H10BrN5O2: C, 48.41; H, 2.71; N,
18.82%. Found: C, 48.45; H, 2.64; N, 18.74%.

60-Amino-30-methyl-5-nitro-2-oxo-20H-spiro[indoline-3,40-
pyrano[2,3-c]pyrazole]-50-carbonitrile (5h). Dark red pow-

der (80%); m.p. 270�C (dec). IR (KBr) (mmax/cm
�1): 3048,

1706, 1666, 1607. MS (EI, 70 eV) m/z: 492 (Mþ). 1H NMR
(300 MHz, DMSO-d6): dH 5.00 (bs, 2H, NCH2), 6.72–7.81 (m,
17H, ArH), 11.68 (s, 1H, NH). Anal. Calcd for C33H20N2O3:
C, 80.47; H, 4.09; N, 5.69%. Found: C, 80.38; H, 4.01; N,

5.58%.
60-Amino-30-propyl-2-oxo-20H-spiro[indoline-3,40-pyrano

[2,3-c]pyrazole]-50-carbonitrile (5i). Cream powder (92%);
m.p. 230�C (dec). IR (KBr) (mmax/cm

�1): 3322, 3183, 2192,
1716. MS (EI, 70 eV) m/z: 321 (Mþ). 1H NMR (300 MHz,

DMSO-d6): dH 0.52 (3H, t, 3JHH¼ 7.2 Hz, CH3), 0.94–1.16
(2H, m, CH2), 1.85 (2H, t, 3JHH ¼ 7.5 Hz, CH2), 6.88–7.26
(6H, m, H-Ar and NH2), 10.61 (1H, s, NH), 12.29 (1H, s,
NH). 13C NMR (DMSO-d6): dc ¼ 13.8, 21.4, 26.3, 47.8, 55.7,
95.5, 110.0, 119.2, 122.9, 125.1, 129.4, 133.5, 139.6, 141.9,

155.5, 162.8, 178.8. Anal. Calcd for C17H15N5O2: C, 63.54; H,
4.71; N, 21.79%. Found: C, 63.50; H, 4.76; N, 21.70%.

60-Amino-1-methyl-2-oxo-30-propyl-20H-spiro[indoline-3,40-
pyrano[2,3-c]pyrazole]-50-carbonitrile (5j). Cream powder

(90%); m.p. 251�C (dec). IR (KBr) (mmax/cm
�1): 3388, 3316,

2196, 1710. MS (EI, 70 eV) m/z: 335 (Mþ). 1H NMR (300

Scheme 2

Scheme 3

Scheme 4
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MHz, DMSO-d6): dH 0.50 (3H, t, 3JHH ¼ 7.2 Hz, CH3),
0.93–1.03 (2H, m, CH2), 1.66–1.82 (2H, m, CH2), 3.18 (3H,

s, CH3), 7.04–7.37 (4H, m, H-Ar), 7.26 (2H, s, NH2), 12.31
(1H, s, NH). 13C NMR (DMSO-d6): dc ¼ 13.8, 21.4, 26.3,
26.7, 47.4, 55.2, 95.3, 109.1, 119.0, 123.7, 124.7, 129.5, 132.6,
139.5, 143.3, 155.4, 162.9, 177.0. Anal. Calcd. for
C18H17N5O2: C, 64.47; H, 5.11; N, 20.88%. Found: C, 64.43;

H, 5.16; N, 20.94%.
4-Methyl-1H-pyrrol-2-ol (6). White powder; m.p. 219–

222�C. IR (KBr) (mmax/cm
�1): 3314, 3324, 2199, 1687. MS

(EI, 70 eV) m/z: 98 (Mþ). 1H NMR (300 MHz, DMSO-d6): dH
2.35 (3H, s, CH3), 5.81 (1H, s, CH),12.86 (1H, s, NH).

2-(2-Oxoindolin-3-ylidene)malononitrile (7). Brick-red
powder; m.p. 215–217�C. IR (KBr) (mmax/cm

�1): 3236, 3016,
2232, 1611. MS (EI, 70 eV) m/z: 3195 (Mþ). 1H NMR (300
MHz, DMSO-d6): dH 6.91–7.86 (4H, m, H-Ar), 11.20 (1H, s,

NH).
60-Amino-30-methyl-2-oxo-2H,20H-spiro[acenaphthylene-

1,40-pyrano[2,3-c]pyrazole]-50-carbonitrile (9). Brown pow-
der (87%); m.p. 246�C (dec). IR (KBr) (mmax/cm

�1): 3414,
3320, 2187, 1714. MS (EI, 70 eV) m/z: 328 (Mþ). 1H NMR

(300 MHz, DMSO-d6): dH 1.05 (3H, s, CH3), 7.31 (2H, s,
NH2), 7.45–8.40 (6H, m, H-Ar), 12.26 (1H, s, NH). 13C NMR
(DMSO-d6): dc ¼ 9.5, 52.1, 56.2, 96.7, 119.3, 121.7, 123.0,
125.4, 129.4, 129.9, 130.4, 131.0, 133.1, 135.1, 141.4, 141.5,
155.7, 162.9, 204.3. Anal. Calcd. for C19H12N4O2: C, 69.51;

H, 3.68; N, 17.06.%. Found: C, 69.57; H, 3.64; N, 17.11%.
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trans-Octahydropyrrolo[3,4-b][1,4]oxazine is an important heterocycle within the pharmaceutical
industry for the preparation of biologically active analogs, including the phase III drug, finafloxacin. A
practical synthesis of the title compound (2) is described in eight steps and ca. 10% overall yield. The
key synthetic step is the formation of the pyrrolo[3,4-b][1,4]oxazine core 20 via a one pot double

N-alkylation of the corresponding bis-tosylate 18 with 4-nitrobenzenesulfonamide. Subsequent removal
of the nosyl group occurred under mild conditions.

J. Heterocyclic Chem., 47, 1095 (2010).

INTRODUCTION

The morpholine ring is utilized extensively in drug

discovery research. Due to its hydrophilic nature, medic-

inal chemists will often look for opportunities to incor-

porate morpholine into their analogs as a means to

increase solubility. Within a chemical series, morpho-

line, with its lower pKa compared to isosteric piperidine

(8.3 vs. 11.1), has been shown to reduce hERG activity

[1], which is an early indicator of cardiovascular risk.

Numerous drugs incorporating the morpholine ring have

been approved for the treatment of human diseases; a

snapshot of some recent examples is shown in Chart 1,

including linezolid (ZyvoxVR ) [2], gifitinib (Iressa
VR
) [3],

and reboxetine [4]. Finafloxacin, which is currently

undergoing clinical trials for the treatment of Helico-
bacter pylori (H. pylori) infections [5], possesses a mor-

pholine ring fused onto a pyrrolidine ring, giving rise to

the trans-pyrrolo[3,4-b][1,4]oxazine heterocycle. The

ring fusion restricts the spatial orientation of the mor-

pholine ring compared to the unfused analog; this

restriction is presumably important for optimal binding

to the biological receptor. In addition, the pyrrolidine

nitrogen provides a chemical handle for attaching the

heterocycle to the analog of interest.

Recently, Hong et al. [6] have disclosed a synthesis of

enantiomerically pure (4aS,7aS)-tert-butyl hexahydro pyr-

rolo [3,4-b][1,4]oxazine-4(4aH)-carboxylate [(4aS,7aS)-1],
wherein the morpholine nitrogen is differentially protected

with respect to the pyrrolidine nitrogen. In connection with

our own medicinal chemistry efforts, we were also inter-

ested in preparing this novel heterocycle wherein the mor-

pholine nitrogen was selectively protected. We detail below

a stereoselective synthesis of (þ/�)-trans-4-benzyloctahy-
dropyrrolo[3,4-b][1,4]oxazine (2).

Chart 1.

VC 2010 HeteroCorporation

September 2010 1095



RESULTS AND DISCUSSION

Hong prepared enantiomerically pure pyrrolo[3,4-b]
[1,4]oxazine (4aS,7aS)-1 by a ten step synthesis outlined

in Scheme 1 [6]. Thus, epoxypyrrolidine 4 was prepared

in three steps from commercial (Z)-but-2-ene-1,4-diol
(3). Opening epoxide 4 with (R)-a-methylbenzylamine

led to diastereomers 5 and 6, which were readily sepa-

rated by solvent extraction and crystallization techni-

ques. Treatment of diastereomer 5 with chloroacetyl

chloride, followed by exposure to base effected ring clo-

sure, and subsequent reduction of the lactam carbonyl

afforded the intact pyrrolo[3,4-b][1,4]oxazine hetero-

cycle 7. Exchanging the a-methylbenzyl protecting

group on N(4) for a tert-butoxycarbonyl (BOC) group

and deprotection of the pyrrolidine nitrogen led to pyr-

rolo[3,4-b][1,4]oxazine (4aS,7aS)-1.
Our approach toward synthesizing the trans-fused

pyrrolo[3,4-b][1,4]oxazine heterocycle focused on ster-

eoselectively preparing a 2,3-disubstituted morpholine

wherein the sustituents at C(2) and C(3) are trans with

respect to each other. Thus, the known dicarboxylic acid

9 [7], prepared in near quantitative yield from commer-

cial cis-epoxysuccinic acid (8), served as the logical

starting point (Scheme 2). Esterification of 9 with abso-

lute ethanol and hydrogen chloride, generated in situ

from ethanol and acetyl chloride, provided the corre-

sponding diester in good yield. Esterification with etha-

nol in the presence of thionyl chloride was also effec-

tive; however, the yield was significantly lower, and chro-

matography was necessary to remove the impurities

formed during the reaction. Treatment of the diester with

chloroacetyl chloride under Shotten-Baumann conditions

afforded a-chloroacetamide 10. Under these conditions, 5–

10% of the corresponding o-acylated product was formed

along with 1–2% of di-acylated product. However, the o-
acylated product could be easily removed by extracting the

crude reaction mixture with aqueous hydrochloric acid.

Subjection of chloroalcohol 10 to sodium hydride gave

rise, after purification, to a 9:1 mixture [8] of morpholi-

nones 11 and 12, respectively. Fortuitously, whereas the

desired trans-diester 11 was a solid (mp 117–118�C), the
undesired cis-diester 12 was an oil. Thus, a simple tritura-

tion of the product mixture efficiently removed the unde-

sired 12, affording a 76% yield of pure 11.

The structural assignments of 11 and 12 were based

on a combination of 1D and 2D NMR experiments. For

trans-diester 11, the vicinal coupling constant between

H2 and H3 was 1.7 Hz, which suggested that the ester

groups adopt a pseudo trans-diaxial orientation to avoid

A1,2 strain between the C(3) ester moiety and the ben-

zylic hydrogens (Fig. 1). This interpretation is consistent

Scheme 1

Scheme 2. Reagents and conditions: (i) BnNH2 (excess), H2O, reflux,

3 h; (ii) AcCl, EtOH, 0�C, 1h; add substrate, reflux, 72 h; (iii) chloroa-

cetyl chloride, CH2Cl2-aq. 1 N NaOH, 0�C, 15 min; (iv) NaH (1.8

eq.), THF-CH3CN-DMF (90:5:5), 0�C, 1 h.

Figure 1. 3D representation of diester 11. Arrow shows vicinal cou-

pling relationship.
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with observations made by others on similar ring sys-

tems [9]. Also, once the pyrrolidine ring was fused onto

11 (vide infra), the H2–H3 vicinal coupling constant

changed to ca. 9 Hz, which is consistent with a trans-
diaxial orientation of the two vicinal hydrogens. The

H2–H3 vicinal coupling constant for cis-diester 12 was

2.7 Hz, which is consistent with an axial-equitorial ori-

entation of the two ester moieties.

Unexpectedly, subjection of alcohol 15, prepared

according to Scheme 3, to identical cyclization condi-

tions [NaH (1.8 eq.), THF-CH3CN-DMF (90:5:5), 0�C,
30 min] afforded a 2.5:1 mixture of 11 and 12, respec-

tively [8]. Clearly, equilibration of one of the esters is

taking place during the reaction. Furthermore, it is likely

that equilibration is occurring after ring closure based

on the following observations: (1) resubmitting pure

trans-diester 11 to the cyclization conditions for 30 min

led to a 10:1 mixture of 11 and 12, respectively. Like-

wise, resubmitting pure cis-diester 12 to the cyclization

conditions for 30 min led to a 6:1 ratio of 11 and 12,

respectively; (2) stopping the cyclization reaction of 10

prior to completion (Scheme 2) and analysis of the reac-

tion mixture found no evidence of diastereomer 15.

Interestingly, prolonged exposure of either 11 or 12 to

sodium hydride in tetrahydrofuran at 0�C resulted, in

addition to decomposition, in the formation of a new

product, which, based on spectral data, we have

assigned as ethyl 3-benzyl-2-(2-ethoxy-2-oxoethyl)-4-

oxooxazolidine-2-carboxylate (16, Chart 2) [10].

With the stereochemistry at C(2) and C(3) secure,

efforts were directed toward installing the remaining pyr-

rolidine ring. Toward this end, reduction of 11 with lith-

ium aluminum hydride afforded diol 17 (Scheme 4). Bis-

tosylate 18 was realized in 76% yield by treating diol 17

with tosic anhydride. The use of tosyl chloride in pyridine

led, in addition to bis-tosylate 18, a significant amount of

monotosylate-monochloride products 19 (Chart 2).

Fukuyama has popularized the use of 2-nitro- and 4-

nitrobenzenesulfonamide (2-Ns-NH2, Ns-NH2, respec-

tively) as useful starting materials for the efficient con-

struction of cyclic secondary amines [11]. The protocol

involves a two-step alkylation-cyclization sequence

(Scheme 5). Since this two-step protocol was primarily

developed for the preparation of medium-sized rings, we

were curious as to whether a pyrrolidine ring could be

formed in a single pot via a double N-alkylation with

Ns-NH2. While we could find no examples of pyrroli-

dine ring formation via a double N-alkylation with Ns-

NH2, pyrrolidine ring formation via double N-alkylation
with para-toluenesulfonamide (Ts-NH2) is well prece-

dented [12], including one example by Hong et al. [6]
to prepare (4aS,7aS)-1. However, Ts-NH2 was a less

Scheme 3. Reagents and conditions: (i) BnNH2 (excess), H2O, reflux,

3 h; (ii) AcCl, EtOH, 0�C; add substrate, reflux, 72 h; (iii) chloroacetyl

chloride, CH2Cl2-aq. 1.0 N NaOH, 0�C, 15 min; (iv) NaH (1.8 eq.),

THF-CH3CN-DMF (90:5:5), 0�C, 1 h.

Chart 2.

Scheme 4. Reagents and conditions: (i) LiAlH4 (5.0 eq.), THF, 0o !
room temperature, 30 min, room temperature ! reflux, 30 min; (ii)

Ts2O (3.0 eq.), pyridine (3.0 eq.), CH2Cl2, 0
�C, 30 min; (iii) 4-nitro-

benzenesulfonamide (3.0 eq.), DBU (2.0 eq.), CH3CN, 70
�C, 2 h; (iv)

C12H25SH (2.0 eq.), LiOH�H2O (2.0 eq.), DMF, room temperature, 2

h, 77%; (v) 4 M HCl-dioxane, MeOH, room temperature!40�C, 60%.

Scheme 5. Fukuyama’s nitrobenzenesulfonamide methodology for the

construction of secondary cyclic amines.
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attractive nucleophile to us in that subsequent removal

of the tosyl group typically requires either strongly

reducing conditions, such as sodium naphthalide, or

strongly acidic conditions. On the contrary, the nosyl

group is typically removed under mild conditions [11].

We were pleased to find that heating an acetonitrile so-

lution of bis-tosylate 18 with 4-nitrobenzenesulfonamide

in the presence of DBU gave rise (57%) to pyrrolo[3,4-

b][1,4]oxazine 20 (Scheme 4). While other bases, such

as sodium hydride, potassium carbonate, or diisopropy-

lethylamine, did effect ring closure, the reactions did

not go to completion, even when additional base was

added. No other organic-soluble product could be iso-

lated from this reaction. Given the presence of DBU

and the ease of bis-tosylate 18 forming an anti-peripla-

nar relationship between the carbon-oxygen bond of one

of the tosylates and the axial carbon-hydrogen bond at

C(2) or C(3), it is possible that the elimination pathway

was competing with substitution. However, no elimina-

tion byproducts could be isolated upon workup. That

pyrrolo[3,4-b][1,4]oxazine 20 possessed a trans-ring
fusion was readily confirmed based on the large cou-

pling constant (9.0 Hz) between the bridgehead protons,

H4a and H7a in the 1H-NMR spectrum (Fig. 2). Addi-

tional 2D NMR experiments on 20 were also in support

of the proposed structure (data not shown).

Cleavage of the nosyl group to afford pyrrolo[3,4-b]
[1,4]oxazine 2 was realized in 77% yield via treatment of

sulfonamide 20 with dodecanethiol in the presence of lith-

ium hydroxide [13] (Scheme 4). Under these conditions,

ca. 15% of aryl thioether 21 was formed (Chart 2). This

was not surprising given others have also observed this

byproduct during thiol-mediated deprotection of nosyl-

protected cyclic amines [14]. Wuts et al. [14a] has further
observed that 2-nitrobenzenesulfonamide (2-Ns-NH2) was

less likely to produce the corresponding byproduct.

Unfortunately, the use of 2-Ns-NH2 in the pyrrolidine cy-

clization reaction led to inferior yields (20% vs. 57%).

As a final proof of structure, we have converted

benzyl-protected pyrrolo[3,4-b][1,4]oxazine 2 into

Hong’s BOC-protected pyrrolo[3,4-b][1,4]oxazine 1 by

the sequence outlined in Scheme 6. Thus, trifluoroacety-

lation of 2 and subsequent hydrogenolysis of the benzyl

group led to amine 22, which should serve as a useful in-

termediate for the preparation of pyrrolo[3,4-b][1,4]oxa-
zine analogs connected through N(4). BOC protection of

N(4) and hydrolysis of the trifluoroacetamide group

afforded (þ/�)-1. The spectral properties of our racemic

(þ/�)-1 were consistent with those of (4aS,7aS)-1 [6,15].

CONCLUSIONS

In summary, we have reported a practical and stereo-

selective eight-step synthesis of (þ/�)-trans-4-benzyloc-
tahydropyrrolo[3,4-b][1,4]oxazine (2) from inexpensive

starting materials and reagents. Only two intermediates

required chromatographic purification; otherwise, the

remaining compounds were purified by precipitation or

trituration. The conditions developed for the one pot

double N-alkylation-pyrrolidine ring formation using 4-

nitrobenzenesulfonamide and DBU will likely be of gen-

eral interest to the synthetic community.

EXPERIMENTAL

Proton (1H), carbon (13C), and fluorine (19F) nuclear mag-
netic resonance (NMR) spectra were recorded on a Bruker 400
spectrometer. Chemical shifts are reported in parts per million

(d) relative to tetramethylsilane (d 0.0). Assignments of key
NMR signals were made by a combination of gHSQC,
gHMBC, and ROESY experiments. Stereochemical assign-
ments for compounds 11, 12, 20 and (þ/�)-1 were made
based on a combination of ROESY and non-overlapping J
coupling constants. Infrared (IR) spectra were recorded on a
Bruker Vector 33 FTIR. High resolution mass spectra (MS)
were acquired on an Agilent 1200 series LCMS TOF with UV
detection. Combustion analyses were performed by QTI Inter-

tek, Whitehouse, NJ. Melting points were recorded on an
VR
Electrothermal Mel-Temp 3.0 device and are uncorrected.

Figure 2. 3D Representation of compound 20. Arrow shows vicinal

coupling relationship.

Scheme 6. Reagents and conditions: (i) (CF3CO)2O (2.0 eq.), Et3N

(4.0 eq.), CH2Cl2, 0
�C ! room temperature, 1.5 h; (ii) H2, 10% Pd/C,

MeOH, 42 psi, room temperature, 48 h; (iii) (BOC)2O, CH2Cl2, room

temperature, 24 h; (iv) K2CO3 (2.0 eq.), MeOH-water (5:1), room tem-

perature, 1 h.
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Reactions were monitored by thin layer chromatography
(TLC) using Analtech silica gel GF 250 micron plates. The
plates were visualized either by UV inspection or by staining
with an ammonium molybdate/ ceric sulfate mixture. Flash
chromatography was performed as described by Still et al.
[16] using Aldrich column chromatography grade silica gel
(200–400 mesh). All reagents were purchased from either the
Aldrich Chemical Co. or TCI America Chemical Co. and used
without further purification. All solvents were HPLC grade
unless otherwise stated. Anhydrous solvents were purchased

from EMD Chemical Co. and used as supplied.
N-Benzyl-threo-b-hydroxy-DL-aspartic acid (9). This

compound was prepared according to the procedure of Liws-
citz [7] with slight modification:

To a stirred solution of cis-epoxysuccinic acid (8, 30 g, 227

mmol) in water (50 mL), benzylamine (84 mL, 770 mmol)
was added. The mixture was heated to reflux for 3 h. The mix-
ture was cooled to room temperature, followed by the addition
of 15% aqueous sodium hydroxide until pH ¼ 13. The aque-

ous layer was extracted with ether (3�) to remove the benzyl-
amine. The ethereal layer was discarded. The aqueous layer
was acidified with concentrated hydrochloric acid to pH ¼ 4,
which caused a white precipitate to form. The precipitate was
filtered and washed with water. The pH of the mother liquor

was re-adjusted to 4 with concentrated hydrochloric acid and
additional precipitation occurred. The precipitate was filtered,
washed with water. The combined precipitates were dried in
vacuo to afford 52 g (96%) of 9 as a white solid: 1H-NMR
(400 MHz, DMSO-d6) d 11.0–10.0 (br s, 2H), 7.35–7.22 (m,

5H), 4.25 (d, 1H, J ¼ 5.5 Hz), 3.92 (ABq, 2H, JAB ¼ 12.9
Hz, DmAB ¼ 61.6 Hz), 3.58 (d, 1H, J ¼ 5.9 Hz); 13C-NMR
(100 MHz, DMSO-d6) d 173.5, 171.0, 137.1, 129.2, 128.9,
128.1, 69.79, 61.55, 50.75; high resolution MS (ESI) Calcd.
for C11H14NO5 [M þ H] m/e 240.0892. Found: 240.0866. An

analytical sample was prepared via recrystallization from
water: mp 224–225�C (dec.) (Ref. [7] 225–226�C).

Diethyl N-benzyl-threo-b-hydroxy-DL-aspartate. To a
stirred solution of dry ethyl alcohol (550 mL) at 0�C, acetyl
chloride (54 mL, 760 mmol) was added. After complete addi-
tion, the solution was stirred at 0�C for 1 h. To this solution,
diacid 9 (45.0 g, 190 mmol) was added, and the whole mixture
was heated to reflux for 72 h. The mixture was cooled to room
temperature, and the ethanol was removed in vacuo to afford a

clear oil. The oil was partitioned between ether and saturated
aqueous potassium carbonate solution. The ethereal layer was
washed with aqueous potassium carbonate solution and brine.
The ethereal layer was dried over anhydrous sodium sulfate,
filtered, and concentrated in vacuo to afford 43 g (77%) of

diethyl N-Benzyl-threo-b-hydroxy-DL-aspartate as a white
solid: Rf 0.31 (hexanes-ethyl acetate, 3:1), IR (CH2Cl2) 3490,
3347, 3028, 2982, 2906, 2872, 1741, 1465, 1454, 1258, 1190,
1107, 740, 700 cm�1; 1H-NMR (400 MHz, CDCl3) d 7.27 (m,
5H), 4.46 (d, 1H, J ¼ 2.7 Hz), 4.22 (q, 2H, J ¼ 7.0 Hz),

4.25–4.16 (m, 1H), 4.13–4.05 (m, 1H), 3.74 (ABq, 2H, JAB ¼
13.3 Hz, DmAB ¼ 124 Hz), 3.59 (d, 1H, J ¼ 2.8 Hz), 1.26 (t,
3H, J ¼ 6.8 Hz), 1.16 (t, 3H, J ¼ 7.2 Hz); 13C-NMR (100
MHz, CDCl3) d 172.4, 171.7, 139.5, 128.3, 128.2, 127.1,

72.10, 62.03, 61.93, 61.43, 52.15, 14.17, 14.00; high resolution
MS (ESI) Calcd. for C15H22NO5 [M þ H] m/e 296.1529.
Found: 296.1492. An analytical sample was prepared via
recrystallization from hexanes-ethyl acetate: mp 40–41�C.

Anal. Calcd. for C15H21NO5: C, 61.00; H, 7.17; N, 4.74.
Found: C, 61.06; H, 7.13; N, 4.67.

Diethyl 2-(N-benzyl-2-chloroacetamido)-threo-3-hydroxy-
succinate (10). To a rapidly stirred solution of diethyl N-Ben-
zyl-threo-b-hydroxy-DL-aspartate (20.0 g, 67.7 mmol) in

dichloromethane (160 mL) at 0�C, ice cold sodium hydroxide
(102 mL of a 1.0 M aqueous solution) was added, followed by
dropwise addition of a solution of chloroacetyl chloride (8.1
mL, 102 mmol) in dichloromethane (8.0 mL). After complete
addition, the mixture was stirred at 0�C for 15 min. Sodium

hydroxide (20 mL of a 1.0 M aqueous solution) was added,
followed by separation of the layers. The aqueous layer was
extracted with dichloromethane. The combined organic layers
were washed with brine, dried over anhydrous magnesium sul-
fate, filtered and concentrated in vacuo. The remaining oil was

dissolved in ether and extracted three times with 3.0 M aque-
ous hydrochloric acid (to remove o-acylated byproduct). The
ethereal layer was washed with brine, dried over anhydrous
magnesium sulfate, filtered and concentrated in vacuo to afford

an oil. Trituration of the oil in hexanes-ether (9:1) gave 20.2 g
(80%) of 10 as a white solid: mp 69–71�C; Rf 0.20 (hexanes-
acetone, 85:15); IR (CH2Cl2) 3427, 2984, 1738, 1660, 1452,
1267, 1026, 737 cm�1; 1H-NMR (400 MHz, CDCl3) d 7.35–
7.18 (m, 5H), 4.95–4.83 (m, 2H), 4.69 (ABq, 2H, JAB ¼ 17.2

Hz, DmAB ¼ 85.6 Hz), 4.25–4.10 (m, 4H), 4.00–3.85 (m, 2H),
1.51 (br s, 1H), 1.25 (t, 3H, J ¼ 7.0 Hz), 1.18 (t, 1H, J ¼ 7.0
Hz); 13C-NMR (100 MHz, CDCl3) d 171.5, 169.2, 167.4,
135.4, 128.9, 128.1, 126.9, 70.94, 62.26, 62.13, 62.03, 53.58,
41.43, 13.99, 13.91; high resolution MS (ESI) Calcd. for

C17H23ClNO6 [M þ H] m/e 372.1247. Found: 372.1208. Anal.
Calcd. for C17H22ClNO6: C, 54.92; H, 5.96; N, 3.77. Found:
C, 54.87; H, 5.73; N, 3.70.

Diethyl trans-4-benzyl-5-oxomorpholine-2,3-dicarboxylate

(11) and diethyl cis-4-benzyl-5-oxomorpholine-2,3-dicarbox-

ylate (12). To a stirred suspension of sodium hydride (60% oil
dispersion, 1.98 g, 49.4 mmol) in dry tetrahydrofuran (150
mL) at 0�C under nitrogen atmosphere, a solution of alcohol
10 (10.2 g, 27.4 mmol) in tetrahydrofuran-acetonitrile (50 mL,

4:1) via canula was added. After complete addition, DMF (10
mL) was added, and the mixtue was stirred at 0�C for 1 h.
Once the reaction was complete (TLC monitoring), it was
poured over a rapidly stirred solution of 10% aqueous acetic
acid (100 mL). Note: once the cyclization was complete, the

mixture becomes dark orange in color. If the reaction was not
quenced shortly after the orange color appeared, 4-oxooxazoli-
dine 16 began to form. In latter runs, we found that adding
solid alcohol 10 directly to a 0�C suspension of 1.4 equiva-
lents of sodium hydride in tetrahydrofuran-acetonitrile-DMF

(9:0.5:0.5) for 1 h minimized the formation of 16. The mixture
was concentrated in vacuo to a volume of ca. 80 mL. The
remaining liquid was extracted with ethyl acetate. The organic
layer was extracted with saturated aqueous potassium carbon-
ate solution (to remove carboxylic acid byproducts). The or-

ganic layer was washed with brine and dried over anhydrous
magnesium sulfate. The organic layer was passed through a
short plug of silica gel to remove base-line impurities. The or-
ganic layer was concentrated in vacuo to a tan solid. Tritura-

tion of the remaining solid in hexanes-ether (9:1) gave 5.9 g
(64%) of 11 as a fluffy white solid. The mother liquor was
concentrated in vacuo and purified by flash chromatography on
silica gel. Elution with hexanes-ethyl acetate (70:30) afforded
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an additional 1.1 g of 11 as a fluffy white solid (76% com-
bined yield of 11). Further elution afforded 0.70 g (8%) of cis-
diester 12 as a clear oil.

trans-Diester 11. Rf 0.32 (hexanes-acetone, 85:15); IR
(CH2Cl2) 2987, 2941, 1738, 1657, 1454, 1426, 1296, 1137,

737, 702 cm�1; 1H-NMR (400 MHz, CDCl3) d 7.30–7.10 (m,
5H), 4.68 (m, 1H), 4.57 (ABq, 2H, JAB ¼ 14.8 Hz, DmAB 676
Hz), 4.50 (ABq, 2H, JAB ¼ 13.2 Hz, DmAB ¼ 184 Hz), 4.23
(d, 1H, J ¼ 1.8 Hz), 4.20 (dq, 2H, J ¼ 7.4, 2.3 Hz), 4.05 (m,
1H), 3.75 (m, 1H), 1.23 (t, 3H, J ¼ 7.4 Hz), 1.00 (t, 3H, J ¼
7.4 Hz); 13C-NMR (100 MHz, CDCl3) d 168.5, 168.0, 166.3,
135.1, 128.9, 128.6, 128.0, 72.88, 64.80, 62.51, 61.93, 58.61,
48.79, 14.05, 13.73; high resolution MS (ESI) Calcd. for
C17H22NO6 [M þ H] m/e 336.1478. Found: 336.1441. An ana-
lytical sample was prepared via recrystallization from hexanes-

ethyl acetate: mp 117–118�C. Anal. Calcd. for C17H21NO6: C,
60.89; H, 6.31; N, 4.18. Found: C, 60.95; H, 6.23; N, 4.12.

cis-Diester 12. Rf 0.15 (hexanes-acetone, 85:15); IR
(CDCl3) 2984, 1750, 1669, 1453, 1209, 1140, 1028, 704

cm�1; 1H-NMR (400 MHz, CDCl3) d 7.35–7.19 (m, 5H), 4.65
(ABq, 2H, JAB ¼ 14.9 Hz, DmAB ¼ 576 Hz), 4.47 (ABq, 2H,
JAB ¼ 17.2 Hz, DmAB ¼ 62.5 Hz), 4.42 (d, 1H, J ¼ 2.7 Hz),
4.23–4.03 (m, 5H), 1.24 (t, 3H, J ¼ 7.0 Hz), 1.18 (t, 3H, J ¼
7.4 Hz); 13C-NMR (100 MHz, CDCl3) d 167.2, 166.1, 166.1,

135.1, 128.9, 128.6, 128.1, 74.67, 67.75, 62.51, 62.05, 59.09,
49.35, 14.06, 14.01; high resolution MS (ESI) Calcd. for
C17H22NO6 [M þ H] m/e 336.1478. Found: 336.1441. Anal.
Calcd. for C17H21NO6: C, 60.89; H, 6.31; N, 4.18. Found: C,
60.64; H, 6.24; N, 4.12.

4-Oxooxazolidine 16. Rf 0.34 (hexanes-acetone, 85:15); IR
(CHCl3) 2983, 1735, 1717, 1404, 1266, 1182, 1057, 1028, 704
cm�1; 1H-NMR (400 MHz, CDCl3) d 7.30–7.20 (m, 5H), 4.54
(ABq, 2H, JAB ¼ 16 Hz, DmAB ¼ 45 Hz); 4.47 (ABq, 2H, JAB
¼ 14 Hz, DmAB ¼ 38 Hz); 4.06–3.87 (m, 4H), 2.90 (ABq, 2H,

JAB ¼ 15 Hz, DmAB ¼ 108 Hz); 1.15 (t, 6H, J ¼ 7 Hz); 13C-
NMR (100 MHz, CDCl3) d 170.4, 167.9, 167.6, 135.4, 128.5,
128.1, 127.7, 93.1, 67.3, 62.1, 60.9, 43.72, 39.3, 13.80, 13.65;
high resolution MS (ESI) Calcd. for C17H22NO6 [M þ H]

m/e 336.1478. Found: 336.1441. Anal. Calcd. for
C17H21NO6�0.25H2O: C, 60.07; H, 6.38; N, 4.12. Found: C,
59.94; H, 6.15; N, 4.02.

trans-(4-Benzylmorpholine-2,3-diyl)dimethanol (17). To a
stirred suspension of lithium aluminum hydride (3.71 g, 97.7

mmol) in dry tetrahydrofuran (250 mL) at 0�C, a solution of
diester 11 (6.55 g, 19.5 mmol) in tetrahydrofuran (50 mL) via
canula was added. After complete addition, the mixture was
warmed to room temperature for 30 min, followed by heating
to reflux for 30 min. The mixture was cooled to 0�C, and 3.7

mL of water was added dropwise, followed by sodium hydrox-
ide (3.7 mL of a 3.0 M aqueous solution), followed by 11 mL
of water. The mixture was stirred at room temperature for 15
min, followed by the addition of ethyl acetate and anhydrous
potassium carbonate. After further stirring for 15 min, the mix-

ture was filtered, and the precipitate was washed with ethyl ac-
etate. The filtrate was concentrated in vacuo to afford an oil.
The crude product was purified by flash chromatography on
silica gel. Elution with ethyl acetate gave 3.1 g (67%) of 17 as

a clear oil: Rf 0.23 EtOAc; IR (CH2Cl2) 3650, 3550, 30390,
3005, 1450, 1400, 1275, 1130, 1075, 925 cm�1; 1H-NMR (400
MHz, CDCl3) d 7.34–7.21 (m, 5H), 4.00 (dd, 1H, J ¼ 12.1,
3.5 Hz), 3.82, (m, 1H), 3.78 (ddd, 1H, J ¼ 11.7, 3.5, 1.9 Hz),

3.71–3.65 (m, 2H), 3.64 (ABq, 2H, JAB ¼ 13.3 Hz, DmAB ¼
392 Hz), 3.58 (td, 1H, J ¼ 11.3, 1.9 Hz), 3.55 (m, 1H), 2.73,
(br s, 1H), 2.67 (dm, 1H, J ¼ 11.8 Hz), 2.45 (m, 1H), 2.33
(td, 1H, J ¼ 11.3, 3.5 Hz), 2.07 (br s, 1H); 13C-NMR (100
MHz, CDCl3) d 137.9, 128.1, 127.8, 126.7, 77.31, 64.99,

62.64, 62.19, 58.02, 50.54; high resolution MS (ESI) Calcd.
for C13H20NO3 [M þ H] m/e 238.1472. Found: 238.1437.
%Water (KF): 2.07. Anal. Calcd. for C13H19NO3�2.07% H2O:
C, 64.48; H, 8.13; N, 5.78. Found: C, 64.15; H, 8.17; N, 5.74.

trans-(4-Benzylmorpholine-2,3-diyl)bis(methylene) bis(4-

methylbenzenesulfonate) (18). To a stirred solution of diol 17
(1.00 g, 4.21 mmol) in dichloromethane (40 mL) at 0�C, pyri-
dine (1.0 mL, 12.6 mmol), followed by p-toluenesulfonic an-
hydride (4.13 g, 12.6 mmol) was added. The mixture was
stirred at 0�C for 30 min. The mixture was diluted with ether

and water. The organic layer was washed with water and
brine. The organic layer was dried over anhydrous magnesium
sulfate, filtered and concentrated in vacuo to an amber oil. The
crude product was purified by flash chromatography on silica

gel. Elution with hexanes-ethyl acetate (80:20 ! 70:30), fol-
lowed by further elution with hexanes-ethyl acetate-triethyl-
amine (58:40:2) afforded 1.75 g (76%) of 18 as a clear oil: Rf

0.25 (hexanes-ethyl acetate, 3:1); 1H-NMR (400 MHz, CDCl3)
d 7.73 (d, 2H, J ¼ 8.2 Hz), 7.72 (d, 2H, J ¼ 8.6 Hz), 7.30 (d,

2H, J ¼ 8.2 Hz, 7.28 (d, 2H, J ¼ 8.4 hz), 7.25–7.10 (m, 5H),
4.26 (dd, 1H, J ¼ 10.9, 5.4 Hz), 4.23–4.18 (m, 2H), 4.15 (td,
1H, J ¼ 10.5, 3.9 Hz), 3.69–3.65 (m , 1H), 3.63–3.54 (m, 1H),
3.51 (ABq, 2H, JAB ¼ 13.3 Hz, DmAB ¼ 188 Hz), 3.47–3.38
(m, 1H), 2.66–2.60 (m, 1H), 2.56–2.48 (m, 1H), 2.39 (s, 6H),

2.21–2.13 (m, 1H); 13C-NMR (100 MHz, CDCl3) d 145.1,
144.9, 137.6, 132.7, 132.4, 130.0, 129.8, 128.6, 128.3, 128.0,
127.9, 127.2, 72.55, 68.32, 65.29, 63.13, 58.43, 57.81, 48.29,
21.61; low resolution MS (ESI) m/e 546 [M þ H]. Note: In
our hands, bis-tosylate 18 decomposed at room temperature

under nitrogen atmosphere by ca. 20% (based on the 1H-NMR
spectrum) over a two week period. In latter runs, bis-tosylate
18 was stored at 0�C and used in the next reaction within a
24 h period, which minimized decomposition.

trans-4-Benzyl-6-(4-nitrophenylsulfonyl)octahydro- pyr-

rolo[3,4-b][1,4]oxazine (20). To a stirred solution of 4-nitro-
benzenesulfonamide (1.44 g, 7.15 mmol) and DBU (0.71 mL,
4.76 mmol) in dry acetonitrile (10 mL) at 70�C, a solution of
bis-tosylate 18 (1.30 g, 2.38 mmol) in acetonitrile (5.0 mL)

via canula was added. After complete addition, the mixture
was stirred at 70�C and monitored by TLC. Once the starting
material had been consumed (ca. 2 h), the mixture was diluted
with ether-ethyl acetate (1:1) and water. The organic layer was
washed five times with 1.0 M aqueous sodium hydroxide solu-

tion (to remove excess 4-nitrobenzenesulfonamide). The or-
ganic layer was washed with brine, dried over anhydrous mag-
nesium sulfate, filtered through a short pad of silica gel (to
remove baseline impurities), and concentrated in vacuo to an
orange solid. Trituration of the crude product in hexanes-ether

afforded 560 mg (58%) of 20 as a tan solid: Rf 0.23 (hexanes-
ethyl acetate, 3:1); IR (CH2Cl2) 3104, 3060, 2988, 2871, 2822,
1532, 1351, 1266, 1172, 1140, 740 cm�1; 1H-NMR (500
MHz, CD3CN) d 8.45 (d, 2H, J ¼ 8.2 Hz), 8.06 (d, 2H, J ¼
8.2 Hz), 7.38–7.33 (m, 5H), 3.85 (dd, 1H, J ¼ 11.7, 3.7 Hz),
3.69 (dd, 1H, J ¼ 8.0, 8.0 Hz), 3.65 (dd, 1H, J ¼ 9.2, 6.8 Hz),
3.57 (td, 1H, J ¼ 11.8, 2.67), 3.43 (ABq, 2H, JAB ¼ 13.3 Hz,
DmAB ¼ 160 Hz), 3.11 (dd, 1H, J ¼ 10.4, 9.2 Hz), 2.95 (dd,
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1H, J ¼ 10.8, 9.7 Hz), 2.63 (ddd, 1H, J ¼ 12.1, 2.67, 1.24
Hz), 2.12 (ddd, 1H, J ¼ 10.8, 9.0, 7.1 Hz); 13C-NMR (125
MHz, CD3CN) d 156.6, 142.5, 137.7, 129.1, 128.6, 128.3,
127.4, 124.7, 77.9, 67.7, 65.2, 60.6, 52.0, 49.4, 48.6; high reso-
lution MS (ESI) Calcd. for C19H22N3O5S [M þ H] m/e
404.1312. Found: 404.1274. An analytical sample was pre-
pared via recrystallization from hexanes-ethyl acetate: mp
155–157�C. Anal. Calcd. for C19H21N3O5S: C, 56.56; H, 5.25;
N, 10.41. Found: C, 56.21; H, 4.89; N, 10.21.

trans-4-Benzyloctahydropyrrolo[3,4-b][1,4]oxazine dihy-

drochloride (2). To a stirred solution of sulfonamide 20 (600
mg, 1.49 mmol) in DMF (2.0 mL), dodecanethiol (0.71 mL,
2.97 mmol) and lithium hydroxide hydrate (125 mg, 2.97
mmol) were added. The mixture was stirred at room tempera-
ture for 2 h. The mixture was diluted with hexanes-ethyl ace-

tate (1:1) and 1.0 M aqueous hydrochloric acid, and the layers
were separated. The organic layer was extracted with aqueous
hydrochloric acid, and the combined aqueous layers were back
extracted with 1:1 hexanes-ethyl acetate. The organic layers

were discarded, and the aqueous layer was basified with 50%
aqueous sodium hydroxide to pH ¼ 13. The aqueous layer was
extracted twice with dichloromethane-methanol (9:1). The or-
ganic layer was washed with brine, dried over anhydrous so-
dium sulfate, filtered and concentrated in vacuo to afford 250

mg (77%) of the free base of 2 as a brown semi-solid: Rf 0.40
(chloroform-methanol-ammonium hydroxide, 90:9:1); 1H-NMR
(400 MHz, CDCl3) d 7.27–7.18 (m, 5H), 3.85 (dd, 1H, J ¼
11.7, 3.5 Hz), 3.67 (m, 1H), 3.57 (ddd, 1H, J ¼ 10.1, 9.0, 7.0
Hz), 3.46 (ABq, 2H, JAB ¼ 12.9 Hz, DmAB ¼ 168 Hz), 3.43–

3.25 (br s, 1H), 3.22–3.11 (m, 2H), 2.85 (t, 1H, J ¼ 10.1 Hz),
2.71 (t, 1H, J ¼ 10.1 Hz), 2.63, dm, 1H, J ¼ 12.1 Hz), 2.27
(ddd, 1H, J ¼ 11.0, 9.0, 6.7 Hz), 2.09 (td, 1H, J ¼ 12.2, 3.6
Hz); 13C (100 MHz, CDCl3) d 137.5, 129.1, 128.2, 127.3,
80.34, 68.08, 66.97, 61.42, 52.60, 46.75, 46.29; low resolution

MS (ESI) m/e 219 [M þ H].
To a solution of the above semi-solid (250 mg) in methanol

(3 mL), a 4.0 M solution of hydrogen chloride in dioxane (1.0
mL) was added. The solution was warmed to 40�C in a water

bath for 10 min, followed by concentration in vacuo. Tritura-
tion of the remaining residue in ethyl acetate afforded 200 mg
(60%) of 2 as a white solid: mp 253–255�C; 1H-NMR (400
MHz, D2O) d 7.41–7.34 (m, 5H), 4.26 (ABq, 2H, JAB ¼ 12.9
Hz, DmAB ¼ 48.31 Hz), 4.11 (dd, 1H, J ¼ 13.3, 3.9 Hz), 4.00

(ddd, 1H, J ¼ 11.0, 10.2, 7.5 Hz), 3.76 (td, 1H, J ¼ 12.5, 2.4
Hz), 3.64–3.56 (m, 2H), 3.47 (ddd, 1H, J ¼11.4, 10.1, 7.4 Hz),
3.33 (dm, 1H, J ¼ 10.5 Hz), 3.14–3.05 (m, 3H); 13C-NMR (100
MHz, D2O) d 130.5, 130.0, 128.9, 127.7, 74.27, 64.87, 61.46,
59.82, 50.94, 43.05, 41.61; high resolution MS (ESI)

C13H19N2O [M þ H] m/e 219.1525. Found: 219.1491. %Water
(KF): 0.47. Anal. Calcd. for C13H18N2O�2HCl�0.47% H2O: C,
53.35; H, 6.94; N, 9.57. Found: C, 52.97; H, 6.81; N, 9.35.

2,2,2-Trifluoro-1-(trans-hexahydropyrrolo[3,4-b][1,4] oxa-

zin-6(2H)-yl)ethanone (22). To a stirred suspension of 2 (100

mg, 0.34 mmol) in dichloromethane (3 mL) at 0�C were added
triethylamine (190 lL, 1.37 mmol) and trifluoroacetic anhy-
dride (95 lL, 0.69 mmol). The mixture was allowed to warm
to room temperature and stirred for 1.5 h. The reaction was

diluted with dichloromethane and washed with water and
brine. The organic layer was dried over anhydrous magnesium
sulfate, filtered and concentrated in vacuo to an oil. The crude
product was purified by chromatography on silica gel. Elution

with hexanes-ethyl acetate-triethylamine (75:24:1) afforded 85
mg (79%) of 2,2,2-trifluoro-1-(trans-hexahydropyrrolo[3,4-
b][1,4] oxazin-6(2H)-yl)ethanone as an oil: Rf 0.62 (hexanes-
ethyl acetate, 1:1); 1H-NMR [400 MHz, CDCl3, two rotomers
present (1:1)] d 7.30–7.18 (m, 5H), 3.98–3.58 (m, 4H), 3.41–

3.08 (m, 3H), 2.67 (t, 1H, J ¼ 12.5 Hz), 2.37 (m, 1H), 2.18 (m,
1H); 13C-NMR [100 MHz, CDCl3, two rotomers present (1:1)]
d 156.1 (q, J ¼ 37 Hz), 155.9 (q, J ¼ 37 Hz), 136.7, 136.5,
129. 1, 129.0, 128.4, 128.3, 127. 7, 127.6, 116.0 (q, J ¼ 286
Hz), 115.9 (q, J ¼ 285 Hz), 78.14, 77.01, 67.94, 67. 89, 65.69,

63.85, 61.32, 61.01, 52.34, 52.08, 48.24, 48.15, 47.76, 47.72;
19F-NMR [376 MHz, methanol-d4, 2 rotomers present (1:1)]
d � 73.68, �73.90; low resolution MS (ESI) m/e 315 [M þ H].

The product from above (85 mg, 0.27 mmol) was dissolved
in methanol (15 mL), and 80 mg of 10% palladium on acti-

vated carbon was added. The suspension was placed in a Parr
hydrogenation bottle and hydrogenated (42 PSI, room tempera-
ture) for 48 h. The reaction mixture was filtered through Celite
and washed with methanol. The solution was concentrated in
vacuo to afford 57 mg (95%) of 22 as an oil: Rf 0.40 (hex-
anes-ethyl acetate, 1:1); 1H-NMR [400 MHz, CDCl3, 2 roto-
mers present (1:1)] d 3.90–3.77 (m, 3H), 3.70–3.59 (m, 1H),
3.50–3.39 (m, 1H), 3.34 (t, 0.5H, J ¼ 10.1 Hz), 3.26–3.15 (m,
1H), 3.06 (t, 0.5H, J ¼ 11.3 Hz); 3.00–2.73 (m, 3H), 1.91 (br

s, 1H); 13C-NMR [100 MHz, CDCl3, 2 rotomers present (1:1)]
d 156.1 (q, J ¼ 37 Hz), 155.9 (q, J ¼ 37 Hz); 116.0 (q, J ¼
284 Hz); 78.90, 77.74, 68.05, 67.99, 59.31, 57.68, 48.54,
48.50, 47.80, 47.62, 45.83, 45.72; 19F-NMR [376 MHz,
CDCl3, 2 rotomers present (1:1)] d �72.51, �72.76; low reso-

lution MS (ESI) 225 [M þ H].
tert-Butyl (þ/�)-trans-hexahydropyrrolo[3,4-b][1,4] oxa-

zine-4(4aH)-carboxylate [(þ/�)-1]. To a stirred solution of
22 (55 mg, 0.25 mmol) in dichloromethane (1.0 mL), di-tert-
butyl dicarbonate (60 mg, 0.27 mmol) was added. The mixture

was stirred under nitrogen atmosphere for 4 h. The reaction
mixture was purified by chromatography on silica gel. Elution
with heptane-ethyl acetate (9:1 ! 1:1) afforded 55 mg (70%)
of tert-butyl trans-6-(2,2,2-trifluoroacetyl)hexahydropyr-
rolo[3,4-b][1,4]oxazine-4(4aH)-carboxylate as an oil: Rf 0.58
(hexanes-ethyl acetate, 1:1); 1H-NMR [400 MHz, CDCl3, 2
rotomers present (1:1)] d 4.43 (m, 0.5H), 4.35 (m, 0.5H),
4.00–3.94 (m, 1H), 3.93–3.75 (m, 3H), 3.69–3.59 (m, 2H),
3.57–3.42 (m, 1H), 3.34 (t, 0.5H, J ¼ 10.6 Hz), 3.20 (t, 0.5H,

J ¼ 10.9 Hz), 3.11–2.87 (m, 2H), 1.40 (s, 9H); 13C-NMR [100
MHz, CDCl3, 2 rotomers present (1:1)] d 160.0 (q, J ¼ 37
Hz), 159.9 (q, J ¼ 37 Hz), 155.3, 155.2, 116.0 (q, J ¼ 288
Hz), 115.9 (q, J ¼ 288 Hz), 81.50, 78.51, 77.49, 67.40, 67.37,
57.96, 56.59, 49.06, 48.97, 46.67, 46.61, 28.15, 28.09; 19F-

NMR [376 MHz, CDCl3, 2 rotomers present (1:1)] d �72.22,
�72.63; high resolution MS (ESI) Calcd. for C13H19N2O4F3Na
[M þ Na] m/e 347.1222. Found: 347.1189.

To a stirred solution of trans-6-(2,2,2-trifluoroacetyl) hexa-
hydropyrrolo[3,4-b][1,4]oxazine-4(4aH)-carboxylate (27 mg,

0.83 mmol) in methanol-water (600 lL, 5:1) at room tempera-
ture, potassium carbonate (23 mg, 0.17 mmol) was added. The
mixture was stirred at room temperature for 1 h. The mixture
was diluted with water and ethyl acetate, and the layers were

separated. The aqueous layer was extracted with ethyl acetate,
and the combined organic layers were washed with brine,
dried over anhydrous magnesium sulfate, filtered and concen-
trated in vacuo to afford 18 mg (95%) of (þ/�)-1 as an oil:
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Rf 0.42 (dichloromethane-methanol-ammonium hydroxide,
89:10:1); 1H-NMR (500 MHz, CD3CN) d 3.99 (ddd, 1H, J ¼
11.8, 3.9, 1.56 Hz), 3.81 (ddd, 1H, J ¼ 13.5, 3.06, 1.53 Hz),
3.64 (td, 1H, J ¼ 11.9, 3.1 Hz), 3.6–3.5 (br m, 1H), 3.48 (app.
q, 1H, J ¼ 9.6 Hz), 3.15–2.90 (br m, 2H), 2.99–2.94 (m, 1H),

2.91 (ddd, 1H, J ¼ 13.5, 12.0, 3.8 Hz), 2.85–2.68 (br m, 1H),
1.46 (s, 9H); 13C-NMR (125 MHz, CD3CN) d 155.9, 81.3,
79.8, 67.2, 59.9, 47.8, 45.0, 44.6, 27.9; high resolution MS
(ESI) Calcd. for C7H13N2O3 [M – tBu þ 2H] m/e 173.0945.
Found: 173.0920.

N-Benzyl-erythro-b-hydroxy-DL-aspartic acid (14). This
material was prepared according to the established procedure
with slight modification:

To a stirred solution of (þ/�)-trans-epoxysuccinic acid
(13, 20.0 g, 151 mmol) in deionized water (70 mL), benzyl-

amine (50 mL, 460 mmol) was added. The mixture was
heated to reflux under nitrogen atmosphere. A precipitant
began to form after �15 min at reflux. After 4 h of heating,
the reaction was cooled to room temperature and treated with

2.5 N aqueous sodium hydroxide (�140 mL) to adjust the
pH to �11. The aqueous layer was extracted with ether (4 �
100 mL) to remove the benzylamine. The aqueous layer was
acidified with concentrated hydrochloric acid to pH �4 (ca.
19 mL), which caused a white precipitate to form. The pre-

cipitate was collected by suction filtration, washed with water
(2 � 100 mL) and dried in vacuo (vacuum oven, 65�C,
house vacuum) to afford 30.4 g (84%) of 14 as a white
solid: 1H-NMR (400 MHz, D2O) d 7.41 (s, 5H), 4.10–4.34
(m, 3H), 3.81 (d, 1H, J ¼ 4.1 Hz); 13C-NMR (100 MHz,

D2O) d 175.9, 170.1, 130.6, 129.9, 129.6, 129.2, 70.24,
64.06, 50.60; high resolution MS (ESI) Calcd. for
C11H14NO5 [M þ H] m/e 240.0892. Found: 240.0866. An
additional 3.0 g of 20 was obtained from the filtrates upon
standing overnight. Combined yield: 92%.

Diethyl N-benzyl-erythro-b-hydroxy-DL-aspartate. To a
stirred solution of dry ethyl alcohol (250 mL) at 0�C under
nitrogen atmosphere, acetyl chloride (18 mL, 250 mmol) was
added dropwise. After complete addition, the reaction was

stirred at 0�C for 30 min. Diacid 14 (12.0 g, 50 mmol) was
added in one portion, and the suspension was slowly heated to
reflux for 72 h. The reaction mixture was filtered, and the col-
lected precipitate (unreacted 14) was set aside. The filtrate was
concentrated under reduced pressure. The remaining residue

was partitioned between ether (100 mL) and half-saturated
aqueous potassium carbonate solution (50 mL). The ethereal
layer was extracted with potassium carbonate solution. The
combined aqueous layers were back-extracted with ether. The
combined ethereal layers were washed with brine, dried over

anhydrous sodium sulfate, filtered and concentrated in vacuo
to afford 6.1 g (41%) of diethyl N-Benzyl-erythro-b-hydroxy-
DL-aspartate as a tan oil: Rf 0.20 (heptane-ethyl acetate,
75:25); IR (CDCl3) 3475, 2983, 1734, 1189, 1116, 1026, 739,
669 cm�1; 1H-NMR (400 MHz, CDCl3) d 7.39–7.25 (m, 5H),

4.51 (d, 1H, J ¼ 3.4 Hz), 4.29–4.15 (m, 4H), 3.98 (d, 1H, J ¼
13.0 Hz), 3.77 (d, 1H, J ¼ 13.0 Hz), 3.71 (d, 1H, J ¼ 3.1 Hz),
3.43 (br s, 1H), 2.30 (br s, 1H), 1.29 (t, 6H, J ¼ 7.2 Hz); 13C-
NMR (100 MHz, CDCl3) d 171.9, 171.0, 139.3, 128.5, 128.3,

127.2, 71.83, 63.23, 61.81, 61.38, 52.60, 14.18, 14.13; high re-
solution MS (ESI) Calcd. for C15H22NO5 [M þ H] m/e
296.1529. Found: 296.1492. Anal. Calcd. for C15H21NO5: C,
61.00; H, 7.17; N, 4.74. Found: C, 60.87; H, 7.23; N, 4.73.

Diethyl 2-(N-benzyl-2-chloroacetamido)-erythro-3-hydroxy-
succinate (15). To a stirred solution of diethyl N-benzyl-
erythro-b-hydroxy-DL-aspartate (5.0 g, 17 mmol) in dichloro-
methane (40 mL) in an ice-brine bath (�10�C) under nitrogen
atmosphere, sodium hydroxide (25 mL of 1.0 N aqueous solu-
tion) was added. The mixture was vigorously stirred while a
solution of chloroacetyl chloride (2.0 mL, 25 mmol) in
dichloromethane (4.0 mL) was added dropwise via syringe

(addition time �10 min). Halfway through the addition, the
reaction mixture began to thicken. The ice-brine bath was
replaced with an ice bath. After complete addition, the reaction
mixture was stirred at 0�C for an additional 15 min. Sodium
hydroxide (10 mL of a 1.0 N aqueous solution) was added,

and the layers were separated. The aqueous layer was
extracted with dichloromethane (2 � 50 mL). The combined
organic layers were washed with brine, dried over anhydrous so-
dium sulfate, filtered, and concentrated in vacuo. The remaining
residue was dissolved in ether (100 mL) and extracted with 3 N
hydrochloric acid (to remove o-acylated byproduct). The ethe-
real layer was washed with brine (2�), dried over anhydrous so-
dium sulfate, and concentrated in vacuo to afford 6.2 g (99%) of
15 as a viscous tan oil: Rf 0.17 (heptane-ethyl acetate, 75:25); IR
(CDCl3) 3462, 2983, 1738, 1163, 1203, 1127, 1203, 1025, 669

cm�1; 1H-NMR (400 MHz, CDCl3) d 7.43–7.23 (m, 5H), 5.56
(s, 1H), 4.96–4.81 (m, 2H), 4.44 (br s, 1H), 4.31 (q, 2H, J ¼ 7.2
Hz), 4.26–4.00 (m, 4H), 3.71 (d, 1H, J ¼ 2.4 Hz), 1.34 (t, 3H, J
¼ 7.2 Hz), 1.24 (t, 3H, J ¼ 7.1 Hz); 13C-NMR (100 MHz,

CDCl3) d 171.4, 168.8, 167.6, 136.6, 129.0, 127.8, 126.1, 70.85,
62.70, 62.02, 61.34, 51.17, 41.61, 14.11, 13.97; high resolution
MS (ESI) Calcd. for C17H23ClNO6 [M þ H] m/e 372.1247.
Found: 372.1208. %Water(KF): 0.46. Anal. Calcd. for
C17H22ClNO6�0.46% H2O: C, 54.66; H, 5.98; N, 3.75. Found:

C, 54.32; H, 5.98; N, 3.61.
Diethyl trans-4-benzyl-5-oxomorpholine-2,3-dicarboxylate

(11) and diethyl cis-4-benzyl-5-oxomorpholine-2,3-dicarboxy-

late (12). To a stirred suspension of sodium hydride (60% oil
dispersion, 0.22 g, 5.5 mmol) in dry tetrahydrofuran (25 mL) at
0�C under nitrogen atmosphere, a solution of alcohol 15 (0.99 g,

2.7 mmol) in tetrahydrofuran-acetonitrile (5 mL, 4:1) was added
dropwise via syringe (addition took �10 min). During the addi-
tion, the reaction turned from a grey suspension to a yellow sus-
pension. After complete addition, the reaction mixture was

stirred at 0�C for 30 min. The reaction mixture was poured into
a rapidly stirred solution of 10% aqueous acetic acid (20 mL).
The mixture was concentrated in vacuo to a volume of ca. 15
mL. The remaining residue extracted with ethyl acetate (3 � 50
mL). The combined organic layers were washed with 1.0 N
aqueous sodium hydroxide solution (to remove minor carboxylic
acid byproducts), brine, dried over anhydrous sodium sulfate,
and concentrated in vacuo to afford an orange solid (0.9 g). The
crude product was purified by BiotageVR on silica gel. Elution
with heptane-ethyl acetate (95:5) afforded 0.45 g (50%) of

trans-product 11 as a white solid and 0.18 g (20%) of cis-prod-
uct 12 as an oil. The spectral properties of compounds 11 and 12

from this experiment were identical in all respects to compounds
11 and 12 obtained above.
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The Gould-Jacob type of reaction for the synthesis of ethyl 5-ethyl-8-oxo-5,8-dihydro-[1,3]-diox-

olo[4,5-g]quinoline-7-carboxylate 4 has been carried out conventionally by the condensation between
N-ethyl-3,4-methylenedioxyaniline 1 and diethyl ethoxymethylenemalonate 2 gave the unsaturated ester
3 and thermal cyclization in refluxing diphenyl oxide gave quinolone ethyl ester 4 and the results
obtained were compared with single step microwave irradiation under solvent free conditions for the
synthesis of 4. The esters on basic hydrolysis formed free acid 5, which, upon treatment with thionyl

chloride gave the acid chloride 6. Treatment of acid chloride with o-phenylenediamine, hydrazine
hydrate, ammonia, urea, and thiourea gave the amides (7–11). CS2 treatment in presence of KOH on
8 gave 12. We prepared 7–12 derivatives by conventional as well as microwave irradiation. These
compounds have been characterized on the basis of IR, 1H NMR, MS, and elemental analysis. All the
compounds prepared herein were screened for their antibacterial activity. Compounds 4, 5 possess

promising antibacterial activity and compound 8 showed significant antibacterial activity.
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INTRODUCTION

Nalidixic acid and its quinolone analogs for example

oxolinic acid, norfloxacin, pefloxacin, ciprofloxacin, and

ofloxacin have been used for treatment of various bacte-

rial infections (urology, ophthalmology) [1]. The

purpose of this investigation was to provide a novel

and more advantageous method that the synthesis of

5-ethyl-8-oxo-5,8-dihydro-[1,3]dioxolo[4,5-g]quinoline-

7-carboxylic acid 5 and its chloride 6 and then different

derivatives of amides 7–12 by conventional as well as

microwaves irradiation and comparative study of both the

method have been carried out. The solvent free reactions

[2–6] under microwave condition are especially for provid-

ing an environmentally benign system. Thus microwave

assisted synthesis becomes a part of ‘‘Sustainable chemis-

try’’. Microwave accelerated organic synthesis is an

effective and an alternative route proposed during the last

decade due to drastic reduction in the reaction time, to min-

imize cumbersome work-up and better yield [7–10]. We

report herein the synthesis of quinolone derivatives and

related compounds using conventional as well as micro-

wave methodologies and comparative study of both the

method have been carried out. These compounds were

evaluated for antibacterial activity in vitro and in vivo in

comparison with nalidixic acid [11–14].

RESULTS AND DISCUSSION

The aim of this work was to synthesize 5-ethyl-8-

oxo-5, 8-dihydro-[1,3]dioxolo[4,5-g] quinoline -7- car-

boxylic acid (oxolinic acid) and its chloride 6 and

different derivatives of amides. In conventional method,

N-ethyl methylene dioxyaniline 1 was condensed with

EMME 2 at 130–140�C for 1.5–2 h to obtain unsatu-

rated ester 3, which on thermal cyclization in boiling di-

phenyl oxide at 250�C for 2–3 h provided quinolone

ethyl ester 4 in 70% overall yield on the basis of com-

pound 1. On the other hand, single step microwave

assisted reaction of 1 with EMME 2 without solvent

(Method B) provided identical compound 4 within 8–10

min in 88% overall yield (Scheme 1). Thus microwave

assisted synthesis quinolone ethyl ester 4 has remarkable

advantages over the conventional techniques because of

easier work up, better yield, rapid and solvent free

cleaner reaction. Compound 4 on hydrolysis gave com-

pound 5, which upon treatment with thionyl chloride

gave acid chloride 6. Treatment of this acid chloride 6

with o-phenylenediamine, hydrazine hydrate, ammonia

solution, urea, and thiourea gave the amides 7–11 and

Compound 8 when refluxed with ethanol and carbon

disulfide in presence of potassium hydroxide yielded the

corresponding 5-ethyl-7-(5-thioxo-4, 5-dihydro-[1,3,4]

oxadiazol-2-yl)-5-H-[1, 3] dioxolo [4, 5-g] quinolin-8-

one 12 by conventional heating as well as under micro-

wave irradiation (Scheme 1). The comparison between

conventional and microwave methodologies has been

shown in Table 1. Compounds obtained from both meth-

ods were identical and were confirmed on the basis of

TLC, mp, elemental, and spectral analysis.

In conclusion, we have developed a simple, fast, sol-

vent free, and high yielding method for the synthesis

quinolone derivatives and related compounds, in which

compounds 4 and 5 displayed very promising activity as

expected (in vitro as well as in vivo activity better than

the standard Nalidixic acid), whereas synthesized novel

compound 8 exhibited significant antibacterial activity.

Rest of the novel compounds displayed weak antibacterial

activity.

EXPERIMENTAL

Melting points were determined in open capillaries on a

BÜCHI melting point apparatus B-540 and are uncorrected.
Infrared (ir) spectra were recorded on a PerkinElmer paragon
1000 FTIR spectrophotometer (potassium bromide pellets).
The 1H NMR spectra were recorded on Varians 400 MHz

spectrophotometer in deuteriodimethyl sulfoxide using TMS as
internal standard and the chemical shifts are expressed in ppm.

Scheme 1
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Mass spectral (MS) data were obtained using an Agilent
1100LC/MSD VL system (G1946C) with a 0.4 mL/min flow

rate using a binary solvent system of 95:5 metanol/water.
Microwave irradiation was carried out in modified microwave
oven fitted with a condenser BPL microwave oven, Model
BMO 700T, (2450 MHz, 700 W). The purity of compounds
was checked by TLC using silica gel G plates.

Synthesis of 5-ethyl-8-oxo-5, 8-dihydro-[1, 3] dioxolo[4, 5-

g] quinoline-7-carboxylic acid (5). Three step conventional
method A. Step 1: 2-[(Benzo[1,3]dioxolo-5-yl-ethyl-amino)
methylene]-malonic acid diethyl ester (3). A mixture of ben-
zo[1,3]dioxol-5yl-ethyl-amine 1 (3.30 g, 0.02 mol), diethyl

ethoxy methylenemalonate 2 (4.40 g, 0.02 mol), and diphenyl
oxide (10 mL) was heated at 130–140�C for 1.5 h, and the
alcohol generated from reaction mixture was allowed to
escape. The reaction mixture was keep for further step.

Step 2: Ethyl 5-ethyl-8-oxo-5, 8-dihydro-[1,3]dioxolo [4, 5-
g] quinoline-7-carboxylate (4). 2-[(Benzo[1,3]dioxolo-5-yl-
ethyl-amino)-methylene]-malonic acid diethyl ester 3 (6.70 g)
was dissolved in boiling diphenyl oxide (10 mL) and heated at
250�C for 1.5–2 h. The liberated alcohol was collected in a

Dean-Stark trap. Then the mixture was cooled to room temper-
ature, the resulting solid was filtered and washed with petro-
leum ether and dried in vacuo, yielding 4.1 g (70%) of (4), mp
169–173�C (ref. [15], mp 172–173�C).

Step 3: 5-Ethyl-8-oxo-5, 8-dihydro-[1, 3] dioxolo [4, 5-g]
quinoline-7- carboxylic acid (5). This compound was obtained
in 82% yield as a white solid, (ref. [16,17]).

Two step microwave assisted method B. Step 1: Ethyl 5-
ethyl-8-oxo-5, 8-dihydro-[1, 3] dioxolo [4, 5-g] quinoline-7-
carboxylate (4). A neat mixture of benzo[1,3]dioxol-5yl-ethyl-

amine 1 (3.30 g, 0.02 mol) and diethyl ethoxymethylenemalo-
nate 2 (4.40 g, 0.02 mol) was taken in an open Pyrex tube and
subjected to microwave irradiation in domestic microwave
oven (BPL, BMO 700T) at an output of about 700 watts for

specified time given in (Table 1). Progress of reaction was
monitored through TLC at an interval of 45 sec. On comple-
tion, the reaction mixture was allowed to cool at room temper-
ature; the resulting solid was filtered and washed with petro-
leum ether and dried in vacuo, to give 5.1 g (88%) of 4.

mp 169–173�C (ref. [15], mp 172–173�C).
Step 2: 5 - Ethyl-8-oxo-5, 8-dihydro-[1, 3] dioxolo [4, 5-g]

quinoline-7- carboxylic acid (5). A neat mixture of ethyl 5-
ethyl-8-oxo-5, 8-dihydro-[1, 3] dioxolo [4, 5-g] quinoline -7-
carboxylate 4 (4.0 g, 0.014 mol) was dissolved in 20 mL of

10% NaOH. The reaction mixture was subjected to microwave

irradiation in Pyrex glass round bottle flask attached with air
condenser from outside with special arrangement for 3 min.

After cooling at room temperature, the reaction mixture was
acidified using concentrated HCl. The resulting precipitated
was filtered and washed with water, and recrystallized from
aqueous DMF to give 3.4 g (93%) of 5.

5-Ethyl-8-oxo-5,8-dihydro-[1,3]-dioxolo[4,5-g]quinoline -7-
carbonyl chloride (6). This compound was obtained in 86%
yield as a light brown solid (ref. [17,18]).

5-Ethyl-5,8-dihydro-[1,3]dioxolo-5,8,13-triaza-benzo[5,6]cy-
clohepta[1,2-a]naphthalen-7-one(7). Method A. To a solu-
tion of 6 (0.28 g, 0.001 mol) in 10 mL of xylene was added

o-phenylenediamine (0.162 g, 0.0015 mol) and the reaction
mixture was refluxed for 8–10 h. The liberated water was
collected in Dean-Stark trap. After the mixture was cooled to
room temperature, the solid precipitated was filtered and

recrystallized from ethanol to afford 0.20 g (60%) of 7 as
dark yellow solid.

Method B. To a solution of compound 6 (0.28 g, 0.001
mol), o-phenylenediamine (0.162 g, 0.0015 mol) in 10 mL of
xylene, acidic alumina (2 g) was added. The reaction mixture
was stirred well, air dried, and subjected to the MWI intermit-
tently at 30 s intervals for specified time (Table 1). On com-
pletion of reaction as monitored by TLC, the product was
extracted into ethanol (3 � 5 mL). Removal of solvent under
reduced pressure yielded the product, which was recrystalized
from ethanol to give 0.29 g (87%) of (7) as dark yellow solid.

mp 335–337�C; IR (KBr): 3422, 3218, 2924, 2853, 1676,
1624, 1599, 1555, 1538, 1500, 1473, 1455, 1376, 1299, 1277,
1254, 1202, 1032 cm�1; 1H NMR (DMSO-d6): d 1.39 (t, 3H),
4.70 (q, 2H), 6.43 (s, 2H), 7.08–7.21 (m, 3H) 7.56 (d, d 1H),

7.85 (s, 1H), 8.75 (s, 1H), 9.10 (s, 1H), 10.50 (s, 1H); MS
(ESI, m/z):334 [MþH]þ. Anal.Calcd. For C19H15N3O3: C,

68.46; H, 4.54; N, 12.61. Found: C, 68.76; H, 4.36; N, 12.54.
5-Ethyl-8-oxo-5,8-dihydro-[1,3]dioxolo[4,5-g] quinoline -7-

carbohydrazide (8). Method A. To a solution of 6 (0.42 g,

0.0015 mol) dissolved in 10 mL of ethanol was added hydra-

zine hydrate (2.5 mL). The mixture was stirred for 1 h at

room temperature, and then poured into water. The precipitate

was collected by filtration and recrystallized from ethanol to

give 0.32 g (78%) of 8 as yellow solid.

Method B. To a solution of compound 6 (0.42 g, 0.0015

mol) and hydrazine hydrate (2.5 mL) in ethanol (10 mL)

acidic alumina (2 g) was added. The reaction mixture was

stirred well, air dried, and subjected to MWI intermittently at

30 s intervals for specified time (Table 1). On completion of

Table 1

A comparison between conventional and microwave assisted synthesis of quinolone derivatives and related compounds.

Compound no.

Conventional (Method A)

Time (h) Yield (%)

Microwave (Method B)

Time [c] (min) Yield (%) Melting point (�C)

4 3 70 4 88 169–73

5 2 82 4 93 313–14

6 12 86 – – 245–47

7 10 60 4 87 335–37

8 03 78 4 92 300–02

9 01 77 2 92 288–90

10 03 70 4 88 285–87

11 03 70 4 86 265–68

12 24 71 5 86 260–63
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reaction, as monitored by TLC the product was extracted into

ethanol (3 � 5 mL). Removal of solvent under reduced pres-

sure yielded the product, which was recrystallized from etha-

nol to give 0.38 g (92%) of 8 as yellow solid.

mp 300–302�C; IR (KBr): 3400, 3245, 2986, 1647, 1618,

1592, 1506, 1474, 1375, 1269, 1256, 1238, 1197, 1038 cm�1;

MS (ESI, m/z):276 [MþH]þ. Anal. Calcd. For C13H13N3O4: C,

56.72; H, 4.76; N, 15.27. Found: C, 56.87; H, 4.56; N, 15.54.
5-Ethyl-8-oxo-5,8-dihydro-[1,3]dioxolo[4,5-g] quinoline-7-

carboxamide (9). Method A. This compound was obtained
in 77% yield as a white solid (ref. [19]).

Method B. To a solution of 6 (0.28 g, 0.001 mol), ammonia

solution (5 mL) in ethanol, basic alumina (2 g) was added.

The reaction mixture was stirred well, air dried, and subjected

to MWI intermittently at 30 s intervals for specified time

(Table 1). On completion of reaction, as monitored by TLC

the product was extracted into ethanol (3 � 5 mL). Removal

of solvent under reduced pressure yielded the product which

was recrystallized from ethanol to give 0.24 g (92%) of 9 as a

white solid. mp 334–336�C; (lit. ref. [19] 336�C).
6-Ethyl-6H-8, 10-dioxa-1, 3, 6 triaza-cyclopenta [b] phen-

anthrene-2, 4-dione (10). Method A. A mixture of 6 (0.28

g, 0.001 mol), urea (0.1 g, 0.002 mol), 5% aq. KOH (2 mL)

and methanol (10 mL) was refluxed for 2 h and cooled. The

precipitate obtained after dilution with water was filtered,

washed with water, and recrystallized from methanol to give

0.20 g (70%) of 10 as a white solid.

Method B. To a solution of compound 6 (0.28 g, 0.001

mol), urea (0.1 g, 0.002 mol) in methanol (10 mL), 5% aq

KOH (2 mL), and basic alumina 2 g was added. The reaction

mixture was stirred well, air dried, and subjected to MWI

intermittently at 30 s intervals for specified time (Table 1). On

completion of reaction, as monitored by TLC the product was

extracted into ethanol (3 � 5 mL). Removal of solvent under

reduced pressure yielded the product which was recrystallized

from methanol to give 0.25 g (88%) of 10 as a white solid.

mp 285–287�C; IR (KBr): 3431, 2926,2853,1721, 1685,
1658, 1604, 1574, 1557, 1508, 1472, 1416, 1335, 1292, 1251,
1216, 1181, 1114, 1084,1024 cm�1; 1H NMR (DMSO-d6): d
1.42 (t, 3H), 4.66 (q, 2H), 6.35 (s, 2H), 7.74 (s, 1H), 8.26 (s,
1H), 9.11 (s, 1H), 15.62 (s, 1H); MS (ESI, m/z):286 [MþH] þ.
Anal.Calcd. For C14H11N3O4: C, 58.95; H, 3.89; N, 14.73.
Found: C, 58.85; H, 3.95; N, 14.85.

6-Ethyl – 2- thioxo-2, 6 dihydro-3H-8, 10-dioxa-1, 3, 6 tri-
aza-cyclopenta [b] phenanthrene - 4-one (11). Method A. A
mixture of 6 (0.28 g, 0.001 mol), thiourea (0.15 g, 0.002 mol),
5% aq. KOH (2 mL), and methanol (10 mL) was refluxed for
2 h and cooled. The precipitate obtained after dilution with

water was filtered, washed with water, and recrystallized from
methanol to give 0.21 g (70%) of 11 as a white solid.

Method B. To a solution of 6 (0.28 g, 0.001 mol), thiourea

(0.15 g, 0.002 mol) in methanol (10 mL), 5% aq KOH 2 mL,

and basic alumina 2 g was added. The reaction mixture was

stirred well; air dried, and subjected to MWI intermittently at

30 s intervals or specified time (Table 1).On completion of

reaction, as monitored by TLC, the product was extracted into

ethanol (3 � 5 mL). Removal of solvent under reduced pres-

sure yielded the product, which was recrystallized from metha-

nol to give 0.26 g (86%) of 11 as a white solid.

mp 265–268�C; IR (KBr): 3401, 3061, 2363, 1708, 1629,
1553, 1499, 1471, 1433, 1396, 1370, 1272, 1250, 1221, 1166,

1037, 1017 cm�1; 1H NMR (DMSO-d6): d 1.42 (t, 3H), 4.66
(q, 2H), 6.35 (s, 2H), 7.74 (s, 1H), 8.26 (s, 1H), 9.11 (s, 1H),
15.62 (s,1H); MS (ESI, m/z):302[MþH]þ.Anal.Calcd. For
C14H11N3O3S: C, 55.80; H, 3.68; N, 13.95. Found: C, 55.70;
H, 3.88; N, 14.05.

5-Ethyl -7-(5-thioxo-4, 5-dihydro-[1, 3, 4] oxadiazol-2-yl)-
5-H-[1, 3] di-oxolo [4, 5-g] quinolin-8-one (12). Method
A. A mixture of 8 (0.30 g, 0.0011 mol), CS2 (0.68 g, 0.009

mol), and KOH (0.22 g, 0.004 mol) in ethanol 30 mL was

heated under reflux for 10 h, cooled to room temperature, and

diluted with water (4 mL) was heated under reflux until the

evolution of H2S had ceased. The reaction mixture was cooled

to room temperature, and poured into water and acidification

with HCl. The resulting precipitated was filtered and washed

with water and recrystallized from methanol to give 0.25 g

(71%) of 12.

Method B. To a solution of (8) (0.30 g, 0.0011 mol), CS2
(0.68 g, 0.009 mol) and KOH (0.22 g, 0.004 mol) in ethanol

20 mL dissolved in water (4 mL) were added. The reaction

mixture was subjected to microwave irradiation in a Pyrex

glass round bottle flask attached with water condenser from

outside with special arrangement for 4 min (Table 1). On com-

pletion of reaction, as monitored by TLC the reaction mixture

was cooled to room temperature and poured into water and

acidification with HCl. The resulting precipitated was filtered

and washed with water and recrystallized from methanol to

give 0.3 g (86%) of 12.

mp 260–263�C; IR (KBr): 3442, 3171, 3050, 2901,

1650,1621, 1595, 1519, 1483, 1392, 1269, 1255, 1230,

1197,1039 cm�1; 1H NMR (DMSO-d6): d 1.35 (t, 3H), 4.40

(q, 2H), 6.19 (s, 2H), 7.48 (s, 1H), 7.52 (s, 1H) 8.58 (s, 1H),

11.26 (s, 1H); MS (ESI, m/z):318 [MþH] þ. Anal.Calcd. for
C14H11N3O4S: C, 52.99; H, 3.49; N, 13.24. Found: C, 52.88;

H, 3.36; N, 13.54.
Caution: Although we did not have any accident in this

work, it is highly recommended that the reaction should be

performed in an efficient hood.

In vitro antibacterial activity. Minimal inhibitory concen-

trations (MICs) were determined by means of an agar dilution

method, using Mueller Hinton agar plates containing a series

of twofold dilutions of drug. Overnight cultures in Mueller

Hinton broth were used for precultures of tested strains. MICs

were determined after overnight incubation at 37�C, with an

inoculum equivalent to 1:100 dilution of an 18 h culture in

Mueller Hinton broth (about108 cells/mL). Each inoculum was

seeded onto agar plates by using an inoculum-replicating appa-

ratus and transferred by a 0.005 mL (about 104 cells) cali-

brated loop. The MIC was the lowest drug concentration that

inhibited the development of visible growth on agar plate.

The in vivo antibacterial activities of drugs were determined

in the systemic infections of mice with bacteria. Ten female
Swiss albino mice weighing 18 to 22 g were used for each
dose level. Microorganisms grown on Mueller Hinton agar
plates were suspended in physiological saline solution. Mice
were intraperitoneally challenged with bacteria. Mice infected

with Escherichia coli ML 4707 were treated at 1 h after infec-
tion. Mice infected with Klebsiella pneumoniae ML 4730 and
Proteus morganii ML 4731 were treated, respectively, at 1, 6,
and 24 h and then immediately and at 3 h after infection.
Drugs to be tested were administered PO. The total number of

surviving mice was recorded 1 week after infection, and the
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amount of a single dose (milligrams per kilogram body

weight) that gave protection to 50% of the infected mice was
estimated as ED50 (Table 2).
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Cyclizations of 1,5-diphenyl[1,2,4]triazole-3-carbohydrazide 1 and the thiosemicarbazide 2 (derived
from 1 by addition to phenylisothiocyanate) under various conditions afforded novel biheterocyclic sys-

tems. The newly prepared compounds were screened for their antibacterial activity. The results showed
that several of these compounds exhibited significant antibacterial activity.

J. Heterocyclic Chem., 47, 1109 (2010).

INTRODUCTION

Many compounds consisting of five-membered hetero-

cyclic rings such as triazoles, oxazdiazoles, and thiadia-

zoles were synthesized and evaluated for their biological

activities [1–5]. During recent years, microorganisms

have increased their resistance against commonly used

antibiotics. Therefore, it was crucial to develop new

antimicrobial and antiviral compounds [6]. Studies on

1,2,4-triazole compounds have a wide range in the area

of pharmacology [7–14]. 4-Thiazolidinones are known

to possess antibacterial [15–20], antifungal [21], antivi-

ral [22,23], and antituberculosis [24] properties (Fig. 1).

4-Thiazolidinones have a novel mechanism for action

that involves the inhibition of bacterial protein synthesis

at a very early stage [25,26]. The traditional method for

the preparation of thiazolidinones includes the reaction

of an aromatic amine with substituted benzaldehyde in

the presence of mercaptoacetic acid [26,27]. In addition,

the method reported recently for the synthesis of thiazo-

lidinones involved the reaction of thiosemicarbazides

with chloroacetic acid [25]. During the recent years,

there has been a broad investigation on different classes

of thiadiazoles, many of which were found to possess an

extensive spectrum of pharmacological activities [28–

32]. Also, 1,2-pyrazole derivatives were found to pos-

sess various biological activities [33,34].

The cyclization of relatively small and linear mole-

cules is one of the most common methods leading to the

formation of heterocyclic compounds. For example,

compounds that contain a thiosemicarbazide structure

can be considered as suitable precursors for this purpose

[34–37]. The NH2 group of the hydrazide structure

behaves as a good nucleophile in most reactions leading

to formation of new heterocyclic rings such as 1,2,4-tri-

azoles, 1,3,4-thiadiazoles [37–39].

In view of these facts, hereby we report the prepara-

tion of new 1,2,4-triazoles, connected to another hetero-

cyclic ring such as 1,2,4-triazole, 1,3,4-thiadiazole, and

1,3-thiazolidin-4-one rings.

RESULTS AND DISCUSSION

The structure of the prepared compounds was eluci-

dated using IR, 1H NMR, 13C NMR, and mass spectro-

scopic methods besides elemental analyses. The path-

ways leading to the products obtained have been

depicted in Schemes 1 and 2. The key intermediate in

this study is the 1,5-diphenyl-1H-[1,2,4]triazole-3-car-
boxylic acid hydrazide 1, which was prepared according

to a previously described procedure [40].

Acid hydrazide 1 and thiosemicarbazide 2 are of con-

siderable interest as building blocks for nitrogen and/or

sulfur containing heterocyclic systems, which might

show biological activities. Therefore, our attempts are to

prepare new five-membered heterocycles of expected bi-

ological activities utilizing compounds 1 and 2 as start-

ing material.

When compound 1 was refluxed with phenylisothio-

cyanate, the expected thiosemicarbazide 2 was obtained

in good yield. In the IR spectrum of compound 2, the

hydrazone NH stretching frequencies were observed at

3291, 3198, and 3146 cm�1. The absorption band at

VC 2010 HeteroCorporation
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1666 cm�1 is due to the presence of C¼¼O stretch. The

C¼¼S stretching frequency was observed at 1373 cm�1.

Further evidence for the formation of compound 2 was

obtained by recording its mass spectrum. The mass

spectrum of 2 showed the molecular ion at m/z 414 cor-

responding to C22H18N6OS and the base peak at m/z
220. Alkaline cyclization of the thiosemicarbazide 2

using 2N sodium hydroxide solution afforded the corre-

sponding 4,10,50-triphenyl-1,4-dihydro-10H-[3,30]bi[1,2,4]
triazolyl]-5-thione 3. This reaction began with nucleo-

philic attack of thiosemicarbazide N-5 to carbonyl group

in the side chain of compound 2. The structure of com-

pound 3 was confirmed on the basis of elemental analy-

sis, IR, 1H NMR, 13C NMR, and mass spectroscopic

methods. It is interesting to note that compound 3 is

present in solid state in thionic form, C¼¼S, as indicated

by its IR spectrum, which showed the absence of

absorption in the region of 2500–2660 cm�1 cited for

SH group [41] and the presence of maximum at 1455

cm�1 characteristic for C¼¼S group. Moreover, in the
1H NMR spectrum of compound 3, NH was observed as

singlet at 9.32 ppm, therefore it was proved that com-

pound 3 was found in thionic form also in DMSO. Fur-

thermore, reacting thiosemicarbazide 2 with cold con-

centrated sulfuric acid resulted in the formation of the

corresponding N-phenyl[5-(1,5-diphenyl-1H-[1,2,4]tria-
zol-3-yl)-[1,3,4]thiadiazol-2-yl]-amine 4. The reaction

involved the nucleophilic attack of the C¼¼S sulfur atom

on the carbonyl C of compound 2. In the 1H NMR spec-

trum of compound 4 the presence of only one singlet

for NH group integrated for one proton confirming the

cyclization at the side chain of triazole ring in com-

pound 2 to afford the thiadiazole 4. Also, the mass spec-

trum of compound 4 gave molecular ion peak in agree-

ment with its molecular formula. The thiazolidinone de-

rivative 5 was obtained from the treatment of thiosemi-

carbazide 2 with ethyl bromoacetate in the presence of

anhydrous sodium acetate in absolute ethanol. The first

Figure 1

Scheme 1
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step of this reaction is thought to be an S-alkylation of

2. The second step is a release of ethanol to give thiazo-

lidinone 5, the IR spectrum of which showed the lactam

C¼¼O stretching band at 1708 cm�1. The mass spectrum

was also in agreement with the formation of thiazolidi-

none ring. In an extension of the above reaction to

obtain another thiazolidinone derivative 6, thiosemicar-

bazide 2 undergoes a ring closure reaction, on boiling in

ethanol with monochloroacetic acid. The structure of

compound 6 was elucidated on the basis of IR, 1H

NMR, and mass spectra as well as correct elemental

analysis. The IR of 6 exhibited absorption bands at 3212

due to NH group and at 1719, 1665 cm�1 because of

two carbonyl groups. 1H NMR of 6 revealed a singlet at

3.62 because of CH2 of thiazolidinone ring and singlet

at 9.01 ppm for NH.

Additionally, the condensation of the acid hydrazide 1

with a variety of aromatic aldehydes in ethanol leading

to the formation of compounds 7a, b. Structure elucida-

tion of the Schiff’s bases 7a, b was based on microanal-

ysis and spectral data (Tables 1 and 2). 1,5-Diphenyl-

1H-[1,2,4]triazole-3-carboxylic acid (4-oxo-2-phenyl-

thiazolidin-3-yl)-amide 8 was obtained by refluxing the

Schiff’s base 7a and thioglycolic acid in dry benzene

for 10 h using a Dean-Stark water separator. The thiazo-

lidinone 8 was characterized by IR absorption bands at

Table 1

Analytical data of the new compounds.

Comp. No. Molecular formula mp (�C) Yield (%)

Elemental analyses found (calcd.)

%C %H %N %S

2 C22H18N6OS 215 80 63.64 (63.75) 4.57 (4.38) 20.11 (20.28) 7.80 (7.74)

3 C22H16N6S 285 84 66.77 (66.65) 3.86 (4.07) 21.33 (21.20) 7.86 (8.09)

4 C22H16N6S 179 85 66.42 (66.65) 4.24 (4.07) 21.00 (21.20) 8.21 (8.09)

5 C24H18N6O2S 210 82 63.61 (63.42) 4.24 (3.99) 18.35 (18.49) 7.22 (7.05)

6 C24H18N6O2S 202 78 63.57 (63.42) 3.78 (3.99) 18.32 (18.49) 7.15 (7.05)

7a C22H17N5O 175 81 72.12 (71.92) 4.51 (4.66) 19.13 (19.06) –

7b C23H19N5O 187 88 72.22 (72.42) 5.00 (5.02) 18.57 (18.36) –

8 C24H19N5O2S 220 80 65.55 (65.29) 4.24 (4.34) 15.59 (15.86) 7.33 (7.26)

9 C22H15N5O 195 68 72.47 (72.32) 4.00 (4.14) 18.89 (19.17) –

10 C20H17N5O 240 75 70.06 (69.96) 4.82 (4.99) 20.11 (20.40) –

11 C19H15N5O2 225 82 66.23 (66.08) 4.16 (4.38) 20.03 (20.28) –

12 C16H11N5OS 165 74 59.63 (59.80) 3.71 (3.45) 21.52 (21.79) 10.14 (9.98)

Scheme 2
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3251, 1722, and 1704 cm�1 for NH and the two C¼¼O

groups, respectively. Its 1H NMR exhibited two signals

appearing as doublets at 3.41 ppm and 3.81 ppm

because of the nonequivalent geminal CH2 protons [42].

This splitting was not observed with derivatives 5, 6,

and 11 which may be attributed to the lacking of the

asymmetric carbon atom. A convenient method for the

preparation of oxadiazole derivative 9 was deduced

from refluxing the acid hydrazide 1 with an equimolar

amount of benzoic acid in the presence of an excess of

phosphorous oxychloride. The IR spectrum of compound

9 showed no absorption for NH groups, this indicating

the cyclization of 1 into oxadiazole 9. Also, the mass

spectrum of 9 gave a molecular ion at m/z 365 corre-

sponding to C22H15N5O. The hydrazide 1 was allowed

to react with acetyl acetone and ethyl acetoacetate to

give dimethyl pyrazole derivative 10 and methyl pyrazo-

lone derivative 11, respectively. The IR of 11 showed

absorption band at 1728 cm�1 characteristical for the

pyrazole carbonyl group. 1H NMR spectra of

Table 2

Spectral data for the new compounds.

Comp. No. Spectral data

2 IR (KBr, cm�1): 3291, 3198, 3146 (NH), 1666 (C¼¼O), 1604 (C¼¼N) and 1373 (C¼¼S).

ms: m/z (%): 414 (Mþ, 15.30).
3 IR (KBr, cm�1): 3129, 1598 (C¼¼N) and 1455 (C¼¼S).

1H NMR (DMSO-d6, d ppm): 7.01–7.48 (15H, m, aromatic protons) and 9.32 (1H, s, NH).
13C NMR (DMSO-d6, d ppm): arom-C: [123.8 (2CH), 125.7 (4CH), 126.1 (2CH), 128.0 (1CH),

128.8 (6CH), 135.4 (1C), 137.5 (2C)], 154.0 (C5-triazole ring), 157.4 (C3 & C03-triazole rings), 181.5 (C¼¼S).

ms: m/z (%): 396 (Mþ, 42.10).
4 IR (KBr, cm�1): 3187 (NH) and 1599 (C¼¼N).

1H NMR (DMSO-d6, d ppm): 5.10 (1H, s, NH) and 6.91–7.33 (15H, m, aromatic protons )

ms: m/z (%): 396 (Mþ, 13.80).
5 IR (KBr, cm�1): 3330 (NH), 1708 (C¼¼O), 1688 (C¼¼O) and 1612 (C¼¼N).

1H NMR (DMSO-d6, d ppm): 3.67 (2H, s, CH2 of thiazolidinone ring),

7.11–7.42 (15H, m, aromatic protons) and 9.23 (1H, s, NH).

ms: m/z (%): 454 (Mþ, 42.71)
6 IR (KBr, cm�1): 3212 (NH), 1719 (C¼¼O), 1665 (C¼¼O) and 1605 (C¼¼N).

1H NMR (DMSO-d6, d ppm): 3.62 (2H, s, CH2 of thiazolidinone ring),

7.05–7.38 (15H, m, aromatic protons) and 9.01 (1H, s, NH).

ms: m/z (%): 454 (Mþ, 12.80)
7a IR (KBr, cm�1): 3242 (NH), 1685 (C¼¼O) and 1601 (C¼¼N).

ms: m/z (%): 367 (Mþ, 26.37).
7b IR (KBr, cm�1): 3222 (NH), 1680 (C¼¼O) and 1589 (C¼¼N).

ms: m/z (%): 381 (Mþ, 37.14).
8 IR (KBr, cm�1): 3251 (NH), 1722 (C¼¼O) and 1704 (C¼¼O).

1H NMR (DMSO-d6, d ppm): 3.41 (1H, d, equatorial proton of thiazolidinone at C-5),

3.81 (1H, d, axial proton of thiazolidinone at C-5), 5.68 (1H, s, CH of thiazolidinone at C-2),

7.21–7.35 (15H, m, aromatic protons) and 9.51 (1H, s, NH).
13C NMR (DMSO-d6, d ppm): 39.2 (C5-thiazolidinone ring), 55.9 (C2-thiazolidinone ring),

arom-C: [124.5 (1CH), 125.0 (2 CH), 126.4 (3CH), 127.5 (3CH), 128.7 (6CH), 136.3 (1C),

137.4 (1C), 138.2 (1C)], 154.5 (C5-triazole ring), 158.4 (C-3 triazole ring),

165.7 (C¼¼O), 167.6 (C4-thiazolidinone ring).

ms: m/z (%): 441 (Mþ, 27.08).
9 IR (KBr, cm�1): 1599 (C¼¼N).

ms: m/z (%): 365 (Mþ, 30.67).
10 IR (KBr, cm�1): 1670 (C¼¼O).

1H NMR (DMSO-d6, d ppm):1.63, 1.81 (6H, 2s, 2CH3), 5.40 (1H, s, C4- pyrazole ring),

6.89–7.24 (10H, m, aromatic protons).
13C NMR (DMSO-d6, d ppm): 8.2 (2CH3), 109.6 (C4-pyrazole ring), arom-C: [124.3 (1CH),

125.1 (2 CH), 126.5 (2CH), 127.5 (1CH), 128.3 (4CH), 136.1 (1C), 137.7 (1C)],

149.9 (C3 & C5-pyrazole ring), 154.2 (C5-triazole ring), 159.5 (C-3 triazole ring), 169.6 (C¼¼O).

ms: m/z (%): 343 (Mþ, 47.51).
11 IR (KBr, cm�1): 1728 (C¼¼O) and 1688 (C¼¼O).

1H NMR (DMSO-d6, d ppm): 2.01 (3H, s, CH3),

3.26 (2H, s, CH2 of pyrazolone ring) and 7.12–7.37 (10H, m, aromatic protons).

ms: m/z (%):345 (Mþ, 52.49).
12 IR (KBr, cm�1): 3321 (NH).

1H NMR (DMSO-d6, d ppm) 6.99–7.50 (10H, m, aromatic protons) and 10.85 (1H, s, NH).

ms: m/z (%): 321 (Mþ, 25.47).
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compounds 10 and 11 showed singlets at 1.81 ppm and

2.01 ppm assigned for the methyl groups, respectively.

The preparation of oxadiazole-2-thione 12 was achieved,

according to a reported method of Young and Wood

[43], by adopting a simple one-pot procedure that

involves reacting 1 with carbon disulfide under strong

basic conditions followed by acidification with diluted

HCl. The oxadiazole derivative 12 was characterized by

IR which showed band at 3321 cm�1 attributed to NH.

The 1H NMR spectrum of 12 displayed the NH reso-

nance of the oxadiazole ring at 10.85 ppm.

ANTIBACTERIAL STUDIES

The newly prepared compounds were screened for

their antibacterial activity against Gram positive (Bacil-
lus subtitis and Streptococci) and Gram negative (Kleb-
siella pneumoniae and Escherichia coli) bacterial strains
by the disc diffusion method [44], and the results are

summarized in Table 3. The results obtained showed

that Schiff’s bases 7a and 7b were found to be the most

active compounds against the employed microorgan-

isms; this is probably due to their ability to increase the

penetration in the bacterial cell [45]. In addition, the

substituted thiazolidinones 5, 6, and 8 as well as the

substituted pyrazole 11 exhibited promising activity

against both Gram positive and negative bacteria. How-

ever, the pyrazole derivative 10 exhibited a low activity

against Gram positive only. No satisfactory level of in-

hibition was observed with the other compounds.

CONCLUSIONS

This study reports a successful preparation and char-

acterization of new 1,2,4-triazole derivatives. The anti-

bacterial study revealed that, compounds 5, 6, 7a, 7b, 8,

and 11 showed low to moderate antibacterial activities.

This result suggesting that Schiff’s base, thiazolidinone,

and pyrazole moieties play an important role in enhanc-

ing the antibacterial activities of this class of

compounds.

EXPERIMENTAL

Chemistry. Melting points were determined in open-glass
capillaries on a Stuart electric melting point apparatus and

were uncorrected. Elemental analyses were performed by the
Microanalysis center, Faculty of Science, Cairo University.
Infrared spectra were recorded on Satellite 2000 spectrometer
using KBr discs. Mass spectra were determined on GC-MS
(QP/000 EX) Shimadzu spectrometer at an ionizing voltage of

70 eV. Nuclear magnetic resonance spectra were recorded on
Varin Mercury 300 MHz spectrometer using TMS as an inter-
nal standard; chemical shifts are reported in d units. Solvents
were dried by standard procedures. Reaction progress and pu-

rity of the compounds were checked by TLC, making use of
silica gel plates (Silica gel F254 on aluminum sheets).

Preparation of thiosemicarbazide 2. A solution of 1 (0.01
mol) and equimolar amount of phenylisothiocyanate in 50 mL
of ethanol was heated under reflux for 5 h. The solid product

obtained after concentration of the solution was collected by
filtration and recrystallized from methanol to give yellow
crystals.

Preparation of 4,10,50-triphenyl-1,4-dihydro-10H-[3,30]bi
[[1,2,4]triazolyl]-5-thione 3. The thiosemicarbazide 2 (0.01

mol) in sodium hydroxide (2N, 15 mL) was refluxed for 8 h.
The solution was cooled and neutralized using diluted hydro-
chloric acid. The formed solid was collected by filtration,
washed with water, and recrystallized from methanol to give
colorless crystals.

Preparation of N-phenyl[5-(1,5-diphenyl-1H-[1,2,4]triazol-
3-yl)-[1,3,4]thiadiazol-2-yl]-amine 4. To an ice-cold stirred so-
lution of thiosemicarbazide 2 (0.01 mol) in absolute ethanol
(10 mL), concentrated sulfuric acid (10 mL) was added over a

period of 30 min, the stirring was maintained at room tempera-
ture for an additional 5 h. Then, the reaction mixture was
poured onto ice/water mixture. The solid was filtered off and
recrystallized from dioxane to give colorless crystals.

Preparation of 1,5-diphenyl-1H-[1,2,4]triazole-3-carboxylic
acid (4-oxo-3-phenyl-thiazolidin-2-ylidene)-hydrazide 5. A
mixture of 2 (0.01 mol), ethyl bromoacetate (0.01 mole), and
anhydrous sodium acetate (0.03 mol) in ethanol (30 mL) was
refluxed for 5 h. The solid product obtained after concentration
of the reaction mixture was collected by filtration and recrys-

tallized from methanol to give pale yellow crystals.
Preparation of 1,5-diphenyl-1H-[1,2,4]triazole-3-carboxylic

acid (4-oxo-2-phenylimino-thiazolidin-3-yl)-amide 6. A solu-
tion of 2 (0.01 mol) in ethanol (30 mL) was treated with
monochloroacetic acid (0.01 mol), and the reaction mixture

was refluxed for 5 h. The solid product obtained after concen-
tration of the solution was collected by filtration and recrystal-
lized from ethanol to give yellow crystals.

Preparation of 1,5-diphenyl-1H-[1,2,4]triazole-3-carboxylic
acid benzylidene-hydrazide 7a, b. A solution of 1 (0.01 mol)
and an appropriate aldehyde (0.01 mol) in ethanol (30 mL)

Table 3

Screening for antibacterial activity of the new compounds (diameter

zones of inhibitions in mm).

Comp.

No.

Gram positive Gram negative

Bacillus
subtitis Streptococci

Klebsiella
pneumoniae

Escherichia
coli

3 – – – –

4 – – – –

5 5 10 12 11

6 9 12 11 10

7a 20 23 18 19

7b 21 18 20 15

8 19 23 22 17

9 – – – –

10 11 12 – –

11 18 10 10 12

12 – – – –

Control

(DMSO)

– – – –
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was refluxed for 5 h. The solid separated upon cooling was fil-
tered and recrystallized from dioxane to give yellow crystals.

Preparation of 1,5-diphenyl-1H-[1,2,4]triazole-3-carboxylic
acid (4-oxo-2-phenyl-thiazolidin-3-yl)-amide 8. A mixture of
7a (0.01 mol) and thioglycolic acid (0.01 mol) was refluxed in

dry benzene (75 mL) for 10 h, using a Dean-Stark water sepa-
rator. The solvent was evaporated, and the reaction mixture
was neutralized with cold dilute sodium bicarbonate solution.
The formed solid was filtered off, dried, and recrystallized
from ethanol to give yellow crystals.

Preparation of 2-(1,5-diphenyl-1H-[1,2,4]triazol-3-yl)-5-
phenyl-[1,3,4]oxadiazole 9. A mixture of 1 (0.01 mol) and
benzoic acid (0.01 mol) in POCl3 (15 mL) was refluxed for 10
h. The reaction mixture was slowly poured onto ice/water mix-
ture and then neutralized with sodium bicarbonate solution.

The solid formed was filtered, washed with water, and recrys-
tallized from ethanol to give pale yellow crystals.

Preparation of compounds 10 and 11. A mixture of 1 (0.01
mol) and acetyl acetone or ethyl acetoacetate (0.01 mol) in

ethanol (50 mL) was refluxed for 5 h. The solid product
obtained after concentration and cooling of the solution was
collected by filtration and recrystallized from dioxane to give
yellow crystals.

Preparation of 5-(1,5-diphenyl-1H-[1,2,4]triazol-3-yl)-3H-
[1,3,4] oxadiazole-2-thione 12. To a mixture of 1 (0.01 mol)
in ethanol (50 mL) was added a solution of potassium hydrox-
ide (0.015 mol) in ethanol (50 mL), followed by carbon disul-
fide (30 mL). The reaction mixture was refluxed for 20 h. The
solid product obtained after cooling and acidification with

dilute HCl was collected by filtration and recrystallized from
ethanol to give yellow crystals.

Antibacterial assay. Antibacterial screening of prepared
compounds was done by the paper disc agar diffusion method
[44] against Gram positive (B. subtitis and Streptococci) and

Gram negative (K. pneumoniae and E. coli) strains. The com-
pounds were dissolved in DMSO at a concentration of 1 mg
mL�1. Antibacterial activity of DMSO against the test micro-
organisms was investigated and was found to be nil. The nutri-

ent agar medium was sterilized by autoclaving at 120�C for 15
min; the Petri dishes were sterilized in hot air oven at 160�C
for an hour. Into each sterilized Petri plate, about 30 mL of
molten agar medium inoculated with the respective strain of
bacteria (6 mL inoculums to 300 mL of nutrient medium) was

transferred. The plates were left at room temperature to allow
solidification. Six-millimeter diameter holes were then punched
carefully using a sterile cork borer and completely filled with
the test solutions. The plates were incubated for 24 h at 37�C.
The antibacterial activity was evaluated by measuring the di-

ameter of the inhibition zone. All the experiments were carried
out in doublet, and the average value was reported. The anti-
bacterial activity results were summarized in Table 3.
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Vidin, A. Arzneim Forsch/Drug Res 1997, 47, 1134.
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An efficient approach for stereoselective synthesis of cyclopropyl indolyl ketone from olefin and arso-
nium ylied was achieved. Its advantages are of mild condition, high yield, and good stereoselectivity. In
addition, the one-pot cycloproparation of olefins with bromides and triphenylarsine was studied.
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INTRODUCTION

Cyclopropyl ketones occupy an important position in

cyclopropane chemistry owing to their wide utility as

potent synthetic blocks which have been extensively

applied for the synthesis of complex molecules includ-

ing heterocycles [1]. Therefore, the great efforts have

been made to develop new method for synthesis of

cyclopropyl ketones [2].

In recent years, the concept of privileged structures,

which repeated occurrence in biologically active mole-

cules, become important for the design and synthesis of

drug candidates. The indole framework is a versatile

and important structural motif frequently found in natu-

ral products, pharmaceuticals, and other synthetic com-

pounds [3]. Thus, it is not surprising that a great deal of

attention has been directed to development of efficient

routes for the synthesis of these interesting compounds.

Now, we become interested in the design and synthesis

of the cyclopropyl indolyl ketones. Because of their

unique ring strain and high reactivity, these novel cyclo-

propanes may serve as new and useful building blocks

for construction of complex indoles. To the best of our

knowledge, no approaches have been previously

reported for synthesis of cyclopropyl indolyl ketones.

Here, we report an effect procedure for preparation of

cyclopropyl indolyl ketones via cyclopreparation of

indolylidene with arsonium ylide (Scheme 1).

The needed indolylidenes were prepared according to

the reported literature [4]. We tested some bases first. In

the model experiment, a mixture of indolylidene 1a

(1 equiv), benzoylmethyltriphenylarsonium bromide 2a

(1.1 equiv) and base (3 equiv) in dimethoxyethane

(DME) was stirred at room temperature to give com-

pound 3a and 4a. The results showed that the K2CO3 as

base provided the highest yield (entry 1, Table 1). And

then, the screening for a suitable solvent was performed

in the presence of K2CO3 at room temperature. It was

found that DME was the best solvent for this reaction.

The results were listed in Table 1. At the same time, the

results in Table 1 also showed that bases, solvents, and

temperature have no obvious influence on the ratio of

product 3 and 4.

To investigate the scope of this reaction, some indo-

lyldienes and arsenium salts are examined with the opti-

mized conditions and the results are shown in Table 2.

It is worth noting that only compounds 3e–k were

obtained (entries 6–11, Table 2), when methoxycarbo-

nylmethyltriphenylarsonium bromide and cyanomethyl-

triphenylarsonium bromide were used as arsonium salts

instead of benzoylmethyltriphenylarsonium bromide.

VC 2010 HeteroCorporation
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The structures of compounds 3a–k and 4a–d were

characterized by 1H NMR, 13C NMR, MS, IR, elemental

analysis, and X-ray diffraction (Fig. 1; Table 3). The

relative configurations of product 3 and 4 are confirmed

from NOE experiments of compounds 3b (Fig. 2) and

4b (Fig. 3). The cyclopropyl hydrogen with a trans con-

figuration is deduced by the absence of NOE correlation

between two protons situated at adjacent carbons in the

cyclopropane ring of these compounds.

One-pot methodology has recently attracted increasing

attention. Because it offers significant advantages such

as a reduction in the number of synthetic steps, energy

consumption and waste production, and high efficiency

[5]. Thus, considerable efforts have been taken in devel-

oping new one-pot process. Our attention turned next to

one-pot cyclopropanation reaction with triphenylarsine

and bromide. (Scheme 2).

Initial studies focused on screening the optimum reac-

tion conditions, in the model experiments, a mixture of

triphenylarsine 6 (0.1 equiv), methyl bromoacetate 5

(1.2 equiv), indolyidiene 1 (1.0 equiv), and bases (3.0

equiv) in solvent (5 mL) was stirred under reflux. The

results are shown in Table 4. We found that the highest

yield of cyclopropane 3f was obtained in acetonitrile/

K2CO3 system (entry 2, Table 4). Then, the amount of

Ph3As was tested under the similar condition. Through

an effort to investigate the reaction condition, we chose

0.75 equiv of Ph3As /acetonitrile/K2CO3 system as the

optimum reaction condition. Because the amount of tri-

phenylarsine changes from 0.75 equiv to 1 equiv, the

differences in the yield and rate of cyclopropanation are

not significant (entries 10 and 11, Table 4).

The scope of the one-pot of cyclopropanation with

indolyidienes and bromides in the presence of trepheny-

larsine was further explored. The results are shown in

Table 5.

A plausiblemechanism for the formation of product

3 and 4 is shown in Scheme 3. (1) The arsonium yilde

B is generated from arsonium salt A with K2CO3 as

base. (2) The ylide B nucleophilically attacks the ole-

fin C to result in either transition state D or E. Appa-

rently, the E should be favored over D, with the latter

being higher energy given the steric repulsion between

bulky X and Ar groups in the conformation of D. (3)

The six-membered ring, locking conformation of inter-

mediate F, is formed by nonbonding interactions

between the negatively polarized oxygen in enolate ion

and positively polarized X group, and the product 3 is

given via cyclopropanation reaction. (4) When the X is

benzoyl group, the intermediate G is formed due

to the steric repulsion between bulky benzoyl and

indolyl groups, and then the product 4 is yielded

from G.

In conclusion, we have developed an efficient

approach for stereoselective synthesis of cyclopropyl in-

dolyl ketone from olefin and arsonium ylied. The advan-

tages of this approach are of mild condition, high yield,

and good stereoselectivity. In addition, the one-pot

cycloproparation of olefins with bromides and tripheny-

larsine was also studied.

Table 1

Optimization of reaction condition of indolylidene with arsonium salt.

Entry R1 R2 Base Solvent Temperature (�C) Time (h) Yield (%) 3 Yield (%) 4

1 4-Cl COPh K2CO3 DME r.t. 2 68 12

2 4-Cl COPh KF.2H2O DME r.t. 4 60 15

3 4-Cl COPh NaHCO3 DME r.t. 28 58 14

4 4-Cl COPh K2CO3 chloroform r.t. 3.5 56 14

5 4-Cl COPh K2CO3 acetonitrile r.t. 2.5 60 18

6 4-Cl COPh K2CO3 DME 0 4.5 67 15

7 4-Cl COPh K2CO3 DME �15 6 68 15

DME, dimethoxyethane.

Scheme 1
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EXPERIMENTAL

General Experimental Conditions. All reagents and sol-
vents were obtained from commercial sources and used with-
out purification. All melting points were uncorrected. Melting
points were determined on WRS-1 digital melting point appa-
ratus made by Shanghai physical instrument factory (SPOIF),

China. IR spectra were measured in KBr on a PE-580B spec-
trometer. 1H NMR spectra were recorded at a Bruker AM-500,
using CD3COCD3 as solvent and TMS as internal reference.
Mass spectra were taken with a HP5989A mass spectrometer
at an ionizing voltage of 70 eV. Elemental analyses were

measured on the elementar vario EL III. X-Ray crystal data
were collected with Bruker Smart Apex2 CCD

General procedure for preparing 3a–k and 4a–d. A mix-
ture of indolylidene 1 (1 mmol), arsonium bromide 2 (1.1
mmol) and K2CO3 (0.414 g, 3 mmol) in dimethoxyethane

(DME) (5 mL) was stirred at room temperature. The comple-
tion of the reaction was determined by TLC. The DME was

removed off under reduced pressure, and the residue was run
on a silica-gel chromatographic column (eluant: petroleum
ether–ethyl acetate (v: v ¼ 6:1)). The desired products 3 and 4

can be obtained and triphenylarsine recovered, respectively.
General procedure of one-pot method for 3a–k and

4a–d. A mixture of indolyidiene 1 (1 mmol), bromide 5 (1.2
mmol), triphenylarsine 6 (0.225 g, 0.75 mmol), and K2CO3

(0.414 g, 3 mmol) was stirred in the refluxing CH3CN (5 mL).
The completion of the reaction was determined by TLC.The
CH3CN was removed off under reduced pressure, and the resi-

due was run on a silica-gel chromatographic column (eluant:
petroleum ether–ethyl acetate (v: v ¼ 6:1)). The desired prod-
ucts 3 and 4 can be obtained and triphenylarsine recovered,
respectively.

Trans-2-benzoyl-1-(1H-indole-3-carbonyl)-3-phenyl-cyclo-
propanecarbonitrile (3a). This compound was obtained as
white solid, mp 110–111�C (petroleum ether–ethyl acetate (v:v
¼ 1:1)); 1H NMR (500 MHz, hexadeuteroacetone): d 4.03 (d,
J ¼ 8.0 Hz, 1H), 4.56 (d, J ¼ 8.0 Hz 1H), 7.22-7.28 (m, 2H),

7.41–7.42 (m,1H), 7.44–7.57 (m, 5H), 7.64–7.69 (m, 3H),
8.19–8.21 (m, 3H), 8.44 (s, 1H), 11.21 (br s, 1H); 13C NMR
(125 MHz, hexadeuteroacetone): d 36.0, 37.3, 38.0, 113.1,
115.7, 118.7, 122.7, 123.5, 124.6, 126.9, 129.1, 129.3, 129.4,
129.6, 134.4, 134.6, 135.3, 137.6, 137.8, 180.6, 192.3; IR

Table 2

Synthesis of cyclopropyl indolyl ketones with indolyldienes and arsenium salts.

Entry Product R1 R2 Reaction time (h) Yield 3(%)a Yield 4(%)a

1 a H COPh 2 71 10

2 b 4-Cl COPh 2 68 12

3 c 3-Br COPh 1.5 73 8

4 d 4-OCH3 COPh 2 65 12

5 e H CO2CH3 3 76 0

6 f 4-Cl CO2CH3 3 85 0

7 g 3-Br CO2CH3 3.5 72 0

8 h 4-CH3 CO2CH3 3 79 0

9 i 4-OCH3 CO2CH3 4 70 0

10 j H CN 1 78 0

11 k 4-Cl CN 1.5 85 0

aIsolated yield

Table 3

Selected bond lengths and bond angels of compound 3f.

Compound 3f Lengths (A) Angels(deg)

C(4)-C(7) 1.482(4)

C(7)-C(9) 1.510(4)

C(7)-C(8) 1.509(4)

C(8)-C(10) 1.475(4)

C(8)-C(9) 1.527(4)

C(9)-C(12) 1.450(4)

C(9)-C(13) 1.535(4)

C(9)-C(7)-C(8) 60.75(19)

C(7)-C(8)-C(9) 59.65(18)

C(7)-C(9)-C(8) 59.60(19)

C(5)-C(4)-C(7) 123.2(3)

C(3)-C(4)-C(7) 118.8(3)

C(4)-C(7)-C(9) 122.9(2)

C(4)-C(7)-C(8) 124.1(2)

C(10)-C(8)-C(7) 117.9(3)

C(10)-C(8)-C(9) 118.9(3)

C(12)-C(9)-C(7) 116.2(2)

C(12)-C(9)-C(8) 114.9(2)

C(7)-C(9)-C(13) 120.0(2)

C(12)-C(9)-C(13) 113.2(2)

C(8)-C(9)-C(13) 122.9(2)
Figure 1. X-ray crystal structure of 3f.
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(potassium bromide): 3356, 2234 (CN), 1679 (CO), 1642
(CO), 1423, 750 cm�1; ms (m/z) (%): 390 (Mþ, 16), 388
(100); Anal. calcd. for C26H18N2O2: C, 79.98; H, 4.65; N,

7.17. Found: C, 80.15; H, 4.87; N, 6.96.
Trans-2-benzoyl-1-(1H-indole-3-carbonyl) -3-(4-chlorophenyl)-

cyclopropanecarbonitrile (3b). This compound was obtained as
white solid, mp 112–113�C (petroleum ether–ethyl acetate (v:v
¼1:1) ); 1H NMR (500 MHz, hexadeuteroacetone): d 4.03 (d,

J ¼ 8.0 Hz, 1H), 4.56 (d, J ¼ 8.0 Hz 1H), 7.21–7.24 (m, 2H),
7.51–7.57 (m, 5H), 7.64–7.67 (m, 1H), 7.71–7.72 (m, 2H),
8.16–8.20 (m, 3H), 8.43 (s, 1H), 11.22 (br s, 1H); 13C NMR
(125 MHz, hexadeuteroacetone): d 35.2, 37.2, 38.1, 113.1,
115.6, 118.6, 122.7, 123.5, 124.7, 126.9, 129.4, 129.6, 129.7,

131.2, 133.6, 134.5, 134.6, 135.4, 137.6, 137.7, 180.4, 192.1;
IR (potassium bromide): 3366, 2234 (CN), 1679 (CO), 1641
(CO), 1423, 751 cm-1; ms (m/z) (%): 426 (Mþ þ1, 1), 425
(Mþ, 4), 319 (100); Anal. calcd. for C26H17ClN2O2: C, 73.50;
H, 4.03; N, 6.59. Found: C, 73.32; H, 4.23; N, 6.81.

Trans-2-benzoyl-1-(1H-indole-3-carbonyl) -3-(3-bromo-
phenyl)-cyclopropanecarbonitrile (3c). This compound was
obtained as white solid, mp 214–215�C (petroleum ether–ethyl
acetate (v:v ¼ 1:1); 1H NMR (500 MHz, hexadeuteroacetone):

d 4.05 (d, J ¼ 8.0 Hz, 1H), 4.64 (d, J ¼ 8.0 Hz 1H), 7.21–
7.28 (m, 3H), 7.44–7.47 (m, 3H), 7,51–7.52 (m, 1H), 7.54–

7.57 (m, 1H), 7.60–7.67 (m, 1H), 7.70–7.72 (m, 1H), 7.90–
8.21 (m, 3H), 8.43 (s, 1H), 11.21 (br s 1H); 13C NMR (125
MHz, hexadeuteroacetone): d 35.1, 37.2, 38.0, 113.1, 115.6,
118.5, 122.7, 123.2, 123.5, 124.7, 126.9, 128.7, 129.4, 129.6,

131.5, 132.1, 132.2, 134.5, 135.4, 137.4, 137.6, 137.7, 180.3,
192.0. IR (potassium bromide): 3352, 2236 (CN), 1675 (CO),
1615 (CO), 1433, 746 cm�1; ms (m/z) (%): 471 (Mþ þ2, 1),
470 (Mþ þ1, 4), 469 (Mþ, 2), 105 (100). Anal. calcd. for
C26H17BrN2O2: C, 66.54; H, 3.65; N, 5.97. Found: C, 66.20 ;

H, 3.74; N, 5.87.
Trans-2-benzoyl-1-(1H-indole-3-carbonyl)-3-(4-methoxy-

phenyl)-cyclopropanecarbonitrile (3d). This compound was
obtained as white solid, mp 161�C (petroleum ether–ethyl ace-
tate (v:v ¼ 1:1) ); 1H NMR (500 MHz, hexadeuteroacetone): d
3.85 (s, 3H), 3.94 (d, J ¼ 8.0 Hz, 1H), 4.44 (d, J ¼ 8.0 Hz
1H), 7.03–7.05 (m, 2H), 7.20–7.27 (m, 2H), 7.51–7.53 (m,1H),
7.54–7.64 (m, 2H), 7.66–7.67 (m, 3H), 8.15–8.19 (m, 3H),
8.43 (s, 1H), 11.20 (br s, 1H); 13C NMR (125 MHz, hexadeu-
teroacetone): d 35.8, 37.3, 38.3, 55.6, 113.1, 115.0, 115.8,

118.9, 122.7, 123.5, 124.6, 126.3, 126.9, 129.4, 129.6, 130.6,
134.4, 135.3, 137.6, 137.9, 160.7, 181.0, 192.4; IR (potassium
bromide): 3220, 2233 (CN), 1677 (CO), 1637 (CO), 1425, 750
cm�1; ms (m/z) (%): 420 (Mþ, 7), 315 (100); Anal. calcd. for
C27H20N2O3: C, 77.13; H, 4.79; N, 6.66. Found: C, 76.95; H,

4.98; N, 6.47.

Figure 2. NOE spectrum of compound 3a.

Figure 3. NOE spectrum of compound 3b.
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Trans-1,3-dihydro-2-cyano-2-(1H-indole-3-carbonyl)-3-phenyl-
cyclopropanecarboxylic acid methyl ester (3e). This compound
was obtained as white solid, mp 165–166�C (petroleum ether–
ethyl acetate (v:v ¼ 1:1) ); 1H NMR (500 MHz, hexadeuteroa-
cetone): d 3.56 (d, J ¼ 8.0 Hz, 1H), 3.57 (s, 3H), 3.78 (d, J ¼
8.0 Hz 1H), 7.28–7.33 (m, 2H), 7.40–7.43 (m, 1H), 7.46–7.49

(m, 2H), 7.55–7.60 (m, 3H), 8.26-8.28 (m, 1H), 8.46 (s, 1H),
11.33 (br s, 1H); 13C NMR (125 MHz, hexadeuteroacetone): d
34.5, 34.8, 34.9, 52.9, 113.2, 115.6, 118.3, 122.7, 123.6, 124.8,
126.9, 129.1, 129.2, 129.6, 134.0, 135.4, 137.8, 168.0, 180.4;
IR (potassium bromide): 3400, 2241 (CN), 1730 (CO), 1660

(CO), 1425, 755 cm�1; ms (m/z) (%): 345 (Mþ þ1, 4), 344
(Mþ, 24), 285 (100); Anal. calcd. for C21H16N2O3: C, 73.24;
H, 4.68; N, 8.13. Found: C, 72.98; H, 4.89; N, 8.42.

Trans-1,3-dihydro-3-(4-chlorophenyl)-2-cyano-2-(1H-indole-
3-carbonyl)-cyclopropanecarboxylic acid methyl ester (3f). This
compound was obtained as white solid, mp 226–227�C (petro-
leum ether–ethyl acetate (v:v ¼ 1:1) ); 1H NMR (500 MHz,
hexadeuteroacetone): d 3.59 (s, 3H), 3.60 (d, J ¼ 8.0 Hz, 1H),
3.80 (d, J ¼ 8.0 Hz 1H), 7.28–7.33 (m, 2H), 7.49–7.51 (m,

2H), 7.58–7.60 (m, 3H), 8.26–8.28 (m, 1H), 8.48 (s, 1H),
11.34 (br s, 1H); 13C NMR (125 MHz, hexadeuteroacetone): d
34.2, 34.7, 34.8, 52.9, 113.2, 115.5, 118.2, 122.6, 123.6, 124.8,
126.9, 129.7, 131.0, 133.1, 134.6, 135.5, 137.7, 167.8, 180.0;
IR (potassium bromide): 3399, 2241 (CN), 1733 (CO), 1657

(CO), 1426, 753 cm�1; ms (m/z) (%): 379 (Mþ þ1, 10), 378
(Mþ, 22), 319 (100); Anal. calcd. for C21H15ClN2O3: C,
66.58; H, 3.99; N, 7.40. Found: C, 66.49; H, 4.09; N, 7.53.

Trans-1,3-dihydro-3-(4-bromophenyl)-2-cyano-2-(1H-indole-
3-carbonyl)-cyclopropanecarboxylic acid methyl ester
(3g). This compound was obtained as white solid, mp 231–
232�C (petroleum ether–ethyl acetate (v:v¼ 1:1) ); 1H NMR
(500 MHz, hexadeuteroacetone): d 3.59 (s, 3H), 3.67 (d, J ¼
8.0 Hz, 1H), 3.80 (d, J ¼ 8.0 Hz 1H), 7.28–7.33 (m, 2H),

7.42–7.45 (m, 1H), 7.58–7.61 (m, 3H), 7.77–7.78 (m, 1H).
8.26–8.27 (m, 1H), 8.48 (s, 1H), 11.34 (br s, 1H); 13C NMR
(125 MHz, hexadeuteroacetone): d 34.2, 34.6, 34.8, 52.9,
113.2, 115.5, 118.1, 122.6, 123.2, 123.6, 124.8, 126.9, 128.4,
131.6, 132.1, 132.2, 135.5, 136.8, 137.7, 167.7, 180.0; IR (po-

tassium bromide): 3395, 2242 (CN), 1728 (CO), 1657 (CO),
1426, 753 cm�1; ms (m/z) (%): 425 (Mþ þ2, 4), 424 (Mþ

þ1, 18), 423 (Mþ, 5), 365 (100), 363 (100); Anal. calcd. for
C21H15BrN2O3: C, 59.59; H, 3.57; N, 6.62. Found: C, 59.75;

H, 3.81; N, 6.40.
Trans-1,3-dihydro-2-cyano-2-(1H-indole-3-carbonyl)-3-(4-

methylphenyl)-cyclopropanecarboxylic acid methyl ester
(3h). This compound was obtained as white solid, mp 203–
204�C (petroleum ether–ethyl acetate (v:v ¼ 1:1)); 1H NMR

(500 MHz, hexadeuteroacetone): d 2.36 (s, 3H), 3.51 (d, J ¼
7.5 Hz, 1H), 3.59 (s, 3H), 3.73 (d, J ¼ 7.5 Hz 1H), 7.23–7.33
(m, 4H), 7.42–7.44 (m, 2H), 7.58–7.60 (m, 1H), 8.26–8.28 (m,
1H), 8.46 (s, 1H), 11.31 (br s, 1H); 13C NMR (125 MHz, hex-
adeuteroacetone) d 21.1, 34.5, 34.8, 34.9, 52.8, 113.2, 115.6,

118.4, 122.7, 123.6, 124.7, 126.9, 129.1, 130.3, 131.0, 135.4,
137.8, 138.9, 168.0, 180.5; IR (potassium bromide): 3398,
2240 (CN), 1732 (CO), 1658 (CO), 1426, 754 cm�1; ms (m/z)

Table 4

Optimization of one-pot cyclopropanation reaction condition.

Entry R1 R2 Base Solvent Triphenylarsine (equiv) Temp (�C ) Time (h) Yield 3f(%)

1 4-Cl CO2CH3 K2CO3 chloroform 0.1 reflux 48 47

2 4-Cl CO2CH3 K2CO3 acetonitrile 0.1 reflux 3 55

3 4-Cl CO2CH3 K2CO3 DME 0.1 reflux 2.5 45

4 4-Cl CO2CH3 K2CO3 nitromethane 0.1 reflux 0

5 4-Cl CO2CH3 NaHCO3 acetonitrile 0.1 reflux 40 38

6 4-Cl CO2CH3 KF.2H2O acetonitrile 0.1 reflux 48 ?

7 4-Cl CO2CH3 K2CO3 acetonitrile 0.05 reflux 7 40

8 4-Cl CO2CH3 K2CO3 acetonitrile 0.25 reflux 2.5 63

9 4-Cl CO2CH3 K2CO3 acetonitrile 0.5 reflux 2.5 66

10 4-Cl CO2CH3 K2CO3 acetonitrile 0.75 reflux 2 72

11 4-Cl CO2CH3 K2CO3 acetonitrile 1 reflux 2 75

Table 5

Cyclopropanation of olefin with triphenylarsine and bromide via one-pot reaction.

Entry Product R1 R2 Reaction time (h) Yield 3(%) Yield 4(%)

1 a H COPh 2 48 5

2 b 4-Cl COPh 2 58 7

3 c 3-Br COPh 2.5 55 5

4 d 4-OCH3 COPh 3 50 8

5 e H CO2CH3 3.5 65 0

6 f 4-Cl CO2CH3 2 72 0

7 g 3-Br CO2CH3 5 68 0

8 h 4-CH3 CO2CH3 6 60 0

9 i 4-OCH3 CO2CH3 4.5 66 0

10 j H CN 7 30 0

11 k 4-Cl CN 15 35 0
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(%): 358 (Mþ, 26), 299 (100); Anal. calcd. for C22H18N2O3:
C, 73.73; H, 5.06; N, 7.82. Found: C, 73.92; H, 4.88; N, 7.57.

Trans-1,3-dihydro-2-cyano-2-(1H-indole-3-carbonyl)-3-(4-
methoxyphenyl)-cyclopropanecarboxylic acid methyl ester
(3i). This compound was obtained as white solid, mp 196–
197�C (petroleum ether–ethyl acetate (v:v¼ 1:1) ); 1H NMR
(500 MHz, hexadeuteroacetone): d 3.49 (d, J ¼ 8.0 Hz 1H),
3.60 (s, 3H), 3.72 (d, J ¼ 8.0 Hz, 1H), 3.83 (s, 3H), 7.00–7.03

(m, 2H), 7.27–7.32 (m, 2H), 7.46–7.49 (m, 2H), 7.57–7.60 (m,
1H), 8.26–8.28 (m, 1H), 8.46 (s, 1H), 11.31 (br s, 1H); 13C
NMR (125 MHz, hexadeuteroacetone): d 34.6, 34.7, 52.8,
55.6, 113.1, 113.2, 115.0, 115.6, 118.5, 122.6, 123.6, 124.7,
125.7, 126.9, 130.4, 135.4, 137.7, 160.7, 168.1, 180.6; IR (po-

tassium bromide): 3340, 2239 (CN), 1731 (CO), 1658 (CO),
1427, 753 cm�1; ms (m/z) (%): 374 (Mþ, 48), 315 (100);
Anal. calcd. for C22H18N2O4: C, 70.58; H, 4.85; N, 7.48.
Found: C, 70.35; H, 5.02; N, 7.21.

Trans-2,3-dihydro-1-(1H-indole-3-carbonyl)-3-phenyl-cyclo-
propane-1,2-dicarbonitrile (3j). This compound was obtained
as white solid, mp 193–194�C (petroleum ether–ethyl acetate
(v:v¼ 1:1)); 1H NMR (500 MHz, hexadeuteroacetone): d 3.59
(d, J ¼ 9.0 Hz 1H), 3.64 (d, J ¼ 9.0 Hz, 1H), 7.30–7.34 (m,

2H), 7.45–7.48 (m, 1H), 7.50–7.53 (m, 2H), 7.63–7.64 (m,
1H), 7.71–7.72 (m, 2H), 8.29–8.31 (m, 1H), 8.86 (s, 1H),
11.45 (br s, 1H); 13C NMR (125 MHz, hexadeuteroacetone): d
20.5, 32.3, 37.0, 113.3, 115.0, 115.8, 117.6, 122.9, 123.8,
124.9, 127.4, 129.7, 129.8, 130.4, 131.8, 135.7, 137.4, 180.0;

IR (potassium bromide): 3278, 2245 (CN), 1615 (CO), 1425,
753 cm�1; ms (m/z) (%): 311(Mþ, 100); Anal. calcd. for
C20H13N3O: C, 77.16; H, 4.21; N, 13.50. Found: C, 77.39; H,
4.57; N, 13.30.

Trans-2,3-dihydro-3-(4-chlorophenyl)-1-(1H-indole-3-car-
bonyl)-cyclopropane-1,2-dicarbonitrile (3k). This compound
was obtained as white solid, mp 201–202�C (petroleum ether–
ethyl acetate (v:v ¼ 1:1)); 1H NMR (500 MHz, hexadeuteroa-
cetone): d 3.59 (d, J ¼ 9.0 Hz 1H), 3.66 (d, J ¼ 9.0 Hz, 1H),

7.29–7.35 (m, 2H), 7.55–7.57 (m, 2H), 7.62–7.64 (m, 1H),
7.74–7.76 (m, 2H), 8.28–8.30 (m, 1H), 8.60 (s, 1H), 11.46 (br

s, 1H); 13C NMR (125 MHz, hexadeuteroacetone): d 20.8,
32.3, 36.2, 113.3, 115.1, 115.7, 117.5, 122.9, 123.9, 125.0,
127.4, 129.8, 130.8, 132.2, 135.3, 135.7, 137.4, 180.0; IR (po-

tassium bromide): 3350, 2244 (CN), 1602 (CO), 1435, 751
cm�1; ms (m/z) (%): 346 (Mþ þ1, 33), 345 (Mþ, 85), 144
(100); Anal. calcd. for C20H12ClN3O: C, 59.59; H, 3.57; N,
6.62. Found: C, 59.81; H, 3.29; N, 6.49.

Cis-2-benzoyl-1-(1H-indole-3-carbonyl)-3-phenyl-cyclopro-
panecarbonitrile (4a). This compound was obtained as white
solid, mp 220–221�C (petroleum ether–ethyl acetate (v:v ¼
1:1)); 1H NMR (500 MHz, hexadeuteroacetone): d 4.97 (d, J
¼ 5.0 Hz, 1H), 6.32 (d, J ¼ 5.0 Hz 1H), 7.12–7.15 (m, 2H),
7.23–7.26 (m, 3H), 7.37–7.40 (m, 1H), 7.44–7.47 (m, 3H),

7.56–7.62 (m, 2H), 7.72–7.75 (m, 1H), 8.01–8.07 (m, 2H),
8.29 (s, 1H), 11.15 (br s, 1 H); 13C NMR (125 MHz, hexadeu-
teroacetone): d 51.0, 79.8, 89.8, 104.4, 112.1, 117.3, 121.2,
121.6, 122.9, 125.2, 127.8, 128.0, 128.9, 129.0, 129.1, 129.2,

134.0, 134.2, 136.3, 140.9, 165.7, 193.3. IR (potassium bro-
mide): 3292, 2196 (CN), 1706 (CO), 1610 (CO), 1163, 745
cm�1; ms (m/z) (%): 390 (Mþ, 20), 285 (100); Anal. calcd.
for C26H18N2O2: C, 79.98; H, 4.65; N, 7.17. Found: C, 80.12;
H, 4.80; N, 6.93.

Cis-2-benzoyl-1-(1H-indole-3-carbonyl)-3-(4-chlorophenyl)-
cyclopropanecarbonitrile (4b). This compound was obtained
as white solid, mp 212–213�C (petroleum ether–ethyl acetate
(v:v ¼ 1:1)); 1H NMR (500 MHz, hexadeuteroacetone): d
4.85 (d, J ¼ 5.0 Hz, 1H), 6.34 (d, J ¼ 5.0 Hz 1H), 7.12–

7.15 (m, 1H), 7.22–7.26 (m, 1H), 7.50 (s, 4H), 7.56–7.58 (m,
1H), 7.60–7.63 9m, 2H), 7.72–7.76 (m, 1H), 7.99–7.80 (m,
1H), 8.00–8.09 (m, 2H), 8.29 (s, 1H), 11.17 (br s, 1 H); 13C
NMR (125 MHz, hexadeuteroacetone): d 51.1, 80.3, 90.4,
105.2, 113.1, 118.0, 122.1, 122.5, 123.9, 126.0, 129.8,

130.0130.1, 130.2, 130.5, 134.2, 134.9, 135.0, 137.2, 140.7,
166.8, 194.0; IR (potassium bromide) 3265, 2202 (CN), 1703
(CO), 1611(CO), 1162, 747 cm�1.; ms (m/z) (%):426 (Mþ

þ1, 5), 425 (Mþ, 6), 105 (100); Anal. calcd. for

C26H17ClN2O2: C, 73.50; H, 4.03; N, 6.59. Found: C, 73.29;
H, 4.26; N, 6.79.

Scheme 3
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Cis-2-benzoyl-1-(1H-indole-3-carbonyl)-3-(3-bromophenyl)-
cyclopropanecarbonitrile (4c). This compound was obtained
as white solid, mp 194–195�C (petroleum ether–ethyl acetate

(v:v¼ 1:1)); 1H NMR (500 MHz, hexadeuteroacetone): d 4.88
(d, J ¼ 5.0 Hz, 1H), 6.39 (d, J ¼ 5.0 Hz 1H), 7.11–7.14 (m,
1H), 7.22–7.25 (m, 1H), 7.41–7.44 (m, 1H), 7.55–7.57 (m,
2H), 7.60–7.63 (m, 3H), 7.66 (s, 1H), 7.73–7.76 (m,1H), 7.97–
7.99 (m, 1H), 8.09–8.11 (m, 2H), 8.30 (s, 1H), 11.21 (br s,

1H); 13C nmr (125 MHz, hexadeuteroacetone): d 51.1, 80.1,
90.3, 105.2, 113.1, 118.0, 122.1, 122.5, 123.9, 126.0, 127.8,
129.8, 130.1, 130.2, 131.6, 131.9, 132.0, 134.9, 135.1, 137.2,
144.4, 166.8, 193.9; IR (potassium bromide) 3264, 2203 (CN),
1705 (CO), 1611 (CO), 1165, 747 cm�1; ms (m/z) (%): 471

(Mþ þ2, 2), 470 (Mþ þ1, 11), 469 (Mþ, 12), 105 (100);
Anal. calcd. for C26H17BrN2O2: C, 66.54; H, 3.65; N, 5.97.
Found: C, 66.39; H, 3.71; N, 5.82.

Cis-2-benzoyl-1-(1H-indole-3-carbonyl)-3-(4-methoxyphenyl)-
cyclopropanecarbonitrile (4d). This compound was obtained

as white solid, mp 211–212�C (petroleum ether–ethyl acetate
(v:v ¼ 1:1)); 1H NMR (500 MHz, hexadeuteroacetone): d
3.83 (s, 3H), 4.71 (d, J ¼ 5.0 Hz, 1H), 6.27 (d, J ¼ 5.0 Hz
1H), 6.99–7.00 (m, 1H), 7.01–7.02 (m, 1H), 7.12–7.15

(m, 2H), 7.22–7.26 (m, 1H), 7.35–7.38 (m, 2H), 7.56–7.61
(m, 1H), 7.71–7.75 (m, 2H), 8.02–8.05 (m, 3H), 8.06
(s, 1H), 11.15 (br s, 1 H); 13C NMR (125 MHz, hexadeuter-
oacetone): d 51.5, 55.6, 81.0, 90.8, 105.4, 113.0, 115.4,
118.2, 122.0, 122.6, 123.8, 126.1, 129.7, 129.8, 130.0, 133.5,

134.9, 135.0, 137.2, 160.5, 166.3, 194.2; IR ((potassium bro-
mide) 3274, 2199 (CN), 1703 (CO), 1611 (CO), 1164, 743
cm�1; ms (m/z) (%): 420 (Mþ, 13), 315 (100); Anal. calcd.
for C27H20N2O3: C, 77.13; H, 4.79; N, 6.66. Found: C,
76.89; H, 4.88; N, 6.52.
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The reaction between 1-hydroxy-2-acetonaphthone and 2-fluorobenzophenone in basic medium

afforded two diastereoisomeric carbonyl dyes whose structures were unambiguously established using
spectroscopic methods. A mechanism for the formation of these dyes involving a base-catalysed addi-
tion followed by dehydration and intramolecular aromatic nucleofilic substitution is proposed.

J. Heterocyclic Chem., 47, 1123 (2010).

INTRODUCTION

Reaction between 1-hydroxy-2-acetonaphthone 1 and

benzophenone 2 in the presence of sodium tert-butoxide
is known to produce, after acid treatment, mainly 2,2-

diphenylnaphthopyran-4-one 4, a useful compound in

the synthesis of photochromic naphthopyrans [1,2]. The

reaction involves a base-catalysed addition of 1 to 2 fol-

lowed by dehydration that provides the yellow interme-

diate 3. Then the acid catalyzed intramolecular 1,4-addi-

tion of the phenolic hydroxyl group to the a,b-conju-
gated ketone produces the diphenylnaphthopyran-4-one

4 (Scheme 1) [3]. This low yielding reaction (56%)

requires an excess of base and ketone and is thus far

limited to diarylketones [4–6].

Recently, we have reported that the reaction between

1 and 2-fluorobenzophenone 5 in the presence of 5

equivalents of potassium tert-butoxide in toluene under

reflux, followed by reflux in AcOH/HCl gives rise to a

small amount of a blue dye (5.7%). Spectroscopic char-

acterization using high-resolution NMR techniques

established the highly conjugated structure 6 for this

product [7].

RESULTS AND DISCUSSION

To improve the yield and understand how this dye is

formed, we re-investigated this reaction and found out

that, in fact, two different dyes are formed after the first

step of the reaction between 1 and 5 (t-BuOK in toluene

under reflux). NH4Cl(aq) hydrolysis of the basic reaction

mixture afforded a yellow dye 7 (less polar, 63% yield)

as well as a small amount of the already known dye 6

(more polar, 7% yield) (Scheme 2).

Spectroscopic characterization of the new yellow dye

7 using DEPT, COSY, HMBC, HSQC provided the

complete assignment of all proton and carbon resonan-

ces and showed that this compound is a diastereoisomer

of the previously isolated dye 6 (Table 1). Long-range

CAH correlations in the HMBC spectrum established

the connectivity between all atoms and are shown in

Figure 1.

The spectroscopic data for compounds 7 and 6 are

quite similar. Both exhibit the same molecular formula

and similar patterns in the Mass spectra and in the 1H

and 13C NMR spectra. The main differences between

these two diastereoisomeric dyes in the NMR spectra

were the chemical shifts of protons H-30 found at 6.04

(s) for dye 7 and at 9.12 (s) for dye 6 and the chemical

shift of the carbonyls found at 195.36 ppm for 7 and at

183.58 ppm for 6. The NOESY spectrum showed an im-

portant correlation between H-30and H-3 for compound

7, which was not observed for compound 6 and thus

establishes a Z-configuration for the double bond

between carbons 2 and 20 of dye 7.

Scheme 1. Synthesis of 2,2-diphenylnaphthopyran-4-one 4.
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The UV-vis spectra of these two dyes are very differ-

ent. While the blue dye 6 exhibits a large band in the

visible spectrum with a maximum at 538 nm (e 1.1 �
104), a sub-maximum at 577 nm (e 1.1 � 104), and two

shoulders at 504 nm (e 0.83 � 104) and 630 nm (e 0.50

� 104), the yellow dye 7 presents a maximum at 394

nm (e 0.74 � 104) (Figure 2). The lower kmax for dye 7

suggests a less efficient conjugation that may be due to

the repulsion between the oxygen atoms at C-20 and C-1

that would led to a less planar structure of this

Z-isomer.

The formation of both dyes under basic medium led

us to propose the following mechanism: subsequent to

the base-catalyzed addition between 1 and 5, proton

transfer and dehydration would form the phenolate A,

which might adopt two configurations, that upon intra-

molecular nucleophilic aromatic substitution would lead

to the two diastereoisomeric dyes 6 and 7 (Scheme 3)

[8,9].

Although both dyes were formed under basic condi-

tions, a small amount of the blue dye 6 was also formed

when the yellow dye 7 was refluxed in acid medium

(AcOH/HCl). This can be explained through an acid cat-

alyzed isomerization of 7 to 6 (Scheme 4).

EXPERIMENTAL

The reagents were obtained from Aldrich and were used as
supplied. Solvents were of analytical grade. The reactions

were monitored by thin-layer chromatography on aluminum
plates precoated with Merck silica gel 60 F254 (0.25 mm).
Melting point was determined in capillary tubes and are

Scheme 2. Synthesis of dyes 6 and 7.

Table 1

NMR spectral data for dyes 6 and 7.

Atom

Dye 6 Dye 7

1H (J in Hz) 13C 1H (J in Hz) 13C

1 183.58, s 195.36, s
2 111.21, s 113.96, s
3 7.66, d (9.6) 123.18, d 7.80, d (8.8) 124.59, d
4 6.73, d (9.6) 119.53, d 7.25a 118,11, d
4a 137.78, s 137.28, s
5 7.42, d (7.6) 127.25, d 7.74, d (8.0) 127.35, d
6 �7.55a 131.84, d 7.62, ddd (1.3,6.9, 8.0) 130.04, d
7 7.36, dd (7.5; 8.0) 126.38, d 7.51, ddd (1.0,7.0, 8.0) 125.77, d
8 8.34, d (8.0) 126.90, d 8.45, d (8.0) 124.35, d
8a 132.59, s 125.18, s
20 162.44, s 163.54, s
30 9.12, s 120.74, d 7.48, s 124.15, d
40 150.14, s 147.72, s
40a 121.38, s 126.59, s
50 �7.55a 126.47, d 7.10a 128.18, d
60 7.25, dd (7.5; 7.6) 124.81, d 7.15, d (8.9) 123.96, d
70 �7.58a 132.03, d 7.20a 131.20, d
80 �7.51a 117.12, d 7.05a 115.50, d
80a 153.34, s 148.52, s
100 136.05, s 140.28, s
200 and 600 �7.52a 128.77, d 7.45a 128.58, db

300 and 500 �7.62a 128.98, d 7.45a 127.86, db

400 �7.52a 129.54, d 7.40a 129.70, d

All 1H-13C connectivities were assigned by HMBC and HSQC and the multiplicities were determined by DEPT experiments.
a Approximate central values due to overlapped signals.
b The values may be interchanged.
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uncorrected. The new compounds were determined to be
>95% pure by 1H NMR spectroscopy. UV-Vis spectra were

recorded on a CARY 50 Varian spectrophotometer. IR spectra
were obtained on a Perkin-Elmer FTIR 1600 spectrometer
using KBr disks (wavenumbers in cm�1). Electronic impact
mass spectra were measured on a AutoSpecE spectrometer.

The 1H and 13C NMR spectra were recorded at 298 K in
CDCl3 using a Bruker ARX400 spectrometer (at 400.13 for 1H
and 100.62 MHz for 13C). Chemical shifts (d) are reported in
ppm and coupling constants (J) in Hz. Resonance multiplicities
for 13C were established via the acquisition of DEPT spectra.

Heteronuclear 1H-13C HSQC and HMBC experiments were
carried out using standard procedures.

General procedure for the synthesis of dyes (6) and

(7). 1-Hydroxy-2-acetonaphthone 1 (0.186 g, 1.0 mmol) and
potassium tert-butoxide (0.336 g, 3 mmol) in toluene (15 mL)

were refluxed for 20 min. 2-Fluorobenzophenone 2 (0.400 g,
2.0 mmol) was added and the reaction mixture was refluxed

for another 40 min. The dark red solution was hydrolyzed with
NH4Cl (aq) and then extracted with Et2O (3 � 20 mL). The
organic extracts were dried over anhydrous Na2SO4 and evapo-
rated leaving a deep red residue, which was purified by col-
umn chromatography (2–10% ethyl acetate/petroleum ether)

over silica gel. Two compounds were isolated: 7, 0.220 g
(63%) and 6, 0.025 g (7%).

(2Z)-2-(40-phenyl-2H-chromen-20-ylidene)naphthalene-1(2H)-

one (7). This compound was obtained as a yellow powder, mp

130�C dec. IR: 3060, 3026, 2976, 1620, 1594, 1569, 1450, 1320,
1254, 1203, 1059. For 1H NMR and 13C NMR data see Table 1.
MS: m/z (%): 348 (75), 331 (12), 291 (8), 271 (14), 170 (100).
Exact mass for C25H16O2: 348.1150; Found 348.1146.

(2E)-2-(40-phenyl-2H-chromen-20-ylidene)naphthalene-1
(2H)-one (6). This compound was obtained as blue needles,
mp 155–158�C. IR: 3050, 2923, 2852, 1624, 1593, 1541,
1505, 1468, 1371, 1315, 1273, 1235, 955, 923. For 1H NMR

Figure 1. Long-range CAH correlations obtained from HMBC for dye

7.
Figure 2. UV/vis spectra of compounds 6 and 7 (3.1 � 10�5 M,

CH2Cl2).

Scheme 3. Mechanism for the formation of dyes 6 and 7 from 1-hydroxy-2-acetonaphthone 1 and 2-fluorobenzophenone 5.
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and 13C NMR data see Table 1. MS: m/z (%): 348 (100), 331

(25), 289 (10), 271 (40). Exact mass for C25H16O2: 348.1150;
Found 348.1148.
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The article focuses synthesis of novel 4-aminomethyl-7,8-dihydroxy coumarins and their crown ether
derivatives. The purified novel coumarins and their crown ether derivatives were identified by 1H NMR,
13C NMR, mass spectrometry and elemental analysis. The 1:1 binding constants of Ca2þ, Mg2þ, Fe2þ,
Zn2þ, Ni2þ, Cd2þ, Co2þ, and Mn2þ ions at 25�C 6 0.1 with the 4-aminomethyl-7,8-dihydroxy coumar-

ins and their crown ether derivatives estimated using extraction procedure with Inductively Coupled
Plasma-Atomic Emission Spectroscopy in dichloromethane/water membrane systems. Synthesized com-
pounds were investigated for complexation and biological activity properties. Best results in biological
activity studies were observed for antioxidant activity.

J. Heterocyclic Chem., 47, 1127 (2010).

INTRODUCTION

Coumarins are members of the class of compounds

called benzopyrones and display a variety of pharmaco-

logical properties [1] depending on their substitution

pattern. They are also known to possess antifungal and

antibacterial properties [2,3], natural [4], and synthetic

origin [5]. The diverse biological activity of chromenone

derivatives as anticoagulants and antithrombotics is well

known [6].

3-Alkyl and 4-alkylcoumarins are well known [7] for

their anthelmintic, hypnotic, insecticidal, antifungal

activities, and anticoagulant effect on blood and diuretic

properties. Extensive work has been done on the synthe-

sis [8] of these classes of compounds. Methylene halide

that is attached at the 4th position is a very highly reac-

tive group in coumarins. Some coumarine compounds

obtained from reaction of coumarin-4-methylene halide

group with various amino compounds have been investi-

gated for complexation [9], biological [10], photopysical

[11,12], and spectroscopic [13–15] properties.

Macrocyclic molecules have attracted much attention

because of their potential use in a variety of chemical

processes, complexation ability, selective complexing

VC 2010 HeteroCorporation

September 2010 1127



agents for metal ions, and photoinduced electron transfer

since its discovery by Pedersen [16,17]. The complexa-

tion selectivity of crown ethers has often been explained

in terms of the size-fit concept that the crown ether

forms a more stable complex with the cation which is

more suitable in size for the crown ether cavity. From

many investigations of crown ether and cation interac-

tions it was determined that crown ethers can form vari-

able complexes with cations that are too large to fit into

the macrocyclic cavity [18–23]. This led to the synthesis

of new crown ethers derivatives which are attachment of

functional side arm.

In ion-pair extractive separation of metal cations

using a neutral chelation reagent and a counter anion,

selection of the chelation reagent is one of the most im-

portant factors to realize preferable separation. Espe-

cially, investigation of effect of steric structure around

electron donor atoms in the reagent on the separation

ability is very important for the development of novel

reagents having high separation performance. The deter-

mination of complexation constants of organic ligands-

metal ion complexes in water can be examined with dif-

ferent methods by following the extraction of metals to

the varied organic solvents with organic ligands [24–29].

The solvent extraction of metal cations which contains

macrocyclic ligands is preferred to use for its easy deter-

mination by spectrophotometric methods [23,30,31].

We report in this study the synthesis, complexation,

and biological activity studies of novel 4-aminomethyl-

7,8-dihydroxy coumarins and their crown ether

derivatives.

RESULTS AND DISCUSSION

Synthesis of compounds. 4-chloromethyl 7,8-dihy-

droxy coumarin compound (2) was synthesized by reac-

tion of 1,2,3-trihydroxybenzene with ethyl-4-chloro-

acetoacetate. The 4-aminomethyl coumarins (2–9) were

synthesized at room temperature by stirring and then

refluxing the reaction mixture of amino compound and

triethylamine with 4-chloromethyl coumarin in dry ace-

tone. (Scheme 1). Next stage, the substituted 4-amino-

methyl coumarin crown ether derivatives (10–17) were

synthesized by refluxing 4-aminomethyl coumarins, tet-

raethyleneglycole ditosylate and Na2CO3 in CH3CN for

3–4 days.

Complexation studies. Kex is extraction equilibrium

constant; [Mþm] and [MLAm] are the concentrations of

metal cation in aqueous phase and organic phase,

respectively. KD,L denotes a distribution constant of

ligand between organic solvent and water [25,32,33].

Extraction values, complexation, and distribution con-

stants of synthesized ligands collected in Table 1.

Mþm

ðaqÞ þ LðorgÞ þmAðaqÞ �
Kex ðMLAmÞðorgÞ; (1:1)

Kex ¼
½MLAm�ðorgÞ

½Mþm�ðaqÞ½L�ðorgÞ½A�mðaqÞ
; (1:2)

KD;L ¼ ½L�ðorgÞ=½L�ðLÞ: (1:3)

The complexation of metal cations Ca2þ, Mg2þ, Fe2þ,
Zn2þ, Ni2þ, Cd2þ, Co2þ, and Mn2þ have been examined

with the synthesized ligands and extracting solvent.

Association constants based on 1:1 stoichiometry of var-

ious metal complexes of these ligands were calculated

from eqs. (1.1)–(1.3) (see Table 1) as the interactions of

the ligands with different metal ions in dichloromethane

solvent media. Assuming that formation of 1:1 com-

plexes of the metal cations have been extracted at the

natural pH of the aqueous metal salt solutions. The

results are interesting, namely, the binding order of

hydroxycoumarin compounds observed for only 3,7,8,

and 9 as (Ni2þ > Co2þ > Mn2þ > Fe2þ > Ca2þ >
Zn2þ >Cd2þ > Mg2þ ), (Cd2þ > Ca2þ > Co2þ > Fe2þ

> Ni2þ > Zn2þ > Mn2þ > Mg2þ), (Co2þ > Ni2þ >
Cd2þ > Mn2þ > Fe2þ > Ca2þ > Zn2þ > Mg2þ),
(Co2þ > Cd2þ > Fe2þ > Ca2þ > Zn2þ >>> Ni2þ ¼
Mn2þ ¼ Mg2þ), respectively. It is found that the values

of stability constants of coumarine crown derivatives

were nearly in the same range for most examined metal

cations except for Cd2þ and Co2þ cations. Cd2þ is

found to be the best extracted metal cation for the cou-

marine crowns. It followed by Co2þ for all synthesized

coumarine crown derivatives. One of the most important

findings was the increase in Mg2þ selectivity for only 8

and 11 among the all examined ligands. However, the

five hydroxycoumarins (1,2,4,5, and 6) and two couma-

rin crown compounds (10 and 13) did not show any

complexation towards metal cations.

The synthesized compounds were tested for antibacte-

rial (Table 2), antituberculosis (Table 2), antifungal (Ta-

ble 2), and antioxidant (Table 3) activity. High values

were obtained in antimicrobial activity studies especially

for some hydroxycoumarin compounds. Best results in

biological activity studies were observed for antioxidant

activity. In comparison with the control substance,

extremely high values have been obtained for 2,3,4,6,

and 8 ligands.

EXPERIMENTAL

General. The starting chemicals were purchased from
Aldrich or Merck unless otherwise cited. CaCl2, MgCl2,

ZnCl2, CoCl2, FeSO4, MnCl2, NiCl2, and CdCl2 were analyti-
cal grade reagents from Fluka dried over P2O5 for 48 h at 0.1
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torr. The CH2Cl2 used was of analytical reagent grade. FT-IR
spectra have taken as a KBr pellet with a Perkin Elmer Spec-

trum spectrometer, model BX-II, High resolution EI mass
spectra have been obtained with Agilent 1100 LC/MSD, NMR
spectra have been obtained with a Bruker-Specrospin Avan-
ceDPX-400 Ultra-Shield 1H: 400 MHz 13C: 100 MHz. CPX
and TMS was the initial standard. All melting points reported

are uncorrected. The concentrations of metal ions in the aque-
ous phases have been determined spectroscopically: ICP-AES
(Inductively Coupled Plasma-Atomic Emission Spectroscopy
(ICP-AES): Perkin Elmer Optima 3100 XL).

Organic synthesis. 4-Chloromethyl-7,8-dihydroxy-
2H-chromen-2-one(1). A mixture of pyrogallol (0.03 mol),
ethyl 4-chloroacetoacetate (0.06 mol) and HClO4 (10 mL,
70%) was heated to 90�C for 4 h. The resulting mixture was
cooled, diluted with water and the precipitates were collected

by filtration. The dried crude product was purified by recry-
stallisation from ethanol. Yield (brown):48%. mp; 105–107�C.

1H NMR (400 MHz, Acetone/TMS) d(ppm): 7.5 (s), 7.2 (d),
6.9 (d), 6.6 (s), 6.4 (s), 4.9 (s).

General synthesis of 4-aminomethyl 7,8-dihydroxy
coumarins. A mixture of 4-chloromethyl-7,8-dihydroxy cou-
marin (0.010 mol), amino compound (0.010 mol) and acetone
(300 mL) was stirred to room temparature under N2 for 24 h.
Triethyl amine (0.010 mol) added and stirred for 1 h and then

the mixture was refluxed for 3 h. After the removal of solution
by evaporation, the resulting mixture was triturated with water,
and the precipitates were collected by filtration. The crude
product was dried under vacuum.

7,8-Dihydroxy-4-piperidine-1-ylmethyl-2H-chromen-2-
one(2). Yield (brown); 71%. mp; 65–68�C. 1H NMR (400
MHz, Acetone/TMS) d(ppm): 7.73 (s), 7.28 (dd), 6.85 (dd),
6.38 (s), 6.33 (s), 4.72 (s), 2.65 (m), 1.7 (m), 1.36 (m).

4-{(Bis-(2-hydroxy-ethyl)-amino)-methyl}-7,8-dihydroxy-
2H-chromen-2-one (3). Yield (darkgreen); 67%. mp; 155–
159�C. 1H NMR (400 MHz, Acetone/TMS) d(ppm): 7.78 (s),

Scheme 1. Synthesized compounds.
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7.24 (d), 6.9 (d), 6.71 (s), 6.38 (s), 4.89 (s), 3.15 (m), 2.82
(br).

Bis-(4-piperazinyl methyl-7,8-dihydroxy)-2H-chromen-2-
one(4). Yield (darkgreen); 63%. mp; 82–84�C. 1H NMR (400

MHz, Acetone/TMS) d(ppm): 7.38 (d), 6.93 (d), 6.86 (d), 6.41
(s), 6.3 (s), 4.91 (s), 3.84 (t).

4-((N,N-diphenylamino)-methyl)-7,8-dihydroxy-2H-chromen-
2-one(5). Yield (brown); 77%. mp; 60–62�C. 1H NMR (400

Table 1

KD,L, % Ext, and Log Kex values for extraction of synthesized compounds in CH2Cl2 with Ca2þ, Mg2þ, Fe2þ, Zn2þ, Ni2þ, Cd2þ, Co2þ, and Mn2þ

ions at 25�C 6 0.1.a

Ligand Value

Cations

Zn2þ Cd2þ Ni2þ Ca2þ Mn2þ Co2þ Fe2þ Mg2þ

1 KD,L – – – – – – – –

% Ext – – – – – – – –

Log Kex – – – – – – – –

2 KD,L – – – – – – – –

% Ext – – – – – – – –

Log Kex – – – – – – – –

3 KD,L 0.26 0.14 2.65 0.68 1.19 1.78 0.77 –

% Ext 20.49 12.30 72.57 40.52 54.37 64.09 43.46 –

Log Kex 8.41 8.06 10.34 9.08 9.55 9.94 9.18 –

4 KD,L – – – – – – – –

% Ext – – – – – – – –

Log Kex – – – – – – – –

5 KD,L – – – – – – – –

% Ext – – – – – – – –

Log Kex – – – – – – – –

6 KD,L – – – – – – – –

% Ext – – – – – – – –

Log Kex – – – – – – – –

7 KD,L 0.63 1.98 1.41 1.86 0.31 1.80 1.64 –

% Ext 38.69 66.39 58.56 65.02 23.86 64.35 62.10 –

Log Kex 9.02 10.04 9.71 9.98 8.53 9.95 9.85 –

8 KD,L 0.70 1.34 2.33 0.86 0.95 3.63 0.88 0.09

% Ext 41.02 57.23 69.93 46.13 48.72 78.40 46.91 8.23

Log Kex 9.10 9.66 10.21 9.27 9.35 10.69 9.29 7.82

9 KD,L 11.22 1.88 – 1.41 – 3.01 1.50 –

% Ext 85.21 65.24 – 58.48 – 75.08 59.99 –

Log Kex 5.76 9.99 – 9.71 – 10.48 9.77 –

10 KD,L – – – – – – – –

% Ext – – – – – – – –

Log Kex – – – – – – – –

11 KD,L 1.27 2.49 2.19 0.48 0.90 2.46 1.04 0.04

% Ext 55.96 71.31 68.61 32.23 47.27 71.14 50.99 4.12

Log Kex 9.61 10.28 10.14 8.81 9.30 10.27 9.43 7.47

12 KD,L 1.03 2.51 1.35 0.85 0.56 1.95 1.10 –

% Ext 50.84 71.49 57.41 45.95 35.97 66.09 52.28 –

Log Kex 9.43 10.28 9.67 9.26 8.93 10.02 9.48 –

13 KD,L – – – – – – – –

% Ext – – – – – – – –

Log Kex – – – – – – – –

14 KD,L 1.72 2.73 1.71 1.06 0.67 2.28 0.95 –

% Ext 63.23 73.22 63.03 51.56 40.21 69.52 48.79 –

Log Kex 9.90 10.38 9.89 9.45 9.07 10.19 9.36 –

15 KD,L 1.32 3.12 1.55 1.24 0.72 1.80 1.72 –

% Ext 56.92 75.71 60.82 55.30 41.71 64.26 63.22 –

Log Kex 9.65 10.52 9.80 9.59 9.12 9.94 9.90 –

16 KD,L 1.46 3.23 1.88 0.63 0.66 2.49 0.85 –

% Ext 59.40 76.33 65.29 38.59 39.71 71.31 45.92 –

Log Kex 9.74 10.56 9.99 9.02 9.05 10.28 9.26 –

17 KD,L 1.68 2.72 1.64 0.86 0.97 2.32 0.91 –

% Ext 62.69 73.13 62.18 46.26 49.32 69.86 47.76 –

Log Kex 9.88 10.37 9.86 9.27 9.37 10.20 9.32 –

a Corr. coefficient 0.999.
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MHz, Acetone/TMS) d(ppm): 7.41 (s), 7.22 (dd), 7.11 (d),
6.91 (d), 6.84 (dd), 6.38 (s), 4.88 (s).

4-(N,N-diethylamino)methyl-7,8-dihydroxy-2H-chromen-2-
one(6). Yield (yellow); 82%. mp; 79–82�C. 1H NMR (400
MHz, Acetone/TMS) d(ppm): 7.56 (s), 7.25 (d), 6.93 (d), 6.65

(s), 6.4 (s), 4.91 (s), 3.1 (m), 2.12 (t).
1-(7,8-Dihydroxy-2-oxo-coumarin-4-ylmethyl)-piperidine-3-

carboxylic acid ethyl ester (7). Yield (brown); 71%. mp; 101–
103�C. 1H NMR (400 MHz, acetone/TMS) d(ppm): 7.65 (s).
7.03 (s), 6.84 (s), 6.65 (s), 6.33 (s), 4.53 (s), 3.4 (m), 2.52 (m),

1.68 (m), 1.50 (t).
4-(4-(4-Fluoro-phenyl)-piperazin-1-ylmethyl)-7,8-dihydroxy-

2H-chromen-2-one (8). Yield (brown); 70%. mp; 94–96�C. 1H
NMR (400 MHz, Acetone/TMS) d(ppm): 7.36 (d), 6.99 (m),

6.85 (d), 6.32 (s), 3.73 (s), 3.18 (m), 2.72 (m).
7,8-dihydroxy-4-(morpholinomethyl)-2H-chromen-2-one(9).

Yield (yellow); 78%. mp; 199–202�C. 1H NMR (400 MHz,
CDCl3/TMS) d(ppm): 7.8 (d), 7.2 (d), 6.7 (s), 4.7 (s), 3.2 (t),
2.4 (t).

General synthesis of 4-aminomethyl 7,8-coumarin crown
ethers. A mixture of 4-alkylamino substitued 7,8-dihydroxy
coumarin (0.005 mol), tetraethylenglycole ditosylate (0.005
mol), Na2CO3 (0.01 mol) and 700 mL CH3CN was refluxed
for 3–4 days under N2. After the removal of solution by evap-

oration, the residue was extracted with CHCl3, the organic
layer washed with water and dried on MgSO4. After the evap-
oration of CHCl3, the residue was purified by column chroma-
tography on silicagel (chloroform–methanol).

20-Piperidine-1-ylmethyl-2,5,8,11,14,17-hexaoxa-tricyclo(13.
8.0.016,21)tricosa-1(23),15,19,21-tetraen-18-on (10). Yield (yel-
low solid); 33%, mp; >300�C. 1H NMR (400 MHz, CDCl3/
TMS) d(ppm): 7.7 (d), 7.15 (d), 6.3 (s), 4.78 (s), 4.03 (t), 3.93
(t), 3.6 (m),1.87 (m), 1.69 (m). 13C NMR (100 MHz) d(ppm):

158, 149, 143.5, 139.34, 128.64, 125.95, 122, 112.88, 103,
71.88, 71.00, 70.9, 70.48, 70.24, 68.6, 69.1, 65, 60.22, 60.02,

42, 21.9. EI-MS (m/z). Mþ :434(8), 351(100), 219(47). Ele-
mental Analysis: Anal. Calcd. for C, 63.73; H, 7.21; N, 3.23;
O, 25.84; Found: C, 63.69; H, 7.18; N, 3.28; O, 25.85.

20-{(Bis-(2-hydroxy-ethyl)-amino)-methyl}-2,5,8,11,14,17-
hexaoxa-tricyclo(13.8.0.016,21)tricosa-1(2),15,19,21-tetraen-18-
on (11). Yield (yellow); 19%, mp; 217–220�C. 1H NMR (400
MHz, CDCl3/TMS) d(ppm): 7.4 (d), 7.08 (d), 6.79 (s), 4.72
(s), 3.35 (m), 2.47 (t), 4.2 (m), 3.6 (m), 2.64 (t). 13C NMR
(100 MHz) d(ppm): 166.78, 153.43, 144.4, 132, 131.2, 129,

Table 2

Antibacterial, antituberculosis, antifungal, and antimicrobial activities results of synthesized compounds.

Ligands

Inhibiton zone (mm)

M. tuberculosisa M. simiae M. kansasii M. terrae M. szulgai E. coli S. aureus C. albicans M. smegmatis

1 NT NT NT NT NT NA NA NA NA

2 NT NT NT NT NT 7 NA NA NA

3 NA NA 9 NA 9 5 7 NA 7

4 NA NA NA NA 6 NA NA 6 7

5 NT NT NT NT NT NA NA NA NA

6 NT NT NT NT NT 7 NA NA NA

7 NA NA 6 NA 5 6 NA 7 7

8 NA NA NA 3 5 5 NT 6 6

9 NT NT NT NT NT NA NA 7 NA

10 NA NA NA NA 9 7 NA NA 8

11 NT NT NT NT NT NA NA 8 NA

12 NT NA NA NA NA NA NA NA 13

13 NT NT NT NT NT NA NA NA NA

14 NT NT NT NT NT NA NA 6 NA

15 NA NA NA NA NA 6 NA NA 12

16 NT NT NT NT NT NA NA 6 NA

17 NA NA NA NA NA NA NA NA 7

Rifampicin NT NT NT NT NT NT NT NT 35

NA: not active, NT: not tested.
aMIC values (lg/mL).

Table 3

Antioxidant activity results.

Compounds TEAC CUPRAC

1 NA

2 1.28

3 2.40

4 3.64

5 NA

6 2.26

7 NA

8 0.89

9 NA

10 NA

11 NA

12 NA

13 NA

14 NA

15 NA

16 NA

17 NA

Askorbik acid 0.93/0.96a

Tocopherol 0.97/1.01a

a Values in literature.

September 2010 1131Synthesis, Complexation, and Biological Activity Studies of

4-Aminomethyl-7,8-dihydroxy Coumarines and Their Crown Ether Derivatives

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



110, 108.65, 102.73, 71.65, 71.19, 70.88, 70.32, 69.73, 68.69,
68.16, 67.66, 53, 49.8, 39.65. EI-MS (m/z). Mþ: 453(7),
391(57), 358(100), 351(75). Elemental Analysis: Anal. Calcd.
for C, 58.27; H, 6.89; N, 3.09; O, 31.75; Found: C, 58.20; H,
6.99; N, 3.00; O, 31.81.

16,160-(piperazin-1,4-diilbis(methylen))bis(5,6,8,9,11,12-hexa-
hidro-2H-(1,4,7,10,13) pentaoxa cyclopentadeca (2,3-h)chro-
men-18(3H)-one) (12). In this procedure tetraethylenglycole
ditosylate and Na2CO3 was used twofold. Yield (yellow);
19%, mp; 285–290�C. 1H NMR (400 MHz, CDCl3/TMS)

d(ppm): 7.75 (d), 7.11 (d), 6.4 (s), 4.4 (s), 3.9 (m), 3.7 (m),
2.6 (m). 13C NMR (100 MHz) d(ppm): 163.55, 142, 140.4,
138.55, 130.23, 128.6, 126, 113.45, 101.11, 70.77, 70.44,
70.29, 69.88, 69.08, 68.73, 68.11, 67.24, 53, 43, 39.87. EI-MS
(m/z). Mþ: 783(100), 611.5(74). Elemental Analysis: Anal.

Calcd. for C, 61.37; H, 6.44; N, 3.58; O, 28.61; Found: C,
61.27; H, 6.53; N, 3.58; O, 28.62.

20-((Diphenylamino)-methyl)-2,5,8,11,14,17-hexaoxa-tri-
cyclo(13.8.0.016,21)tricosa-1(23),15,19,21-tetraen-18-on
(13). Yield (yellow); 29%, mp; 270–275�C. 1H NMR (400
MHz, CDCl3/TMS) d(ppm): 7.45 (d), 7.09 (d), 6.9 (m), 6.2
(s), 4.65 (s), 4.1 (m), 3.32 (m). 13C NMR (100 MHz) d(ppm):
161, 147.65, 145.23, 142.95, 127, 123.2, 118.2, 116.56,
110.43, 109.33, 107.46, 107.33, 101, 71.39, 71.28, 71.05, 70.8,

70.46, 68.77, 68.39, 68.04, 36.55. EI-MS (m/z). Mþ: 517(17),
439(21), 416(48), 384(100), 300(52). Elemental Analysis:
Anal. Calcd. for C, 69.62; H, 6.04; N, 2.71; O, 21.64; Found:
C, 69.56; H, 6.01; N, 2.78; O, 21.65.

20-Diethylaminomethyl-2,5,8,11,14,17-hexaoxa-tricyclo (13.8.
0.016,21) tricosa-1(23),15,19,21-tetraen-18-on (14). Yield (yel-
low); 23%, mp; 278–280. 1H NMR (400 MHz, CDCl3/TMS)
d(ppm): 7.49 (d), 7.1 (d), 6.87 (s), 6.3 (s), 4.7 (s), 4.1 (m), 3.5
(t), 2.48 (q), 2.26 (t). 13C NMR (100 MHz) d(ppm): 161,
145.4, 142.2, 138.55, 132.22, 128.61, 125, 101, 107, 71.37,

71.06, 70.65, 70.29, 70, 69.64, 68.91, 68.21, 56, 41.21, 36.55.
EI-MS (m/z). Mþ: 422.5(100), 407(32), 253(45), 219(47). Ele-
mental Analysis: Anal. Calcd. for C, 62.69; H, 7.41; N, 3.32;
O, 26.57; Found: C, 62.75; H, 7.43; N, 3.35; O, 26.47.

1-(18-Oxo-2,5,8,11,14,17-hexaoxa-tricyclo(13.8.0.016,21)tricosa-
1(23),15,19,21-tetraen-20-ylmethyl)-piperidine-3-carboxylic acid
ethyl ester (15). Yield (brown); 35%, mp; >310. 1H NMR (400
MHz, CDCl3/TMS) d(ppm): 7.75 (d), 7.13 (d), 6.27 (s), 4.67
(s), 4.1 (m), 3.6 (m), 2.32 (m), 1.25 (m). 13C NMR (100 MHz)

d(ppm): 172, 161, 145, 142.65, 140.11, 128.65, 125.94, 113,
112, 109, 71.85, 71.22, 70.75, 70.50, 70.32, 69.86, 68.56,
68.24, 59.60, 58, 57.7, 56.5, 55.29, 40, 36.35. EI-MS (m/z).
Mþ: 506(17), 489(52), 475(17), 316(45), 302(100). Elemental
Analysis: Anal. Calcd. for C, 61.77; H, 6.98; N, 2.77; O,

28.48; Found: C, 61.70; H, 7.02; N, 2.71; O, 28.57.
20-(4-(4-Fluoro-phenyl)-piperazin-1-ylmethyl)-2,5,8,11,14,17-

hexaoxa-tricyclo (13.8.0.016,21) tricosa-1(23),15,19,21-tetraen-
18-on (16). Yield (brown); 37%, mp; 276–280�C. 1H NMR
(400 MHz, CDCl3/TMS): 7.47 (d), 7.1 (d), 7.0 (m), 4.7 (s), 3.7
(m), 3.6 (m), 2.5 (m). 13C NMR (100 MHz): 167, 140, 139, 133,
131.55, 130.46, 128.9, 128.34, 126.65, 124.98, 116, 115.89,
111.76, 70.79, 70.68, 70.43, 70.12, 69.69, 69.17, 68.49, 68.04,
54, 50.88, 39. EI-MS (m/z). Mþ: 529(100). Elemental Analysis:
Anal. Calcd. for C, 63.62; H, 6.29; F, 3.59; N, 5.30; O, 21.19;
Found: C, 63.57; H, 6.27; F, 3.61; N, 5.33; O, 21.22.

16-(morpholinomethyl)-5,6,8,9,11,12-hexahidro-2H-(1,4,7,10,13)
pentaoxacyclopentadeca (2,3-H) chromen-18(3H)-on (17). Yield
(yellow); 27%, mp; 255–260�C. 1H NMR (400 MHz, CDCl3/

TMS) d(ppm): 7.5 (d), 7.1 (d), 7.0 (s), 4.5 (s), 3.5 (m), 2.4 (t). 13C
NMR (100 MHz) d(ppm): 161, 150.22, 146.26, 137.98, 133,
128.59, 110, 108.9, 103, 71.84, 71.12, 70.95, 70.42, 69.75, 69.4,
69, 68.78, 67.66, 56.63, 44.3. EI-MS (m/z). Mþ: 436(100). Elemen-
tal Analysis: Anal. Calcd. for C, 60.68; H, 6.71; N, 3.22; O, 29.39;

Found: C, 60.61; H, 6.75; N, 3.27; O, 29.37.

EXTRACTION PROCEDURE

The extraction measurements were done in 100 mL

glass thermostated cell compartment with a mechanical

stirrer where a solution 10 mL (1 � 10�5 M) of an

aqueous salt and ligand in CH2Cl2 organic solvent in

appropriate concentration were placed and stirred for

120 min at 25 6 0.1�C and subsequently allowed to

stand for 60 min to complete the phase separation. The

optimum concentrations of the ligands were determined

by extracting the alkali salts with 10 mL aliquot of vari-

ous concentrations of the ligands (1 � 10�5 M).

After extraction, the metal concentrations in the aqueous

phase were determined using ICP-AES. Each value was the

average of three subsequent measurements. Complexation

and distribution constants summarized in Table 1.

BIOLOGICAL ASSESSMENTS

Antibacterial and antifungal activities studies; Disc diffu-

sion method was used [34]. The compounds were tested

against standard bacterial strains; E. coli, S. aureus, M.
smegmatis, M. tuberculosis, M. simiae, M. kansasii, M. ter-
rae, M. szulgai, and a fungi C. albicans. Disc diffusion

method was applied for the determination of antimicrobial

activities of the samples. Compounds were dissolved in

dichloromethane (CH2Cl2) and then filter-sterilized using a

0.20-lm membrane filter. A suspension of the tested micro-

organism (0.1 mL of 108 cells/mL) was spread over the sur-

face of agar plates (MHA and SDA). Filter papers having a

diameter of 6 mm, soaked with 10 lL of samples and 10 lg
compound in solution were placed on the inoculated agar

plates. Before incubation all petri dishes were kept in the re-

frigerator (4�C) for 2 h. Then they were incubated at 37�C
for 24 h for bacteria and at 30�C for 48 h for the yeasts. The

diameters of the inhibition zones were measured in milli-

meters. The biological activity results of synthesized com-

pounds are displayed in Table 2.

ANTIOXIDANT ACTIVITY STUDIES

Antioxidant activity studies were measured by using

the cuprac method in the literature [35]. Antioxidant ac-

tivity studies results are showed in Table 3.
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[17] Salan, Ü.; Bulut, M. Heterocycles 2006, 68, 237.

[18] Pedersen, C. J. J Am Chem Soc 1970, 92, 386.

[19] Mallinson, P. R.; Truter, M. R. J Chem Soc Perkin Trans 2

1972, 1818.

[20] Remoorter, F. P.; Boer, F. P. Inorg Chem 1974, 13, 2071.

[21] Cram, D. J.; Cram, J. M. Science 1974, 183, 803.

[22] Wong, K. H.; Bourgoin, M. D. J.; Staid, J. J Chem Soc

Chem Commun 1974, 715.

[23] Gokel, G. W. Chem Soc Rev 1992, 21, 39.

[24] Cakir, U.; Cicek, B. Transition Metal Chem 2004, 29, 263.

[25] Cakir, U.; Ozer, M.; Icen, M. A.; Ugras, H. I.; Bulut, M.

Dyes Pigm 2004, 60, 177.

[26] Takeda, Y.; Endo, K.; Katsuta, S.; Ouichi, M. Talanta 2001,

54, 575.

[27] Katsuta, S.; Tsuchiya, F.; Takeda, Y. Talanta 2000, 51,

637.

[28] Takeda, Y.; Kawarabayashi, A.; Takahashi, K.; Kudo, Y.

Bull Chem Soc Jpn 1995, 68, 1309.

[29] Takeda, Y.; Kawarabayashi, A.; Endo, K.; Yahata, T.;

Kudo, Y.; Katsuta, S. Anal Sci 1998, 14, 215.

[30] Kudo, Y.; Usami, J.; Katsuta, S.; Takeda, Y. Talanta 2003, 59,

1213.

[31] Cakir, U.; Cicek, B.; Yildiz, Y. K.; Alkan, M. J Inc Phenom

1999, 34, 153.

[32] Takeda, Y.; Kato, H. Bull Chem Soc Jpn 1979, 52, 1027.

[33] Lindoy, L. F. The Chemistry of Macrocyclic Ligand Com-

plexes; Cambridge University Press: Cambridge, 1989.

[34] Kilic, T.; Dirmenci, T.; Satil, F.; Bilsel, G.; Kocagoz, T.;

Altun, M.; Goren, A. C. Chem Nat Comp 2005, 41, 276.

[35] Apak, R.; Güçlü, K.; Özyürek, M.; Karademir, S. E. Micro-

chim Acta 2008, 160, 413.

September 2010 1133Synthesis, Complexation, and Biological Activity Studies of

4-Aminomethyl-7,8-dihydroxy Coumarines and Their Crown Ether Derivatives

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



Synthesis and Characterization of Novel Color Chemosensors
Based on Azo Dyes for Possible Application in Opioid

Pharmacology

Afaf R. Genady*

Department of Chemistry, Faculty of Science, University of Tanta, 31527 Tanta, Egypt

*E-mail: afafgenady@hotmail.com

Received November 7, 2009

DOI 10.1002/jhet.436

Published online 19 July 2010 in Wiley Online Library (wileyonlinelibrary.com).

An applicable strategy of chemical labeling of morphine (M) and 6-acetyl morphine (6-AM) using di-
azonium salts is described. M or 6-AM was coupled with aryl diazoinum salts to give morphine azo
dyes. The coupling of the diazotized 4,40-diaminostilbene with M or 6-AM in ratio 1:2 gave stilbene-
based azo dyes containing two M or 6-AM units, respectively. Diazotization of 5-(p-aminophenyl)-

10,15,20-triphenylporphyrin and subsequent azo coupling of the diazoniun salt with M and with 6-AM
was our route to get highly fluorescent morphine dyes. The resulting dyes can exist in two possible tau-
tomeric structures, azo and hydrazone, stabilized to a significant extent by intramolecular H-bonding. It
was shown that these dyes exists predominantly or exclusively in their hydrazone form. This conclusion
is drawn from the lack of a distinct band in the 380–420 nm region of the absorption spectra (a region

in which the long wavelength absorption band for the azo-form is observed), together with results of
NMR studies in deuterated DMSO. The tautomeric properties of the compounds were judged by density
functional calculations at the B3LYP/6-31G* and B3LYP/6-31G** levels. The analysis of spiked com-
pounds in human urine samples was studied by capillary electrophoresis (CE) with UV-fluorescence

photo-diode array detectors.

J. Heterocyclic Chem., 47, 1134 (2010).

INTRODUCTION

A great amount of attention continues to be devoted

to the development of synthetic molecular receptors

with the ability to recognize neutral organic species,

including abused drugs. The morphine alkaloids com-

prise a family of structurally related natural products of

unique clinical importance in medicine [1]. Morphine is

a fascinating compound that has been used as an effi-

cient analgesic and is indispensable in treating pains

associated with cancer [2]. Morphine (M) is also found

in normal brain, blood, and liver tissue [3]. However, it

is strictly controlled by authorities due to its addictive

nature. On the other hand, the unusual architecture of M

has offered a continuing challenge to the art and science

of organic synthesis (Fig. 1) [4,5]. Hence, a number of

morphine derivatives have been reported to date [6].

Heroin, which is obtained synthetically from the acetyla-

tion of M, has an analgesic potency two to three times

that of the parent drug and, due to the two acetyl

groups, has better penetration across the blood-brain bar-

rier [7]. Heroin itself is rarely present in detectable

quantities in body fluids. The drug hydrolyses rapidly to

6-acetylmorphine (6-AM), which in turn hydrolyses to

M. Therefore, heroin consumption can be confirmed by

identifying its two primary metabolites [8,9]. In addi-

tion, heroin is different from most other opioids in that

it has little or no affinity for opioid receptors in the

brain. The analgesic effects of the drug are attributed to

the combined effect of 6-AM and M [2].
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It is generally accepted that two sites, the basic nitro-

gen and the phenol moiety, are necessary for analgesic

binding to its receptors [10,11]. The phenolic hydroxyl

group is recognized as a requisite for the formation of a

hydrogen bond with a dipolar site on the receptor and

for good antinociceptive activity [11,12]. However, the

free hydroxyl group is also a potential site for metabo-

lism, conjugation, and excretion resulting in low oral bi-

oavailability and short duration of action [13,14]. One

of the approaches to improve the pharmacological prop-

erties of analogues is to modify this phenolic hydroxyl

function. Several potent compounds have been synthe-

sized and identified by replacing the hydroxyl moiety of

morphinans with other functional groups (amino, car-

boxamido, 2-aminothiazole) [15,16].

The use of dyes in chemistry, biology, and medicine

is growing continuously, with many new applications in

the diagnosis and treatment of disease [17–19]. More-

over, azo dyes have been known for over forty years,

where they were used for investigations in cancer treat-

ment [20]. Numerous fluorescent probes for monosac-

charides based on azo dyes have been described in the

literature. Moreover, many abused drugs (i.e., heroin,

codine, 6-AM and M) are tertiary amines (Fig. 1) and

are not compatible with the most commonly utilized

amine reactive fluorescent dyes. These dyes include

compounds such as fluorescein isothiocyanate isomer I

(FITC) [21], 4-(4,6-dichloro-s-triazin-2-ylamino)fluores-

cein (DTAF) [22], 4-fluoro-7-nitrobenzofurazan (NBD-F)

[23], and 3-(4-carboxybenzoyl)-2-quinolinecarboxalde-

hyde (CBQCA) [24]. Other fluorogenic reagents specifi-

cally made for derivatization of the tertiary amine group

such as the malonic acid/acetic anhydride system [25]

and the aconitic acid method [26] result in a deteriorat-

ing effect on the fluorescence of the reaction product. In

addition, the products of these reactions are unstable,

light sensitive, and give many components that seem to

be associated with the reagent blank.

The most important problems for development of a

new morphine detector are tedious and time-consuming

reaction steps. In an effort to develop novel morphine

derivatives that are effective as chemosensors for heroin

use at very low concentrations, herein we report fast,

economic, and simple approaches to the synthesis of a

novel series of highly fluorescence azo-morphine dyes.

Compared with the previously reported methods [20–

27], the present test produces an intense color which is

not affected by the presence of any diluents or adulter-

ants and which is easily adapted to field use. Diaminos-

tilbene and porphyrin related dyes are strongly light

absorbing and highly luminescent [28,29]. These dyes

are covalently attached to proteins and other biological

and nonbiological materials to make these materials flu-

orescent so that they can be detected. The binding

advantage of trans-4,40-bis-diazostilbene or diazopor-

phyrin over diazobenzene is production of highly fluo-

rescent dyes that can be detected even at very low mor-

phine concentration. The developed method was used

for determination of highly diluted M and 6-AM in

spiked human urine sample with very high accuracy and

precision.

EXPERIMENTAL

Materials. All chemicals and reagents were commercially
available and were used as received. Most of solvents were at
least of reagent grade and were used without further purifica-

tion. M, 6-AM, and codeine were obtained from Lipomed Inc.
(One Broaway, Cambridge, MA, USA). 5-(p-Aminophenyl)-
10,15,20-triphenylporphyrin was prepared according to the lit-
erature [30]. Analytical thin layer chromatography (TLC) was

performed on a glass plates of silica gel 60 GF254 (Merck).
Visualization was accompanied by UV light (254 nm). Column
chromatography was conducted on silica gel 60 (Merck 70–
230 mesh). 1H NMR and 13C NMR spectra were measured on
JEOL JNM-AL 300 (300 MHz) and VARIAN UNITY-INOVA

400 (400 MHz) spectrometers. Chemical shifts of 1H NMR
and 13C NMR were expressed in parts per million (ppm, d
units), and coupling constant was expressed in units of Hertz
(Hz). Elemental analyses were performed by a Perkin-Elmer
2400 automatic elemental analyzer. All compounds gave ele-

mental analysis within 60.4%. Electrospray ionization (ESI)
mass spectra were recorded on a Shimadzu LCMS-2010 eV
spectrometer in CH3OH. The UV–vis data were measured on
Shimadzu 3101 PC instrument. The fluorescence (excitation
and emission) spectra were determined with Perkin Elmer

Lambada 50 PC spectrophotometer: excitation slit width ¼ 5
nm, emission slit width ¼ 5 nm. AP/ACE MDQ CE system
coupled with photo-diode array detectors (PAD) supplied from
Beckman (Fullerton, CA, USA) was used throughout the

experiments. Separation was carried out in a 50.2 cm long �
50 lm (10 cm to the detector, short way). After each

Figure 1. Schematic structures of some abused drugs [heroin, codeine,

6-acetylmorphine (6-AM), and morphine (M)].
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experiment, the capillary was washed with 0.1 mol dm�3 so-
dium hydroxide for 2.0 min, distilled water for 1.0 min, and
the separation electrolyte for 2.0 min. Hydrodynamic injection
mode was applied for sample loading. 32 Karat version 7.0
supplied from Beckman (Fullerton, CA, USA) was used for

controlling the CE system as well as data acquisition and
processing.

General procedure for the synthesis of compounds

1–6. Diazotization. A 0–5�C solution of substituted aniline
(0.5 mmol) and 1N HCl (2 mL) in deionized (DI) water (5

mL) was treated with a 0–5�C solution of NaNO2 (100 mg,
1.5 mmol) in DI water (5 mL) and the diazotization continued
for 10 min.

Coupling. The resulting diazonium salt solution was poured
into a 0–5�C solution of M or 6-AM (0.5 mmol) in NaOH (50

mg, 1.25 mmol, 5 mL). The mixture was stirred at 0–5�C for
another 10 min. The resulting precipitate was filtered off,
washed with NaCl, DI water, and dried in vacuo. The products
were purified by flash column chromatography using hexane

and ethylacetate in ratio 2:1 as eluent. Upon storage of the azo
coupling products 1–6 at ambient temperature for several
months neither change in their UV–vis spectra nor appearance
of foreign signals in their 1HNMR spectra were observed,
which provides evidence of their stability.

4-(Morphine-2-yl-azo)benzenesulfonic acid (1). Yield: 200
mg (87%), mp ¼ 156–158�C, Rf ¼ 0.48 as a red solid; IR
(KBr) m: 3385, 3379 (OH), 1641 (C¼¼C, alkene), 1620 (C¼¼O,
hydrazone), 1605 (C¼¼N), 1525 (C¼¼C, aromatic), 1350, 1150
(SO2), 1282, 1091 (CAOAC) cm�1; 1H NMR (300 MHz,

DMSO): d ¼ 12.75 (br s, 1H, NHO), 7.78 (d, J ¼ 7.85 Hz,
2H, aromatic H), 7.56 (d, J ¼ 7.85 Hz, 2H, aromatic H), 7.02
(s, 1H, aromatic H), 5.53 (d, 1H, J ¼ 9.12 Hz, CH¼CH), 5.28
(d, 1H, J ¼ 9.12 Hz, CH¼¼CH), 4.76 (d, 1H, J ¼ 7.5 Hz),
4.23–4.27 (m, 1H), 3.37–3.32 (m, 1H), 3.01 (d, 1H, J ¼ 17.5

Hz), 2.59–2.64 (m, 1H), 2.56 (d, 1H, J ¼ 7.05 Hz), 2.42 (dd,
1H, J ¼ 5.24 Hz), 2.36 (s, 3H, NCH3), 2.25 (dd, 1H, J ¼ 4.2
Hz), 1.96 (td, 1H, J ¼ 9.32 Hz, J ¼ 5.12 Hz), 1.87 (d, 1H, J
¼ 10.54 Hz); 13C NMR (75 MHz, DMSO) d ¼ 183.23

(C¼¼O), 156.59, 153.45, 147.23, 139.75, 131.17, 126.5, 42.95
(C), 133.05, 129.89, 128.12, 125.15, 118.23, 117.76, 91.25,
68.45, 59.34, 40.86 (CH), 45.56, 35.05, 21.06 (CH2), 42.69
(NACH3); MS (ESI), m/z(%): 469 (100) [Mþ]; Anal. Calcd.
for C23H23N3O6S (469.51): C 58.84, H 4.94, N 8.95; found: C

58.81, H 4.89, N 8.92.
2-(m-Carboxy-phenylazo)morphine (2). Yield: 165 mg

(76%), mp ¼ 184–186�C, Rf ¼ 0.32 as an orange solid; IR
(KBr) m: 3382, 3375 (OH), 1712 (C¼¼O, carboxylic), 1642
(C¼¼C, alkene), 1618 (C¼¼O, hydrazone), 1595 (C¼¼N), 1521

(C¼¼C, aromatic), 1280, 1087 (CAOAC) cm�1; 1H NMR (300
MHz, DMSO): d ¼ 13.25 (br s, 1H, NHO), 7.86–7.45 (m, 4H,
aromatic H), 6.85 (s, 1H, aromatic H), 5.57 (d, 1H, J ¼ 9.0
Hz, CH¼¼CH), 5.32 (d, 1H, J ¼ 9.0 Hz, CH¼¼CH), 4.69
(d, 1H, J ¼ 7.42 Hz), 4.2–4.25 (m, 1H), 3.35–3.3 (m, 1H),

3.04 (d, 1H, J ¼ 15.9 Hz), 2.54–2.59 (m, 1H), 2.51 (d, 1H, J
¼ 7.0 Hz), 2.43 (dd, 1H, J ¼ 4.86 Hz), 2.35 (s, 3H, NCH3),
2.25 (dd, 1H, J ¼ 4.12 Hz), 1.97 (td, 1H, J ¼ 9.67 Hz, J ¼
5.52 Hz), 1.91 (d, 1H, J ¼ 10.05 Hz); 13C NMR (75 MHz,

DMSO) d ¼ 181.83, 177.56 (C¼¼O), 155.69, 145.36, 138.45,
131.65, 126.85, 42.64, (C), 133.21, 126.37, 126.05, 125.87,
125.12, 124.86, 119.45, 118.69, 91.86, 67.75, 58.94, 40.25
(CH), 45.12, 34.68, 21.46 (CH2), 42.85 (NACH3); (ESI): m/

z(%): 433 (85) [Mþ]; Anal. Calcd. for C24H23N3Os (433.46):
C 66.50, H 5.35, N 9.69; found: C 66.42, H 5.29, N 9.61.

2-(p-Methoxy-phenylazo)morphine (3). Yield: 193 mg
(92%), mp ¼ 167–169�C, Rf ¼ 0.39 as red solid; IR (KBr) m:
3382, 3375 (OH), 1635 (C¼¼C, alkene), 1624 (C¼¼O, hydra-

zone), 1610 (C¼¼N), 1523 (C¼¼C, aromatic), 1287, 1094
(CAOAC) cm�1; 1HNMR (300 MHz, DMSO): d ¼ 12.75 (br
s, 1H, NHO), 7.79 (d, J ¼ 8.12 Hz, 2H, aromatic H), 7.54 (d,
J ¼ 8.12 Hz, 2H, aromatic H), 6.97 (s, 1H, aromatic H), 5.42
(d, 1H, J ¼ 9.25 Hz, CH¼¼CH), 5.25 (d, 1H, J ¼ 9.25 Hz,

CH¼¼CH), 4.68 (d, 1H, J ¼ 7.51 Hz), 4.22–4.25 (m, 1H),
3.41–3.55 (m, 1H), 3.02 (d, 1H, J ¼ 17.32 Hz), 2.58–2.65 (m,
1H), 2.57 (d, 1H, J ¼ 7.19 Hz), 2.45 (dd, 1H, J ¼ 5.35 Hz),
2.36 (s, 3H, NCH3), 2.27 (dd, 1H, J ¼ 4.17 Hz), 2.05 (td, 1H,
J ¼ 9.05 Hz, J ¼ 5.6 Hz), 1.92 (d, 1H, J ¼ 10.51 Hz);
13CNMR (75 MHz, DMSO) d ¼ 183.52 (C¼¼O), 158.45,
156.79, 146.45, 138.95, 131.57, 126.87, 42.45, (C), 132.98,
128.45, 127.96, 125.34, 119.12, 118.07, 91.35, 67.85, 58.96,
40.84 (CH), 45.56, 35.05, 21.06 (CH2), 60.13 (OACH3), 42.69

(NACH3). (ESI): m/z(%) 419 (93) [Mþ]; Anal. Calcd. for
C24H25N3O4 (419.47): C 68.72, H 6.01, N 10.02; Found: C
68.67, H 6.00, N 10.00.

2-(p-Nitro-phenylazo)morphine (4). Yield: 182 mg (84%),
mp ¼ 192–194�C, Rf ¼ 0.41 as a red solid. IR (KBr) m: 3380,
3375 (OH), 1638 (C¼¼C, alkene), 1620 (C¼¼O, hydrazone),
1600 (C¼¼N), 1520 (C¼¼C, aromatic), 1517, 1334, (NO2),
1282, 1091 (CAOAC) cm�1; 1HNMR (300 MHz, DMSO): d
¼ 13.52 (br s, 1H, NHO), 7.82 (d, J ¼ 6.52 Hz, 2H, aromatic
H), 7.65 (d, J ¼ 6.52 Hz, 2H, aromatic H), 7.05 (s, 1H, aro-

matic H), 5.62 (d, 1H, J ¼ 9.07 Hz, CH¼¼CH), 5.19 (d, 1H, J
¼ 9.07 Hz, CH¼¼CH), 4.72 (d, 1H, J ¼ 6.95 Hz), 4.37–4.32
(m, 1H), 3.35–3.29 (m, 1H), 3.0 (d, 1H, J ¼ 16.98 Hz), 2.55–
2.6 (m, 1H), 2.52 (d, 1H, J ¼ 7.0 Hz), 2.45 (dd, 1H, J ¼ 5.1
Hz), 2.35 (s, 3H, NCH3), 2.24 (dd, 1H, J ¼ 4.56 Hz), 1.94 (td,

1H, J ¼ 8.79 Hz, J ¼ 5.12 Hz), 1.85 (d, 1H, J ¼ 10.44 Hz);
13CNMR (75 MHz, DMSO) d ¼ 182.54 (C¼¼O), 157.55,
155.05, 147.15, 139.05, 132.02, 126.52, 42.63, (C), 132.85,
128.49, 128.02, 125.65, 119.22, 118.47, 91.05, 67.75, 58.72,

40.79 (CH), 45.34, 34.79, 22.12 (CH2), 42.77 (NACH3).
(ESI): m/z(%) 434 (91) [Mþ]; Anal. Calcd. for C23H22N4Os

(434.44): C 63.59, H 5.10, N 12.90; found: C 63.54, H 5.06, N
12.86.

4-(6-Acetylmorphine-2-yl-azo)benzenesulfonic acid (5). Yield:
230 mg (90%), mp ¼ 145–147�C, Rf ¼ 0.5 as a red solid; IR
(KBr) m: 3382, 3375 (OH), 1722 (C¼¼O, acetyl), 1640 (C¼¼C,
alkene), 1619 (C¼¼O, hydrazone), 1602 (C¼¼N), 1521 (C¼¼C,
aromatic), 1350, 1150 (SO2), 1285, 1095 (CAOAC) cm�1;
1HNMR (300 MHz, DMSO): d ¼ 13.27 (br s, 1H, NHO), 7.77

(d, J ¼ 7.9 Hz, 2H, aromatic H), 7.58 (d, J ¼ 7.9 Hz, 2H, aro-
matic H), 7.0 (s, 1H, aromatic H), 5.52 (d, 1H, J ¼ 9.02 Hz,
CH¼¼CH), 5.25 (d, 1H, J ¼ 9.02 Hz, CH¼¼CH), 4.75 (d, 1H, J
¼ 7.32 Hz), 4.25–4.29 (m, 1H), 3.35–3.4 (m, 1H), 3.04 (d,
1H, J ¼ 17.56 Hz), 2.59–2.64 (m, 1H), 2.53 (d, 1H, J ¼ 7.0

Hz), 2.40 (dd, 1H, J ¼ 5.24 Hz), 2.35 (s, 3H, NCH3), 2.26
(dd, 1H, J ¼ 4.12 Hz), 2.15 (s, 3H, COCH3), 2.0 (td, 1H, J ¼
8.75 Hz, J ¼ 5.25 Hz), 1.9 (d, 1H, J ¼ 10.26 Hz); 13CNMR
(75 MHz, DMSO) d ¼ 181.76, 172.56 (C¼¼O), 157.21, 154.24,

147.05, 138.95, 131.55, 126.65, 42.31, (C), 132.46, 129.44,
128.75, 125.19, 118.25, 117.86, 91.25, 68.45, 59.34, 40.86
(CH), 45.56, 35.05, 22.06 (CH2), 42.69, 21.17 (NACH3,
COCH3). (ESI): m/z(%) 511 (96) [Mþ]; Anal. Calcd. for
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C25H25N3O7S (511.55): C 58.7, H 4.93, N, 8.21; found: C
58.57; H, 4.91; N, 8.15.

2-(m-Carboxy-phenylazo)-6-acetylmorphine (6). Yield: 202
mg (85%), mp ¼ 177–179�C, Rf ¼ 0.35 as an orange solid; IR
(KBr) m: 3377 (OH), 1725 (C¼¼O, acetyl), 1718 (C¼¼O, car-

boxylic), 1639 (C¼¼C, alkene), 1619 (C¼¼O, hydrazone), 1592
(C¼¼N), 1525 (C¼¼C, aromatic), 1282, 1085 (CAOAC) cm�1;
1HNMR (300 MHz, DMSO): d ¼ 13.39 (br s, 1H, NHO),
7.82–7.5 (m, 4H, aromatic H), 6.89 (s, 1H, aromatic H), 5.55
(d, 1H, J ¼ 8.7 Hz, CH¼¼CH), 5.34 (d, 1H, J ¼ 8.7 Hz,

CH¼¼CH), 4.7 (d, 1H, J ¼ 7.75 Hz), 4.24–4.27 (m, 1H), 3.36–
3.32 (m, 1H), 3.03 (d, 1H, J ¼ 15.35 Hz), 2.55–2.61 (m, 1H),
2.51 (d, 1H, J ¼ 7.4 Hz), 2.45 (dd, 1H, J ¼ 4.85 Hz), 2.3 (s,
3H, NCH3), 2.25 (dd, 1H, J ¼ 4.6 Hz), 2.09 (s, 3H, CH3),
1.93 (td, 1H, J ¼ 9.11 Hz, J ¼ 5.25 Hz), 1.89 (d, 1H, J ¼
10.29 Hz); 13CNMR (75 MHz, DMSO) d ¼ 185.05, 176.98,
172.89 (C¼¼O), 155.43, 145.35, 138.42, 131.62, 126.25, 42.65,
(C), 133.27, 126.57, 126.11, 125.23, 125.34, 124.67, 119.49,
118.21, 91.28, 67.45, 58.75, 40.36 (CH), 45.16, 34.59, 21.61

(CH2), 42.85, 21.99 (NACH3, COCH3); (ESI): m/z(%): 475
(88) [Mþ]; Anal. Calcd. for C26H25N3O6 (475.49): C 65.67, H
5.30, N 8.84; found: C 65.51, H 5.29, N 8.79.

General procedure for the synthesis of compounds 7 and

8. These compounds were prepared from M or 6-AM (0.5

mmol) and trans, 4,40-diaminostilbene (407 mg, 1.2 mmol),
using the procedure described for 1–6.

Trans-4,40-bis(morphine-2-yl-azo)stilbene (7). Yield: 365
mg (91%), mp ¼ 199–201�C, Rf ¼ 0.45 as a red solid; IR
(KBr) m: 3385, 3376 (OH), 1642 (C¼¼C, alkene), 1624 (C¼¼O,

hydrazone), 1605 (C¼¼N), 1527 (C¼¼C, aromatic), 1284, 1087
(CAOAC) cm�1; 1HNMR (300 MHz, DMSO): d ¼ 13.45 (br
s, 2H, NHO), 7.80 (d, 2H, aromatic H), 7.54 (t, 2H, aromatic
H), 7.44 (s, 2H, CH¼¼CH), 4.55 (m, 2H), 4.21–4.26 (m, 2H),
3.38–3.33 (m, 2H), 3.0 (m, 2H), 2.59–2.64 (m, 1H), 2.55 (m,

2H), 2.39 (m, 2H), 2.32 (s, 6H, NCH3), 2.21 (m, 2H), 1.99 (m,
2H), 1.89 (m, 2H); 13CNMR (75 MHz, DMSO) d ¼ 182.47
(C¼¼O), 155.98, 146.75, 138.85, 131.27, 126.35, 42.56, (C),
133.12, 129.59, 128.19, 125.16, 118.29, 117.77, 91.45, 68.86,

59.51, 52.43, 40.86 (CH), 45.52, 35.12, 22.12 (CH2), 42.47
(NACH3); (ESI): m/z(%) 802 (85) [Mþ]; Anal. Calcd. for
C48H46N6O6 (802.92): C 71.80, H 5.77, N 10.47; Found: C
71.76, H 5.73, N 10.44.

Trans-4,40-bis(6-acetylmorphine-2-yl-azo)stilbene (8). Yield:
365 mg (91%), mp ¼ 212–214�C, Rf ¼ 0.52 as a red solid; IR
(KBr) m: 3384, 3377 (OH), 1730 (C¼¼O, acetyl), 1640 (C¼¼C,
alkene), 1625 (C¼¼O, hydrazone), 1602 (C¼¼N), 1522 (C¼¼C, aro-
matic), 1281, 1085 (CAOAC) cm�1; 1HNMR (300 MHz,
DMSO): d ¼ 13.49 (br s, 2H, NHO), 7.78 (d, 2H, aromatic H),

7.61 (t, 2H, aromatic H), 7.46 (s, 2H, CH¼¼CH), 4.52 (m, 2H),
4.22–4.27 (m, 2H), 3.4–3.36 (m, 2H), 3.01 (m, 2H), 2.62–2.64
(m, 1H), 2.52 (m, 2H), 2.35 (m, 2H), 2.27 (s, 6H, NCH3), 2.23
(m, 2H), 2.19 (s, 6H, COCH3), 1.97 (m, 2H), 1.86 (m, 2H);
13CNMR (75 MHz, DMSO) d ¼ 181.94, 171.67 (C¼¼O), 155.43,

147.05, 139.05, 132.05, 126.63, 42.83, (C), 133.24, 129.69,
128.23, 125.17, 118.23, 117.46, 91.69, 68.57, 59.38, 52.46, 40.82
(CH), 45.62, 35.45, 22.61 (CH2), 42.49 (NACH3); (ESI): m/z(%)
886 (90) [Mþ]; Anal. Calcd. for C52H50N6O8 (886.99): C 70.41,

H 5.68, N 9.47; Found: C 70.39, H 5.67, N 9.45.
General procedure for the synthesis of compounds 10

and 11. A 0–5�C solution of sodium nitrite (0.12 g, 1.74
mmol) in water (2 mL) was added dropwise to a stirred solu-

tion of 5-(p-aminophenyl)-10,15,20-triphenylporphyrin (785
mg, 1.25 mmol) in 1N HCl (5 mL). The mixture was stirred at
5�C for 15 min. A solution of sodium acetate (0.14 g, 1.71
mmol) in water (5 mL) and M or 6-AM (1.11 mmol) in 3%
aqueous NaOH (5 mL) were added to the diazonium salt solu-

tion. Then, the reaction mixture was stirred at room tempera-
ture for 15 min and diluted to 100 mL with water and filtered.
The filtrate was neutralized with HCl to pH 7, the porphyrin
filtered off, washed with aqueous ammonia solution (10%),
then with water, and dried to constant weight at room tempera-

ture. For purification, the porphyrin was dissolved in boiling
ether (50 mL) and chromatographed on a column (2.5 cm �
60 cm) of silica gel eluting with ether. The elute was evapo-
rated to 5 mL and porphyrin (10 or 11) was precipitated with
hexane (20 mL).

5-(Morphine-2-yl-azophenyl)10,15,20-triphenylporphyrin
(10). Yield: 950 mg, (82%), mp ¼ 230–232�C, Rf ¼ 0.37 as a
voilet solid; IR (KBr) m: 3384, 3377 (OH), 3310 (CH), 2989,
2927 (NH), 1638 (C¼¼C, alkene), 1625 (C¼¼O, hydrazone),

1604(C¼¼N), 1525 (C¼¼C, aromatic), 1280, 1087 (CAOAC)
cm�1; 1HNMR (300 MHz, DMSO): d ¼ 13.52 (br s, 2H,
NHO), 8.65–8.96 (m, 8H, b-pyrrole), 7.02–8.21 (m, 19H,
Harom), 5.64 (d, 1H, J ¼ 9.05 Hz, CH¼¼CH), 5.2 (d, 1H, J ¼
9.05 Hz, CH¼¼CH), 4.75 (d, 1H, J ¼ 7.0 Hz), 4.35–4.25 (m,

1H), 3.35–3.29 (m, 1H), 3.02 (d, 1H, J ¼ 17.0 Hz), 2.55–2.6
(m, 1H), 2.52 (d, 1H, J ¼ 8.42 Hz), 2.45 (dd, 1H, J ¼ 5.5 Hz),
2.35 (s, 3H, NCH3), 2.25 (dd, 1H, J ¼ 4.5 Hz), 1.99 (td, 1H, J
¼ 8.9 Hz, J ¼ 5.3 Hz), 1.92 (d, 1H, J ¼ 10.52 Hz), �2.79 (s,
2H, NH); 13CNMR (75 MHz, DMSO) d ¼ 181.94 (C¼¼O),

155.43, 153.56, 149.37, 148.82, 147.05, 139.05, 136.92, 135.8,
132.05, 126.63, 42.83, (C), 133.83, 133.24, 130.82, 129.69,
128.37, 128.23, 125.32, 125.17, 118.23, 117.8, 117.46, 115.03,
112.01, 108.75, 91.54, 67.43, 58.78, 52.46, 40.82 (CH), 45.62,
35.45, 22.65 (CH2), 42.52 (NACH3); (ESI): m/z(%) 925 (100)

[Mþ]; Anal. Calcd. for C61H47N7O3 (926.07): C 79.11, H 5.12,
N 10.59; Found: C 79.03, H 5.01, N 10.49.

5-(6-Acetylmorphine-2-yl-azophenyl)10,15,20-triphenylpor-
phyrin (11). Yield: 983 mg (85%), mp ¼ 219–221�C, Rf ¼
0.42 as a voilet solid; IR (KBr) m: 3384, 3377 (OH), 3310
(CH), 2989, 2927 (NH), 1722 (C¼¼O acetyl), 1638 (C¼¼C,
alkene), 1625 (C¼¼O hydrazone), 1604(C¼¼N), 1525 (C¼¼C, ar-
omatic), 1280, 1087 (CAOAC) cm�1; 1HNMR (300 MHz,
DMSO): d ¼ 13.35 (br s, 2H, NHO), 8.95–8.60 (m, 8H, b-pyr-
role), 8.25–6.94 (m, 19H, Harom), 6.83 (s, 1H, aromatic H),
5.56 (d, 1H, J ¼ 8.5 Hz, CH¼¼CH), 5.37 (d, 1H, J ¼ 8.5 Hz,
CH¼¼CH), 4.52 (d, 1H, J ¼ 7.8 Hz), 4.32–4.27 (m, 1H), 3.38–
3.33 (m, 1H), 3.04 (d, 1H, J ¼ 15.35 Hz), 2.59–2.64 (m, 1H),
2.52 (d, 1H, J ¼ 7.4 Hz), 2.45 (dd, 1H, J ¼ 4.85 Hz), 2.32 (s,

3H, NCH3), 2.25 (dd, 1H, J ¼ 4.6 Hz), 2.14 (s, 3H, CH3),
1.95 (td, 1H, J ¼ 9.11 Hz, J ¼ 5.25 Hz), 1.87 (d, 1H, J ¼
10.29 Hz), �2.79 (s, 2H, NH); 13CNMR (75 MHz, DMSO) d
¼ 183.67, 172.54 (C¼¼O), 155.45, 154.06, 149.49, 148.85,
147.25, 139.15, 136.87, 135.82, 132.35, 127.75, 42.65, (C),

133.73, 133.26, 130.89, 129.73, 128.25, 128.21, 125.37,
125.36, 118.22, 117.85, 117.29, 115.11, 112.14, 108.76, 91.55,
67.45, 58.77, 52.49, 40.85 (CH), 45.64, 35.46, 22.68 (CH2),
42.22, 23.19 (NACH3, COCH3); (ESI): m/z(%) 967 (93) [Mþ];
Anal. Calcd. for C63H49N7O4 (968.11): C 78.16, H 5.10, N
10.13; Found: C 78.02, H 5.07, N 10.09.

Biological studies. A 500 mg Bond Elut SPE column was
used for the extraction. The SPE columns were conditioned by
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the sequential passage of 2 � 3 mL of methanol, 2 � 3 mL of
water, and 2 � 5 mL of water adjusted to pH 9.5 with

NH4OH. Ten millilitres of human urine sample adjusted to pH
9.5 with NH4OH was vortex, centrifuged, and applied to the
SPE columns at a rate of 1.0 mL/min. The columns were
washed with 2 � 5 mL of distilled water and left to dry for 10

min. The drugs were eluted with a solution consisting of a sin-
gle phase mixture of dichloromethane/acetone (50/50) and col-
lected in glass tubes. The elution solvent was evaporated to
dryness under a nitrogen stream. The dried residues were then
reconstituted in slightly warm water, and derivatization was

carried out and then the samples were analyzed using AP/ACE
MDQ CE system coupled with photo-diode array detectors
(PAD).

RESULTS AND DISCUSSION

Synthesis. Our straightforward synthesis of morphine

azo dyes (1–6) is outlined in Scheme 1. In a first step,

the diazonium ions of aniline derivatives were generated

with sodium nitrite in 1N HCl. The diazonium ions

were then coupled by nucleophilic substitution with the

corresponding substrates M or 6-AM. Azo coupling

reactions were performed using the diazonium salts of

4-aminosulfonic acid, 3-aminobenzoic acid, 4-methoxya-

niline, and 4-nitroaniline to yield 2-(arylazo)morphines

1–6, respectively, (Scheme 1). No reaction was found,

however, to occur with codeine under the same reaction

conditions.

Synthesis of fluorescent azostilbene morphine dyes

was achieved by reaction of trans-4,40-diazostilbene

dihydrochloride with M or 6-AM in 1:2 stoichiometric

ratio to give stilbene based azo dyes containing two M

(7) or two 6-AM (8) moieties as shown in Scheme 2.

The resulting bis-azo dye are belong to the class of

direct dyes [31,32]. Furthermore, we have established

that 5-(p-aminophenyl)-10,15,20-triphenylporphyrin (9)

[30] is readily diazotized with sodium nitrite in aqueous

mineral acid solution. The diazonium salt obtained is

fairly stable; it decomposes significantly at temperature

greater than 25 �C. The reaction of porphyrin diazonium

salt with M or 6-AM leads to porphyrins containing res-

idues of azo dyes in meso position of 10 or 11, respec-

tively (Scheme 3). The resulting colored compounds

were purified by flash column chromatography using

hexane/ethyl acetate (2:1) as eluent to produce azo-M

(1–4, 7, and 10) and azo-6-AM (5, 6, 8, and 11) with

excellent yields. Azo coupling reactions of morphines

occur predominately ortho to the electron donating

hydroxyl group of the morphine aromatic ring. Hence,

the inclusion of this design motif in the target dyes

avoids potentially difficult separation of isomers.

Spectroscopic studies. Overall characterization of

dye structures was carried out by elemental analysis,

NMR, UV–vis, IR, and mass spectrometry (see experi-

mental section for details). The NMR spectra of com-

pounds 1–8, 10, and 11 are consistent with proposed

structures, showing the expected features with correct

integration ratios. Both 1H and 13C NMR spectra indi-

cated the appearance of new signals corresponding to

the aryl moiety of each azo-compound (Fig. 2). Spectral

Scheme 1
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properties of synthesized dyes were affected by intramo-

lecular hydrogen bond between the phenolic hydroxyl

group of morphine moiety and the central nitrogen atom

of the azo bridge of the azo dye residues. Azo dyes in

which the azo group is conjugated with a hydroxyl

group can exhibit azo-hydrazone tautomerism, and

NMR spectroscopy is established as an effective tech-

nique to study tautomer composition [33–35]. The intra-

molecular hydrogen bond ring is essentially planar and

coplanar with its adjacent phenyl ring, which stabilized

the hydrazone form. 2-Arylazomorphine derivatives

(dyes 1–8, 10, and 11) exist predominantly in the hydra-

zone form via intramolecular hydrogen bonds, which

result in the linearity and coplanar conformation of the

dyes [28]. The proton peaks involved in hydrogen bonds

appear at much lower field than normal proton peak

of hydroxyl group and these (12.75–13.52 ppm for dyes

1–8, 10, and 11) were confirmed by 1H NMR. The

downfield position of the resonance from the hydrazone

proton is attributed to internal hydrogen bonding in

which the carbonyl oxygen is hydrogen bonded to this

proton [33]. Dyes that occur as the azo tautomer show a
13C resonance at ca. 160 ppm from the carbon attached

to the phenolic hydroxyl group, whereas those that occur

as the hydrazone tautomer show a resonance at ca. 180
ppm for the same carbon atom within a carbonyl group

(Fig. 2). Dyes that occur as both tautomers show a sin-

gle resonance between these limits, due to rapid tauto-

merisation, with the position determined by the relative

concentrations of the two tautomers [34–36]. 13C NMR

spectra from DMSO samples of 1–8, 10, and 11 con-

firmed the hydrazone structure by detecting a new car-

bonyl peak at 181–183 ppm assigned to C3 of M or

6-AM and, thus, morphine dyes 1–8, 10 and 11 are pres-

ent as the hydrazone tautomer (ca. 100%).

According to DFT calculations at the B3LYP/6-31G*

level, the hydrazono toutomers of 1–8, 10, and 11 are

Scheme 2

Scheme 3
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favored over the azo toutomers by 2.4–3.6 kcal mole�1.

As major entropy differences and crystal lattice effects

are not to be expected here, these results should secure

the hydrazone formulas. Consequently, it can be consid-

ered that morphine azo dyes (1–8, 10, and 11) have

such structures as shown in Schemes 1–3.

IR spectra assigned with the aid of the NMR data,

provide fingerprints for hydrazone form and hydrogen

bonding. The IR spectra of all the resulting colored

compounds confirmed the presence of a C¼¼O bond

which resonates at 1625–1618 cm�1. IR spectrum of

compound 4 showed absorption bands at 1517 and 1334

cm�1 due to the presence of a NO2 group, whereas the

SO2 group of compound 1 and 5 has two vibrational fre-

quencies at 1350 and 1150 cm�1. Moreover, the vibra-

tional frequency of aliphatic OH band m(OAH) of M or

the COCH3 band m(C¼¼O) of 6-AM was not found to be

sensitive to the connection of M or 6-AM with the azo

derivatives. For compounds 1–4 and 7 m(OAH) lies in

the range of 3385–3375 cm�1, and for compounds 5, 6

and 8 m(C¼¼O) from 1730 to 1718 cm�1, comparable to

the frequencies of M m(OAH) at 3373 cm�1, and 6-AM

m(C¼¼O) at 1713 cm�1, indicating that the intra bonding

of the morphine moiety was not perturbed by substitu-

tion on the phenyl ring.

Evidence in support of structures 1–8, 10, and 11 is

presented by mass spectrometry. The ESI-MS spectra of

these compounds in MeOH showed molecular ion peaks

(Mþ) corresponding to the formula of each compound.

Mass spectra of all compounds showed molecular ion

peaks corresponding to their expected pattern of abun-

dance ranging from 85 to 100% (Fig. 3).

The electronic absorption spectra (EAS) of the inves-

tigated morphine dyes 1–8, 10, and 11 in ethanolic solu-

tions were studied. There is no visual evidence for a

band around 380–420 nm, which could be assigned to

the azo form. The compounds comprised two to three

bands in the UV region and one band in the visible

region (Fig. 4). The band of shortest wavelength appear-

ing in the range 210–255 nm was best ascribed to p–p*
transition of the benzenoid system of the compounds.

The second band observed in UV region, in the wave-

length range 270–285 nm was attributed to p–p* transi-

tion within the furan heterocyclic moiety of the com-

pounds. The third band observed in the UV region at

285–290 nm was assigned to n–p* electronic transition

Figure 2. 13C NMR spectrum of compound 3 in DMSO(d6) at 20
�C.

Figure 3. ESI-MS of compound 7 in CH3OH.
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of OH groups. The long wavelength band at about 510

nm corresponds to the hydrazone form [37] (Fig. 4).

This band was capable of being assigned to p–p* transi-

tion involving the whole electronic system of the com-

pounds with a considerable charge-transfer (CT) charac-

ter. Such a CT originated mainly from the aryl azo to

the morphine moiety, i.e., this band was due to intramo-

lecular CT transition. When analyzing EAS of the por-

phyrin azo dyes (10 and 11), it was difficult to draw an

unambiguous conclusion as to whether the p system of

the azo dye interacts with the p system of porphyrin

ring. The Soret band of tetraphenyporphyrin (kmax �
400 nm; e � 4.75 � 105 dm3 mol�1 cm�1) is found

alongside with the broad absorption band of azo dye res-

idue (kmax � 590 nm; e � 3.35 � 104 dm3 mol�1

cm�1), which does not permit a confident judgment to

be made on whether transfer of p electron density from

the azo dye residue to the porphyrin ring has taken

place. However, the sharp reduction in intensity of the

Soret band and the growth in intensity of the electronic

transition bands and also their bathochromic shift indi-

cate the existence of such interactions.

The compounds (1–8) exhibited emission fluorescence

peak even at very low concentration (5–8 � 10�9 mol

dm�3) in aqueous solution as indicated by capillary

electrophoresis (CE) with UV-fluorescence photo diode-

array detectors. However, compounds 10 and 11 showed

highly intense fluorescence peaks at 665 and 670 nm,

respectively. The synthesis of 10 and 11 will provide

new insight into the role of morphine determination

using simple and fast chemistry as well as highly sensi-

tive techniques [e.g., CE with laser induced fluorescence

detector (LIF)].

Biology. The determination of M in biological sam-

ples has become almost a routine assay in many toxicol-

ogy laboratories owing to the spread of the abuse of

Figure 4. Electronic absorption spectra of 2 � 10-5 mol dm-3 of 1, di-

azonium salt of sulfanilic acid and M.

Figure 5. Electropherograms of 5 � 10-6 mol dm-3 diazonium salt of sulfanilic acid in water under the optimized conditions: 10.0 s injection time,

applied voltage 25 kV, 25�C, 100 mmol dm-3 borate electrolyte concentration, and pH 9.0.
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heroin, which is mainly biotransformed into M. In this

experiment, the coupling reaction of diazonium salt of

sulfanilic acid was carried out with drug-free urine sam-

ple and with urine sample spiked with M and 6-AM. No

remarkable change was observed for the drug-free urine

sample as indicated by CE (data not shown). For urine

sample spiked with the M, a deep red color appeared at

once which was measured by CE, giving two peaks after

45 s and 65 s corresponding to azo-M (1) and diazo-

nium salt of sulfanilic acid, respectively, (Figs. 4 and 5).

The extraction recoveries were found to be >99.5% and

RSD values of the recovery did not exceed 0.92% indi-

cating good repeatability of the adopted method.

CONCLUSIONS

A number of M and 6-AM azo dyes were synthesized

and the possibility of using these dyes as color chemo-

sensors of abused drugs is reported. The synthesis starts

from commercially available aniline derivatives and can

be completed in one step with an overall yield of 76–

92%. Trans-4,40-diaminostilbene or 5-(p-aminophenyl)-

10,15,20-triphenylporphyrin in azo dye reaction gave

highly fluorescent morphine dyes which could be easily

detected at very low concentrations using CE techni-

ques. It is found that between the phenolic OH and the

central N atom intramolecular proton transfer exists

with the hydrazone form being major component. The

compounds existed in hydrazone forms exclusively,

being stabilized by the intramolecular hydrogen bonds.

The resulting azo compounds are highly fluorescent in

ethanol and water. Low detection limit was obtained

ranging from 5–8 nmol dm�3 for M or 6-AM coupled

with freshly prepared diazonium salts. Consequently,

this method is characterized by simple, rapid, and eco-

nomic determination of abused drugs in forensic cases

as an initial test and clinical analysis to prevent over-

dose-induced toxicity.
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In this work, tricyclic 1-amino-4-(substituted phenyl)[1,2,4]triazolo[4,3-a]quinazolin-5(4H)-one 3 was
synthesized by treatment of 2-hydrazinyl-3-(substituted phenyl)quinazolin-4(3H)-one 2 with cyanogen
bromide, which on cyclization with ethylacetoacetate to get the targeted fused tetracyclic derivatives of

quinazoli-4(3H)one 4. The synthesized compounds have been characterized using IR and 1H NMR,
mass spectral data together with elemental analysis.

J. Heterocyclic Chem., 47, 1144 (2010).

INTRODUCTION

Quinazoline derivatives have attracted considerable

attention due to their significant biological activities

[1,2], especially antifungal [3,4], insecticidal [5], antihis-

taminic [6], anti-inflammatory [7], antibacterial [8], anti-

convulsant [9,10], antithrombotic [11], antitubercular

[12], and antitumor [13]. In this article, we report a new

route for the synthesis of triazolo and tetracyclic deriva-

tives of quinazolinone.

RESULT AND DISCUSSION

The new triazolo and tetracyclic derivatives of quina-

zolinone were prepared following the reaction sequences

depicted in Scheme 1 and supported mechanism in

Scheme 2. The starting compound 1 was prepared by se-

quential treatment of anthranilic acid with thiocarbamate

salts of substituted aniline and carbon disulphide accord-

ing to the reported method [14]. The appearance of

broad band at 3330–3110 cm�1 in IR spectrum and a

singlet displayed at d, 10–11 ppm in the PMR spectrum

due to ASH supports their formation. Compounds 1a–g

were heated with excess hydrazine hydrate to form 2-

hydrazino derivatives 2a–g in good yield [15]; the for-

mation of which has been explained by the appearance

of IR band at 3390–3300 cm�1 due to ANHNH2 and

disappearance of singlet displayed at d, 10–11 ppm due

to ASH and two additional singlets appeared between d,
9–11 and d, 2–6 ppm due to ANH and ANH2 protons,

respectively, in their PMR spectra. The condensation of

2 with cyanogens bromide in absolute alcohol gave the

corresponding desired tricyclic amino triazoles 3a–g; the

formation of which was confirmed by the observation of

a broad IR band at 3420–3000 cm�1 and singlet

between d, 3–6 ppm due to ANH2 protons in their PMR

spectrum. The compounds 3a–g were cyclocondensed

with ethylacetoacetate to get the targeted tetracyclic

compounds 4a–g. The formation of 4 has been estab-

lished by the disappearance of singlet between d, 3–6
due to ANH2 protons and appearance of additional sin-

glets due to ArACH3 and ¼¼CH in their PMR spectrum.

EXPERIMENTAL

All melting points reported are incorrect and were deter-
mined by open capillary method. All chemicals used were of
A.R. grade and have been used without further purification. IR

spectra (in KBr, cm�1) were recorded on a Perkin-Elmer 783
(FTIR) spectrophotometer. 1H NMR spectra recorded in

VC 2010 HeteroCorporation
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CDCl3/DMSO-d6 were scanned on a Bruker A-300 F-NMR
spectrometer (Table 1). TMS was used as an internal standard
with chemical shifts d in ppm from down field to up field.
Mass spectra were analyzed by EI technique on Shimadzu QP

2010 PLUS GC-MS system. The purity of products, in addi-
tion to the elemental analysis (Table 2), was checked by
TLC.

3-(4-Methoxyphenyl)-2-sulfanylquinazolin-4(3H)-one (1).

These compounds were prepared according to the reported
method [14].

2-Hydrazinyl-3-(4-methoxyphenyl)quinazolin-4(3H)-one

(2a). A compound la (4.824 gm, 0.018 mol) was refluxed with
5 mL hydrazine hydrate in ethanol (15 mL) with constant stir-

ring at 100�C for about 1.5 h, then cooled and thus the solid
obtained was recrystallized from ethanol to furnish 2a [15],
yield, 4.118 gm (86%), m.p. 207�C, IR: 3386–3328, 1664
cm�1. 1H NMR (CDCl3): d (ppm), 2.65 (s, 3H, ArACH3),
6.25(s, 2H, ANH2), 6.9–8.1 (m, 8H, ArAH), 10.9 (s, 1H, br,

ANH); ms: m/z 282(12), 266(26), 251(45), 175(100), 107(55),
31(10). Anal. Calcd. for C15H14O2N4 (266): C, 63.82%; H,
5.00%; N, 19.85%. Found: C, 63.89%; H, 5.04%; N, 19.81%.

1-Amino-4-(4-methoxyphenyl)[1,2,4]triazolo[4,3-a]quina-
zolin-5(4H)-one (3a). A compound 2a (5.054 gm, 0.019

mole) in ethanolic NaOH (50 mL) and cyanogen bromide (1
cm3, 0.019 mole) were stirred for 3 h at room temperature. Af-
ter neutralization of it with 10% sodium bicarbonate, the solid
obtained was filtered and further recrystallized from ethanol to
give 3a, yield, 4.423 gm (80%), m.p. 270�C. IR: 3420–3010,
1685, 1615 cm�1. 1H NMR (DMSO-d6): d (ppm), 2.56 (s, 3H,
ArACH3), 5.62 (s, 2H, ANH2), 7.1–8.2 (m, 8H, ArAH); ms:
m/z 307(50), 291(20), 276(62), 200(100), 107(72), 31(16).
Anal. Calcd. for C16H13ON5 (291): C, 62.53%; H, 4.26%; N,

22.79%. Found: C, 62.61%; H, 4.32%; N, 22.71%.

Scheme 2

Scheme 1
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Fused tetracyclic quinazolin-4(3H)one (4a). A mixture of
3a (2.91 gm, 0.01 mole), ethylacetoacetate (12.7 cm3, 0.01

mole) and glacial acetic acid (20 mL) was refluxed for 4 h.
The solution was concentrated, cooled, and the crude product
obtained was recrystallized from chloroform:n-hexane (50% v/
v) mixture, yield, 2.570 gm (72%), m.p. 310�C. IR: 1725–

1690 broad, 1662 cm�1, 1625. 1H NMR (DMSO-d6) d (ppm):
2.44 (s, 3H, ArACH3), 2.47 (s, 3H, ArACH3), 6.21 (s, 1H,
¼¼CH), 7.2–8.4 (m, 8H, ArAH); ms: m/z 373(45), 342(55),
266(100), 107(35), 31(15). Anal. Calcd. for C20H15O2N5

(357): C, 64.34%; H, 4.05%; N, 18.76%. Found: C, 64.27%;

H, 4.11%; N, 18.79%.
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Table 2

Characterization data of compounds 2, 3, and 4.

Compound R groups m.p. (�C) Yield (%) Molecular formula

Calcd (%) (Found)

C H N

2b o-CH3 209 86 C15H14ON4 67.65 5.30 21.04

(67.59) (5.38) (21.10)

2c m-CH3 211 86 C15H14ON4 67.65 5.30 21.04

(67.58) (5.25) (21.12)

2d p-CH3 205 76 C15H14ON4 67.65 5.30 21.04

(67.72) (5.35) (21.09)

2e p-Cl 218 82 C14H11ON4Cl 58.65 3.87 19.54

(58.58) (4.95) (19.47)

2f m-Cl 222 82 C14H11ON4Cl 58.65 3.87 19.54

(58.55) (4.80) (19.60)

2g p-Br 196 83 C14H11ON4Br 50.78 3.35 16.92

(50.62) (3.40) (16.86)

3b o-CH3 269 78 C16H13ON5 65.97 4.50 24.04

(65.91) (4.58) (24.16)

3c m-CH3 272 68 C16H13ON5 65.97 4.50 24.04

(66.06) (4.44) (24.12)

3d p-CH3 265 72 C16H13ON5 65.97 4.50 24.04

(65.98) (4.49) (23.99)

3e p-Cl 278 70 C15H10ON5Cl 57.80 3.23 22.47

(57.73) (3.12) (22.38)

3f m-Cl 281 69 C15H10ON5Cl 57.80 3.23 22.47

(57.71) (3.11) (22.51)

3g p-Br 276 73 C15H10ON5Br 50.58 2.83 19.66

(50.65) (2.91) (19.51)

4b o-CH3 308 70 C20H15O2N5 67.22 4.23 19.60

(67.16) (4.11) (19.52)

4c m-CH3 307 68 C20H15O2N5 67.22 4.23 19.60

(67.11) (4.18) (19.69)

4d p-CH3 302 69 C20H15O2N5 67.22 4.23 19.60

(67.27) (4.22) (19.69)

4e p-Cl 312 73 C19H12O2N5Cl 60.41 3.20 18.54

(60.36) (3.14) (18.48)

4f m-Cl 310 70 C19H12O2N5Cl 60.41 3.20 18.54

(60.50) (3.12) (18.48)

4g p-Br 314 61 C19H12O2N5Br 54.04 2.86 16.59

(54.11) (2.77) (16.64)
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Synthesis and spectral characterization of new series of 2-aryl-4-(2-oxopyrrolidinyl-1)-1,2,3,4-tetrahy-
droquinolines and their aromatic analogs, 2-arylquinolines are reported. It was found that substituted tet-
rahydroquinoline precursors are easily prepared using BiCl3-catalyzed three-component Povarov
reaction between 4-nitrobenzaldehyde or 2-naphtylcarboxyaldehyde, anilines and N-vinylpyrrolidin-2-
one, and could be transformed via oxidation and reduction processes into potentially bioactive 2-arylqui-

noline derivatives, unsubstituted at the C-4 position. The all set of (tetrahydro)quinolines were charac-
terized by IR, 1H and 13C-NMR spectroscopy.

J. Heterocyclic Chem., 47, 1148 (2010).

INTRODUCTION

Quinoline and tetrahydroquinoline structures are

essential feature of many natural products. These hetero-

cycles play a key role in heterocyclic and medicinal

chemistry. Their syntheses by various methodologies

have been published extensively [1–4]. Polyfunctional-

ized tetrahydroquinolines (THQs) are molecules of great

interest in organic synthesis because many natural prod-

ucts present this system in their structure, and these

compounds exhibit diverse biological activities [5–9].

Apart from their marked bioactivities, THQs are also

important and reliable precursors in quinoline prepara-

tion, another group of heterocyclic molecules that has a

great number of pharmacological properties [10]. How-

ever, general syntheses of functionalized quinolines sub-

stituted at the C-2 position and unsubstituted at the C-3

and C-4 positions are less common [11], and often suf-

fer from harsh reaction conditions, expensive reagents,

or both. Moreover, the number of these commercially

available reagents is exceedingly small that limits the

preparation of quinolines substituted on the quinoline

aryl moiety.

For these reasons, the synthesis of new THQs is still

of great interest. An efficient route for the preparation

of THQs is the acid-catalyzed Povarov reaction that is

classified as imino Diels-Alder cycloaddition [11,12].

Moreover, this methodology that permits the condensa-

tion of anilines, aldehydes, and electron-rich alkenes

using acidic catalysts under mild conditions to afford

new tetrahydroquinolines, can overcome synthetic limi-

tations for the construction of functionalized quinolines

substituted at the C-2 position and unsubstituted at the

C-3 and C-4 positions and are useful tool for the genera-

tion of quinoline derivatives with several degrees of

structural diversity. Then, appropriate choice of alde-

hydes and alkenes in this cycloaddition reaction

VC 2010 HeteroCorporation
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provides a facile entry to heterocyclic systems which is

an essential moiety in many active pharmaceuticals.

As a part of our research program on the N-aryl
imines towards the synthesis of bioactive substituted tet-

rahydroquinolines and quinolines, we are pursuing

investigations on the synthesis of small drug-like (tetra-

hydro)quinoline molecules containing C-2 aryl fragment,

those synthesis could be accomplished via cycloaddition

reactions. We now want to report simple preparation of

new 2-aryl-4-(2-oxopyrrolidinyl-1)-1,2,3,4-tetrahydroqui-

nolines using BiCl3-catalyzed three component Povarov

reaction between 4-nitrobenzaldehyde or 2-naphtylcar-

boxyaldehyde, anilines and N-vinylpyrrolidin-2-one
(NVP), and their transformations into potentially bioac-

tive 2-arylquinoline derivatives, unsubstituted at the C-4

position.

RESULTS AND DISCUSSION

Planning synthesis of new 2-arylquinoline derivatives,

we paid attention the following considerations: (i) N-
vinylpyrrolidin-2-one (NVP) is very active electron-rich

alkene in this reaction [13–16] and it is an available,

stable, and cheap reagent. Moreover, 2-oxopyrrolidinyl

moiety on the tetrahydroquinoline ring could be easily

removed; (ii) 4-nitrobenzaldehyde could provide 4-ami-

nophenyl fragment, those synthetic utilization to con-

struct N-heterocycles is well recognized; (iii) 2-naphtyl-

carboxyaldehyde was chosen for the preparation of new

2-naphtylquinolines, aromatic planar molecules, and

interesting models in biological tests (anticancer

activity).

So, using BiCl3-catalyzed (20 mol %) three compo-

nent Povarov reaction between anilines 1a,b, aldehydes

2a,b and NVP 3 in MeCN, a new series of the function-

alised THQs 4–7 was easily prepared in excellent yields

(Scheme 1).

Structural elucidation of obtained solid substances

(Table 1) was started with IR analysis that indicated at

the presence of characteristic intensive bands in zone

3394, 3271, and 1666 cm�1 (NH and C¼¼O for all

comp. 4–7), and also 1512 and 1342 cm�1 (NO2 for

comp. 4,5). From their spectral analyses (1H-, 13C-NMR

and COSY), it was found that the cis-diastereoisomer

was prevalent in all of the cases studied. For example,

from 1H-NMR spectrum of comp. 4, it could clearly

observed two doublets of doublets at 5.69 ppm (J3,4 ¼
11.1 and 6.4 Hz) and 4.65 ppm (J2,3 ¼ 10.7 and 3.1 Hz)

that correspond to the THQ protons 4-H and 2-H,

respectively.

The large vicinal coupling confirmed strongly axial–

axial dispositions of the THQ protons 4-H and 2-H and,

consequently, the substituents at C-4 and C-2 should

have an equatorial disposition that indicates at a cis con-
figuration of the THQ ring.

Having stable solid THQ derivatives in our hands, we

realized some simple chemical transformations, which

resulted in the efficient preparation of quinoline mole-

cules 10–14 (Scheme 2). First, to obtain new 2-(4-ami-

nophenyl)-THQs 8,9, we analysed reduction process of

nitro derivatives 4,5 under different reaction conditions.

The conventional hydrogenation process [H2/Pd-C

(10%)/MeOH] always gave in moderate yields the

desired products, contaminated with side-products. The

change of solvent nature (MeOH ! MeOH/CH2Cl2) in

H2/Pd-C hydrogenation reaction (method A) did not

improve this situation. Thus, we addressed to another

reduction reaction that uses NaBH4 and NiCl2 in

MeOH/CH2Cl2 (method B) that resulted an efficient and

selective system, which satisfied to our plans. Under

these reaction conditions, it was possible to prepare

desired cis-2-(4-aminophenyl)-THQs 8,9 in good yields.

However, it should be noted that among different

attempts to find ideal conditions for hydrogenation pro-

cess of comp. 4 we tested also a H2/Pd-C/MeCN-MeOH

system (method C) that allowed obtaining an unex-

pected quinoline product 10. This formation could be

assumed as a result of subsequent three processes: (1)

Scheme 1

Table 1

Tetrahydroquinolines 4–9 and quinolines 10–14 prepared by imino

Diels-Alder reaction.

Comp. R1 R2 R3 Ar Mp (�C) Yield (%)

4 H Me H 4-NO2Ph 222–223 95

5 Me H Me 4-NO2Ph 239–240 98

6 H Me H 2-Naphtyl 214–215 72

7 Me H Me 2-Naphtyl 182–183 90

8 H Me H 4-NH2Ph 233–234 95a (54)b

9 Me H Me 4-NH2Ph 183–185 97a

10 H Me H 4-NHEtPh 149–151 47c

11 H Me H 4-NH2Ph 178–179 89a

12 Me H Me 4-NH2Ph 115–116 73a

13 H Me H 2-Naphtyl 160–161 87

14 Me H Me 2-Naphtyl 86–87 73

aObtained by method B.
b Obtained by method A.
c Obtained by method C.
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ring aromatization reaction with pyrrolidine fragment

elimination, (2) nitro group reduction into amine func-

tion, (3) N-ethylation of amine group to give N-ethyla-
mino derivative 10 (Scheme 2). Its quinoline structure

was strongly confirmed by 1H-, 13C-NMR spectra and

2D NMR spectroscopy.

Other quinoline derivatives 11–14 were easily pre-

pared from the respective tetrahydroquinolines by use of

their rapid fusion with elemental sulfur following our

developed protocol [17]. These quinoline molecules are

stable, yellowish substances that were purified by means

of a short chromatographic column (Table 1).

Finally, the obtained THQs 6–9 were subjected into

oxidation process using our rapid fusion-sulfur protocol

to prepare new corresponding2-(4-aminophenyl)quino-

lines 11,12 and 2-(2-naphtyl)quinolines 13,14. This aro-

matization reaction was achieved by its fusion with ele-

mental sulfur at 220–240�C in 5–10 min. All new com-

pounds were directly isolated without previous extrac-

tion using flash column chromatographic and were com-

pletely identified using NMR spectroscopy.

In conclusion, we reported the efficient synthesis of

new series of 2-aryl-4-(2-oxopyrrolidinyl-1)-1,2,3,4-tet-

rahydroquinolines and their aromatic analogs, 2-arylqui-

nolines, unsubstituted at the C-4 position. These poten-

tially bioactive 2-(aryl)quinoline derivatives could be

important models in antioxidant, antiparasitic or/and

anticancer studies [18].

EXPERIMENTAL

The melting points (uncorrected) were determined on a

Fisher-Johns melting point apparatus. The IR spectra were
recorded on a Lumex Infralum FT-02 spectrophotometer in

KBr. 1H, 13C-NMR spectra were recorded on Bruker AM-400
spectrometer. Chemical shifts are reported in ppm (d) relative
to the solvent peak (CHCl3 in CDCl3 at 7.24 ppm for protons).
Signals are designated as follows: s, singlet; d, doublet; dd,

doublet of doublets; ddd, doublet of doublets of doublets; t, tri-
plet; td, triplet of doublets; q, quartet; sp, septet; m, multiplet;
b, broad. A Hewlett Packard 5890a series II Gas Chromato-
graph interfaced to an HP 5972 Mass Selective Detector
(MSD) with an HP MS Chemstation Data system was used for

ms identification at 70 EV using a 60 m capillary column
coated with HP-5 [5%-phenyl-poly(dimethyl-siloxane)]. Ele-
mental analyses were performed on a Perkin–Elmer 2400 Se-
ries II analyzer and were within 60.4 of theoretical values.
The reaction progress was monitored using thin layer chroma-

tography on a silufol UV254 TLC aluminium sheet.
General procedure for the imino Diels-Alder reaction of

anilines, aldehydes and NVP. To a solution of the appropri-
ate aniline (1.00 mmol) and aldehyde (1 mmol) in anhydrous

CH3CN (20 mL) under N2 atmosphere, was added 20 mol %
BiCl3 (0.57 mmol) and N-vinylpyrrolidone (1.2 mmol). The
reaction mixture was stirred at room temperature for 4 h and
then quenched with a solution of Na2CO3. The organic layer
was separated, and dried with Na2SO4. The organic solvent

was removed in vacuo and the product purified with chroma-
tography column (hexane/ethyl acetate).

1-[6-Methyl-2-(4-nitrophenyl)-1,2,3,4-tetrahydroquinolin-4-
yl]pyrrolidin-2-one (4). The compound 4 was obtained in 95%
yield, yellow solid, m.p. 222–223�C. IR (potassium bromide):

m 3394, 2947, 2916, 1666, 1620 cm�1. 1H-NMR (CDCl3, 400
MHz): d 8.20 (2H, d, J ¼ 8.7 Hz, 3-HAr and 5-HAr), 7.61 (2H,
d, J ¼ 8.7 Hz, 2-HAr and 6-HAr), 6.90 (1H, dd, J ¼ 8.0, 1.7
Hz, 7-HTHQ), 6.68 (1H, s, 5-HTHQ), 6.57 (1H, d, J ¼ 8.1 Hz,
8-HTHQ), 5.69 (1H, dd, J ¼ 11.1, 6.4 Hz, 4-HaTHQ), 4.65 (1H,

dd, J ¼ 10.7, 3.1 Hz, 2-HaTHQ), 4.03 (1H, br.s, NAH), 3.21
(2H, t, J ¼ 6.9 Hz, 5-HPyrr), 2.59–2.41 (2H, m, 3-HPyrr), 2.23
(3H, s, 6-MeTHQ), 2.13–1.99 (4H, m, 4-HPyrr and 3-HTHQ).
13C-NMR (CDCl3, 100 MHz): d 175.8, 150.6, 147.4, 142.9,

129.0, 128.1, 127.3 (2C), 126.9, 123.9 (2C), 118.8, 115.4,
56.0, 48.1, 42.2, 35.3, 31.3, 20.5, 18.1. gc-ms tR: 44.57 min,

Scheme 2
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m/z: 351 (molecular ion). Anal. Calcd. for C20H21N3O3: C,
68.36; H, 6.02; N, 11.96. Found: C, 68.40; H, 5.99; N, 11.97.

1-[5,7-Dimethyl-2-(4-nitrophenyl)-1,2,3,4-tetrahydroquinolin-
4-yl]pyrrolidin-2-one (5). The compound 5 was obtained in
98% yield, yellow solid, m.p. 239–240�C. IR (potassium bro-

mide): m 3271, 2972, 2916, 2854, 1666 cm�1. 1H-NMR

(CDCl3, 400 MHz): d 8.21 (2H, d, J ¼ 8.7 Hz, 3-HAr and 5-

HAr), 7.62 (2H, d, J ¼ 8.6 Hz, 2-HAr and 6-HAr), 6.47 (1H, s,

6-H), 6.37 (1H, s, 8-HTHQ), 5.57 (1H, t, J ¼ 8.5 Hz, 4-HaTHQ),

4.48 (2H, dd, J ¼ 10.6, 2.5 Hz, 2-HaTHQ), 3.97 (1H, br.s,

NAH), 3.08 (1H, ddd, J ¼ 9.7, 8.7, 5.4 Hz, 5-HePyrr), 2.82

(1H, ddd, J ¼ 9.9, 8.4, 6.0 Hz, 5-HaTHQ), 2.43-2.27 (3H, m, 3-

HPyrr and 3-HeTHQ), 2.23 (3H, s, 5-MeTHQ), 2.10 (1H, t, J ¼
12.0 Hz, 3-HaTHQ), 2.06 (3H, s, 7-MeTHQ), 1.94-1.72 (2H, m,

4-HPyrr).
13C-NMR (CDCl3, 100 MHz): d 174.5, 150.5, 147.3,

146.7, 138.3, 138.2, 127.2 (2C), 123.9 (2C), 122.8, 114.9,

114.3, 55.4, 46.5, 42.4, 36.3, 31.0, 21.0, 19.3, 17.8. gc-ms tR:
49.65 min, m/z: 365 (molecular ion). Anal. Calcd. for

C21H23N3O3: C, 69.02; H, 6.34; N, 11.50. Found: C, 69.01; H,

6.35; N, 11.48.

1-(6-Methyl-2-(2-naphtyl)-1,2,3,4-tetrahydroquinolin-4-yl)pyr-
rolidin-2-one (6). The compound 6 was obtained in 72% yield,

white solid, m.p. 214–215�C. IR (potassium bromide): m 3332,

3055, 3024, 2954, 2916 cm�1. 1H-NMR (CDCl3, 400 MHz): d
7.88 (1H, s, 1-HNapht), 7.85-7.82 (3H, m, 4-HNapht, 5-HNapht

and 8-HNapht), 7.52-7.50 (1H, m, 3-HNapht), 7.49-7.45 (2H, m,

6-HNapht and 7-HNapht), 6.89 (1H, d, J ¼ 7.9 Hz, 8-HTHQ),

6.70 (1H, s, 5-HTHQ), 6.55 (1H, d, J ¼ 8.0 Hz, 7-HTHQ), 5,74

(1H, t, J ¼ 8.9, 4-HaTHQ), 4.71 (1H, t, J ¼ 6.9 Hz, 2-HaTHQ),

3.99 (1H, br.s, NAH), 3.28-3.18 (2H, m, 5-HPyrr), 2.50-2.42

(2H, m, 3-HPyrr), 2.24 (3H, s, 6-MeTHQ), 2.18-2.14 (2H, m, 3-

HTHQ), 2.04-1.97 (2H, m, 4-HPyrr).
13C-NMR (CDCl3, 100

MHz): d 175.8, 143.6, 140.6, 133.4, 133.1, 128.9, 128.5,

127.8, 127.7, 127.5, 127.1, 126.2, 125.9, 125.0, 124.6, 119.0,

115.2, 56.6, 48.5, 42.3, 35.4, 31.4, 20.6, 18.2. gc-ms tR: 55.83
min, m/z: 356 (molecular ion). Anal. Calcd. for C24H24N2O:

C, 80.87; H, 6.79; N, 7.86. Found: C, 80.84; H, 6.78; N, 7.84.

1-[5,7-Dimethyl-2-(2-naphtyl)-1,2,3,4-tetrahydroquinolin-4-
yl]pyrrolidin-2-one (7). The compound 7 was obtained in 90%

yield, white solid, m.p. 182–183�C. IR (potassium bromide): m
3332, 3047, 3016, 2978, 2924 cm�1. 1H-NMR (CDCl3, 400

MHz): d 7.87 (1H, s, 1-HNapht), 7.84-7.81 (3H, m, 4-HNapht, 5-

HNapht and 8-HNapht), 7.51-7.50 (1H, m, 3-HNapht), 7.48-7.45

(2H, m, 6-HNapht and 7-HNapht), 6.44 (1H, s, 6-HTHQ), 6.36

(1H, s, 8-HTHQ), 5.62 (1H, t, J ¼ 8.5 Hz, 4-HaTHQ), 4.50 (1H,

d, J ¼ 10.6 Hz, 2-HaTHQ), 4.01 (1H, br.s, NAH), 3.16-3.10

(1H, m, 5-HePyrr), 2.85-2.70 (1H, m, 5-HaPyrr), 2.46-2.26 (3H,

m, 3-HPyrr and, 3-HeTHQ), 2.23 (3H, s, 7-MeTHQ), 2.19-2.14

(1H, m, 3-HaTHQ), 2.08 (3H, s, 5-MeTHQ), 1.92-1.97 (2H, m,

4-HPyrr).
13C-NMR (CDCl3, 100 MHz): d 174.4, 147.5, 140.4,

138.3, 138.0, 133.4, 133.0, 128.4, 127.8, 127.6, 126.2, 125.9,

124.8, 124.6, 122.3, 115.1, 114.1, 55.9, 46.8, 42.4, 36.4, 31.1,

21.0, 19.4, 17.8. gc-ms tR: 54.14 min, m/z: 370 (molecular

ion). Anal. Calcd. for C25H26N2O: C, 81.05; H, 7.07; N, 7.56.

Found: C, 81.06; H, 7.03; N, 7.54.

General procedure for the hydrogenation with H2/Pd/C

(method A). To a solution of nitro derivative (4) (2.85 mmol)
in MeOH:CH2Cl2 (2:1) was added Pd/C (10% p/p). Molecular

hydrogen was injected to the system; the reaction mixture was
stirred at room temperature for 24 h. The organic layer was fil-
tered in a chromatographic column (silica gel), the solvent was

removed in vacuo and the product was purified with chroma-
tography column (hexane/ethyl acetate).

1-[6-Methyl-2-(4-aminophenyl)-1,2,3,4-tetrahydroquinolin-
4-yl]pyrrolidin-2-one (8). The compound (8) was obtained in

54% yield, yellow solid, m.p. 233–234�C. IR (potassium bro-

mide): m 3440, 3379, 3356, 3240, 2947, 2916, 1666 cm�1. 1H-

NMR (CDCl3, 400 MHz): d 8.28 (1H, d, J ¼ 8.4 Hz, 2-HAr),

8.18 (1H, d, J ¼ 8.3 Hz, 6-HAr), 7.70 (2H, dd, J ¼ 11.5, 8.7

Hz, 3-HAr and 5-HAr), 6.90 (1H, bt, J ¼ 5.5 Hz, 7-HTHQ), 6.69

(1H, s, 5-HTHQ), 6.55 (1H, t, J ¼ 6.9 Hz, 8-HTHQ), 5.71 (1H,

dd, J ¼ 10.2, 6.9 Hz, 4-HaTHQ), 4.62 (1H, ddd, J ¼ 12.0, 10.6,

3.4 Hz, 2-HaTHQ), 3.96 (1H, s, NH2), 3.20 (2H, d, J ¼ 5.9 Hz,

5-HPyrr), 2.59-2.43 (2H, m, 3-HPyrr), 2.23 (3H, s, 6-MeTHQ),

2.12-1.01 (4H, m, 3-HTHQ and 4-HPyrr) ppm. gc-ms tR: 25.34
min, m/z: 321 (molecular ion). Anal. Calcd. for C20H23N3O C,

74.74; H, 7.21; N, 13.07. Found: C, 74.75; H, 7.20; N, 13.05.

General procedure for reduction reaction with NiCl2/

NaBH4 (method B). To a mixture of nitro derivatives (4,5)

(2.85 mmol) and nickel chloride (II) (0.28 mmol) in

MeOH:CH2Cl2 (2:1), NaBH4 (8.55 mmol) was added in small

portions, keeping reaction system at 0�C. The reaction was

stirred by 1 hour at room temperature and the organic layer

was filtered and washed (methanol and distilled water),

extracted with CH2Cl2 (3 � 10 mL) and dried under Na2SO4.

1-[6-Methyl-2-(4-aminophenyl)-1,2,3,4-tetrahydroquinolin-
4-yl]pyrrolidin-2-one (8). The compound (8) was obtained in
95% yield. Their physicochemical parameters were identical to
product (8) obtained by method A.

1-[5,7-Dimethyl-2-(4-aminophenyl)-1,2,3,4-tetrahydroquino-
lin-4-yl]pyrrolidin-2-one (9). The compound (9) was obtained

in 97% yield, yellow solid, m.p. 255–258�C. IR (potassium

bromide): m 3440, 2916, 1666, 1620, 1589 cm�1. 1H-NMR

(CDCl3, 400 MHz): d 8.29 (1H, d, J ¼ 8.2 Hz, 2-HAr), 8.18

(1H, d, J ¼ 8.1 Hz, 6-HAr), 7.55 (2H, d, J ¼ 8.9 Hz, 3-HAr

and 5-HAr), 6.45 (1H, s, 6-HTHQ), 6.36 (1H, m, 8-HTHQ), 5.58

(1H, t, J ¼ 8.5 Hz, 4-HaTHQ), 4.42 (1H, t, J ¼ 12.1 Hz, 2-

HaTHQ), 3.97 (2H, br.s, NH2), 3.11 (1H, dd, J ¼ 14.1, 8.5 Hz,

5-HePyrr), 2.82 (1H, dd, J ¼ 15.3, 7.8 Hz, 5-HaPyrr), 2.41-2.31

(3H, m, 3-HPyrr and 3-HeTHQ), 2.22 (3H, s, 5-MeTHQ), 2.11

(1H, t, J ¼ 12.0 Hz, 3-HaTHQ), 2.07 (3H, s, 7-MeTHQ), 1.85

(2H, dd, J ¼ 13.8, 6.0 Hz, 4-HPyrr) ppm. gc-ms tR: 26.62 min,

m/z: 335 (molecular ion). Anal. Calcd. for C21H25N3O C,

75.19; H, 7.51; N, 12.53. Found: C, 75.18; H, 7.50; N, 12.55.

General procedure for the hydrogenation with H2/Pd/C

(method C). To a solution of nitro derivative (4) (2.85 mmol)

in MeOH/MeCN (2:1) was added Pd/C (10% p/p). Molecular

hydrogen was injected to the system; the reaction mixture was

stirred at room temperature for 24 h. The organic layer was fil-

tered in a chromatographic column (silica gel), the solvent was

removed in vacuo and the product was purified with chroma-

tography column (hexane/ethyl acetate).

2-(4-N-Ethylaminophenyl)-6-methylquinoline (10) The com-
pound (10) was obtained in 46% yield, yellow solid, m.p.
149–151�C. IR (potassium bromide): m 3394, 2961, 2916,

2854, 1605 cm�1. 1H-NMR (CDCl3, 400 MHz): d 8.02 (2H, d,
J ¼ 8.6 Hz, 3-HAr and 5-HAr), 8.00 (1H, d, J ¼ 8.1 Hz, 8-
HQu), 7,99 (1H, d, J ¼ 8.6 Hz, 3-HQu), 7.74 (1H, d, J ¼ 8.7
Hz, 4-HQu), 7.50 (1H, s, 5-HQu), 7.49 (1H, d, J ¼ 8.5 Hz, 7-
HQu), 6.69 (2H, d, J ¼ 8.7 Hz, 2-HAr and 6-HAr), 3.79 (1H,

br.s, NAH), 3.21 (2H, q, J ¼ 7.1 Hz, ACH2MeAr), 2.50 (3H,
s, 6-MeQu), 1.26 (3H, t, J ¼ 7.1 Hz, ACH2MeAr) ppm. 13C-
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NMR (CDCl3, 100 MHz): d 156.5, 149.4, 146.8, 135.6, 135.0,
131.5, 129.0, 128.5 (2C), 128.4, 126.6, 126.3, 118.2, 112.6
(2C), 38.2, 21.5, 14.7, ppm. gc-ms tR: 26,50 min, m/z: 262
(molecular ion). Anal. Calcd. for C18H18N2 C, 82.41; H, 6.92;
N, 10.68. Found: C, 82.40; H, 6.93; N, 10.69.

General procedure for the aromatization with sulfur.

The 2-(aminophenyl) and 2-(nitroaryl) substituted tetrahydro-
quinolines (4-7) were heated quickly (10–15 min) in the pres-
ence of elemental sulfur (S8) to 220–230�C. The reaction mix-
ture was adsorbed under silica gel and separated by chroma-

tography column to afford the 2-arylquinolines.
2-(4-Aminophenyl)-6-methylquinoline (11). The compound

(11) was obtained in 89% yield, yellow solid, m.p. 178–
179�C. IR (potassium bromide): m 3386, 3301, 3193, 3055,
3023 cm�1. 1H-NMR (CDCl3, 400 MHz): d 8.03 (1H, d, J ¼
8.7 Hz, 4-HQu), 8.01 (3H, dt, J ¼ 8.6, 2.0 Hz, 2-HAr and 6-
HAr), 7.92 (1H, dd, J ¼ 8.8, 1.3 Hz, 8-HQu)7.76 (1H, d, J ¼
8.6 Hz, 3-HQu), 7.53 (1H, s, 5-HQu), 7.52 (1H, dd, J ¼ 8.8,
1.3 Hz, 7-HQu), 6.80 (2H, dt, J ¼ 8.6, 2.0 Hz, 3-HAr and 5-

HAr), 3.85 (2H, br.s, NH2), 2.53 (3H, s, 6-MeQu) ppm. 13C-
NMR (CDCl3, 100 MHz): d 156.4, 147.6, 146.9, 135.8, 135.3,
131.6, 130.1, 129.1, 128.6 (2C), 126.8, 126.3, 118.3, 115.1
(2C), 21.5 ppm. gc-ms tR: 25.13 min, m/z: 234 (molecular
ion). Anal. Calcd. for C16H14N2 C, 82.02; H, 6.02; N, 11.96.

Found: C, 82.00; H, 6.03; N, 11.97.
2-(4-Aminophenyl)-5,7-dimethylquinoline (12). The com-

pound (12) was obtained in 73% yield, yellow solid, m.p.
115–116�C. IR (potassium bromide): m 3433, 3317, 3201,
3032, 2962 cm�1. 1H-NMR (CDCl3, 400 MHz): d 8.23 (1H, d,

J ¼ 8.9 Hz, 3-HQu), 8.01 (2H, d, J ¼ 8.5 Hz, 2-HAr and 6-
HAr), 7.75 (1H, s, 8-HQu), 7.73 (1H, d, J ¼ 8.9 Hz, 4-HQu),
7.13 (1H, s, 6-HQu), 6.79 (2H, d, J ¼ 8.5 Hz, 3-HAr and 5-
HAr), 3.85 (2H, br.s, NH2), 2.63 (3H, s, 7-MeQu), 2.50 (3H, s,
5-MeQu) ppm. 13C-NMR (CDCl3, 100 MHz): d 156.6, 148.8,

147.6, 139.2, 133.8, 132.6, 130.0, 128.6 (2C), 128.5, 126.7,
124.1, 117.0, 115.1 (2C), 21.8, 18.4 ppm. gc-ms tR: 26.94 min,
m/z: 248 (molecular ion). Anal. Calcd. for C17H16N2 C, 82.22;
H, 6.49; N, 11.28. Found: C, 82.23; H, 6.51; N, 11.30.

6-Methyl-2-(2-napthyl)quinoline (13). The compound (13)
was obtained in 87% yield, white solid, m.p. 160–161�C. IR
(KBr): m 3055, 3008, 2916, 2854, 1589 cm�1. 1H-NMR
(CDCl3, 400 MHz): d 8.58 (1H, s, 1-HNapht), 8.35 (1H, d, J ¼
8.5 Hz, 4-HNapht), 8.12-8.00 (2H, m, 3-HQu and 8-HQu), 7.99-

7.95 (3H, m, 4-H, 3-HNapht, 8-HNapht), 7.89-7.56 (1H, m, 5-
HNapht), 7.58 (1H, s, 5-HQu), 7.58-7.56 (1H, m, 7-HQu), 7.53-
7.49 (2H, m, 6-HQu and 7-HNapht), 2.54 (3H, s, 6-MeQu) ppm.
13C-NMR (CDCl3, 100 MHz): d156.2, 146.9, 137.0, 136.2,
136.1, 133.7, 133.5, 131.9, 129.4, 128.8, 128.5, 127.7, 127.2,

126.9, 126.5, 126.3, 126.2, 125.0, 119.1, 21.6 ppm. gc-ms tR:
27.02 min, m/z: 269 (molecular ion). Anal. Calcd. for C20H15N
C, 89.19; H, 5.61; N, 5.20. Found: C, 89.20; H, 5.62; N, 5.21.

5,7-Dimethyl-2-(2-napthyl)quinoline (14). The compound
(14) was obtained in 73% yield, white solid, m.p. 86–87�C. IR
(KBr): m 3055, 2970, 2900, 2854, 1620 cm�1. 1H-NMR
(CDCl3, 400 MHz): d 8.58 (1H, s, 1-HNapht), 8.34 (1H, dd, J

¼ 8.7, 1.5 Hz, 4-HNapht), 8.28 (1H, d, J ¼ 8.7 Hz, 3-HQu),
7.97-7.94 (1H, m, 8-HNapht), 7.95 (1H, d, J ¼ 8.5 Hz, 3-
HNapht), 7.91 (1H, d, J ¼ 8.7 Hz, 4-HQu), 7.88–7.85 (1H, m, 5-
HNapht), 7.85 (1H, s, 8-HQu), 7.50 (2H, dd, J ¼ 6.2, 3.2 Hz, 6-
HNapht and 7-HNapht), 7.17 (1H, s, 6-HQu), 2.63 (3H, s, 7-

MeQu), 2.52 (3H, s, 5-MeQu) ppm. 13C-NMR (CDCl3, 100
MHz): d 156.5, 148.9, 139.5, 137.0, 133.9, 133.8, 133.5,
132.9, 129.1, 128.8, 128.4, 127.7, 127.0, 126.9, 126.5, 126.2,
125.0, 124.6, 117.8, 21.8, 18.5 ppm. gc-ms tR: 29.02 min, m/z:
283 (molecular ion). Anal. Calcd. for C21H17N C, 89.01; H,

6.05; N, 4.94. Found: C, 89.02; H, 6.04; N, 4.93.

Acknowledgments. This work was supported by DIEF-UIS
(grant No. 5151) and the Instituto Colombiano Para el Desarrollo
de La Ciencia y La Tecnologı́a ‘‘Francisco José de Caldas’’
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Gómez, C. M. Curr Org Chem 2005, 9, 141.

[5] Kouznetsov, V.; Vargas, L.; Leal, S.; Mora, U.; Coronado,

C.; Meléndez, C.; Romero, A.; Escobar, P. Lett Drug Des Discov

2007, 4, 293.

[6] Meléndez, C.; Kouznetsov, V.; Sortino, M.; Álvarez, S.;
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A safe and efficient method was developed for the dibromination of pyrazolones and 5-hydroxypyra-
zoles by use of dibromoisocyanuric acid (DBI). The reaction gave the corresponding dibrominated pyra-
zolones in excellent yields (�91%).

J. Heterocyclic Chem., 47, 1153 (2010).

INTRODUCTION

Halogenated pyrazolone compounds attracted atten-

tions for some of them displaying interesting biological

activities [1]. Among the compounds, 4,4-dibromo-5-py-

razolone have been reported as fungicides against Hel-
minthosporium oryzae [2], a-glucosidase inhibitors, and

used for the treatment of tumor metastasis, AIDS, diabe-

tes, hyperlipidemia, autoimmune disease, allergy, and

rejection in organ transplant [3]. They are also useful

synthetic intermediates for the preparation of diazo-dyes

[4], and fused- [5] and spiro-hetercyclic compounds [6].

Traditional method for the synthesis of brominated

pyrazolone is the use of Br2 in acetic acid [7]. However,

harsher conditions and manipulations with care are

required. Use of the mild brominating reagent N-bromo-

succinimide (NBS) [8b] or 1,3-dibromo-5,5-dimethylhy-

dantoin [8c] does not also provide the corresponding

dibrominated products in satisfactory yields as the

monobrominated and coupling by-products were accom-

panied to form. As a mild brominating agent, dibromoi-

socyanuric acid (DBI) has been reported to brominates

primary amides [9] and N,N-dimethylanilines [10]. For

the structural similarity of the substrates, it is possible

to extend the reagent to pyrazolones. Herein, we report

an efficient method for the dibromination of pyrazolones

and 5-hydroxypyrazoles by using DBI. A series of 4,4-

dibromo-5-pyrazolones could be obtained in excellent

yields (�91%) by this method. Comparison with the use

of NBS as the brominating agent, we found the use of

DBI toward pyrazolones was more efficient.

RESULTS AND DISCUSSION

5-Pyrazolones were prepared as the substrates for the

investigation of dibromination by DBI through tandem

condensation and thermal cyclization following the

reported procedure [11]. a-Keto esters 1 were heated at

reflux in AcOH with equal equivalent of arylhydrazines

2a–2h possessing various substituents including m-Me,

p-OMe, o, p-di-NO2, and 2,4,6,-trichloro at the phenyl

ring for 4.0 h. The corresponding 5-pyrazolones (keto

form) were obtained in good to excellent yields (>75%,

see Scheme 1 and Chart 1) [11]. Use of hydrazine, and

pyridyl and isoquinolinyl hydrazines as the starting ma-

terial provided the corresponding 5-hydroxypyrazoles

3i–3k (enol form) in >86% yields (see Scheme 1, and

Chart 1). The experiment results were consistent with

the literature reported [12].

To search an efficient and reproducible procedure, we

carried out a model study by treating 5-pyrazolone (3a)
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with DBI [13] in THF at room temperature for 30 min

(see Chart 1 and Scheme 2). The reaction afforded the

desired 4,4-dibromo-5-pyrazolone (4a) in 95% yield.

Compound 4a was fully characterized by spectroscopic

method and the results were consistent with the reported

data from literature [14]. In a control experiment by

reacting 3a with NBS, the reaction was less efficient

which provided 4a in 78% yield.

By using the newly developed method shown in

Scheme 2, we successful applied this synthetic strategy

to 5-pyrazolones 3b–3h with N-substituted group,

including m-Me, p-OMe, o,p-di-NO2, and 2,4,6-tri-

chloro. The corresponding products 4b–4h were

obtained in the �91% yields (see Table 1). This syn-

thetic strategy is applicable to 5-hydroxypyrazole (enol

form of 5-pyrazolone) that bear N-substituted group,

such as H, pyridyl, and isoquinolinyl (3i–3k). The

desired compounds 4i–4k were afforded in 91–95%

yields and fully characterized by spectroscopic methods.

For example, compound 4k possessed characterization

absorptions at d 42.5 ppm for O¼¼CA13C(Br)2 in pyraz-

olone ring and IR absorptions showed peaks at 1751

cm–1 for stretching of the AC¼¼O group.

We proposed a plausible mechanism for the dibromi-

nation of 5-pyrazolones by use of DBI as shown in

Scheme 3. When 5-hydroxypyrazoles 3a–3h were

treated with DBI, the compounds favored the enol form

in the acidic condition and underwent the smoothly

nucleophilic substitution reaction to generate the corre-

sponding mono-bromo-5-pyrazolone intermediates 6

with N-monobromoisocyanuric acid 5. Application of 5-

hydroxy-3-phenyl-1H-pyrazole (3i), 5-hydroxy-3-phenyl-

1-(pyrid-2-yl)-1H-pyrazole (3j), and 5-hydroxy-3-phe-

nyl-1-(3-isoquinolinyl)-1H-pyrazole (3k) as the model

demonstrated that the enol species could also proceeded

the nucleophilic substitution in the same reaction condi-

tion. For the further conjunction conversion, mono-

bromo-5-pyrazolones 6 were converted to the mono-

bromo-5-hydroxypyrazoles 7 under the reaction mixture.

Finally, mono-bromo-5-hydroxypyrazole intermediates 7

consequential trapped the secondary equivalent bromine

from the N-monobromoisocyanuric acid 5 to generate

final dibrominated products 4a–4k and cyanuric acid 8.

Cyanuiric acid 8 can be isolated by column chromatog-

raphy and identified by IR and 13C NMR spectroscopic

methods to demonstrate the plausible mechanism.

In conclusion, we have successfully developed a

dibrominating method for the conversion of the keto

form pyrazolone and the enol form 5-hydroxypyrazole

substrates by use of DBI as the reagent. The reaction

provided 4,4-dibromo-pyrazolones 4a–4k in excellent

yields (�91%). This newly developed bromination

method was a safe and efficient would be useful in the

large-scale preparation of the dibrominated pyrazolones.

Scheme 1

Chart 1

Scheme 2

Table 1

The results of bromination by using dibromoisocyanuric acid (DBI).

5-Pyrazolones (3a–3h) or

5-hydroxypyrazoles (3i–3k)

Dibromination

(4a–4k)

Compounds X R Products Yields (%)

3a Ph Me 4a 95

3b Ph CF3 4b 94

3c Ph i-Pr 4c 98

3d Ph Ph 4d 96

3e m-Me-Ph Ph 4e 94

3f p-OMe-Ph Ph 4f 93

3g o,p-di-NO2-Ph Ph 4g 97

3h 2,4,6,-tri-Chloro-Ph Ph 4h 92

3i H Ph 4i 93

3j Pyridyl Ph 4j 95

3k Isoquinolinyl Ph 4k 91
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EXPERIMENTAL

General procedure. All chemicals were reagent grade and
used as purchased. All reactions were carried out under nitrogen
atmosphere and monitored by TLC analysis. Flash column chro-
matography was carried out on silica gel (230–400 mesh). Com-

mercially available reagents were used without further purifica-
tion unless otherwise noted. Dichloromethane, ethyl acetate,
hexanes, and methanol were purchased from Mallinckrodt
Chemical Co. Dry tetrahydrofuran (reagent grade) was used.
The following compounds were purchased from Acoros Chemi-

cal Co: o-tolyhydrazine hydrochoide, tert-butyl acetoacetate,
ethyl isobutylacetate, phenylhydrazine 4-methoxyphenylhydra-
zine hydrochloride, and 2,4-dinitrophenyl hydrazine. 2,4,6-Tri-
chlorophenyl hydrazine, 2-hydrazinopyridine, and isonicotinic
acid hydrazide were purchased from TCI Chemical Co. Ethyl

trifluoroacetoacetate and tert-butyl acietoacetate from Alfa
Chemical Co. Purification by gravity column chromatography
was carried out by use of Merck Reagents Silica Gel 60 (particle
size 0.063–0.200 mm, 70–230 mesh ASTM). Infrared (IR) spec-

tra were measured on a Bomem Michelson Series FTIR spec-
trometer. The wavenumbers reported are referenced to the poly-
styrene 1601 cm�1 absortion. Absorption intensities are
recorded by the following abbreviations: s, strong; m, medium;
w, weak. Proton NMR spectra were obtained on a Bruker (200

MHz) spectrometer by use of CDCl3, CH3OD, and d6-DMSO as
solvent. Carbon-13 NMR spectra were obtained on a Bruker (50
MHz) spectrometer by used of CDCl3, CH3OD, and d6-DMSO
as solvent. Carbon-13 chemical shifts are referenced to the cen-
ter of the CDCl3 triplet (d 77.0 ppm). Multiplicities are recorded

by the following abbreviations: s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; J, coupling constant (Hz). Elemental anal-
yses were carried out on a Heraeus CHN–O RAPID element
analyzer.

Standard procedure for dibromination to prepare 4,4-

dibromo-5-pyrazolone derivatives 4a–4k. To a solution of
pyrazolones 3a–3h or 5-hydroxypyrazoles 3i–3k (1.0 equiv) in
THF (20 mL) was added DBI (2.1 equiv). The reaction mixture
was stirred at room temperature for �1 h. The solution was con-

centrated under reduced pressure and the resultant oil was redis-
solved in CH2Cl2 (50 mL). The solution was washed with H2O

(20 mL � 2), brine (20 mL � 2), and concentrated under
reduced pressure. The residue was purified by column chroma-
tography on silica gel (30% EtOAc in hexanes as eluant) to give
4,4-dibromo-5-pyrazolones 4a–4k as solids in 91–98% yields.

4,4-Dibromo-3-methyl-1-phenyl-2-pyrazolin-5-one (4a). To
a solution of pyrazolones 3a (20 g, 0.114 mol, 1.0 equiv) in

THF (150 mL) was added DBI (69.2 g, 0.242 mol, 2.1 equiv).

The reaction mixture was stirred at room temperature for �1 h.

The solution was concentrated under reduced pressure and the

resultant oil was redissolved in CH2Cl2 (200 mL). The solution

was washed with H2O (80 mL � 2), brine (80 mL � 2), and

concentrated under reduced pressure. The residue was purified

by column chromatography on silica gel (30% EtOAc in hex-

anes as eluant) to give 4,4-dibromo-5-pyrazolones 4a as solids

in 95 % yields. mp 80–82�C; 1H NMR (CDCl3, 200 MHz) d
2.42 (s, 3 H, CH3), 7.21 (d, 1 H, J ¼ 2.6 Hz, ArH), 7.39 (dd, 2

H, J ¼ 7.4, 2.6 Hz, ArH), 7.84 (d, 2 H, J ¼ 7.4 Hz, ArH); 13C

NMR (CDCl3, 50 MHz) d 20.0, 41.7, 118.9, 125.0, 128.8,

138.1, 159.9, 170.6; IR (KBr) 3199 (m), 2960 (m), 1706 (s,

C¼¼O), 1508 (s, C¼¼N), 1348 (m), 1227 (m), 972 (m), 754 (m)

cm–1; EIMS m/z (relative intensity) 362 (M þ 2, 7), 360 (Mþ,
14), 358 (M – 2, 7), 281 (84), 279 (84), 265 (3), 201 (20), 200

(13), 184 (3), 171 (4), 131 (3), 105 (11), 95 (7), 92 (4), 77

(100), 65 (8), 51 (13). Anal. Calcd for C10H8Br2N2O; C: 36.18;

H: 2.43; N: 8.44, Found: C: 36.22; H: 2.47; N: 8.46.

4,4-Dibromo-1-phenyl-3-trifluoro-2-pyrazolin-5-one (4b). mp
119–121�C; 1H NMR (CDCl3, 200 MHz) d 7.24–7.52 (m, 3

H, ArH), 7.81 (d, 2 H, J ¼ 7.8 Hz, ArH); IR (KBr) 3391 (s),

3184 (m), 1631 (s, C¼¼O), 1576 (s, C¼¼N), 1404 (m), 1113

(m), 773 (m), 704 (m), 633 (m) cm–1. Anal. Calcd for

C10H5Br2F3N2O; C: 31.12; H: 1.31; N: 7.26, Found: C: 31.46;

H: 1.65; N: 6.94.

4,4-Dibromo-3-isopropyl-1-phenyl-2-pyrazolin-5-one (4c). mp
77–79�C; 1H NMR (CDCl3, 200 MHz) d 1.44 (d, 6 H, J ¼ 7.2

Hz, 2 � CH3), 3.06 (m, 1 H, CHMe2), 7.23 (d, 1 H, J ¼ 7.9

Hz, ArH), 7.41 (dd, 2 H, J ¼ 7.9, 3.2 Hz, ArH), 7.86 (d, 2 H,

J ¼ 3.2 Hz, ArH); 13C NMR (CDCl3, 50 MHz) d 22.2 (2 �
CH3), 28.6, 45.8, 118.8 (2 � CH), 125.9, 129.0 (2 � CH),

137.1, 163.1, 165.0; IR (KBr) 3193 (m), 2935 (m), 1717 (s,

C¼¼O), 1575 (s, C¼¼N), 1489 (m), 1283 (m), 979 (m), 802

(m), 763 (m) cm–1; EIMS m/z (relative intensity) 359 (Mþ2,

4), 358 (Mþ, 8), 357 (M–2, 4), 344 (9), 315 (4), 278 (6), 254

(8), 253 (14), 252 (8), 201 (9), 184 (5), 174 (28), 173 (32),

171 (4), 145 (3), 130 (6), 119 (4), 105 (19), 91 (32), 78 (10),

77 (100), 67 (11), 64 (10), 51 (24). Anal. Calcd for

C12H12Br2N2O; C: 40.03; H: 3.36; N: 7.78, Found: C: 40.06;

H: 3.32; N: 7.81.

4,4-Dibromo-1,3-diphenyl-2-pyrazolin-5-one (4d). mp 128–
130�C; 1H NMR (CDCl3, 200 MHz) d 7.27 (d, 1 H, J ¼ 7.6

Hz, ArH), 7.42–7.54 (m, 5 H, ArH), 7.99 (d, 2 H, J ¼ 7.8 Hz,

ArH), 8.23 (d, 2 H, J ¼ 7.8 Hz, ArH); 13C NMR (CDCl3, 50

MHz) d 42.7, 119.1 (2 � CH), 126.4, 127.2 (2 � CH), 128.9

(2 � CH), 129.2 (2 � CH), 131.7, 137.0, 137.1, 153.5, 165.7;

IR (KBr) 3391 (s), 3184 (m), 1632 (s, C¼¼O), 1575 (s, C¼¼N),

1404 (m),1112 (m), 773 (m), 704 (m) cm–1; EIMS m/z (rela-

tive intensity) 397 (Mþ2, 18), 395 (Mþ, 30), 393 (M–2, 18),

338 (14), 315 (45), 263 (9), 219 (66), 241 (15), 165 (19), 154

(39), 119 (52), 95 (93), 69 (99), 55 (100); HRMS calcd for

C15H10Br2N2O 391.9160, found 391.9157. Anal. Calcd for

C15H10Br2N2O; C: 45.72; H: 2.56; N: 7.11, Found: C: 45.76;

H: 2.59; N: 7.15.

Scheme 3
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4,4-Dibromo-1-(2-methyl)-phenyl-3-phenyl-2-pyrazolin-5-one
(4e). mp 104–106�C; 1H NMR (CD3OD, 200 MHz) d 2.23 (s, 3

H, CH3), 7.47–7.52 (m, 7 H, ArH), 7.96–8.01 (m, 2 H, ArH);
13C NMR (CD3OD, 50 MHz) d 16.0, 126.1 (2 � CH), 127.0,

127.6, 128.0, 128.5, 129.0 (2 � CH), 130.6, 131.0, 131.1,

132.5, 136.6, 149.8, 157.5; IR (KBr) 3198 (s), 2959 (m), 1717

(s, C¼¼O), 1542 (s, C¼¼N), 1319 (m), 1194 (m), 980 (m), 761

(m) cm–1; MS m/z (relative intensity) 410 (M þ 2, 6), 408 (Mþ,
12), 406 (M – 2, 6), 365 (2), 327 (74), 311 (3), 283 (7), 249

(53), 219 (10), 191 (6), 171 (6), 145 (12), 129 (36), 105 (24),

91 (100), 65 (26), 51 (16). Anal. Calcd for C16H12Br2N2O; C:

47.09; H: 2.96; N: 6.86, Found: C: 47.13; H: 2.92; N: 6.90.

4,4-Dibromo-1-(4-methoxy)-phenyl-3-phenyl-2-pyrazolin-5-
one (4f). mp 108–110�C; 1H NMR (CDCl3, 200 MHz) d 3.81

(s, 3 H, CH3), 6.97 (d, 2 H, J ¼ 7.2 Hz, ArH), 7.48–7.51 (m,

3 H, ArH), 7.85 (d, 2 H, J ¼ 7.2 Hz, ArH), 8.19 (d, 2 H, J ¼
7.8 Hz, ArH); 13C NMR (CDCl3, 50 MHz) d 42.6, 55.6, 114.2

(2 � CH), 121.0 (2 � CH), 127.1 (2 � CH), 127.3, 128.8 (2

� CH), 130.2, 131.5, 153.4, 157.9, 165.4; IR (KBr) 3194 (s),

2959 (m), 1717 (s, C¼¼O), 1508 (s, C¼¼N), 1251 (m), 1006

(m) cm–1; MS m/z (relative intensity) 427 (Mþ2, 2), 425 (Mþ,
4), 423 (M–2, 2), 345 (99), 343 (97), 266 (82), 265 (53), 235

(14), 221 (17), 209 (6), 162 (8), 160 (15), 158 (8), 135 (48),

129 (39), 121 (30), 107 (100), 102 (17), 92 (38), 77 (66), 64

(19). Anal. Calcd for C16H12Br2N2O2; C: 45.31; H: 2.85; N:

6.61, Found: C: 45.27; H: 2.89; N: 6.57.

4,4-Dibromo-1-(2,4-dinitro)-phenyl-3-phenyl-2-pyrazolin-5-
one (4g). mp 182–184�C; 1H NMR (CDCl3, 200 MHz) d
7.22–7.28 (m, 1 H, ArH), 7.45–7.52 (m, 2 H, ArH), 7.86 (dd,

1 H, J ¼ 7.8, 3.7 Hz, ArH), 7.97 (d, 1 H, J ¼ 7.8 Hz, ArH),

8.22–8.27 (m, 2 H, ArH), 8.61 (d, 1 H, J ¼ 3.7 Hz, ArH); 13C

NMR (CDCl3, 50 MHz) d 38.4, 121.2, 124.9, 126.3 (2 � CH),

127.5, 129.2 (2 � CH), 129.8, 131.7, 134.3, 141.9, 144.6,

157.2, 169.9; IR (KBr) 3195 (m), 2926 (s), 1749 (s, C¼¼O),

1510 (s, C¼¼N), 1339 (m), 1169 (m), 1079 (m), 892 (m), 685

(m) cm–1; EIMS m/z (relative intensity) 486 (Mþ2, 9), 484

(Mþ, 17), 482 (M–2, 9), 405 (98), 325 (89), 279 (11), 205

(17), 147 (19), 129 (100), 103 (88), 93 (29), 77 (80), 63 (22-),

51 (31); HRMS calcd for C15H8Br2N4O5 481.8861, found

481.8857. Anal. Calcd for C15H8Br2N4O5; C: 37.22; H: 1.67;

N: 11.57, Found: C: 37.26; H: 1.71; N: 11.61.

4,4-Dibromo-1-(2,4,6-trichloro)-phenyl-3-phenyl-2-pyrazolin-
5-one (4h). mp 90–91�C; 1H NMR (CDCl3, 200 MHz) d 7.46–

7.52 (m, 5 H, ArH), 8.11–8.16 (m, 2 H, ArH); IR (KBr) 3198

(m), 1749 (s, C¼¼O), 1557 (s, C¼¼N), 1470 (m), 1183 (m),

1064 (m), 815 (m) cm–1; EIMS m/z (relative intensity) 502 (M

þ 2, 4), 500 (Mþ, 8), 498 (M � 2, 4), 419 (67), 416 (100),

391 (14), 389 (21), 387 (11), 339 (46), 303 (20), 273 (21), 221

(4), 207 (27), 179 (57), 158 (29), 129 (63), 103 (68), 75 (33),

51 (25). Anal. Calcd for C15H7Br2Cl3N2O; C: 36.22; H: 1.42;

N: 5.63, Found: C: 36.45; H: 1.56; N: 5.31.

4,4-Dibromo-3-phenyl-2-pyrazolin-5-one (4i). mp 147–149�C;
1H NMR (DMSO-d6, 200 MHz) d 7.49–7.54 (m, 3 H, ArH),
8.11–8.16 (m, 2 H, ArH); 13C NMR (DMSO-d6, 50 MHz) d
40.5, 126.3 (2 � CH), 127.9, 128.3 (2 � CH), 130.7, 154.3,
170.5; IR (KBr) 3156 (m), 1742 (s, C¼¼O), 1541 (m, C¼¼N),

1271 (m), 865 (m), 742 (m), 692 (m) cm–1; EIMS m/z (rela-
tive intensity) 320 (M þ 2, 8), 318 (Mþ, 16), 316 (M – 2, 8),
240 (61), 209 (7), 182 (13), 160 (41), 129 (100), 102 (86), 77
(44), 75 (46), 63 (12), 51 (39). Anal. Calcd for C9H6Br2N2O;
C: 34.00; H: 1.90; N: 8.81, Found: C: 33.97; H: 1.94; N: 8.78.

4,4-Dibromo-3-phenyl-1-(pyrid-2-yl)-2-pyrazolin-5-one (4j). mp
180–182�C; 1H NMR (CDCl3, 200 MHz) d 7.16–7.27 (m, 1 H,
ArH), 7.43–7.50 (m, 3 H, ArH), 7.79–7.87 (m, 1 H, ArH), 7.90–

7.99 (m, 1 H, ArH), 8.21–8.26 (m, 2 H, ArH), 8.55–8.58 (m, 1 H,
ArH); 13C NMR (CDCl3, 50 MHz) d 42.4, 114.9, 122.0, 127.0,
127.5 (2 � CH), 127.8, 128.7 (2 � CH), 131.8, 138.5, 148.9,
154.2, 165.9; IR (KBr) 3200 (s), 2929 (m), 1718 (s, C¼¼O), 1558
(s, C¼¼N), 1409 (m), 1311 (m), 1268 (m), 974 (m), 864 (m), 828

(m), 812 (m), 739 (m), 690 (m) cm–1; EIMS m/z (relative inten-
sity) 395 (Mþ, 2), 320 (8), 318 (16), 316 (8), 237 (46), 209 (7),
182 (12), 160 (12), 129 (100), 102 (69), 75 (32), 51 (21); HRMS
calcd for C14H9Br2N3O 392.9112, found 392.9109.

4,4-Dibromo-3-phenyl-1-(3-isoquinolinyl)-2-pyrazolin-5-one
(4k). mp 131–133�C; 1H NMR (CDCl3, 200 MHz) d 7.38–7.58
(m, 5 H, ArH) 7.70–7.85 (m, 3 H, ArH) 8.09–8.16 (m, 1 H,
ArH) 8.27–8.34 (m, 2 H, ArH); 13C NMR (CDCl3, 50 MHz) d
42.5, 113.7, 126.7, 126.9, 127.1, 127.5, 127.6 (2 � CH), 128.7
(2 � CH), 129.1, 130.4, 131.9, 138.9, 146.8, 148.0, 154.3,

166.2; IR (KBr) 3045 (m), 2884 (m), 1751 (s, C¼¼O), 1645 (m,
C¼¼N), 1503 (m), 1429 (m), 1383 (m), 1290 (m), 899 (m), 823
(m), 686 (m) cm–1. Anal. Calcd for C18H11Br2N3O; C: 48.57;
H: 2.49; N: 9.44, Found: C: 48.24; H: 2.64; N: 9.31.
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The 1,3-dipolar cycloaddition of an azomethine ylide generated by a decarboxylative route from sar-

cosine and isatin to 2,5-bis(arylmethylidene)-cyclopentanones afforded novel dispiro oxindole/pyrroli-
dines in moderate yields. Further cycloaddition of these dispiro oxindole/pyrrolidines with nitrile oxide
afforded trispiro[oxindole-pyrrolidine]-cyclopentanone-isoxazolines in moderate yields with high regio-
and stereoselectivity.

J. Heterocyclic Chem., 47, 1157 (2010).

INTRODUCTION

Spiro-compounds are an important class of organic

compounds based on their biological activities [1],

which are motifs in many pharmacologically important

alkaloids, as typified by rhyncophylline, corynoxeine,

mitraphylline, horsifiline, and spirotryprostatins [2].

Therefore, the synthesis of spiro-compounds has recently

attracted the interest of organic chemists.

On the other hand, one of the most widely used meth-

ods for the synthesis of these compounds is via the

intermolecular 1,3-dipolar cycloaddition reaction to exo-

cyclic double bonds [3,4]. Therefore, the substrate with

two exocyclic double bonds could be transformed to dif-

ferent spiro-groups by appropriate methods. Kumar and

Perumal [5] used 1-methyl-3,5-bis[(E)-arylmethylidene]-

tetrahydro-4(1H)-pyridinones through a tandem se-

quence comprising nitrile oxide cycloaddition to obtain

cycloreversion mono-spiro-isoxazoline compounds other

than the presumed tri-spiro product.

In the present work, we report the results of a tandem

azomethine ylide/nitrile oxide cycloaddition of 2,5-

bis(arylmethylidene)-cyclopentanone to obtain trispiro-

[oxindole-pyrrolidine]-cyclopentanone-isoxazoline com-

pound 4 (Scheme 1).

RESULTS AND DISCUSSION

The 1,3-dipolar cycloaddition of the azomethine ylide

generated in situ from isatin and sarcosine to 2,5-bis(ar-

ylmethylidene)-cyclopentanone (1a–g) afforded novel

dispiroheterocycles (2a–g) in moderate to good yields

(80–85%) (Scheme 1). This cycloaddition reaction pro-

ceeded with high stereo- and regioselectivity to afford

only one isomer, which was evidenced from TLC and
1H-NMR of the crude reaction mixture. The 1H-NMR

spectrum of 2a demonstrated the presence of four mul-

tiplet of cyclopentanone CH2 at d 1.23–1.30, 2.12–2.16,

2.17–2.21, 2.35–2.40: one doublet of doublets at d 4.37
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and two triplets at d 3.60, 3.99 assigned as pyrrolidine

protons, and two singlets at d 2.25 and 8.31 assignable

to the ANCH3 and ANH, respectively. The 13C-NMR

spectrum of 2a demonstrated the presence of two spiro

carbons at d 65.61 and 77.73, two carbonyl carbons at d
178.99 and 206.90.

The dispiroheterocycles 2 were reacted subsequently

with nitrile oxide (Scheme 1) and tri-spiroheterocycles 3

were obtained in 70–85% yields. The stereo- and regio-

selectivity of this cycloaddition reaction was evidenced

from TLC and 1H-NMR of the crude reaction mixture.

The structures of 4a–g were confirmed by IR, NMR,

elemental analyses together with X-ray. For example,

the IR spectrum of 4a exhibited two carbonyl peaks

locating at 1746.7 and 1709.8 cm�1, which was assigned

to the carbonyl group in cyclopentanone ring and the

carbonyl group of lactam, respectively. What is more,

the mass spectrum of 4a showed a molecular ion peak

at m/z 623 (Mþ1), which confirmed the addition of 3 to

the exocyclic double bonds of 2a.

The 1H-NMR spectrum of 4a revealed a singlet at d
2.15 resulting from NACH3, four multiplets in the range

of d 0.99–1.02, 1.37–1.40, 1.53–1.55, and 1.66–1.70

resulting from the CH2 in cyclopentanone ring, a triplet

at d 4.20 for CH and two triplets at d 3.55 and 3.97 for

CH2 in pyrrole ring and a characterize singlet at d 4.69

for PhCH. The 13C-NMR spectrum of the product 4a

exhibited the presence of methyl carbon at d 34.8; two

CH2 in cyclopentanone ring at d 28.6 and 28.8; three

spiro carbons at d 92.4, 77.4, and 65.5; NACH2 at d
59.4; benzylic carbons at d 58.2 and 51.6, respectively;

and carbonyl carbons at d 177.7 and 213.4. Further, the

structure of the product was confirmed by X-ray diffrac-

tion analysis of 4a [6] (Fig. 1).

EXPERIMENTAL

1 [7] and 3 [8] were prepared according to the reported pro-
cedures. All NMR spectra were recorded on a Bruker AV-II
500 MHz NMR spectrometer, operating at 500 MHz for 1H,
and 125 MHz for 13C. TMS was used as an internal reference
for 1H and 13C chemical shifts. CDCl3 was as solvent. Ele-

mental analysis was measured by an Elementar analyzer (vari-
oELII). MS was measured by a Finnigan LCQ Advantage
MAX mass spectrometer; IR spectra were recorded on Perkin-
Elmer spectrometer. Melting points were measured by a
Yanaco MP500 melting points apparatus and uncorrected.

General procedure for the synthesis of spirooxindoles

(2a–g). A solution of isatin (1mmol), sarcosine (1mmol),
and 2,5-diarylidene-cyclopentanone 1 (1mmol) in methanol
(30 mL) was refluxed overnight. Completion of the reaction
was evidenced by TLC analysis. The solvent was removed

in vacuo. The crude product was subjected to column chroma-
tography using petroleum ether-ethyl acetate (v/v 5:1) as elu-
ent to afford the corresponding 2.

Scheme 1

Figure 1. ORTEP diagram of 4a (H atoms have been omitted for

clarity).
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1-N-Methyl-spiro[2.30]oxindole-spiro[3.200]500-benzylidenecy-
clopentanone-4-phenyl-pyrrolidine (2a). White solid, yield

85%; mp: 206–208�C; 1H-NMR (CDCl3, 500 MHz): d 1.23–

1.30 (m, 1H), 2.12–2.16 (m, 1H), 2.17–2.21 (m, 1H), 2.25 (s,

3H), 2.35–2.40 (m, 1H), 3.60 (t, J ¼ 8.0 Hz, 1H), 3.99 (t, J ¼
10.0 Hz, 1H), 4.37 (dd, J ¼ 8.0, 10.0 Hz, 1H), 6.79–6.84 (m,

1H), 6.91 (t, J ¼ 7.5 Hz, 1H), 7.10–7.13 (m, 1H), 7.18–7.20 (m,

3H), 7.22–7.27 (m, 5H), 7.31 (t, J ¼ 8.0 Hz, 2H), 7.53 (d, J ¼
6.5 Hz, 2H), 8.31 (s, 1H); 13C-NMR (CDCl3, 125 MHz) d:
26.21, 30.70, 35.00, 49.15, 59.95, 65.61, 77.73, 109.21, 122.96,

125.99, 126.88, 127.78, 128.34, 128.48, 129.19, 129.38, 130.18,

130.38, 133.53, 135.37, 135.52, 139.59, 141.32, 178.99, 206.90;

IR (KBr) v: 1721.4, 1704.3 cm�1; MS(ESI) m/z: 435 [MþH]þ.
Anal. Calcd. for C29H26N2O2: C 80.16, H 6.03, N 6.45; found

C 80.06, H 6.17, N 6.49.

1-N-Methyl-spiro[2.30]oxindole-spiro[3.200]500-(4-chloro)benzyli-
denecyclopentanone-4-(4-chloro)phenyl-pyrrolidine (2b). White

solid, yield 85%; mp: 224–226�C; 1H-NMR (CDCl3, 500

MHz): d 1.20–1.27 (m, 1H), 2.08–2.14 (m, 1H), 2.20 (s, 3H),

2.19–2.22 (m, 1H), 2.33–2.38 (m, 1H), 3.58 (t, J ¼ 8.5 Hz, 1H),

3.92 (t, J ¼ 9.5 Hz, 1H), 4.31 (dd, J ¼ 8.5, 9.5 Hz, 1H), 6.77

(d, J ¼ 7.5 Hz, 1H), 6.89 (t, J ¼ 7.5 Hz, 1H), 7.11–7.14(m,

4H), 7.19–7.21 (m, 1H), 7.23–7.28 (m, 4H), 7.45 (d, J ¼ 8.0

Hz, 2H), 8.14 (bs, 1H); 13C-NMR (CDCl3, 125 MHz) d: 26.11,
30.62, 34.92, 48.40, 59.99, 65.43, 77.52, 109.26, 122.99,

125.72, 127.70, 128.50, 128.82, 129.51, 131.29, 131.72, 132.33,

132.74, 133.71, 135.25, 135.72, 138.07, 141.24, 178.44, 206.48;

IR (KBr) v: 1720.5, 1708.1 cm�1; MS(ESI) m/z: 503 [MþH]þ.
Anal. Calcd. for C29H24Cl2N2O2: C 69.19, H 4.81, N 5.56;

found C 69.37, H 4.92, N 5.48.

1-N-Methyl-spiro[2.30]oxindole-spiro[3.200]500-(4-methoxy)-
benzylidenecyclopentanone-4-(4-methoxy)phenyl-pyrrolidine
(2c). White solid, yield 83%; mp: 188–190�C; 1H-NMR

(CDCl3, 500 MHz): d 1.24–1.35 (m, 1H), 2.06–2.17 (m, 2H),

2.20 (s, 3H), 2.31–2.36 (m, 1H), 3.56 (t, J ¼ 8.5 Hz, 1H), 3.78

(s, 6H), 3.93 (t, J ¼ 9.5 Hz, 1H), 4.29 (t, J ¼ 9.0 Hz, 1H), 6.74

(d, J ¼ 7.5 Hz, 1H), 6.79 (d, J ¼ 8.5 Hz, 2H), 6.84 (d, J ¼ 8.5

Hz, 2H), 6.89 (t, J ¼ 7.5 Hz, 1H), 7.09 (t, J ¼ 7.5 Hz, 2H), 7.17–

7.22 (m, 3H), 7.43 (d, J ¼ 7.5 Hz, 2H), 7.96 (bs, 1H); 13C-NMR

(CDCl3, 125 MHz) d: 26.3, 30.6, 35.1, 48.5, 55.2, 55.3, 60.2,
65.5, 77.87, 109.3, 113.7, 114.1, 114.3, 122.9, 126.1, 127.8,

128.1, 129.3, 131.4, 131.7, 132.1, 132.6, 133.2, 133.5, 141.6,

158.5, 160.5, 179.2, 207.1; IR (KBr) v: 1718.6, 1704.7 cm�1;

MS(ESI) m/z: 495 [MþH]þ. Anal. Calcd. for C31H30N2O4: C

75.28, H 6.11, N 5.66; found C 75.34, H 6.21, N 5.45.

1-N-Methyl-spiro[2.30]oxindole-spiro[3.200]500-(2,4-dichloro)-
benzylidenecyclopentanone-4-(2,4-dichloro)phenyl-pyrrolidine
(2d). White solid, yield 80%; mp: 239–241�C; 1H-NMR

(CDCl3, 500 MHz): d 1.16–1.18 (m, 1H), 1.99–2.05 (m, 2H),

2.20 (s, 3H), 2.23–2.26 (m, 1H), 3.59 (t, J ¼ 8.5 Hz, 1H),

3.96 (t, J ¼ 9.0 Hz, 1H), 4.87 (t, J ¼ 9.0 Hz, 1H), 6.77–6.80

(m, 2H), 6.92 (t, J ¼ 7.5 Hz, 1H), 7.06–7.09 (m, 1H), 7.14–

7.18 (m, 2H), 7.27–7.30 (m, 1H), 7.33–7.36 (m, 2H), 7.52 (s,

1H), 7.83 (s, 1H), 8.03 (d, J ¼ 9.0 Hz, 1H); 13C-NMR

(CDCl3, 125 MHz) d: 25.93, 30.28, 34.96, 43.09, 58.70, 64.68,
77.49, 109.26, 123.26, 125.32, 126.79, 127.27, 127.93, 128.75,

128.84, 129.57, 129.74, 130.23, 132.29, 132.36, 133.01,

135.18, 135.96, 136.24, 136.36, 137.79, 141.28, 178.07,

204.96; IR (KBr) v: 1716.6, 1685.9 cm�1; MS(ESI) m/z: 571
[MþH]þ. Anal. Calcd. for C29H22Cl4N2O2: C 60.86, H 3.87,

N 4.89; found C 60.97, H 3.81, N 4.99.

1-N-Methyl-spiro[2.30]oxindole-spiro[3.200]500-(3,4,5-trime-
thoxy)benzylidenecyclopentanone-4-(3,4,5-trimethoxy)phenyl-
pyrrolidine (2e). White solid, yield 82%; mp: 222–224�C; 1H-

NMR (CDCl3, 500 MHz): d 1.26–1.38 (m, 1H), 2.05–2.14 (m,

1H), 2.20 (s, 3H), 2.21–2.25 (m, 1H), 2.45–2.50 (m, 1H), 3.63

(t, J ¼ 8.5 Hz, 1H), 3.78 (s, 6H), 3.84 (s, 6H), 3.87 (s, 6H),

3.96 (t, J ¼ 9.0 Hz, 1H), 4.26 (dd, J ¼ 8.5, 9.0 Hz, 1H), 6.46

(s, 2H), 6.77–6.92 (m, 4H), 7.11–7.18 (m, 2H), 7.23 (s, 1H),

8.44 (bs,1H); 13C-NMR (CDCl3, 125 MHz) d: 26.16, 30.66,

34.98, 49.61, 56.06, 60.21, 60.45, 60.80, 60.90, 65.52, 77.69,

107.18, 107.61, 109.18, 122.84, 125.76, 127.64, 129.44,

130.84, 133.97, 134.64, 135.53, 163.50, 139.33, 141.55,

152.94, 152.99, 178.54, 207.10; IR (KBr) v: 1715.8, 1692.3

cm�1; MS(ESI) m/z: 615 [MþH]þ. Anal. Calcd. for

C35H38N2O8: C 68.39, H 6.23, N 4.56; found C 68.54, H 6.32,

N 4.71.

1-N-Methyl-spiro[2.30]oxindole-spiro[3.200]500-(2-chloro)ben-
zylidenecyclopentanone-4-(2-chloro)phenyl-pyrrolidine (2f).
White solid, yield 85%; mp: 234–236�C; 1H-NMR (CDCl3,

500 MHz): d 1.16–1.23 (m, 1H), 1.99–2.06 (m, 2H), 2.22 (s,

3H), 2.24–2.29 (m, 1H), 3.60 (t, J ¼ 8.5 Hz, 1H), 4.05 (t, J ¼
9.0 Hz, 1H), 4.94 (t, J ¼ 9.0 Hz, 1H), 6.79–6.81 (m, 1H),

6.86–6.87 (m, 1H), 6.93–6.96 (m, 1H), 7.06–7.09 (m, 1H),

7.14–7.20 (m, 4H), 7.26–7.34 (m, 3H), 7.60 (s, 1H), 8.09 (d, J
¼ 7.5 Hz, 1H), 8.19 (s, 1H); 13C-NMR (CDCl3, 125 MHz) d:
25.97, 30.32, 35.04, 43.61, 58.68, 64.81, 77.67, 109.24,

123.23, 125.55, 126.28, 126.87, 127.93, 128.00, 129.16,

129.45, 129.65, 129.77, 129.81, 129.87, 131.37, 133.85,

135.51, 135.86, 137.31, 137.64, 141.42, 178.48, 205.36; IR

(KBr) v: 1715.7, 1702.5 cm�1; MS(ESI) m/z: 503 [MþH]þ.
Anal. Calcd. for C29H24Cl2N2O2: C 69.19, H 4.81, N 5.56;

found C 69.06, H 5.02, N 5.78.

1-N-Methyl-spiro[2.30]oxindole-spiro[3.200]500-(4-methylsul-
fanyl)benzylidenecyclopentanone-4-(4-methylsulfanyl)phenyl-
pyrrolidine (2g). White solid, yield 85%; mp: 203–204�C; 1H-

NMR (CDCl3, 500 MHz): d 1.26–1.33 (m, 1H), 2.08–2.14 (m,

1H), 2.20 (s, 3H), 2.18–2.22 (m, 1H), 2.32–2.37 (m, 1H), 2.43

(s, 3H), 2.45 (s, 3H), 3.57 (t, J ¼ 8.5 Hz, 1H), 3.95 (t, J ¼
9.5, Hz, 1H), 4.31 (dd, J ¼ 8.5, 9.5 Hz, 1H), 6.79 (d, J ¼ 7.5

Hz, 1H), 6.88 (t, J ¼ 7.5 Hz, 1H), 7.08–7.13 (m, 4H), 7.16–

7.20 (m, 3H), 7.26–7.28 (m, 1H), 7.45 (d, J ¼ 8.0 Hz, 2H),

7.52 (d, J ¼ 8.5 Hz, 1H), 8.57 (bs, 1H); 13C-NMR (CDCl3,

125 MHz) d: 15.03, 15.87, 26.31, 30.64, 35.02, 48.71, 59.96,
65.54, 77.73, 109.30, 122.91, 125.59, 125.86, 125.95, 126.55,

127.75, 129.40, 130.62, 130.88, 131.14, 131.80, 132.35,

133.20, 133.40, 134.55, 136.54, 136.61, 136.78, 140.99,

141.16, 141.45, 178.82, 206.82; IR (KBr) v: 1719.4, 1702.3

cm�1; MS(ESI) m/z: 527 [MþH]þ. Anal. Calcd. for

C31H30N2O2S2: C 70.69, H 5.74, N 5.32; found C 70.53, H

5.47, N 5.50.

General procedure for the synthesis of trispiro[oxindole-

pyrrolidine]-cyclopentanone-isoxazoline (4a–g). A solution

of 2 (1mmol), 3 (1mmol) in dioxane (30 mL) was refluxed
overnight. Completion of the reaction was evidenced by TLC
analysis. The solvent was removed in vacuo. The crude prod-
uct was subjected to column chromatography using petroleum
ether-ethyl acetate (v/v 5:1) as eluent to afford the correspond-

ing 4.
300 0-(2,6-Dichlorophenyl)-10-methyl-40,40 00-diphenyl-4000,5000-

dihydroindole-3-spiro-20-pyrrolidine-30-spiro-100-cyclopentane-300-
spiro-50 0 0-[1,2]oxazole-2(3H),200-dione (4a). White solid, yield
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83%; mp: 250–251�C; 1H-NMR (CDCl3, 500 MHz): d 0.99–

1.02 (m, 1H), 1.37–1.40 (m, 1H), 1.53–1.55 (m, 1H), 1.66–

1.70 (m, 1H), 2.15 (s, 3H), 3.55 (t, J ¼ 9.0 Hz, 1H), 3.97 (t, J
¼ 9.0 Hz, 1H), 4.20 (t, J ¼ 8.0 Hz, 1H), 4.69 (s, 1H), 6.54–

6.55 (m, 2H), 6.77 (d, J ¼ 8.0 Hz, 1H), 6.99–7.02 (m, 2H),

7.04–7.07 (m, 1H), 7.10–7.13 (m, 1H), 7.22–7.25 (m, 4H),

7.32–7.38 (m, 4H), 7.49 (d, J ¼ 7.5Hz, 2H), 7.74 (br, 1H); 13C-

NMR (CDCl3, 125 MHz) d: 28.59, 28.82, 34.80, 51.58, 58.17,
59.44, 65.46, 77.42, 92.37, 109.75, 123.43, 126.90, 127.06,

127.24, 128.01, 128.08, 128.35, 128.51, 128.74, 128.78, 129.46,

129.89, 130.29, 130.80, 132.73, 135.74, 138.18, 142.09, 155.16,

177.69, 213.37; IR (KBr) v: 1746.7, 1709.8 cm�1; ESI MS m/z:
623 [MþH]þ. Anal. Calcd. for C36H29Cl2N3O3: C 69.46, H

4.70, N 6.75; found C 69.32, H 4.59, N 6.91.

30 0 0-(2,6-Dichlorophenyl)-10-methyl-40,4000-bis-(4-chlorophenyl)-
40 0 0,50 0 0-dihydroindole-3-spiro-20-pyrrolidine-30-spiro-100-cyclo-
pentane-300-spiro-5000-[1,2]oxazole-2(3H),200-dione (4b). White

solid, yield 85%; mp: 203–206�C; 1H-NMR (CDCl3, 500

MHz): d 0.97–0.99 (m, 1H), 1.46–1.54 (m, 2H), 1.77–1.84 (m,

1H), 2.12 (s, 3H), 3.54 (t, J ¼ 8.5 Hz, 1H), 3.90 (t, J ¼ 9.5 Hz,

1H), 4.18 (t, J ¼ 9.0 Hz, 1H), 4.71 (s, 1H), 6.51–6.52 (m, 2H),

6.77–6.78 (m, 1H), 7.00–7.02 (m, 2H), 7.15–7.17 (m, 1H),

7.23–7.30 (m, 6H), 7.33–7.35 (m, 1H), 7.42–7.43 (m, 2H), 8.01

(br, 1H); 13C-NMR (CDCl3, 125 MHz) d: 28.75, 29.18, 34.67,
50.65, 57.33, 59.46, 65.48, 92.04, 109.97, 123.34, 126.67,

126.75, 128.31, 128.50, 128.67, 128.86, 129.96, 130.70, 131.04,

131.24, 131.56, 133.07, 134.14, 135.62, 136.81, 142.17, 155.00,

177.76, 212.72; IR (KBr) v: 1739.8, 1717.7 cm�1; MS(ESI) m/
z: 691 [MþH]þ. Anal. Calcd. for C36H27Cl4N3O3: C 62.53, H

3.94, N 6.08; found C 62.47, H 3.98, N 6.16.

30 00-(2,6-Dichlorophenyl)-10-methyl-40,4000-bis-(4-methoxy-
phenyl)-40 0 0,50 0 0-dihydroindole-3-spiro-20-pyrrolidine-30-spiro-100-
cyclopentane-300-spiro-5000-[1,2]oxazole-2(3H),200-dione (4c).
White solid, yield 80%; mp: 175–177�C; 1H-NMR (CDCl3,

500 MHz): d 1.09–1.09 (m, 1H), 1.35–1.38 (m, 1H), 1.55–1.63

(m, 2H), 2.13 (s, 3H), 3.52 (t, J ¼ 8.5 Hz, 1H), 3.65 (s, 3H),

3.79 (s, 3H), 3.90 (t, J ¼ 9.5 Hz, 1H), 4.15 (t, J ¼ 9.0 Hz, 1H),

4.63 (s, 1H), 6.46–6.54 (m, 4H), 6.80–6.82 (m, 1H), 6.86–6.87

(m, 2H), 7.11–7.12 (m, 1H), 7.21–7.26 (m, 3H), 7.34–7.37 (m,

2H), 7.41–7.43 (m, 2H), 8.30 (s, 1H); 13C-NMR (CDCl3, 125

MHz) d: 28.46, 28.52, 34.77, 51.00, 55.01, 55.22, 57.59, 59.56,
65.26, 77.51, 92.33, 109.85, 113.30, 113.80, 123.36, 124.55,

126.86, 127.12, 128.63, 128.73, 129.81, 130.13, 130.64,

130.74, 131.28, 135.67, 142.23, 155.22, 158.69, 159.18,

178.15, 213.82; IR (KBr) v: 1743.5, 1717.1 cm�1; MS(ESI) m/
z: 683 [MþH]þ. Anal. Calcd. for C38H33Cl2N3O5: C 66.86, H

4.87, N 6.16; found C 67.01, H 4.78, N 6.27.

30 0 0-(2,6-Dichlorophenyl)-10-methyl-40,4000-bis-(2,4-dichlor-
ophenyl)-400 0,50 00-dihydroindole-3-spiro-20-pyrrolidine-30-spiro-
100-cyclopentane-300-spiro-5000-[1,2]oxazole-2(3H),200-dione (4d).
White solid, yield 76%; mp: 188–190�C; 1H-NMR (CDCl3,
500 MHz): d 1.09–1.14 (m, 1H), 1.42–1.45 (m, 1H), 1.55–1.58

(m, 1H), 1.70–1.73 (m, 1H), 2.15 (s, 3H), 3.54 (t, J ¼ 8.5 Hz,
1H), 3.84 (t, J ¼ 8.5 Hz, 1H), 4.72 (t, J ¼ 9.0 Hz, 1H), 5.26
(s, 1H), 6.76 (d, J ¼ 7.5 Hz, 1H), 7.04–7.13 (m, 4H), 7.20–
7.24 (m, 5H), 7.28–7.30 (m, 1H), 7.41–7.42 (m, 2H), 8.03 (br,
1H); 13C-NMR (CDCl3, 125 MHz) d: 27.33, 27.82, 34.82,

47.06, 52.66, 59.65, 62.72, 77.92, 92.84, 109.74, 124.12,
125.81, 126.38, 126.97, 127.15, 128.66, 128.75, 129.00,
129.13, 129.19, 129.22, 129.85, 131.19, 132.89, 132.96,
133.54, 134.36, 134.42, 143.82, 135.89, 136.80, 142.15,

154.93, 177.78, 211.60; IR (KBr) v: 1750.7, 1717.8 cm�1;
MS(ESI) m/z: 760 [MþH]þ. Anal. Calcd. for C36H25Cl6N3O3:
C 56.87, H 3.31, N 5.53; found C 56.84, H 3.17, N 5.40.

30 0 0-(2,6-Dichlorophenyl)-10-methyl-40,40 0 0-bis-(3,4,5-trime-
thoxyphenyl)-400 0,50 0 0-dihydroindole-3-spiro-20-pyrrolidine-30-
spiro-100-cyclopentane-300-spiro-500 0-[1,2]oxazole-2(3H),200-dione
(4e). White solid, yield 70%; mp: 206–208�C; 1H-NMR

(CDCl3, 500 MHz): d 1.12–1.17 (m, 1H), 1.55–1.60 (m, 1H),

1.68–1.71 (m, 1H), 1.83–1.88 (m, 1H), 2.15 (s, 3H), 3.57 (t, J
¼ 8.5 Hz, 1H), 3.70 (s, 6H), 3.72 (s, 3H), 3.83 (s, 3H), 3.87 (s,

6H), 3.94 (t, J ¼ 9.5 Hz, 1H), 4.13 (t, J ¼ 9.5 Hz, 1H), 4.61 (s,

1H), 6.78 (d, J ¼ 7.5 Hz, 2H), 7.15–7.21 (m, 4H), 7.28–7.30

(m, 3H), 7.35 (d, J ¼ 7.5 Hz, 2H), 8.19 (br, 1H); 13C-NMR

(CDCl3, 125 MHz) d: 28.26, 28.98, 34.74, 52.06, 56.12, 56.22,
57.91, 59.52, 60.65, 60.80, 65.35, 92.50, 106.64, 109.86,

123.01, 126.88, 128.36, 128.54, 129.00, 129.71, 130.98, 134.08,

135.69, 136.78, 137.78, 142.46, 152.78, 153.05, 155.65, 177.65,

213.16; IR (KBr) v: 1742.0, 1713.1 cm�1; MS(ESI) m/z: 803
[MþH]þ. Anal. Calcd. for C42H41Cl2N3O9: C 62.84, H 5.15, N

5.23; found C 62.94, H 5.28, N 5.15.

30 0 0-(2,6-Dichlorophenyl)-10-methyl-40,40 0 0-bis-(2-chlorophenyl)-
40 00,500 0-dihydroindole-3-spiro-20-pyrrolidine-30-spiro-100-cyclopen-
tane-300-spiro-500 0-[1,2]oxazole-2(3H),200-dione (4f). White solid,
yield 70%; mp: 195–196�C; 1H-NMR (DMSO-d6, 500 MHz): d
1.03–1.07 (m, 1H), 1.27–1.32 (m, 1H), 1.36–1.39 (m, 1H),

1.62–1.64 (m, 1H), 2.01 (s, 3H), 3.39 (t, J ¼ 9.0 Hz, 1H), 3.74

(t, J ¼ 9.0 Hz, 1H), 4.50 (t, J ¼ 9.0 Hz, 1H), 5.20 (s, 1H), 6.75

(d, J ¼ 8.0 Hz, 1H), 7.02 (t, J ¼ 8.0 Hz, 1H), 7.17–7.25 (m,

6H), 7.36–7.41 (m, 2H), 7.42–7.45 (m, 3H), 7.47–7.49 (m, 1H),

8.07–8.08 (m, 1H), 10.72 (s, 1H); 13C-NMR (DMSO-d6, 125
MHz) d: 26.46, 27.13, 34.10, 47.13, 52.75, 59.07, 61.85, 77.08,
92.66, 109.64, 122.63, 125.42, 125.62, 126.95, 127.12, 128.00,

128.98, 129.02, 129.11, 129.38, 129.41, 129.65, 130.24, 131.95,

131.99, 132.42, 132.71, 134.74, 135.20, 143.81, 154.01, 176.97,

212.13; IR (KBr) v: 1746.3, 1701.1 cm�1; MS(ESI) m/z: 691
[MþH]þ. Anal. Calcd. for C36H27Cl4N3O3: C 62.53, H 3.94, N

6.08; found C 62.62, H 4.02, N 6.01.
300 0-(2,6-Dichlorophenyl)-10-methyl-40,40 0 0-bis-(4-methylsulfa-

nylphenyl)-400 0,50 0 0-dihydroindole-3-spiro-20-pyrrolidine-30-spiro-
100-cyclopentane-300-spiro-50 0 0-[1,2]oxazole-2(3H),200-dione (4g).
White solid, yield 74%; mp: 195–196�C; 1H-NMR (CDCl3,

500 MHz): d 1.01–1.06 (m, 1H), 1.42–1.46 (m, 1H), 1.53–1.60

(m, 1H), 1.72–1.77 (m, 1H), 2.14 (s, 3H), 2.37 (s, 3H), 2.47

(s, 3H), 3.52 (t, J ¼ 8.5 Hz, 1H), 3.92 (t, J ¼ 9.5 Hz, 1H),

4.17 (t, J ¼ 8.0 Hz, 1H), 4.66 (s, 1H), 6.46–6.48 (m, 2H),

6.75–6.76 (m, 1H), 6.87–6.88 (m, 2H), 7.11–7.14 (m, 1H),

7.21–7.24 (m, 5H), 7.33–7.35 (m, 2H), 7.41 (d, J ¼ 8.0 Hz,

2H), 7.52 (br, 1H); 13C-NMR (CDCl3, 125 MHz) d: 15.07,

15.83, 28.61, 29.07, 34.76, 51.05, 57.64, 59.38, 65.44, 77.41,

92.26, 109.96, 123.38, 125.36, 126.65, 126.85, 126.96, 128.59,

128.83, 129.13, 129.83, 129.91, 130.71, 130.89, 135.08,

135.70, 137.22, 138.74, 142.25, 155.13, 178.06, 213.29; IR

(KBr) v: 1732.6, 1713.1 cm�1; MS(ESI) m/z: 715 [MþH]þ.
Anal. Calcd. for C38H33Cl2N3O3S2: C 63.86, H 4.65, N 5.88;

found C 63.65, H 4.56, N 6.04.
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New tricyclic pyrimidinone derivatives were obtained from the corresponding thiazolopyrimidinone
or hydrazino systems. The annelation of tricyclic hydrazino compound with 1,2,4-triazole and tetrazole
moieties gave novel tetracyclic condensed pyrimidinones. The investigation of the antimicrobial proper-
ties of tricyclic and tetracyclic pyrimidinones, by agar-well diffusion assay, was carried out against six
pathogenic bacteria (Bacillus cereus, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia
coli, Klebsiella spp, and Salmonella typhyrium) and four pathogenic fungi (Aspergillus flavus, Aspergil-
lus niger, Aspergillus fumigatus, and Trichderma horozianum). Most of the compounds tested exhibited
some degree of antimicrobial activity against microorganisms. Among these compounds, 4-benzyliden-
hydrazino-8-cyano-7-(furan-2-yl)thiazolo[3,2-a:4,5-d0]dipyrimidin-9-one (12) showed the most favorable
antibacterial activity, while compound 17 showed the highest effect on fungi. Interestingly, tetrazole de-

rivative 19 displayed a remarkable effect on fungi much more than the corresponding 3-substituted tria-
zole derivatives on the one hand, whereas the lowest effect on bacteria on the other.

J. Heterocyclic Chem., 47, 1162 (2010).

INTRODUCTION

Pyrimidine and its derivatives are ubiquitous in na-

ture. As such, the pyrimidine subunit has found wide-

spread applications in therapeutically active compounds.

Most importantly, pyrimidine bases are fundamental

constituents of the building blocks of DNA and RNA

and hence play a significant role in biochemical vital

processes for human beings and animals [1,2]. Various

analogs of thiopyrimidinones display antibacterial, anti-

fungal, antiviral [3–5], and antileishmanial activities

[3,6], whereas some derivatives of dihydropyrimidine
(DHPM) have interesting biological properties such as
antimicrobial [7], antiviral [8], and anticancer [9] activ-
ities and moreover are found to be useful in the treat-
ment of benign prostatic hyperplasia [10]. More
recently, these partly reduced DHPMs have emerged as
anti-inflammatory agents [11]. Very recently, S-alkylpyr-
imidines possessing antifungal and antibacterial activ-
ities have been also reported in the literature [12]. Some
time ago, a series of chloropyrimidines were identified
as a new class of antimicrobial agents [13]. Also,
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numerous nucleosides containing 1-substituted pyrimi-
dines have found utility as anticancer and antiviral che-
motherapeutic agents [8,14,15]. It should be kept in
mind that thiazoles have occupied a unique place and
have remarkably contributed to biological and medicinal
chemistry [16–18]. Such medicines as sulfathiazole,
phthalylsulfathiazole and related compounds are widely
used in medical practice [19]. The thiazole ring unit is a
useful structural component of natural compounds, e.g.,
Vitamin B1 (thiamine), penicillin, and carboxylase
[19,20]. The 2-aminothiazole ring system has been
employed in the preparation of a number of important
drugs required for treatment of hypertension [21],
inflammation [22], bacterial [23], and HIV infections
[24]. Furthermore, aminothiazoles are well known for
their antifungal [25], antimicrobial [26–28], antiviral
[29], anti-inflammatory, and antioxidant [30] applica-
tions and also have been utilized for the treatment of
both breast and prostate cancer [31,32], as a novel class
of adenosine receptor antagonists [33,34] and in the de-
velopment of cyclin-dependent kinase (CDK) inhibitors
[35]. Moreover, some of the thiazole analogues are used
as fungicides, inhibiting in vivo the growth of Xantho-
monas and as an ingredient of herbicides or an schisto-
somicidal and anthelmintic drugs [36]. Literature survey
reveals that triazole-containing substances are also well
known for their diverse pharmaceutical activities includ-
ing antimicrobial [37], insecticidal [38], antitumor
[37,39], and anticonvulsant [40] effects, and moreover,
triazolopyrimidines have recently been identified as
adenosine A3 receptor antagonists [41]. Interestingly, the
fused tetrazoles have been found to exhibit similar bio-
logical properties to those of their corresponding triazole
analogs [42].

On the basis of the above data and continuing our

studies on condensed heterocycles as a part of a chemo-

therapeutic research program [43–45], it was envisaged

that the combined effect of all the above pharmaco-

phores could result in interesting chemotherapeutic ac-

tivity. Therefore, the goal of the present work was to

synthesize substances containing a fused pyrimidine-thi-

azole scaffold as part of a tricyclic framework 8, 10–12

and tetracyclic compounds of the same tricyclic struc-

ture with a heterocycle anellated to the pyrimidine ring

13, 16–19 and to screen for their antibacterial and anti-

fungal activities.

RESULTS AND DISCUSSION

Treatment of the 2-thioxopyrimidines 1a,b [4,46] with

bromomalononitrile, in ethanol containing potassium hy-

droxide, provided bicyclic products. Principally, there

are three possible cyclization sites, i.e., either at N-3 or

N-1 or partial cyclization at both, depending on the

mode of cyclization. In practice, these reactions led to,

in each case, the formation of only one isolable product

as evidenced by TLC analysis. The structure of the iso-

lated products was considered to be 5-one structure 3

rather than the related isomeric 7-one structure 2 based

on the fact that the N-3 nitrogen atom of the pyrimidine

ring in 2-thiouracil analogues has higher nucleophilic

character when compared with N-1 atom, and hence, N-
3 nitrogen is more reactive towards electrophiles than

the N-1 position, which is part of a push-pull system

with the cyano group in the 5-position of the pyrimidine

ring. Therefore, the N-3 and not the N-1 always partici-

pates in the cyclization processes as clearily indicated

from literature reports [4,47–52]. The IR and 13C NMR

spectra provide further evidence for the proposed struc-

ture by comparison of these spectra with those of similar

annelated pyrimidinones. The IR spectra of the products

isolated from the studied reactions showed among its

peaks those for carbonyl carbon of the pyrimidinone

ring at m 1692 and 1690 cm�1, respectively. This high

frequency absorption is in favor of structure 3

[47,51,52]. Literature reports [47,53] have shown that

the chemical shift for the carbonyl carbon in pyrimidin-

4-one derivatives is markedly affected by the nature of

the adjacent nitrogen (N-3) (pyrrole type in our structure

3 and pyridine type as in structure 2). For instance, the
13C NMR spectrum of compound 3a, as a typical exam-

ple, displayed the signal of the carbonyl carbon residue

at d 160.8 ppm. Such an upfield chemical shift value is

in agreement with pyrimidin-5-one 3 rather than with

pyrimidin-7-one 2, for which carbonyl stretching fre-

quencies would be expected to appear in the region

m 1640–1660 cm�1, and the cyclic carbonyl groups

would be expected to resonate in the lower field region

(dC � 170 ppm) as reported by Shawali et al. [47]. Con-
sequently, it is reasonable to conclude that the studied

reactions are completely regioselective and the structure

of the isolated products is pyrimidin-5-one 3; the alter-

native cyclization mode to the respective 7-one 2 is

therefore discarded. Condensation of 3-amino-2-cyano-

thiazolopyrimidines 3a,b with triethyl orthoformate gave

the corresponding imino ethers 4a,b while with dime-

thylformamide dimethylacetal (DMFDMA), the ami-

dines 4c,d were obtained (Scheme 1).

Closure of a second pyrimidine ring of the thiazolodi-

pyrimidine ring system was carried out by heating N-
ethoxymethylene derivative 4a at reflux in an alcoholic

solution of hydrazine hydrate (Scheme 2) to yield a

reaction product of molecular formula C13H7N7O2S,

which corresponded to the addition of the hydrazine to

4a and the loss of one molecule of ethanol. The IR

spectrum of the reaction product was characterized by

the absence of one absorption for the cyano group

and the presence of an absorption band in the region

m 3382–3200 cm�1 due to the hydrazino moiety in
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addition to a single cyano group at m 2219 cm�1 and

carbonyl function at m 1697 cm�1. The 1H NMR spec-

trum of that product indicated the disappearance of the

resonance signals from protons of the ethyl unit and the

appearance of signals from the hydrazino moiety and a

pyrimidine methine in their proper positions, besides the

expected furyl resonances. Accordingly, this compound

could be formulated as the tricyclic hydrazino derivative

8a, formed most likely via a Dimroth-type rearrange-

ment [54–56] of the initial cyclization product 5a. The
13C NMR spectrum of the isolated product was also in

accordance with the proposed structure (see Experimen-

tal section). The pathway of this reaction, as illustrated

in Scheme 2, may involve, first, the anticipated forma-

tion of imino compound 5a followed by subsequent

covalent hydration under the applied reaction conditions

to afford the 2-hydroxy intermediate 6a. Then, the py-

rimidine ring opens and forms the formyl intermediate

7a, which undergoes spontaneous heteroannelation with

the more nucleophilic imino group to give the rear-

ranged hydrazino compound 8a (Scheme 2). A similar

treatment of amidine 4d with hydrazine hydrate resulted

in the formation of the Dimroth rearrangement product

8b. Intermediacy of 5b, 6b, and 7b are most likely. It is

worth mentioning that the latter products of the reaction

of 4a,d with hydrazine hydrate were recovered com-

pletely unchanged when subjected to conditions leading

to hydrolysis of the imino group to carbonyl function,

thus supporting the Dimroth rearrangement of 5a,b to

8a,b (Scheme 2).

Nevertheless, a proof of structure 8 was accomplished

by using an alternative synthetic route involving the

cycliztion of aminonitrile 3a with formic acid to give

the dione 10 through the intermediate formation of car-

boxamide 9. A further reaction of 10 with phosphorus

Scheme 1. Synthetic pathway of thiazolopyrimidines 3, 4.

Scheme 2. Synthetic pathway of thiazolodipyrimidines 8, 10, 11.
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oxychloride produced the respective chloro derivative

11, hydrazinolysis of which led to the hydrazino com-

pound 8a (61% yield), whose spectral characteristics

were completely coincident with the previously isolated

sample (Scheme 2).

Treatment of 8a with benzaldehyde, in boiling abso-

lute ethanol in the presence of piperidine furnished the

corresponding acyclic condensation product 12. Oxida-

tive cyclodehydrogenation of Schiff’s base 12 by boiling

in nitrobenzene or by treatment with ethanolic iron(III)

chloride solution led to, in every case, a single product

for which the tetracyclic-condensed structure 13 was

established on the basis of its analytical and spectro-

scopic data. The absence of the methine proton of the

hydrazone 12 in the 1H NMR spectrum of 13 confirmed

the structure. It is interesting to note that the same prod-

uct 13 could be also obtained directly from cyclocon-

densation of the hydrazino derivative 8a with benzoic

acid in boiling phosphorus oxychloride. This fact was

supported by heating compound 8a at reflux in an

excess of benzoyl chloride, wherein compound 13 was

also isolated.

It is remarkable to report here that an unexpected

reaction took place on reacting 8a with ethyl benzylide-

necyanoacetate in the presence of piperidine in an

attempt to obtain the pyrazolyl derivative 15. To our

surprise, this reaction did not give the desired 15 and

instead the Schiff’s base 12 was isolated as indicated

from TLC analysis, mp, mixed mp, and IR data of the

reaction product. This result can be explained by assum-

ing the formation of Michael adduct 14 as a first step.

Subsequent ethyl cyanoacetate elimination leads eventu-

ally to the final benzylidene derivative 12, what is in

agreement with a previous literature report [37].

Another new tetracyclic pyrimidinone derivative 16

was synthesized from the hydrazino compound 8a by

reaction with one carbon inserting agents. Thus, interac-

tion of 8a with phenyl isothiocyanate in ethanolic so-

dium ethoxide solution gave the target 16 (Scheme 3).

This reaction is assumed to proceed most likely with in
situ evolution of aniline. In support of this hypothesis,

the desired 16 was also obtained by an independent

route involving the reaction of 8a with carbon disulfide

at reflux in pyridine, leading to a reaction product that

was identical to 16 obtained by the prescribed method

according to TLC analysis, mp, mixed mp, and IR data.

The hydrazino derivative 8a proved to be a useful

precursor for the synthesis of other tetracyclic pyrimidi-

nones. Thus, reaction of 8a with an excess of ethyl

chloroformate, at reflux in pyridine, led to the triazolone

Scheme 3. Synthetic pathway of tetracyclic pyrimidinones 13, 16–19.
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analogue 17, while with diethyl malonate, the ethyl ester

18 was isolated in acceptable yield. Elucidation of struc-

ture for the latter products was established on the basis

of elemental and spectroscopic analyses in each case

(see Experimental section).

As an extension to this synthetic route, treatment of

compound 8a with sodium nitrite resulted in the forma-

tion of a similar product with annelated tetrazole ring

19, formed most likely via diazotization, by the action

of in situ generated nitrous acid on 8a, followed by self-

condensation. A similar diazotization of hydrazinopyri-

midines with sodium nitrite has been reported previously

[42,49,54].

Antimicrobial evaluation. As shown by the results

in Tables 1 and 2, the majority of the new tricyclic and

tetracyclic compounds tested displayed in vitro antibac-

terial and antifungal activities. In general, the chemical

structure of the whole molecule, comprising the nature

of the heterocyclic system as well as the type of the

substituted function present in the heterocyclic ring

structure, has a pronounced effect on antimicrobial ac-

tivity. In particular, it has been found that antimicrobial

activity was highly dependent on the type of substituent

at the 4-position of pyrimidine ring in the tricyclic core

(compounds 8a and 10–12, respectively). The most toxic

compound to the test bacterial isolates was that contain-

ing a benzylidenhydrazino moiety at position 4 of py-

rimidine ring in the tricyclic ring system (compound 12)

as compared with the other 4-substituted analogues

(compounds 8a, 10, and 11). Replacement of the benzy-

lidenhydrazino moiety by a chlorine atom diminished

slightly the activity of 11; however, 4-chloro analog 11

exhibited more pronounced antibacterial activity than

the corresponding 4-hydrazino 8a or 4-oxo 10 deriva-

tives. Fusion of 3-substituted 1,2,4-triazoles with the

parent thiazolodipyrimidine structure (compounds 13

and 16–18) led in general to a decrease in antibacterial

activity relative to the corresponding tricyclic products.

However, the antifungal activity of tetracyclic triazole

derivative 17 was found to be the highest. This was fol-

lowed by the tetrazole derivative 19, which displayed a

remarkable effect on fungi much more than the other 3-

substituted triazole derivatives (compounds 13, 16, and

18). Despite promising in vitro antifungal activity of 19,

only poor activity was found against test bacterial iso-

lates (Staphylococcus aureus, Klebsiella spp, and Bacil-
lus cereus).

CONCLUSION

New heterocyclic motifs were obtained from the reac-

tion of aminonitriles 3a,b and hydrazino compound 8a

with several commercially available reactants. All the

tricyclic and tetracyclic compounds described in this

work retain a thiazolodipyrimidinone core, while a

fourth fused heterocyclic nucleus (triazole or tetrazole)

Table 1

Mean diameter of inhibition zone (mm) as a criterion of antibacterial activity for selected tricyclic and tetracyclic derivatives.

Compd.

Test bacterial isolate

S. aureus Klep. spp S. typhy. B. cereus E. coli P. aeruginosa

8a 2.9 6 0.2 1.7 6 0.2 1.4 6 0.2 1.7 6 0.2 0.0 0.0

10 1.9 6 0.2 1.7 6 0.2 0.0 1.4 6 0.2 1.7 6 0.2 0.0

11 1.7 6 0.1 1.4 6 0.2 1.3 6 0.2 1.4 6 0.1 1.5 6 0.2 1.4 6 0.2

12 1.4 6 0.2 1.6 6 0.2 1.3 6 0.2 1.9 6 0.2 1.5 6 0.2 1.7 6 0.2

13 1.7 6 0.2 1.5 6 0.2 0.0 1.8 6 0.2 0.0 0.0

16 1.6 6 0.2 1.6 6 0.2 0.0 1.8 6 0.2 0.0 0.0

17 1.4 6 0.1 1.8 6 0.2 0.0 2.1 6 0.2 1.7 6 0.2 2

18 1.5 6 0.2 1.6 6 0.2 0.0 1.8 6 0.2 0.0 0.0

19 1.7 6 0.2 1.5 6 0.2 0.0 1.5 6 0.2 0.0 0.0

Standarda 1.4 6 0.1 1.3 6 0.1 1.4 6 0.2 1.2 6 0.1 1.2 6 0.2 1.3 6 0.2

a Standard for bacteria: Oxacillin 1 mg/mL.

Table 2

Mean diameter of inhibition zone (mm) as a criterion of antifungal

activity for selected tricyclic and tetracyclic derivatives.

Compd.

Test fungal isolate

A. niger A. flavus A. fumigatus T. horozianum

8a 2.6 6 0.2 2.4 6 0.2 1.7 6 0.2 2

10 2.5 6 0.2 2.8 6 0.4 0.0 2.4 6 0.4

11 2.4 6 0.2 2.2 6 0.2 1.6 6 0.2 2.4 6 0.4

12 2 3 6 0.4 0.0 2.2 6 0.2

13 2.1 6 0.2 2.6 6 0.4 0.0 2.5 6 0.2

16 2.5 6 0.2 2.5 6 0.2 1.6 6 0.2 2.5 6 0.2

17 3.1 6 0.2 3.2 6 0.2 2.8 6 0.4 2.9 6 0.4

18 2.5 6 0.2 2.6 6 0.2 0.0 1.8 6 0.2

19 2.4 6 0.2 2.5 6 0.2 1.8 6 0.2 2.5 6 0.2

Standarda 2.6 6 0.2 2.8 6 0.1 2.8 6 0.1 2.4 6 0.2

a Standard for fungi: Mycostatine 1 mg/mL.
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was constructed by cyclocondensation reactions of tricy-

clic hydrazino compound 8a with various chemical

reagents. The biological potential of all the fused pyri-

midinone derivatives was further investigated by screen-

ing for their antimicrobial activity. The test compounds

displayed different levels of antibacterial and antifungal

activities, with the assays carried out on six pathogenic

bacteria and four pathogenic fungi. The most potent

compounds against test bacterial and fungal isolates

were 4-benzylidenhydrazino compound 12 and dione de-

rivative 17, respectively. Further studies on structure–ac-

tivity relationships (SAR) combined with molecular

modeling approaches of these condensed heterocyclic

derivatives are currently underway, and the results of

this research will be reported in due course. We believe

that research in this direction should be encouraged in

order to broaden the applicability of these new heterocy-

clic frameworks to serving as leads for designing novel

chemotherapeutic agents.

EXPERIMENTAL

Melting points are uncorrected. IR spectra were recorded

(KBr) on a Pye Unicam SP-1000 spectrophotometer. NMR
spectra were obtained on a Varian Gemini 300 MHz spectrom-
eter in DMSO-d6 as solvent and TMS as internal reference.
Chemical shifts are expressed in d ppm. EI mass spectra were
recorded on a Shimadzu GC MS-QP 1000 EI mass spectrome-

ter at 70 eV. Compounds 1a,b were prepared according to
known methods [4,46].

General procedure for the preparation of 7-substituted-

3-amino-5-oxo-5H-thiazolo[3,2-a]pyrimidine-2,6-dicarboni-

triles (3a,b). To a warm ethanolic potassium hydroxide solu-

tion [prepared by dissolving potassium hydroxide (0.005 mol)
in ethanol (30 mL)] of either pyrimidinethione 1a or 1b (0.005
mol), bromomalononitrile (0.005 mol) was added portionwise
with stirring. The reaction content was then left overnight at

room temperature, whereby the solid product so precipitated
upon dilution with water was filtered off, dried, and recrystal-
lized from the appropriate solvents to give the title compounds
3a (0.64 g; 45%) and 3b (0.61 g; 41%), respectively.

3-Amino-7-(2-furyl)-5-oxo-5H-thiazolo[3,2-a]pyrimidine-

2,6-dicarbonitrile (3a). This compound was obtained as a
yellow solid (DMF/H2O), mp 267–268�C; IR (m/cm�1): 3380,
3272 (NH2), 2221, 2202 (2CN), 1692 (CO); 1H NMR (d ppm):
6.74 (dd, 1H, J ¼ 1.6, 3.7 Hz, furan H-4), 7.31 (d, 1H, J ¼
3.7 Hz, furan H-3), 7.90 (d, 1H, J ¼ 1.6 Hz, furan H-5), 8.48

(s, 2H, NH2, D2O-exchangeable);
13C NMR (d ppm): 79.9,

98.5 (C-2, C-6), 111.2, 112.1 (furan C-3,4), 116.8 (CN), 118.0
(CN), 144.2 (furan C-5), 155.0 (furan C-2), 158.5, 159.0 (C-
8a, C-3), 160.8 (CO), 167.9 (C-7); Anal. Calcd. for
C12H5N5O2S (283.270): C, 50.88; H, 1.78; N, 24.72; S, 11.32.

Found: C, 50.59; H, 1.60; N, 24.51; S, 11.09.
3-Amino-5-oxo-7-(2-thienyl)-5H-thiazolo[3,2-a]pyrimidine-

2,6-dicarbonitrile (3b). This compound was obtained as a yel-
lowish white solid (DMF), mp 251-252 �C; IR (m/cm�1): 3374,

3260 (NH2), 2218, 2202 (2CN), 1690 (CO); 1H NMR (d ppm):
7.05 (dd, 1H, J ¼ 3.5, 4.9 Hz, thiophene H-4), 7.89 (d, 1H,

J ¼ 3.5 Hz, thiophene H-3), 8.04 (d, 1H, J ¼ 4.9 Hz, thio-
phene H-5), 8.72 (s, 2H, NH2, D2O-exchangeable); Anal.
Calcd. for C12H5N5OS2 (299.337): C, 48.15; H, 1.68; N,
23.40; S, 21.42. Found: C, 47.87; H, 1.53; N, 23.31; S, 21.15.

General procedure for the preparation of 7-substituted-

3-(ethoxymethylene)amino-5-oxo-5H-thiazolo[3,2-a]pyrimi-

dine-2,6-dicarbonitriles (4a,b). A mixture of either 3a or 3b
(0.005 mol) and triethyl orthoformate (10 mL) was heated at
reflux for 10 h. After distillation of the ortho ester, the viscous
mass was treated with ether or petroleum ether (3 mL). The

precipitated crystals of products 4a,b were collected by filtra-
tion and recrystallized from the proper solvents to give the im-
ino ethers 4a (0.85 g; 50%) and 4b (0.59 g; 33%),
respectively.

3-(Ethoxymethylene)amino-7-(2-furyl)-5-oxo-5H-thiazolo[3,2-

a]pyrimidine-2,6-dicarbonitrile (4a). This compound was

obtained as a pale brown solid (EtOH/H2O), mp 214�C; IR

(m/cm�1): 2225, 2216 (2CN), 1700 (CO), 1621 (C¼N); 1H

NMR (d ppm): 1.41 (t, 3H, J ¼ 7.3 Hz, CH3 ethoxy), 4.43 (q,

2H, J ¼ 7.3 Hz, OCH2), 6.68 (dd, 1H, J ¼ 1.6, 3.8 Hz, furan

H-4), 7.35 (d, 1H, J ¼ 3.8 Hz, furan H-3), 7.85 (d, 1H, J ¼
1.6 Hz, furan H-5), 8.36 (s, 1H, methylenic CH); MS: m/z (%)

¼ 339 (Mþ, 18%); Anal. Calcd. for C15H9N5O3S (339.334):

C, 53.09; H, 2.67; N, 20.64; S, 9.45. Found: C, 52.93; H, 2.51;

N, 20.37; S, 9.30.

3-(Ethoxymethylene)amino-5-oxo-7-(2-thienyl)-5H-thia-

zolo[3,2-a]pyrimidine-2,6-dicarbonitrile (4b). This com-
pound was obtained as a golden yellow solid (EtOH), mp

201–202�C; IR (m/cm�1): 2221, 2215 (2CN), 1704 (CO), 1621
(C¼¼N); 1H NMR (d ppm): 1.39 (t, 3H, J ¼ 7.4 Hz, ethoxy
CH3), 4.45 (q, 2H, J ¼ 7.4 Hz, OCH2), 7.24 (dd, 1H, J ¼ 3.7,
4.8 Hz, thiophene H-4), 7.95 (d, 1H, J ¼ 3.7 Hz, thiophene H-
3), 8.10 (d, 1H, J ¼ 4.8 Hz, thiophene H-5), 8.36 (s, 1H,

methylenic CH); Anal. Calcd. for C15H9N5O2S2 (355.390): C,
50.69; H, 2.55; N, 19.71; S, 18.04. Found: C, 50.47; H, 2.43;
N, 19.49; S, 17.86.

General procedure for the preparation of 7-substituted-

3-(dimethylaminomethylenamino)-5-oxo-5H-thiazolo[3,2-a]py-
rimidine-2,6-dicarbonitriles (4c,d). To a solution of either 3a

or 3b (0.005 mol), in dry xylene (30 mL), DMFDMA (0.006
mol) was added and the reaction content was then heated
under reflux for 6 h. The reaction mixture was cooled and tri-

turated with petroleum ether (40–60). The solid product
obtained was filtered off, dried and recrystallized from the
appropriate solvents to give the amidines 4c (0.52 g; 31%) and
4d (0.82 g; 46%), respectively.

3-(Dimethylaminomethylenamino)-7-(2-furyl)-5-oxo-5H-thia-

zolo[3,2-a]pyrimidine-2,6-dicarbonitrile (4c). This compound
was obtained as an orange solid (EtOH), mp 239–241�C; IR
(m/cm�1): 2225, 2214 (2CN), 1700 (CO), 1618 (C¼¼N); 1H
NMR (d ppm): 3.05, 3.14 (2s, 6H, NMe2), 6.85–7.17 (m, 2H,
furan H-3,4), 7.83 (d, 1H, J ¼ 1.9 Hz, furan H-5), 8.23 (s, 1H,

methylenic CH); Anal. Calcd. for C15H10N6O2S (338.340): C,
53.25; H, 2.98; N, 24.84; S, 9.48. Found: C, 52.99; H, 2.81;
N, 24.57; S, 9.20.

3-(Dimethylaminomethylenamino)-5-oxo-7-(2-thienyl)-5H-

thiazolo[3,2-a]pyrimidine-2,6-dicarbonitrile (4d). This com-

pound was obtained as a brown solid (1,4-dioxane), mp 232–
233�C; IR (m/cm�1): 2220, 2212 (2CN), 1695 (CO), 1617
(C¼¼N); 1H NMR (d ppm): 2.89, 2.99 (2s, 6H, NMe2), 7.30
(dd, 1H, J ¼ 3.9, 5.2 Hz, thiophene H-4), 7.81 (d, 1H, J ¼ 3.9
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Hz, thiophene H-3), 7.97 (d, 1H, J ¼ 5.2 Hz, thiophene H-5),
8.12 (s, 1H, methylenic CH); Anal. Calcd. for C15H10N6OS2
(354.417): C, 50.83; H, 2.84; N, 23.71; S, 18.09; Found: C,
50.55; H, 2.72; N, 23.46; S, 17.91.

General procedure for the preparation of 7-substituted-

8-cyano-4-hydrazinothiazolo[3,2-a:4,5-d0]dipyrimidin-9-ones

(8a,b). Method A for compounds 8a,b. A mixture of either
4a or 4d (0.005 mol), hydrazine hydrate (0.05 mol, 2.5 mL)
and absolute ethanol (12 mL) was refluxed for 5 h. The precip-
itates formed after cooling overnight were collected by filtra-

tion, washed with cold alcohol, and recrystallized from the
proper solvents to give the hydrazino compounds 8a (0.89 g;
55%) and 8b (0.55 g; 32%), respectively.

8-Cyano-7-(2-furyl)-4-hydrazinothiazolo[3,2-a:4,5-d0]dipyrimidin-
9-one (8a). This compound was obtained as a light brown solid
(EtOH), mp 246–247�C; IR (m/cm�1): 3382–3200 (NH, NH2),
2219 (CN), 1697 (CO); 1H NMR (d ppm): 4.76 (s, br, 2H,
NH2, D2O-exchangeable), 6.69 (dd, 1H, J ¼ 1.6, 3.7 Hz, furan
H-4), 7.25 (d, 1H, J ¼ 3.7 Hz, furan H-3), 7.81 (d, 1H, J ¼
1.6 Hz, furan H-5), 7.95 (s, 1H, pyrimidine H-2), 10.15 (s, br,
1H, NH, D2O-exchangeable);

13C NMR (d ppm): 95.3, 99.0,
111.5, 112.2 (furan C-3,4), 117.1 (CN), 143.5 (furan C-5),
155.2 (furan C-2), 157.4, 158.0, 158.5, 159.6, 161.4 (CO),
167.8 (C-7); Anal. Calcd. for C13H7N7O2S (325.311): C,
48.00; H, 2.17; N, 30.14; S, 9.86. Found: C, 47.73; H, 1.99;
N, 29.88; S, 9.72.

8-Cyano-4-hydrazino-7-(2-thienyl)thiazolo[3,2-a:4,5-d0]dipyrimidin-
9-one (8b). This compound was obtained as canary yellow crys-
tals (MeOH), mp 261�C; IR (m/cm�1): 3370–3208 (NH, NH2),
2219 (CN), 1702 (CO); 1H NMR (d ppm): 4.95 (s, br, 2H,
NH2, D2O-exchangeable), 7.16 (dd, 1H, J ¼ 4.3, 4.8 Hz, thio-

phene H-4), 7.88–7.92 (m, 2H, thiophene H-3, pyrimidine H-
2), 8.06 (d, 1H, J ¼ 4.8 Hz, thiophene H-5), 10.54 (s, br, 1H,
NH, D2O-exchangeable); MS: m/z (%) ¼ 341 (Mþ, 26%);
Anal. Calcd. for C13H7N7OS2 (341.378): C, 45.74; H, 2.07; N,
28.72; S, 18.79. Found: C, 45.60; H, 1.92; N, 28.46; S, 18.51.

Method B for compound 8a. Chloro compound 11 (0.002
mol) was mixed with hydrazine hydrate (0.006 mol), in abso-
lute ethanol (20 mL). The mixture was stirred under reflux for
3 h. The precipitate formed during reflux was collected by fil-
tration and found, after recrystallization from EtOH, identical

in all respects to that obtained from method A (61% yield).
8-Cyano-7-(2-furyl)-4,9-dioxo-3,4-dihydro-9H-thiazolo[3,2-

a:4,5-d0]dipyrimidine (10). Compound 3a (0.003 mol) was
heated under reflux in formic acid (10 mL) for 7 h. The reac-

tion mixture was then diluted with cold water and allowed to
stand overnight. The resulting precipitate was filtered off,
washed with ethanol (20 mL), dried, and recrystallized from
DMF/EtOH (2:1) as reddish brown crystals (0.52 g; 56%), mp
256–257�C; IR (m/cm�1): 3157 (NH), 2221 (CN), 1697, 1670

(2CO); 1H NMR (d ppm): 6.64 (dd, 1H, J ¼ 1.7, 4.0 Hz, furan
H-4), 7.33 (d, 1H, J ¼ 4.0 Hz, furan H-3), 7.76 (d, 1H, J ¼
1.7 Hz, furan H-5), 8.01 (s, 1H, pyrimidine H-2), 12.52 (s, br,
1H, NH, D2O-exchangeable); Anal. Calcd. for C13H5N5O3S
(311.280): C, 50.16; H, 1.62; N, 22.50; S, 10.30. Found: C,

49.87; H, 1.54; N, 22.42; S, 10.13.
4-Chloro-8-cyano7-(2-furyl)thiazolo[3,2-a:4,5-d0]dipyrimidin-

9-one (11). A suspension of compound 10 (0.002 mol) in phos-
phorus oxychloride (30 mL) was refluxed with stirring for 5 h
and then left aside to cool to room temperature overnight

under stirring. Excess reagent was removed under reduced
pressure. The residue was poured to ice/water with stirring and

the precipitate was filtered off, dried, and recrystallized from ace-
tone to give the chloro compound 11 as a dark brown solid (0.51
g; 77%), mp > 300�C; IR (m/cm�1): 2223 (CN), 1699 (CO); 1H
NMR (d ppm): 6.72 (dd, 1H, J ¼ 1.8, 3.9 Hz, furan H-4), 7.31 (d,
1H, J ¼ 3.9 Hz, furan H-3), 7.84 (d, 1H, J ¼ 1.8 Hz, furan H-5),

8.45 (s, 1H, pyrimidine H-2); Anal. Calcd. for C13H4ClN5O2S
(329.726): C, 47.35; H, 1.22; Cl, 10.75; N, 21.24; S, 9.72. Found:
C, 47.09; H, 1.10; Cl, 10.62; N, 20.98; S, 9.56.

4-Benzylidenhydrazino-8-cyano-7-(2-furyl)thiazolo[3,2-a:4,5-
d0]dipyrimidin-9-one (12). Method A. Compound 8a (0.005

mol) was dissolved in absolute ethanol (20 mL), then benzalde-
hyde (0.006 mol) and piperidine (0.5 mL) were added. The reac-
tion mixture was heated at reflux for 1.5 h. On cooling, the de-
posited solid product was filtered off and dried. Recrystallization
from EtOH gave yellow crystals of the title compound 12 (0.83

g; 40%), mp 261–262�C; IR (m/cm�1): 3330 (NH), 3080 (arom.
CH), 2223 (CN), 1698 (CO), 1626 (C¼¼N); 1H NMR (d ppm):
6.71–6.76 (m, 1H, furan H-4), 7.42–7.76 (m, 6H, furan H-3,
Ph), 7.86 (d, 1H, J ¼ 2.0 Hz, furan H-5), 7.95 (s, 1H, pyrimi-

dine H-2), 8.49 (s, 1H, CH¼¼N), 11.92 (s, 1H, NH, D2O-
exchangeable); Anal. Calcd. for C20H11N7O2S (413.419): C,
58.11; H, 2.68; N, 23.72; S, 7.76. Found: C, 57.86; H, 2.52; N,
23.50; S, 7.49.

Method B. To a solution of 8a (0.002 mol) and few drops of

piperidine (0.5 mL) in ethanol (10 mL), ethyl benzylidenecya-
noacetate (0.002 mol) was added. The reaction content was
heated under reflux for 3 h. After cooling, the obtained crystal-
line product was collected by filtration, washed several times
with water, and dried. Recrystallization from EtOH gave, upon

air drying, a yellow product (0.44 g; 53%) identical in all aspects
(mp, mixed mp, and IR data) to that described in method A.

9-Cyano-10-(2-furyl)-3-phenylpyrimido[20,10:2,3]thiazolo[5,4-
e][1,2,4]triazolo[4,3-c]pyrimidin-8-one (13). Method A. Com-
pound 12 (0.002 mol) was heated at reflux in nitrobenzene (10
mL) for 1 h. The final mixture was concentrated and the product
deposited after cooling was recrystallized from dilute acetic acid
to give the 3-phenyl derivative 13 as a brown solid (0.59 g;
72%), mp > 300�C; IR (m/cm�1): 3064 (arom. CH), 2220 (CN),
1697 (CO); 1H NMR (d ppm): 6.75 (dd, 1H, J ¼ 1.7, 3.8 Hz,
furan H-4), 7.34–7.79 (m, 6H, furan H-3, Ph), 7.89 (d, 1H, J ¼
1.7 Hz, furan H-5), 8.30 (s, 1H, pyrimidine H-5); Anal. Calcd.
for C20H9N7O2S (411.404): C, 58.39; H, 2.21; N, 23.83; S, 7.79.
Found: C, 58.21; H, 2.08; N, 23.56; S, 7.80.

Method B. To a solution of 12 (0.0025 mol) in ethanol (50
mL), ethanolic iron(III) chloride solution [prepared by dissolv-
ing iron(III) chloride (0.005 mol) in ethanol (10 mL)] was added
portionwise while stirring. The reaction content was then boiled
for 15 min and left at room temperature overnight. The solid

product that separated out was collected by filtration and recrys-
tallized from dilute acetic acid to give a tetracyclic product
(0.65 g; 63%) that was found to be identical in all aspects (mp,
mixed mp, and IR data) to the product prepared by method A.

Method C. A mixture of 8a (0.002 mol) and benzoic acid
(0.004 mol) was refluxed with phosphorus oxychloride (10 mL)
for 30 min. Excess phosphorus oxychloride was distilled off under
reduced pressure. The residue was triturated with dilute sodium
hydroxide solution to remove the unreacted material. The solid

residue was recrystallized from dilute acetic acid to give a solid
product (0.49 g; 59%). Again, this product was identified as 13.

Method D. A mixture of 8a (0.002 mol) and benzoyl chlo-
ride (10 mL) was refluxed for 4 h. The excess of benzoyl chlo-
ride was extracted with benzene and the residue was
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recrystallized from dilute acetic acid to give a solid product
(0.51 g; 62%). The material proved to be 13.

9-Cyano-10-(2-furyl)-3-thioxo-2,3-dihydropyrimido[20,10:2,
3]thiazolo[5,4-e][1,2,4]triazolo[4,3-c]pyrimidin-8-one (16).

Method A. To a solution of 8a (0.002 mol) in ethanolic so-

dium ethoxide [prepared by dissolving sodium metal (0.002
mol) in absolute ethanol (25 mL)], phenyl isothiocyanate
(0.002 mol) was added dropwise. The mixture was refluxed
with stirring for 10 h and then left to cool to room temperature
overnight under stirring. The reaction mixture was then poured

onto iced water and neutralized with dilute hydrochloric acid.
The resulting precipitate was collected by filtration, washed
several times with water and recrystallized from DMF to give
pale brown crystals of the thione derivative 16 (0.55 g; 75%),
mp 285–288�C; IR (m/cm�1): 3305–3110 (NH), 2225 (CN),

1700 (CO), 1395 (C¼¼S); 1H NMR (d ppm): 6.64 (dd, 1H, J ¼
1.6, 3.7 Hz, furan H-4), 7.26 (d, 1H, J ¼ 3.7 Hz, furan H-3),
7.80 (d, 1H, J ¼ 1.6 Hz, furan H-5), 8.40 (s, 1H, pyrimidine
H-5), 9.55 (s, 1H, NH, D2O-exchangeable); Anal. Calcd. for

C14H5N7O2S2 (367.372): C, 45.77; H, 1.37; N, 26.69; S,
17.46. Found: C, 45.60; H, 1.27; N, 26.39; S, 17.36.

Method B. A mixture of compound 8a (0.002 mol) and car-
bon disulfide (0.02 mol) in dry pyridine (10 mL) was heated
under reflux for 6 h. The precipitated crystals were filtered off,

dried, and recrystallized from DMF to produce the thione de-
rivative 16 (0.47 g; 64%). Mixed melting points with a sample
of 16 prepared from phenyl isothiocyanate according to
method A showed no depression. The spectral data of com-
pound 16 obtained from both sources were superimposable.

9-Cyano-10-(2-furyl)-3,8-dioxo-2,3-dihydro-8H-pyrimido[20,10:2,
3]thiazolo[5,4-e][1,2,4]triazolo[4,3-c]pyrimidine (17). To a mixture
of dry pyridine (10 mL) and 8a (0.0012 mol) was carefully
added ethyl chloroformate (1 mL, 0.01 mol) and the mixture
was refluxed for 48 h. After cooling, the reaction mixture was
poured onto iced water containing a few drops of hydrochloric
acid. The solid that separated out was filtered off, washed with
water several times, dried, and then recrystallized from EtOH
to give the dione derivative 17 as a yellow solid (0.38 g;
89%), mp > 300�C; IR (m/cm�1): 3300 (NH), 2221 (CN),
1702, 1680 (2CO); 1H NMR (d ppm): 6.88–7.15 (m, 2H, furan
H-3,4), 7.78 (d, 1H, J ¼ 2.0 Hz, furan H-5), 8.11 (s, 1H, py-
rimidine H-5), 10.92 (s, br, 1H, NH, D2O-exchangeable); MS:
m/z (%) ¼ 351 (Mþ, 16%); Anal. Calcd. for C14H5N7O3S
(351.305): C, 47.87; H, 1.43; N, 27.91; S, 9.13. Found: C,
47.58; H, 1.33; N, 27.74; S, 8.96.

Ethyl {9-cyano-10-(2-furyl)-8-oxo-8H-pyrimido[20,10:2,3]-
thiazolo[5,4-e][1,2,4]triazolo[4,3-c]pyrimidin-3-yl}acetate

(18). A suspension of compound 8a (0.002 mol) in diethyl
malonate (10 mL) was gently heated under reflux for 10 h.
The reaction mixture was triturated with ethanol (15 mL) and

then allowed to cool. The formed precipitate was collected by
filtration and purified by recrystallization from 1,4-dioxane to
give light brown crystals of the ethyl ester 18 (0.58 g; 69%),
mp 209–210�C; IR (m/cm�1): 2960, 2835 (aliph. CH), 2223
(CN), 1730, 1698 (2CO); 1H NMR (d ppm): 1.25 (t, 3H, J ¼
7.2 Hz, ester Me), 4.20 (q, 2H, J ¼ 7.2 Hz, ester CH2), 5.11
(s, 2H, CH2CO), 6.90–7.19 (m, 2H, furan H-3,4), 7.75 (d, 1H,
J ¼ 1.9 Hz, furan H-5), 8.70 (s, 1H, pyrimidine H-5); 13C
NMR (d ppm): 14.0 (ester Me), 34.5 (CH2), 60.7 (ester CH2),
98.7 (C-9), 111.4, 112.5 (furan C-3,4), 118.3 (CN), 133.1,

138.5, 143.8 (furan C-5), 148.0, 155.6 (furan C-2), 156.3,
158.4, 160.1, 161.6 (ring CO), 166.9, 168.0 (ester CO, C-10);

Anal. Calcd. for C18H11N7O4S (421.395): C, 51.30; H, 2.63;
N, 23.27; S, 7.61. Found: C, 51.06; H, 2.49; N, 22.99; S, 7.50.

9-Cyano-10-(2-furyl)pyrimido[20,10:2,3]thiazolo[5,4-e]tet-
razolo[1,5-c]pyrimidin-8-one (19). Compound 8a (0.003
mol) was dissolved in glacial acetic acid (15 mL) containing

concentrated hydrochloric acid (1.5 mL), a small amount of in-
soluble material was filtered off, then the liquid was cooled in
ice bath at 0–5�C. The mixture was stirred at this temperature
and treated gradually with a cold saturated solution of sodium
nitrite [1g of sodium nitrite (0.015 mol) in water (10 mL)]

over a period of 15 min. The mixture was kept in ice bath at
0–5�C with continuous stirring for further 2 h, then it was left
to stand overnight at room temperature and diluted with water,
whereon precipitation took place. The solid thus formed was
isolated by filtration, washed abundantly with cold water,

recrystallized from aqueous DMF, and air dried to give the
fused tetrazole derivative 19 as a yellow solid (0.58 g; 60%),
mp 221–222�C; IR (m/cm�1): 2218 (CN), 1701 (CO); 1H NMR
(d ppm): 6.75 (dd, 1H, J ¼ 1.8, 4.0 Hz, furan H-4), 7.30 (d,

1H, J ¼ 4.0 Hz, furan H-3), 7.84 (d, 1H, J ¼ 1.8 Hz, furan H-
5), 9.80 (s, 1H, pyrimidine H-5); MS: m/z (%) ¼ 336 (Mþ,
22%); Anal. Calcd. for C13H4N8O2S (336.288): C, 46.43; H,
1.20; N, 33.32; S, 9.53. Found: C, 46.25; H, 1.12; N, 33.07; S,
9.41.

Antimicrobial activity. The preliminary antimicrobial activ-
ity of the synthesized tricyclic and tetracyclic derivatives was
evaluated in vitro by means of the agar-well diffusion assay.
The assay was carried out according to the method of Hufford
et al. [57] with some modifications. A total of 10 test microor-

ganisms were used for the current antimicrobial activity stud-
ies: two gram positive bacteria (Staphylococcus aureus and
Bacillus cereus), four gram negative bacteria (Pseudomonas
aeruginosa, Escherichia coli, Salmonella typhyrium, and Kleb-
siella spp), and four fungi (Aspergillus flavus, Aspergillus
fumigatus, Aspergillus niger, and Trichoderma horozianum).
The culture media used were Nutrient agar for bacteria and
Czapek’s agar (Difco) for fungi. Twenty-five milliliters of the
specified molten agar (45�C) was aseptically mixed with either

100 lL of a bacterial suspension or 1 mL of a fungal suspen-
sion and poured into 15 mm sterile Petri dishes. For the prepa-
ration of the inocula colonies of bacteria were suspended in
nutrient broth incubated overnight and fungi were suspended
in sterile saline solution (NaCl, 0.85%), respectively. Once the

agar was hardened, 9-mm wells were bored using a sterile
cork borer. One hundred milliliters of the DMF extract (2 lm)
were placed into the wells and the plates were incubated for
24 h at 37�C for the bacteria and 24–72 h at 28�C for the
fungi. The antimicrobial activity was measured as the diameter

(mm) of clear zone of growth inhibition. Solvent controls
(DMF) were included in every experiment as negative con-
trols. DMF was used for dissolving the crude extracts and
gave negative results, confirming that it did not influence on
antimicrobial activity observed for the compounds tested.
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3,4-Dihydro-2-H-pyran and oxalyl chloride react, depending on the conditions, to keto esters, a
pyran-3-carboxylic acid or derivatives thereof, or to an hitherto unknown bicyclic acetal containing

a vinyl chloride moiety. The structure of the latter product has been unambiguously elucidated by
single-crystal X-ray structure analysis. A mechanism for its formation is proposed.

J. Heterocyclic Chem., 47, 1171 (2010).

INTRODUCTION

Despite their structural simplicity, tetrahydropyran-3-

carboxylic acid and its esters display interesting biologi-

cal activities as attractants for cockroaches [1–3]. One

approach toward these compounds proceeds via hydro-

genation of dihydropyran-3-carboxylic acid derivatives

3, which are in turn available by trichloroacetoxylation

of dihydropyran (1) and subsequent methanolysis or

basic hydrolysis of the intermediate trichloromethyl

ketones 2, as outlined in Scheme 1 [4–6]. A Cobalt-cata-

lyzed methoxycarbonylation of vinyl bromides has also

been investigated, but is less commonly used [7].

5,6-Dihydro-4H-pyran-3-carboxylic acid (3a) has also

been used as an intermediate in the synthesis of pharma-

cologically active heterocycles, for example, pyrimidines

with activity against cancer [8], anti-inflammatory pep-

tide conjugates [9,10], or fungicides [11]. The corre-

sponding carboxaldehyde is a useful intermediate in the

synthesis of renin inhibitors [12] and anti-inflammatory

agents [13].

In light of the relevance of dihydropyran-3-carboxylic

acid and its derivatives, in particular for the synthesis of

heterocycles, we investigated the route described in

Scheme 1 in detail. While the carboxylic acid 3a is

indeed conveniently accessible via basic hydrolysis of

the trichloromethyl ketone 2, less satisfactory results

were obtained for the methanolysis. However, the ester

3b is more conveniently synthesized by converting 3a to

its chloride, which is subsequently treated with metha-

nol. We thought that the strongly basic conditions used

for the conversion of 2 to 3a and the additional steps

required to obtain the ester 3b are disadvantageous and

therefore sought for a more straightforward alternative.

RESULTS AND DISCUSSION

The reaction of alkyl vinyl ethers with oxalyl chloride

was investigated by Effenberger. Thus, by adjusting the

appropriate stoichiometry, symmetrical 1,2-diketones

were synthesized in good yields [14]. Later, Tietze et al.
demonstrated that the intermediate a-keto acid chlorides

undergo a clean decarbonylation at temperatures above

100�C to give acyclic E-3-alkoxy acryloyl chlorides

[15], which are useful intermediates in the synthesis of

heterocycles [16]. This approach should also be applica-

ble to dihydropyran-3-carboxylic acid (3a) and its deriv-

atives, with dihydropyran (1). In contrast to the estab-

lished two- to four-step route depicted in Scheme 1, this

VC 2010 HeteroCorporation
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synthesis might potentially be conducted as a one-pot

reaction. A literature search revealed that the reaction of

dihydropyran (1) with oxalyl chloride followed by treat-

ment with methanol gives exclusively the a-keto ester 4,

which was used as a substrate in hetero-Diels-Alder

reactions [17,18]. However, this transformation was not

documented in full detail in the literature, and we there-

fore decided to start at this point. We could indeed

obtain 4 in fair yield if 1 was treated with 1.5 equiva-

lents of oxalyl chloride at low-temperature, followed by

the addition of methanol. Next, we tried to synthesize

methyl ester 3b by inducing a decarbonylation before

methanolysis. To this end, the reaction mixture was

heated to 120�C, after the addition of the oxalyl chlo-

ride. To our surprise, the desired ester 3b was only

obtained as a minor product. The major product showed

an Mþ signal at m/z ¼ 174, with the characteristic iso-

topic pattern for compounds with one chlorine atom. In

the IR spectrum absorptions at 1793 cm�1 and 1771

cm�1 suggested the presence of a lactone moiety. On

the basis of the information gathered from NMR- and

mass spectra, a molecular formula of C7H7O3Cl was

deduced. From the 1H-NMR spectra, it became obvious

that the six-membered oxacycle was still intact and that

the protons of the CH2-groups are no longer chemically

equivalent, but are diastereotopic. This is indicative for

the formation of a new stereogenic center in the course

of the reaction. In the 13C-NMR-spectrum two signals

arising from quaternary olefinic carbon atoms at 166

ppm and 118 ppm, and a signal at 98 ppm were

observed. The latter was interpreted as a cyclic acetal

carbon. The proton that is attached to this carbon atom

was observed at 5.59 ppm as a singlet. Notably, no

methanol was incorporated in the molecule. From this

information, we tentatively assigned the bicyclic struc-

ture 5 to the new compound (Scheme 2).

Unambiguous proof for this structural assignment

came from a single crystal X-ray structure analysis.

Compound 5 has the structure of a bicyclic acetal. One

chlorine atom is attached to a C-C-double bond, which

is in conjugation to the carbonyl group. As the com-

pound crystallizes in the centrosymmetric space group

P1, both enantiomers are found in the cell. Two mole-

cules are present in the asymmetric unit, which are sym-

metry independent and therefore show slight differences

in their structural parameters. Representative bond

lengths and angles for both symmetry independent mole-

cules (denoted as A and B) are listed in Table 1. A rep-

resentation of both symmetry-independent molecules is

given in Figure 1.

Scheme 1. Established routes to tetra- and dihydropyran-3-carboxylic

acids.

Scheme 2. Formation of a-keto ester 4 and the unexpected bicyclic

acetal product 5 from dihydropyran.

Table 1

Selected bond lengths (Å) and bond angles (�) for 5.

Cl1A–C2A 1.704(2) Cl1B–C2B 1.709(2)

O1A–C1A 1.362(3) O1B–C1B 1.362(3)

O1A–C7A 1.433(3) O1B–C7B 1.425(3)

O2A–C1A 1.201(3) O2B–C1B 1.197(3)

O3A–C6A 1.450(4) O3B–C6B 1.456(3)

O3A–C7A 1.396(3) O3B–C7B 1.391(3)

C3A–C7A 1.492(3) C3B–C7B 1.501(3)

C2A–C3A 1.320(4) C2B–C3B 1.314(4)

Cl1A–C2A–C1A 120.62(19) Cl1B–C2B–C1B 120.77(19)

O1A–C1A–O2A 122.2(2) O1B–C1B–O2B 121.8(2)

O1A–C1A–C2A 107.6(2) O1B–C1B–C2B 107.8(2)

C1A–C2A–C3A 110.1(2) C1B–C2B–C3B 110.0(2)

C2A–C3A–C4A 134.6(2) C2B–C3B–C4B 135.7(2)

C6A–O3A–C7A 109.1(2) C6B–O3B–C7B 108.7(2)

O1A–C7A–C3A 105.9(2) O1B–C7B–C3B 105.62(19)

Figure 1. Molecular structure of compound 5 with thermal ellipsoids

drawn at the 50% probability level.

1172 Vol 47B. Schmidt, F. Werner, A. Kelling, and U. Schilde

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



A literature search revealed, that there is ample prece-

dence for bicyclic saturated c-butyrolactones annellated

to six-membered oxacycles. In most cases, these products

result from an addition of 1,3-dicarbonyl compounds to

cyclic enol ethers via a radical pathway [19–25]. In con-

trast, only comparatively few 3,4-unsaturated bicyclic

c-butyrolactones such as 5 have been described in the

literature. Interestingly, this structural pattern is found in

some biologically active natural products such as the

anti-inflammatory germacranolide spicatolide A [26] or

the plant-growth regulator myxostiolide (Fig. 2) [27].

Elucidation of the mechanism for the formation of 5

is hampered by a lack of isolable intermediates. We pro-

pose the following tentative mechanism: in the first step,

oxalyl chloride will most likely attack at carbon atom

C3 to give the a-keto acid chloride 6. We assume that

now excess oxalyl chloride reacts with one carbonyl

oxygen of 6 to give the intermediate vinyl ester 7. Upon

heating, 7 undergoes a fragmentation to CO, CO2, and a

vinyl chloride 8, which is eventually trapped by metha-

nol in the presence of pyridine. Most likely, the

sequence is terminated by demethylation of the methyl

ester 9 with a chloride ion and intramolecular nucleo-

philic attack of the carboxylate at the anomeric carbon,

resulting in the product 5 (Scheme 3).

It should be noted that the crucial step of this

sequence, the formation of the vinyl chloride moiety

from a ketone, is not without precedence. A somewhat

related reaction was reported for 7-keto steroids, which

react with oxalyl chloride in refluxing toluene to vinylic

7-chloro steroids [28]. We do not have definite evidence

that the individual steps leading to the formation of

5 indeed proceed in this order. It is, however, quite

unlikely that the chlorination of the ketone moiety

occurs after methanolysis of the acid chloride, because a

considerable amount of the oxalyl chloride would also

be destroyed. Strong support for the final demethylation

step proposed by us comes from an experiment, in

which pure keto ester 4 was treated with oxalyl chloride.

After heating the mixture to 120�C, an 80% conversion

to the expected bicyclic product 5 was observed by

NMR-spectroscopy of the crude reaction mixture. The

only other component that could be detected was

unreacted starting material 4 (Scheme 4).

From the results discussed above, we concluded that

the selective formation of the desired dihydropyran-3-

carboxylic acid derivatives 3 requires careful removal of

excess oxalyl chloride before the reaction mixture is

heated to induce the decarbonylation. This was achieved

by applying vacuum at moderately high-temperatures

before the mixture is heated to 120�C to induce the

decarbonylation. After completion of the decarbonyla-

tion step, different nucleophiles were added to obtain

the desired derivatives 3. Thus, with an aqueous solution

of Na2CO3 the carboxylic acid 3a was obtained,

whereas addition of methanol and pyridine gave the

ester 3b. By using diisopropyl amine as a nucleophile,

Figure 2. Structures of spicatolide A and myxostiolide.

Scheme 3. Mechanistic proposal for the formation of the unexpected

bicyclic acetal 5.

Scheme 4. Formation of bicyclic product 5 from keto ester 4.

Scheme 5. Synthesis of dihydropyran-3-carboxylic acid derivatives 3

via decarbonylation of a-keto acid chlorides.
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the expected amide 3c was obtained in nearly quantita-

tive yield (Scheme 5).

CONCLUSION

The reaction of oxalyl chloride with dihydropyran,

followed by thermal decarbonylation and trapping with

an appropriate nucleophile, is a useful alternative syn-

thesis of dihydropyran-3-carboxylic acid derivatives. An

unexpected reaction pathway was observed in the course

of this synthesis, leading to an interesting bicyclic vinyl

chloride. The structure of this product was unambigu-

ously elucidated by X-ray crystal structure analysis.

EXPERIMENTAL

All reactions were run under an atmosphere of dry nitrogen
in dried glassware. Commercial reagents were used as
received. Methanol was obtained dried and degassed in a sep-

tum bottle under argon and used as received. 1H-NMR-spectra
were obtained at 300 MHz in CDCl3 with CHCl3 (d ¼ 7.26
ppm) as an internal standard. Coupling constants are given in
Hz. 13C-NMR spectra were recorded at 75 MHz in CDCl3
with CDCl3 (d ¼ 77.0 ppm) as an internal standard. IR spectra

were recorded as films on NaCl or KBr plates or as KBr-discs.
The peak intensities are defined as strong (s), medium (m), or
weak (w). Mass spectra were obtained at 70 eV.

Methyl 2-(5,6-dihydro-4H-pyran-3-yl)-2-oxoacetate

(4). Oxalyl chloride (2.20 mL, 24.9 mmol) was cooled to

�10�C. 3,4-Dihydro-2H-pyran (1, 1.50 mL, 16.6 mmol) was
slowly added, and the mixture was warmed to ambient temper-
ature. Stirring at ambient temperature was continued for 12 h,
and the mixture was then recooled to 0�C. Triethyl amine
(4.60 mL, 33.2 mmol) followed by methanol (1.40 mL, 33.2

mmol) were slowly added. Water was added to the reaction
mixture, which was then extracted with dichloromethane, dried
with Na2SO4, filtered, and evaporated. The residue was puri-
fied by chromatography on silica (eluent hexane/MTBE mix-

tures of increasing polarity) to give the title compound 4 (1.32
g, 47%) as a colourless oil. Analytical data match those
reported in the literature [29]. 1H-NMR (500 MHz, CDCl3): d
7.82 (s, 1H, H-2), 4.14 (t, 2H, J ¼ 5.2 Hz, H-6), 3.83 (s, 3H,
OMe), 2.28 (t, 2H, J ¼ 6.2 Hz, H-4), 1.87 (m, 2H, H-5); 13C-

NMR (75 MHz, CDCl3): d 184.3 (O¼¼CACOOMe), 163.9
(COOMe), 163.4 (C-2), 114.1 (C-3), 67.8 (C-6), 52.4 (OMe),
20.5, 17.4 (C-4, C-5); IR: 1731 (s), 1653 (m), 1599 (s), 1172
(s) cm�1; MS (EI): m/z 170 (Mþ), 111 (Mþ-CO2Me), 83.

3-Chloro-5,6-dihydro-4H-furo[2,3-b]pyran-2-(7aH)-one

(5). Oxalyl chloride (2.00 mL, 23.2 mmol) was cooled to
�10�C. 3,4-Dihydro-2H-pyran (1, 1.40 mL, 15.5 mmol) was
slowly added, and the mixture was warmed to ambient temper-
ature. Stirring at ambient temperature was continued for 12 h.
The solution was then heated to 120�C for 0.5 h, cooled to

ambient temperature, and then to 0�C. Pyridine (1.30 mL) and
methanol (0.7 mL) were added and stirring was continued at
ambient temperature for 2 h. All volatiles were removed in
vacuo, and the residue was purified by chromatography on

silica (eluent hexane/MTBE mixtures of increasing polarity).
The title compound 5 (1.11 g, 42%) was obtained as a colour-

less solid, mp 49�C. 1H-NMR (300 MHz, CDCl3): d 5.58
(s, 1H, H-7a), 4.10 (dddm, 1H, J ¼ 1.9, 4.1, 12.2 Hz, H-6),
3.76 (dt, 1H, J ¼ 2.4, 12.2 Hz, H-6), 2.98 (dm, 1H, J ¼ 14.5
Hz, H-4), 2.47 (ddm, 1H, J ¼ 6.4, 14.5 Hz, H-4), 1.95 (m,
1H, H-5), 1.77 (ddm, 1H, J ¼ 4.8, 12.4 Hz, H-5); 13C-NMR

(75 MHz, CDCl3): d 165.6 (C-2), 156.5 (C-3a), 118.4 (C-3),
98.1 (C-7a), 65.3 (C-6), 25.7, 23.9 (C-4, C-5); IR: 1793, 1771,
1086, 990 cm�1; MS: m/z 176/174 (Mþ), 145/147; Anal. calcd.
for C7H7ClO3: C, 48.2; H, 4.0. Found: C, 47.9; H, 4.1.

Single crystal X-ray structure determination of 5. Suitable

crystals were obtained by dissolving a sample of 5 in dichloro-

methane and slowly evaporating the solvent at 4�C in an open

vessel. Single-crystal diffraction data were measured at 210 K

on an imaging plate diffraction system IPDS-II (Stoe) using

graphite-monochromated Mo-Ka radiation (k ¼ 0.71073 Å).

One hundred eighty frames were collected with x scan widths

of 0.5� and 3 min exposure times. The data were corrected by a

spherical absorption correction using the program X-Area [30]

as well as for Lorentz, polarization and extinction effects. Crys-

tal data: C7H7ClO3, Mr ¼ 174.58, space group P1, a ¼
8.4324(16) Å, b ¼ 8.6447(17) Å, c ¼ 10.8716(19) Å, a ¼
77.477(15)�, b ¼ 78.056(15)�, c ¼ 76.460(15)�, V ¼ 741.9(2)

Å3, Z ¼ 4, dcalc ¼ 1.563 g�cm�3, colorless block, 0.55 � 0.31

� 0.19 mm, l ¼ 0.464 mm�1, 4819 total reflections (2ymax ¼
50.00�), 2452 independent (Rint ¼ 0.0571), 1854 observed [I <
2r(I)], 256 parameters. Final R1 [I < 2r(I)] ¼ 0.0393, wR2
(all data) ¼ 0.0947, S ¼ 0.955, largest difference peak and hole

0.272 and �0.220 e�Å3. The structure was solved by direct

methods using the SHELXS-97 [31] program and refined by

full-matrix least-squares of F2 using the program SHELXL-97

[32]. All nonhydrogen atoms were refined with anisotropic dis-

placement parameters. The hydrogen atoms were located in a

difference Fourier map. CCDC 755365 contains the supplemen-

tary crystallographic data for this compound. These data can be

obtained free of charge from the Cambridge Crystallographic

Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

5,6-Dihydro-4H-pyran-3-carboxylic acid (3a). Oxalyl

chloride (3.60 mL, 41.5 mmol) was cooled to 0�C, and 3,4-

dihydro-2H-pyran (1, 2.50 mL, 27.7 mmol) was added. The

solution was slowly warmed to ambient temperature and stir-

ring was continued for 1 h. Excess oxalyl chloride was evapo-

rated in vacuo (10 mbar) at 30�C. The mixture was then

heated to 120�C for 0.5 h, cooled to ambient temperature, and

poured into an ice-cold aqueous solution of Na2CO3. The alka-

line solution was extracted with dichloromethane, and then

acidified with hydrochloric acid (6 M). The aqueous layer was

extracted with dichloromethane, and the organic solution was

dried with MgSO4, filtered, and evaporated to yield the title

compound 3a (2.76 g, 78%) as a colourless solid, mp 72–

74�C. Analytical data match those reported in the literature

[5]. 1H-NMR (300 MHz, CDCl3): d 10.42 (bs, 1H, COOH),

7.69 (s, 1H, H-2), 4.07 (t, 2H, J ¼ 5.2 Hz, H-6), 2.23 (dt, 2H,

J ¼ 6.5, 1.2 Hz, H-4), 1.86 (m, 2H, H-5); 13C-NMR (75 MHz,

CDCl3): d 173.4 (C¼¼O), 157.4 (C-2), 105.1 (C-3), 66.8 (C-6),

20.9, 18.8 (C-4-5); IR: 1661 (s), 1623 (s), 1431 (s), 1175 (s)

cm�1; MS (EI): m/z 128 (Mþ), 83 (Mþ-CO2H), 55; Anal.

calcd. for C6H8O3: C, 56.3; H, 6.3. Found: C, 56.3; H, 6.2.
Methyl 5,6-dihydro-4H-pyran-3-carboxylate (3b). Oxalyl

chloride (3.60 mL, 41.5 mmol) was cooled to 0�C, and 3,4-
dihydro-2H-pyran (1, 2.50 mL, 27.7 mmol) was added. The so-
lution was slowly warmed to ambient temperature and stirring
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was continued for 1 h. Excess oxalyl chloride was evaporated
in vacuo (10 mbar) at 30�C. The mixture was then heated to
120�C for 0.5 h, and subsequently cooled to ambient tempera-
ture. A mixture of methanol (2.60 mL, 64.2 mmol) and pyri-
dine (5.00 mL) was added, and the solution was stirred at am-

bient temperature for 12 h. All volatiles were evaporated, and
the residue was purified by chromatography on silica (eluent
hexane/MTBE mixtures of increasing polarity) to give the title
compound 3b (2.52 g, 64%) as a colourless liquid. The com-
pound was found to be sufficiently pure by 1H-NMR spectros-

copy, although repeated attempts to obtain microanalytical
data within the usual limits were unsuccessful. Analytical data
match those reported in the literature [6]. 1H-NMR (300 MHz,
CDCl3): d 7.52 (s, 1H, H-2), 3.99 (t, 2H, J ¼ 5.3 Hz, H-6),
3.65 (s, 3H, OMe), 2.21 (t, 2H, J ¼ 6.4 Hz, H-4), 1.82 (m,

2H, H-5); 13C-NMR (75 MHz, CDCl3): d 168.1 (C¼¼O), 155.3
(C-2), 105.7 (C-3), 66.5 (C-6), 50.9 (OMe), 21.0, 19.1 (C-4-5);
IR: 1700 (s), 1628 (s), 1261 (s), 1171 (s) cm�1; MS: m/z 142
(Mþ), 111 (Mþ-OMe), 83 (Mþ-CO2Me), 55.

N,N-Diisopropyl-5,6-dihydro-4H-pyran-3-carboxamide

(3c). Oxalyl chloride (1.40 mL, 16.6 mmol) was cooled to
0�C, and 3,4-dihydro-2H-pyran (1, 1.00 mL, 11.0 mmol) was
added. The solution was slowly warmed to ambient tempera-
ture and stirring was continued for 1 h. Excess oxalyl chloride

was evaporated in vacuo (10 mbar) at 30�C. The mixture was
then heated to 120�C for 0.5 h, and subsequently cooled to
ambient temperature. A mixture of diisopropyl amine (3.00
mL, 21.2 mmol) and triethyl amine (3.00 mL) was added, and
the solution was stirred at ambient temperature for 12 h. All

volatiles were evaporated, and the residue was purified by
chromatography on silica (eluent hexane/MTBE mixtures of
increasing polarity) to give the title compound 3c (2.25 g,
96%) as a highly viscous oil. The compound was found to be
sufficiently pure by 1H-NMR spectroscopy. Repeated attempts

to purify the compound by crytallization were unsuccessful.
1H-NMR (300 MHz, CDCl3): d 6.46 (s, 1H, H-2), 3.88 (t, 2H,
J ¼ 5.1 Hz, H-6), 3.73 (sept, 2H, J ¼ 6.8 Hz, CH-Me2), 2.12
(t, 2H, J ¼ 6.2 Hz, H-4), 1.79 (m, 2H, H-5), 1.16 (d, 12 H,

J ¼ 6.8 Hz, Me); 13C-NMR (75 MHz, CDCl3): d 170.3
(C¼¼O), 143.6 (C-2), 111.3 (C-3), 65.3 (C-6), 47.8 (2*CH-
Me2), 21.5, 21.1 (C-4-5), 20.8 (4*Me); IR: 1612 (s), 1434 (s),
1157 (s)1029 (s) cm�1; MS: m/z 211 (Mþ), 111 [Mþ-CO(NPri)2].
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A synthesis of ester- and ketone-substituted (6)-1-alkyl-6-nitro-1,2,3,4-tetrahydroquinolines has been
developed from 2-pentenoates and 2-penten-1-ones substituted at C5 by a 2-fluoro-5-nitrophenyl group.
The cyclization involves an SNAr reaction followed by a Michael addition that occurs exo to the final

ring. A previously reported version of this annulation proceeded by an initial endo Michael addition
(acceptor became part of the final ring) followed by an SNAr ring closure. The current reactions proceed
in 82–97% yields in DMSO using primary amines that are unbranched at the a carbon. The synthesis of
the reaction substrates as well as process optimization, mechanistic studies to elucidate the reaction
chronology and comparisons with the endo Michael variant are presented.

J. Heterocyclic Chem., 47, 1176 (2010).

INTRODUCTION

We recently described the use of a tandem Michael-

SNAr reaction sequence for the preparation of 1-alkyl-

2,3-dihydro-1(4H)-quinolinones [2]. In that initial report,

the Michael reaction occurred via an endo pathway such

that the acceptor moiety became part of the final

ring [3]. In the current project, we have employed a

similar process to prepare ester- and ketone-substituted

(6)-1-alkyl-6-nitro-1,2,3,4-tetrahydroquinolines [4,5],

but the Michael reaction occurs exo to the final ring.

These strategies offer efficient and potentially valuable

routes to new members of this important family of

heterocycles.

Tetrahydroquinolines are widely distributed in nature

[6] and comprise the core structure in numerous phar-

maceutical agents [7,8]. Specifically, tetrahydroquino-

line-2-acetic esters have been used in the synthesis of

9-azasteroid antimycotic agents [7a], pyrrolobenzodiaze-

pine antitumor antibiotics [7b], and quinoxalinediones

for limiting neuronal damage in stroke and heart attack

victims [8]. Efficient access to new tetrahydroquinoline

derivatives bearing alternative substitution patterns could

potentially yield new drugs with improved bioactivities.

RESULTS AND DISCUSSION

The synthesis of our cyclization substrates is shown in

Scheme 1. Treatment of 3-(2-fluoro-5-nitrophenyl)propa-

nal (1) [5e,f] with (carbomethoxymethylene)triphenyl-

phosphorane in benzene at reflux for 12 h gave methyl

(E)-5-(2-fluoro-5-nitrophenyl)-2-pentenoate (2) in 72%

yield and its double bond isomer 3 in 7% yield following

purification. The unsaturated ketones 4 and 6 were

formed in 68 and 65% yields, respectively, almost exclu-

sively as the E isomers by reacting 1 with (benzoylme-

thylene)triphenylphosphorane and (acetylmethylene)-

triphenylphosphorane.

Our cyclization study sought to demonstrate the feasi-

bility of preparing 1-alkyl-6-nitro-1,2,3,4-tetrahydroqui-

nolines from substrates 2, 4, and 6 and primary amines

by a tandem sequence involving the Michael and SNAr

reactions. In contrast to our earlier report [2], where

Michael addition occurred to an acceptor that became

Scheme 1. Synthesis of the cyclization substrates.
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part of the final ring (endo addition), the current reaction

requires addition to an acceptor that remains exo to the

ring [3] (Scheme 2). The success of this process would

dramatically expand the scope of this annulation

method.

We began our study by reacting unsaturated ester 2

with a series of primary amines in N,N-dimethylforma-

mide (DMF) at 50�C. This protocol had proven success-

ful in earlier reactions of this type. The reaction pro-

ceeded in reasonable yields of 64–81%, but the product

was always accompanied by 5–10% of recovered start-

ing material along with 2–4% of a product resulting

from amine exchange with the solvent [9] and substitu-

tion of dimethylamine on the activated aromatic ring. In

most cases, this substitution product was readily

removed by preparative thin layer chromatography, but

we sought a method that would provide the tetrahydro-

quinoline without this contaminant. Further experimenta-

tion showed that dimethyl sulfoxide (DMSO) was a

superior solvent for this reaction and gave higher yields

of the heterocycle without the dimethylamine substitu-

tion product [10].

The reaction is run by dissolving 1.00 eq of the ke-

tone in DMSO, then adding 1.25 eq of the amine and

stirring at 50�C for 48 h. Optimum yields are obtained

when one additional 0.10-eq portion of the amine is

added to the reaction after the first 24 h. The amine

must be primary since it must react at two sites within

the molecule. A major limitation of the current process

is its sensitivity to steric hindrance near the nitrogen.

Amines with branching at the a carbon gave tetrahydro-

quinolines in lower yields along with numerous other

products [11]. Higher temperatures and longer reaction

times in these cases yielded complex mixtures that could

not be separated.

The results of our current study with ester 2 are sum-

marized in Figure 1 and show the comparison of yields

obtained in DMF and DMSO. Reaction of 2 with

unbranched primary amines gave the target tetrahydro-

quinolines 8a-d in 64–81% yields in DMF and in 82–

93% yield in DMSO. Using the optimized conditions in

DMSO, more hindered amines, such as cyclohexyla-

mine, gave tetrahydroquinoline 8e in significantly lower

yield (48%), with the remainder being SNAr product 9

(23%) and recovered 2 (5%).

Further cyclization results with ketones 4 and 6 are

shown in Figure 2. Using our standard protocol in

DMSO solvent, the annulation with ketones proceeded

somewhat better than for the ester substrate, giving the

products in 88–97% yield. Again, the yields dropped

precipitously when the amine was branched at the a
carbon.

Scheme 2. Endo and Exo cyclization.

Figure 1. Cyclization of 2 and solvent study.

Figure 2. Cyclization of ketones 4 and 6.
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Finally, in an additional experiment, reaction of benzyl-

amine with the Z substrate 3 in DMSO was attempted

(Scheme 3). This reaction proceeded to give tetrahydro-

quinoline 8a in slightly lower yield (76%) than that iso-

lated from the corresponding E substrate 2 (88%). Inter-

estingly, the unsaturated ester recovered from this reac-

tion (12%) proved to be 2 rather than 3. This observation

provides experimental evidence for the reversibility of the

Michael addition under the reaction conditions used [12].

The isolation of the SNAr product from the reaction

of cyclohexylamine with the unsaturated ester substrates

suggests that the SNAr reaction initiates the current

annulation sequence [12]. The reaction chronology is

less clear in the case of the ketones. Ketones are better

Michael acceptors [13], but are also susceptible to other

condensative processes. Thus, cyclohexylamine gave a

much more complex product mixture in reactions with

these substrates and it was not possible to identify the

other products.

In an effort to elucidate the reaction chronology, com-

petitive reaction studies were carried out (Scheme 4)

using unsaturated ester 13 and ketone 14, prepared from

3-phenylpropanal (12). These substrates lack the aro-

matic substitution necessary for the SNAr reaction [10],

and thus, can only undergo a Michael addition. If these

are reacted with benzylamine in the presence of 2-flu-

oro-5-nitrotoluene (15), it should be possible to observe

whether the Michael addition or the SNAr process

occurs faster in compounds having reactive environ-

ments similar to those found in our annulation sub-

strates. Thus, in separate experiments, 13 and 14 were

heated at 50�C with 15 and benzylamine in DMSO for

48 h. In each case, workup resulted in isolation of the

SNAr product, N-benzyl-2-methyl-4-nitroaniline (16),

with none of the Michael product detected. The mass

balance in the reaction of ester 13 was high, while the

more reactive ketone 14 gave a lower return of 16 and

unreacted material. Thus, it seems clear that the SNAr

reaction initiates the annulation process for the ester, but

the scenario is less certain for the ketone. Though we

did not detect the product from conjugate addition of

benzylamine to 14, a reverse Michael reaction [13] from

such an adduct followed by reaction of the free amine

with 15 could deliver the observed SNAr product 16.

CONCLUSION

We have developed an approach to the synthesis of

(6)-1-alkyl-6-nitro-1,2,3,4-tetrahydroquinoline-2-acetates

based on a tandem Michael-SNAr reaction. The reaction

gives high yields in many cases but is sensitive to steric

hindrance, with branching at the a carbon of the amine

dramatically lowering the yield. Observations from the

study suggest that the SNAr reaction initiates the annula-

tion sequence, and this is supported by a competitive

reaction study. However, because the Michael reaction

is reversible, our study does not provide incontrovertible

proof of this assertion. The current study broadens the

scope of tandem reactions involving the SNAr and Mi-

chael reactions to include cyclizations that involve an

exo Michael process.

EXPERIMENTAL

All reactions were run under dry nitrogen. Anhydrous N,N-
dimethylformamide (DMF) and dimethyl sulfoxide (DMSO)
were purchased commercially and syringed into reactions
where they were used. Reactions were monitored by thin layer

chromatography on silica gel GF plates (Analtech 21521).
Preparative separations were performed by one of the follow-
ing methods: (1) flash column chromatography [14] on silica
gel (grade 62, 60–200 mesh) containing UV-active phosphor
(Sorbent Technologies UV-5) packed into quartz columns or

(2) preparative thin layer chromatography on 20 cm � 20 cm
silica gel GF plates (Analtech 02015). Band elution for all
chromatographic methods was monitored using a hand-held
UV lamp. Melting points were uncorrected. IR spectra were
run as thin films on NaCl disks. 1H and 13C NMR spectra

were measured in CDCl3 at 300 MHz and 75 MHz, respec-
tively, using tetramethylsilane as the internal standard; cou-
pling constants (J) are given in Hz. Unless otherwise indicated,
mass spectra (electron impact/direct probe) were obtained at
70 eV.

General procedure for Wittig olefination: Methyl (E)-5-
(2-fluoro-5-nitrophenyl)-2-pentenoate (2) and methyl (Z)-5-
(2-fluoro-5-nitrophenyl)-2-pentenoate (3). A 100 mL benzene
solution of 1.00 g (5.08 mmol) of 3-(2-fluoro-5-nitrophenyl)pro-

panal (1) [5e,f] and 3.35 g (10.0 mmol) of (methoxycarbonyl-
methylene)triphenylphosphorane was heated under reflux for 12

Scheme 3. Cyclization of Z substrate 3.

Scheme 4. Synthesis of 13 and 14 and their competitive reactions with

benzylamine in the presence of 15.
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h, then cooled and concentrated under vacuum. Flash chroma-
tography of the resulting material on a 30 cm � 2.5 cm column
eluted with 5% ether in hexanes gave two bands: band 1, 0.09
g (7%) of 3 as a light yellow solid, mp 58–60�C; band 2, 0.92
g (72%) of 2 as a light yellow oil. The spectral data for 2

were: IR: 1714, 1655, 1521, 1350, 1244 cm�1; 1H NMR: d
8.14 (m, 2H), 7.18 (t, 1H, J ¼ 9.0), 6.97 (dt, 1H, J ¼ 15.9,
6.6), 5.87 (dt, 1H, J ¼ 15.9, 1.1), 3.73 (s, 3H), 2.90 (t, 2H, J ¼
7.5), 2.58 (q, 2H, J ¼ 7.5); 13C NMR: d 166.6, 164.6 (d, J ¼
256.5), 146.4, 144.3, 129.4 (d, J ¼ 18.8), 126.2 (d, J ¼ 6.9),

124.2 (d, J ¼ 10.3), 122.4, 116.3 (d, J ¼ 25.2), 51.1, 31.8,
27.5. Anal. Calcd for C12H12FNO4: C, 56.92; H, 4.74; N, 5.53.
Found: C, 56.98; H, 4.75; N, 5.51.

The spectral data for 3 were: IR: 1722, 1649, 1527, 1348,
1245 cm�1; 1H NMR: d 8.17 (dd, 1H, J ¼ 6.0, 2.7), 8.12

(ddd, 1H, J ¼ 8.8, 7.1, 2.7), 7.17 (t, 1H, J ¼ 8.8), 6.24 (dt,
1H, J ¼ 11.3, 7.1), 5.85 (d, 1H, J ¼ 11.3), 3.70 (s, 3H), 3.04
(q, 2H, J ¼ 7.7), 2.89 (t, 2H, J ¼ 7.7); 13C NMR: d 166.4,
164.4 (d, J ¼ 255.9), 143.7, 144.2, 129.8 (d, J ¼ 17.8), 126.4

(d, J ¼ 6.7), 123.9 (d, J ¼ 10.0), 121.0, 116.1 (d, J ¼ 25.2),
51.2, 29.7, 27.8. Anal. Calcd for C12H12FNO4: C, 56.92; H,
4.74; N, 5.53. Found: C, 57.01; H, 4.77; N, 5.48.

(E)-5-(2-Fluoro-5-nitrophenyl)-1-phenyl-2-penten-1-one (4). This
compound was prepared as above from 1.00 g (5.08 mmol) of

1 and 3.80 g (10.0 mmol) of (benzoylmethylene)triphenylphos-
phorane. Purification by flash chromatography of a 30 cm �
2.5 cm column eluted with 5–15% ether in hexanes afforded
1.03 g (68%) of 4 as a light yellow solid, mp 85–86�C. IR:
1670, 1623, 1528, 1350, 1244 cm�1; 1H NMR: d 8.17 (m,

2H), 7.90 (d, 2H, J ¼ 7.1), 7.57 (t, 1H, J ¼ 7.1), 7.47 (t, 2H,
J ¼ 7.7), 7.19 (t, 1H, J ¼ 8.8), 7.05 (dt, 1H, J ¼ 15.4, 6.6),
6.92 (d, 1H, J ¼ 15.4), 2.98 (t, 2H, J ¼ 7.7), 2.69 (dt, 2H, J
¼ 7.7, 6.9); 13C NMR: d 190.4, 164.6 (d, J ¼ 256.8), 146.4,
144.2, 137.6, 132.9, 129.5 (d, J ¼ 18.3), 128.6 128.5, 127.1,

126.3 (d, J ¼ 6.9), 124.2 (d, J ¼ 10.3), 116.4 (d, J ¼ 25.2),
32.5, 27.7. Anal. Calcd for C17H14FNO3: C, 68.23; H, 4.68; N,
4.68. Found: C, 68.27; H, 4.71; N, 4.61. A small amount of 5,
contaminated with 4, was isolated, but not used.

(E)-6-(2-Fluoro-5-nitrophenyl)-3-hexen-2-one (6). This
compound was prepared as above from 1.00 g (5.08 mmol) of
1 and 3.18 g (10.0 mmol) of (acetylmethylene)triphenylphos-
phorane. Purification by flash chromatography on a 30 cm �
2.5 cm column eluted with 5–10% ether in hexanes afforded

0.78 g (65%) of 6 as a light yellow oil. IR: 1675, 1630, 1528,
1351, 1248 cm�1; 1H NMR: d 8.14 (m, 2H), 7.20 (t, 1H, J ¼
9.3), 6.81 (dt, 1H, J ¼ 15.9, 7.1), 6.10 (d, 1H, J ¼ 15.9), 2.93
(t, 2H, J ¼ 7.7), 2.60 (q, 2H, J ¼ 7.1), 2.26 (s, 3H); 13C
NMR: d 198.1, 164.5 (d, J ¼ 256.5), 145.0, 144.2, 132.2,

129.3 (d, J ¼ 18.0), 126.2 (d, J ¼ 6.9), 124.2 (d, J ¼ 10.3),
116.3 (d, J ¼ 25.2), 32.1, 27.5, 27.0. Anal. Calcd for
C12H12FNO3: C, 60.76; H, 5.06; N, 5.91. Found: C, 60.69; H,
5.04; N, 5.94. A small amount of 7, contaminated with 6, was
isolated, but not used.

General procedure for the tandem SNAr-Michael reac-

tion: Methyl (6)-1-benzyl-6-nitro-1,2,3,4-tetrahydroquino-

line-2-acetate (8a). To a solution of 61 mg (0.24 mmol) of 2
in 2 mL of anhydrous DMSO was added 32 mg (0.033 mL,

0.30 mmol) of benzylamine. The reaction was stirred at 50�C
for 48 h; one additional 0.10 mmol portion (0.011 mL) of the
amine was added to the reaction after the first 24 h. The reac-
tion was cooled and added to 20 mL of aqueous NaCl and

extracted with 20 mL of ether (3�). The combined ether
layers were washed with 20 mL of aqueous NaCl (1�), dried
(MgSO4) and concentrated under vacuum to give a yellow oil.
Preparative thin layer chromatography on a 20 cm � 20 cm
plate eluted with 20% ethyl acetate in hexanes afforded two

major bands: band 1, 5 mg (8%) of recovered starting mate-
rial; band 2, 72 mg (88%) of 8a as a yellow solid, mp 135–
138�C. IR: 1734, 1510, 1321 cm�1; 1H NMR: d 7.94 (s, 1H),
7.86 (d, 1H, J ¼ 9.3), 7.38–7.23 (complex, 3H), 7.16 (d, 2H, J
¼ 7.1), 6.40 (d, 1H, J ¼ 9.3), 4.72 (d, 1H, J ¼ 17.3), 4.62 (d,

1H, J ¼ 17.3), 4.09 (apparent sextet, 1H, J ¼ 4.2), 3.67 (s,
3H), 3.03–2.80 (complex, 2H), 2.70 (dd, 1H, J ¼ 15.4, 4.9),
2.57 (dd, 1H, J ¼ 15.4, 8.8), 2.06 (m, 2H); 13C NMR: d
171.3, 149.1, 137.1, 136.4, 128.9, 127.4, 126.0, 125.2, 124.3,
120.5, 110.6, 55.4, 53.8, 51.9, 37.8, 24.6, 23.1; ms: m/z 249

(Mþ-C7H7). Anal. Calcd for C19H20N2O4: C, 67.06; H, 5.88;
N, 8.24. Found: C, 67.09; H, 5.91; N, 8.20.

For reactions run in DMF, 2 mL of dry DMF was substi-
tuted for DMSO. The yields are given in Figure 1. These reac-

tions all gave 5–10% of recovered substrate as well as 2–4%
of a product resulting from amine exchange with the solvent
and substitution of dimethylamine on the aromatic ring. This
product was identified by 1H NMR, but could not be isolated
in pure form.

Tandem SNAr-Michael reaction using the Z substrate:

Methyl (6)-1-benzyl-6-nitro-1,2,3,4-tetrahydroquinoline-2-

acetate (8a). This same procedure was carried out using 50
mg (0.20 mmol) of 3 and a total of 28 mg (0.029 mL, 0.27
mmol) of benzylamine in 2 mL of anhydrous DMSO to give

52 mg (76%) of 8a along with 6 mg (12%) of 2. The spectral
data for these two materials matched those given above.

Methyl (6)-1-(2-phenylethyl)-6-nitro-1,2,3,4-tetrahydro-

quinoline-2-acetate (8b). This compound was prepared from
61 mg (0.24 mmol) of 2 and a total of 48 mg (0.050 mL, 0.40

mmol) of phenethylamine. Purification by preparative thin
layer chromatography eluted with 20% ethyl acetate in hex-
anes gave 71 mg (84%) of 8b as a yellow oil. IR: 1734, 1510,
1322 cm�1; 1H NMR: d 8.02 (dd, 1H, J ¼ 9.3, 2.7), 7.93 (d,

1H, J ¼ 2.2), 7.38–7.22 (complex, 3H), 7.19 (d, 2H, J ¼ 7.2),
6.62 (d, 1H, J ¼ 9.3), 3.80 (ddd, 1H, J ¼ 14.8, 7.7, 4.9), 3.73
(obscured m, 1H), 3.70 (s, 3H), 3.47 (dt, 1H, J ¼ 14.8, 8.2),
3.02–2.68 (complex, 4H), 2.55 (dd, 1H, J ¼ 15.4, 5.5), 2.42
(dd, 1H, J ¼ 15.4, 8.8), 1.83 (dm, 1H, J ¼ 13.8), 1.66 (m,

1H); 13C NMR: d 171.5, 148.4, 138.2, 136.7, 128.75, 128.70,
126.8, 125.5, 124.5, 120.4, 109.5, 55.2, 51.9 (2C), 37.5, 33.0,
24.2, 22.9; ms: m/z 263 (Mþ-C7H7). Anal. Calcd for
C20H22N2O4: C, 67.80; H, 6.21; N, 7.91. Found: C, 67.84; H,
6.24; N, 7.79.

Methyl (6)-1-hexyl-6-nitro-1,2,3,4-tetrahydroquinoline-2-

acetate (8c). This compound was prepared from 61 mg (0.24
mmol) of 2 and a total of 40 mg (0.053 mL, 0.40 mmol) of
hexylamine. Purification by preparative thin layer chromatog-
raphy eluted with 5% ethyl acetate in hexanes gave 75 mg

(93%) of 8c as a yellow oil. IR: 1736, 1510, 1321 cm�1; 1H
NMR: d 7.97 (dd, 1H, J ¼ 9.2, 2.7), 7.90 (d, 1H, J ¼ 2.2),
6.49 (d, 1H, J ¼ 9.2), 3.96 (m, 1H), 3.72 (s, 3H), 3.51 (ddd,
1H, J ¼ 14.8, 8.2, 5.5), 3.20 (dt, 1H, J ¼ 14.8, 8.2), 2.94–2.70

(complex, 2H), 2.62 (dd, 1H, J ¼ 15.4, 4.9), 2.48 (dd, 1H, J ¼
15.4, 8.8), 1.98 (dm, 1H, J ¼ 13.7), 1.87 (m, 1H), 1.62 (m,
2H), 1.33 (m, 6H), 0.90 (distorted t, 3H, J ¼ 6.6); 13C NMR:
d 171.5, 148.8, 136.3, 125.4, 124.5, 120.2, 109.5, 54.8, 51.9,
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50.3, 37.5, 31.5, 26.8, 26.6, 24.4, 22.9, 22.6, 14.0; ms: m/z 263
(Mþ-C5H11). Anal. Calcd for C18H26N2O4: C, 64.67; H, 7.78;
N, 8.38. Found: C, 64.78; H, 7.82; N, 8.29.

Methyl (6)-1-isobutyl-6-nitro-1,2,3,4-tetrahydroquino-

line-2-acetate (8d). This compound was prepared from 61 mg

(0.24 mmol) of 2 and a total of 29 mg (0.040 mL, 0.40 mmol)
of hexylamine. Purification by preparative thin layer chroma-
tography eluted with 5% ethyl acetate in hexanes gave 60 mg
(82%) of 8d as a yellow oil. IR: 1735, 1510, 1321 cm�1; 1H
NMR d 7.95 (dd, 1H, J ¼ 9.3, 2.7), 7.92 (s, 1H), 6.48 (d, 1H,

J ¼ 9.3), 3.96 (apparent sextet, 1H, J ¼ 4.4), 3.72 (s, 3H),
3.50 (dd, 1H, J ¼ 14.3, 4.9), 3.00–2.75 (complex, 3H), 2.58
(dd, 1H, J ¼ 15.4, 5.5), 2.45 (dd, 1H, J ¼ 15.4, 8.8), 2.12 (m,
1H), 1.99 (m, 2H), 0.97 (d, 3H, J ¼ 6.6), 0.95 (d, 3H, J ¼
6.6); 13C NMR d 171.6, 149.0, 136.5, 125.6, 124.2, 119.9,

110.0, 57.8, 55.7, 52.0, 36.6, 26.6, 24.0, 22.7, 20.1; ms: m/z
263 (Mþ-C3H7). Anal. Calcd for C16H22N2O4: C, 62.75; H,
7.19; N, 9.15. Found: C, 62.84; H, 7.22; N, 9.09.

Methyl (6)-1-cyclohexyl-6-nitro-1,2,3,4-tetrahydroquino-

line-2-acetate (8e). This compound was prepared from 61 mg
(0.24 mmol) of 2 and a total of 39 mg (0.046 mL, 0.40 mmol)
of cyclohexylamine. Purification by preparative thin layer
chromatography eluted with 5% ethyl acetate in hexanes gave
38 mg (48%) of 8e as a yellow solid, mp 94–96�C. IR: 1734,
1510, 1321 cm�1; 1H NMR: d 7.96 (dd, 1H, J ¼ 9.3, 2.7),
7.93 (s, 1H), 6.68 (d, 1H, J ¼ 9.3), 4.19 (m, 1H), 3.71 (over-
lapping m, 1H and s, 3H), 3.00–2.72 (complex, 3H), 2.53 (dd,
1H, J ¼ 15.4, 9.3), 2.45 (dd, 1H, J ¼ 15.4, 4.9), 1.95 (m, 5H),
1.74 (m, 3H), 1.58 (m, 1H), 1.40 m, 1H), 1.22 (m, 1H); 13C

NMR: d 171.5, 149.5, 136.5, 126.0, 124.1, 120.8, 111.1, 59.0,
51.9, 47.5, 38.4, 31.0, 30.3, 26.1 (2C), 25.5, 24.2, 22.8; MS:
m/z 332 (Mþ). Anal. Calcd for C18H24N2O4: C, 65.06; H,
7.23; N, 8.43. Found: C, 64.97; H, 7.19; N, 8.45.

This reaction also afforded 3 mg (5%) of recovered 2 as a

light yellow oil and 18 mg (23%) of methyl (E)-5-(2-cyclohex-
ylamino-5-nitrophenyl)-2-pentenoate (9) as a yellow oil. The
spectral data for 9 were: IR: 3397, 1721, 1657, 1532, 1314
cm�1; 1H NMR: d 8.05 (dd, 1H, J ¼ 9.3, 2.7), 7.95 (d, 1H, J
¼ 2.2), 7.02 (dm, 1H, J ¼ 15.4), 6.59 (d, 1H, J ¼ 9.3), 5.92
(d, 1H, J ¼ 15.4), 4.21 (br d, 1H, J ¼ 6.0), 3.74 (s, 3H), 3.43
(m, 1H), 2.59 (apparent 2s, 4H), 2.05 (m, 2H), 1.80 (m, 2H),
1.70 (m, 1H), 1.44 (m, 2H), 1.26 (m, 3H); 13C NMR: d 166.6,
149.9, 147.0, 137.2, 124.9 (2C), 122.9, 122.2, 108.8, 51.6,

51.5, 33.0, 30.3, 28.9, 25.6, 24.7; ms (30 eV): m/z 332 (Mþ).
Anal. Calcd for C18H24N2O4: C, 65.06; H, 7.23; N, 8.43.
Found: C, 65.12; H, 7.25; N, 8.37.

(6)-2-(1-Benzyl-6-nitro-1,2,3,4-tetrahydroquinolin-2-yl)-1-

phenylethanone (10a). This compound was prepared from 72

mg (0.24 mmol) of 4 and a total of 43 mg (0.043 mL, 0.40
mmol) of benzylamine. Purification by preparative thin layer
chromatography eluted with 25% ethyl acetate in hexanes gave
87 mg (94%) of 10a as a yellow oil. IR: 1681, 1510, 1328
cm�1; 1H NMR: d 7.90 (m, 4H), 7.59 (t, 1H, J ¼ 7.7), 7.46 (t,

2H, J ¼ 7.7), 7.36-7.24 (complex, 4H), 7.18 (d, 1H, J ¼ 7.1),
6.42 (d, 1H, J ¼ 9.3), 4.71 (d, 1H, J ¼ 17.0), 4.64 (d, 1H, J ¼
17.0), 4.38 (m, 1H), 3.28 (d, 2H, J ¼ 6.0), 2.93 (m, 2H), 2.09
(m, 2H); 13C NMR: d 197.8, 149.4, 136.9, 136.6, 136.5, 133.6,

128.9, 128.8, 128.0, 127.4, 126.1, 125.3, 124.4, 120.4, 110.5,
54.7, 53.9, 41.5, 24.8, 23.3. ms: m/z 295 (Mþ-C7H7). Anal.
Calcd for C24H22N2O3: C, 74.61; H, 5.70; N, 7.25. Found: C,
74.74; H, 5.73; N, 7.14.

(6)-2-(6-Nitro-1-phenethyl-1,2,3,4-tetrahydroquinolin-2-yl)-

1-phenylethanone (10b). This compound was prepared from
72 mg (0.24 mmol) of 4 and a total of 48 mg (0.050 mL, 0.40

mmol) of phenethylamine. Purification by preparative thin
layer chromatography eluted with 20% ethyl acetate in hex-
anes gave 91 mg (95%) of 10b as a yellow oil. IR 1681, 1510,
1327 cm�1; 1H NMR: d 8.02 (dd, 1H, J ¼ 9.3, 2.7), 7.94 (d,
1H, J ¼ 2.7), 7.90 (d, 2H, J ¼ 8.0), 7.59 (t, 1H, J ¼ 7.7),

7.46 (t, 2H, J ¼ 7.7), 7.36-7.21 (complex, 4H), 7.19 (d, 1H, J
¼ 7.4), 6.61 (d, 1H, J ¼ 9.3), 4.05 (m, 1H), 3.78 (ddd, 1H, J
¼ 14.3, 8.2, 5.5), 3.49 (dt, 1H, J ¼ 14.8, 8.2), 3.12 (m, 2H),
3.05–2.70 (complex, 4H), 1.87 (dm, 1H, J ¼ 13.2), 1.72 (m,
1H); 13C NMR: d 198.0, 148.7, 138.3, 136.6, 136.5, 133.6,

128.8 (2C), 128.7, 128.0, 126.7, 125.6, 124.5, 120.4, 109.5,
54.5, 52.0, 41.5, 33.0, 24.5, 23.1; ms: m/z 309 (Mþ-C7H7).
Anal. Calcd for C25H24N2O3: C, 75.00; H, 6.00; N, 7.00.
Found: C, 75.16; H, 6.05; N, 6.93.

(6)-2-(1-Hexyl-6-nitro-1,2,3,4-tetrahydroquinolin-2-yl)-1-

phenylethanone (10c). This compound was prepared from 72
mg (0.24 mmol) of 4 and a total of 40 mg (0.053 mL, 0.40
mmol) of hexylamine. Purification by preparative thin layer
chromatography eluted with 10% ethyl acetate in hexanes gave

88 mg (97%) of 10c as a yellow oil. IR: 1682, 1510, 1328
cm�1; 1H NMR: d 7.95 (m, 4H), 7.60 (t, 1H, J ¼ 7.7), 7.48 (t,
2H, J ¼ 7.7), 6.49 (d, 1H, J ¼ 8.8), 4.27 (m, 1H), 3.51 (ddd,
1H, J ¼ 14.3, 8.8, 5.5), 3.20 (d, 2H, J ¼ 7.1), 3.20 (obscured
m, 1H), 2.84 (m, 2H), 2.03 (dm, 1H, J ¼ 11.0), 1.91 (m, 1H),

1.62 (m, 2H), 1.32 (complex, 6H), 0.89 (distorted t, 3H, J ¼
6.6); 13C NMR: d 198.1, 149.1, 136.7, 136.2, 133.6, 128.8,
128.0, 125.5, 124.5, 120.0, 109.4, 54.2, 50.4, 41.3, 31.5, 26.8,
26.6, 24.6, 23.1, 22.5, 13.9; ms: m/z 309 (Mþ-C5H11). Anal.
Calcd for C23H28N2O3: C, 72.63; H, 7.37; N, 7.37. Found: C,

72.58; H, 7.34; N, 7.39.
(6)-2-(1-Isobutyl-6-nitro-1,2,3,4-tetrahydroquinolin-2-yl)-1-

phenylethanone (10d). This compound was prepared from 72
mg (0.24 mmol) of 4 and a total of 29 mg (0.040 mL, 0.40
mmol) of isobutylamine. Purification by preparative thin layer

chromatography eluted with 10% ethyl acetate in hexanes gave
74 mg (88%) of 10d as a yellow oil. IR: 1681, 1510, 1324
cm�1; 1H NMR: d 7.93 (m, 4H), 7.60 (t, 1H, J ¼ 7.7), 7.47 (t,
2H, J ¼ 7.7), 6.48 (d, 1H, J ¼ 8.8), 4.25 (m, 1H), 3.47 (dd,
1H, J ¼ 14.8, 4.9), 3.17 (d, 2H, J ¼ 7.1), 3.00–2.75 (complex,

3H), 2.12 (m, 1H), 2.04 (m, 2H), 0.99 (d, 3H, J ¼ 6.6), 0.94
(d, 3H, J ¼ 6.6); 13C NMR: d 198.2, 149.3, 136.7, 136.3,
133.6, 128.8, 128.0, 125.7, 124.3, 119.8, 110.0, 57.9, 55.1,
40.4, 26.6, 24.2, 22.9, 20.1 (2C); ms: m/z 309 (Mþ-C3H7).

Anal. Calcd for C21H24N2O3: C, 71.59; H, 6.82; N, 7.95.
Found: C, 71.77; H, 6.85; N, 7.89.

(6)-2-(1-Cyclohexyl-6-nitro-1,2,3,4-tetrahydroquinolin-2-yl)-

1-phenylethanone (10e). This compound was prepared from 72
mg (0.24 mmol) of 4 and a total of 39 mg (0.046 mL, 0.40

mmol) of cyclohexylamine. Purification by preparative thin
layer chromatography eluted with 10% ethyl acetate in hex-
anes gave 32 mg (36%) of 10e as a yellow oil. IR 1679, 1503,
1324 cm�1; 1H NMR: d 7.98 (dd, 1H, J ¼ 9.3, 2.7), 7.93
(obscured signal, 1H), 7.92 (d, 2H, J ¼ 7.1), 7.60 (t, 1H, J ¼
7.1), 7.47 (t, 2H, J ¼ 7.7), 6.71 (d, 1H, J ¼ 9.3), 4.50 (m,
1H), 3.74 (tt, 1H, J ¼ 11.5, 3.3), 3.31 (dd, 1H, J ¼ 17.6, 9.3),
2.97 (dd, 1H, J ¼ 17.6, 3.3), 2.81 (m, 3H), 2.04 (dm, 1H, J ¼
13.2), 1.90 (m, 3H), 1.85–1.50 (complex, 4H), 1.39 (m, 2H),
1.20 (tt, 1H, J ¼ 13.2, 3.3); 13C NMR: d 198.0, 149.9, 136.8,
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136.4, 133.6, 128.8, 128.6, 128.5, 128.0, 126.1, 124.2, 120.6,
111.1, 59.1, 46.8, 42.1, 31.1, 30.3, 26.1 (2C), 25.4, 24.3, 23.0;
ms: m/z 378 (Mþ). Anal. Calcd for C23H26N2O3: C, 73.02; H,
6.88; N, 7.41. Found: C, 73.12; H, 6.92; N, 7.34. No other
products could be isolated from this reaction in pure form.

(6)-1-(1-Benzyl-6-nitro-1,2,3,4-tetrahydroquinolin-2-yl)pro-

pan-2-one (11a). This compound was prepared from 57 mg
(0.24 mmol) of 6 and a total of 43 mg (0.043 mL, 0.40 mmol)
of benzylamine. Purification by preparative thin layer chroma-
tography eluted with 20% ethyl acetate in hexanes gave 72 mg

(92%) of 11a as a yellow oil. IR: 1714, 1511, 1320 cm�1; 1H
NMR: d 7.93 (d, 1H, J ¼ 2.7), 7.85 (dd, 1H, J ¼ 9.3, 2.7),
7.38–7.22 (complex, 3H), 7.15 (d, 2H, J ¼ 7.1), 6.40 (d, 1H, J
¼ 9.3), 4.66 (d, 1H, J ¼ 17.6), 4.61 (d, 1H, J ¼ 17.6), 4.18
(sextet, 1H, J ¼ 3.8), 2.86 (m, 2H), 2.80 (dd, 1H, J ¼ 17.6,

4.9), 2.72 (dd, 1H, J ¼ 17.6, 7.7), 2.13 (s, 3H), 2.00 (m, 2H);
13C NMR: d 206.2, 149.4, 136.9, 136.5, 128.9, 127.4, 126.1,
125.2, 124.4, 120.4, 110.5, 53.9, 53.8, 46.9, 30.8, 24.9, 23.3;
ms: m/z 233 (Mþ-C7H7). Anal. Calcd for C19H20N2O3: C,

70.37; H, 6.17; N, 11.57, Found: C, 70.33; H, 6.14; N, 11.64.
(6)-1-(6-Nitro-1-phenethyl-1,2,3,4-tetrahydroquinolin-2-yl)

propan-2-one (11b). This compound was prepared from 57
mg (0.24 mmol) of 6 and a total of 48 mg (0.050 mL, 0.40
mmol) of phenethylamine. Purification by preparative thin

layer chromatography eluted with 15% ethyl acetate in hex-
anes gave 78 mg (96%) of 11b as a yellow oil. IR: 1714,
1514, 1318 cm�1; 1H NMR: d 8.01 (dd, 1H, J ¼ 9.3, 2.7),
7.91 (d, 1H, J ¼ 2.7), 7.37–7.22 (complex, 3H), 7.19 (d, 2H, J
¼ 7.1), 6.60 (d, 1H, J ¼ 9.3), 3.85 (m, 1H), 3.80 (ddd, 1H, J
¼ 14.3, 8.8, 5.5), 3.46 (dt, 1H, J ¼ 14.2, 7.7), 2.90 (m, 2H),
2.74 (m, 2H), 2.66 (dd, 1H, J ¼ 17.6, 4.9), 2.58 (dd, 1H, J ¼
17.6, 7.1), 2.14 (s, 3H), 1.79 (dm, 1H, J ¼ 13.2), 1.66 (m,
1H); 13C NMR: d 206.5, 148.7, 138.3, 136.4, 128.74, 128.66,
126.7, 125.5, 124.5, 120.3, 109.4, 53.5, 51.9, 46.7, 32.9, 30.9,

24.4, 23.0; ms: m/z 247 (Mþ-C7H7). Anal. Calcd for
C20H22N2O3: C, 71.01; H, 6.51; N, 8.28. Found: C, 71.09; H,
6.55; N, 8.22.

(6)-1-(1-Hexyl-6-nitro-1,2,3,4-tetrahydroquinolin-2-yl)pro-

pan-2-one (11c). This compound was prepared from 57 mg
(0.24 mmol) of 6 and a total of 40 mg (0.053 mL, 0.40 mmol)
of hexylamine. Purification by preparative thin layer chroma-
tography eluted with 5% ethyl acetate in hexanes gave 70 mg
(92%) of 11c as a yellow oil. IR: 1714, 1510, 1315 cm�1; 1H

NMR: d 7.97 (dd, 1H, J ¼ 9.3, 2.7), 7.90 (d, 1H, J ¼ 2.7),
6.48 (d, 1H, J ¼ 9.3), 4.05 (m, 1H), 3.49 (ddd, 1H, J ¼ 14.8,
8.8, 5.5), 3.16 (ddd, 1H, J ¼ 14.8, 8.8, 5.5), 2.78 (m, 2H),
2.68 (m, 2H), 2.19 (s, 3H), 1.90 (m, 2H), 1.59 (m, 2H), 1.41–
1.23 (complex, 6H), 0.90 (distorted t, 3H, J ¼ 6.6); 13C NMR:

d 206.5, 149.0, 136.2, 125.5, 124.5, 120.0, 109.4, 53.3, 50.3,
46.6, 31.5, 31.0, 26.8, 26.6, 24.6, 23.1, 22.6, 14.0; ms: m/z 247
(Mþ-C5H11). Anal. Calcd for C18H26N2O3: C, 67.92; H, 8.18;
N, 8.81. Found: C, 67.99; H, 8.24; N, 8.76.

(6)-1-(1-Isobutyl-6-nitro-1,2,3,4-tetrahydroquinolin-2-yl)pro-

pan-2-one (11d). This compound was prepared from 57 mg
(0.24 mmol) of 6 and a total of 29 mg (0.040 mL, 0.40 mmol)
of isobutylamine. Purification by preparative thin layer chro-
matography eluted with 5% ethyl acetate in hexanes gave 65

mg (93%) of 11d as a yellow oil. IR: 1718, 1510, 1318 cm�1;
1H NMR: d 7.94 (dd, 1H, J ¼ 9.3, 2.7), 7.91 (br s, 1H), 6.47
(d, 1H, J ¼ 9.3), 4.04 (septet, 1H, J ¼ 3.3), 3.47 (dd, 1H, J ¼
14.3, 4.9), 2.81 (m, 3H), 2.65 (d, 2H, J ¼ 6.6), 2.18 (s, 3H),

2.10 (m, 1H), 1.95 (m, 2H), 0.97 (d, 3H, J ¼ 6.6), 0.94 (d,
3H, J ¼ 6.6); 13C NMR: d 206.6, 149.3, 136.3, 125.3, 124.3,
119.7, 109.9, 57.7, 54.2, 45.6, 31.0, 26.6, 24.1, 22.9, 20.1
(2C); ms: m/z 247 (Mþ-C3H7). Anal. Calcd for C16H22N2O3:
C, 66.21; H, 7.59; N, 9.66. Found: C, 66.26; H, 7.61; N, 9.58.

(6)-1-(1-Cyclohexyl-6-nitro-1,2,3,4-tetrahydroquinolin-2-yl)

propan-2-one (11e). This compound was prepared from 57
mg (0.24 mmol) of 6 and a total of 39 mg (0.046 mL, 0.40
mmol) of cyclohexylamine. Purification by preparative thin
layer chromatography eluted with 10% ethyl acetate in hex-

anes gave 28 mg (37%) of 11e as a yellow solid, mp 117–
120�C. IR: 1714, 1509, 1321 cm�1; 1H NMR: d 7.96 (dd, 1H,
J ¼ 9.3, 2.7), 7.91 (br s, 1H), 6.67 (d, 1H, J ¼ 9.3), 4.27 (m,
1H), 3.70 (tt, 1H, J ¼ 11.5, 3.3), 2.84–2.67 (complex, 4H),
2.52 (dd, 1H, J ¼ 7.1, 3.3), 2.16 (s, 3H), 2.01–1.81 (complex,

4H), 1.80–1.54 (complex, 4H), 1.40 (m, 2H), 1.25 (tt, 1H, J ¼
13.2, 3.3); 13C NMR: d 206.5, 149.8, 136.3, 126.0, 124.1,
120.5, 111.0, 59.0, 47.4, 46.1, 31.1, 30.3, 26.1, 25.4, 24.3,
22.9; ms: m/z 316 (Mþ). Anal. Calcd for C18H24N2O3: C,

68.35; H, 7.59; N, 8.86. Found: C, 68.44; H, 7.64; N, 8.77.
No other products could be isolated from this reaction in pure
form.

Methyl (E)-5-phenyl-2-pentenoate (13). This compound
was prepared as described for 2 using 1.00 g (7.46 mmol) of

12 and 3.73 g (11.2 mmol) of (methoxycarbonylmethylene)tri-
phenylphosphorane in benzene. Flash chromatography on a 30
cm � 2.5 cm column eluted with 5–10% ether in hexanes
gave 1.07 g (76%) of 13 as a colorless oil [15]. IR: 1729,
1659 cm�1; 1H NMR: d 7.29 (m, 2H), 7.19 (m, 3H), 7.01 (dt,

1H, J ¼ 15.4, 7.1), 5.85 (dt, 1H, J ¼ 15.4, 1.6), 3.72 (s, 3 H),
2.77 (t, 2H, J ¼ 7.1), 2.51 (q, 2H, J ¼ 7.1); 13C NMR: d
166.9, 148.3, 140.7, 128.4, 128.3, 126.1, 121.4, 51.4, 34.3,
33.9; ms (30 eV): m/z 190 (Mþ). Anal. Calcd for C12H14O2:
C, 75.79; H, 7.37. Found: C, 75.90; H, 7.41.

(E)-1,5-Diphenyl-2-penten-1-one (14). This compound was
prepared as described for 2a from 1.00 g (7.46 mmol) of 12

and (11.2 mmol) of (benzoylmethylene)triphenylphosphorane.
Flash chromatography on a 30 cm � 2.5 cm column eluted

with 8–12% ether in hexanes gave 1.21 g (69%) of 14 as a
yellow oil [15]. IR 1670, 1623 cm�1; 1H NMR: d 7.87 (d, 2H,
J ¼ 7.4), 7.54 (t, 1H, J ¼ 7.4), 7.44 (t, 2H, J ¼ 7.4), 7.30 (t,
2H, J ¼ 7.4), 7.22 (m, 3H), 7.08 (dt, 1H, J ¼ 15.4, 7.1), 6.86
(d, 1H, J ¼ 15.4), 2.85 (t, 2H, J ¼ 7.1), 2.64 (q, 2H, J ¼ 7.1);
13C NMR: d 190.8, 148.4, 140.7, 137.8, 132.6, 128.5, 128.4
(2C), 128.3, 126.5, 126.1, 34.47, 34.44; ms (30 eV): m/z 236
(Mþ). Anal. Calcd for C17H16O: C, 86.44; H, 6.78. Found: C,
86.37; H, 6.74.

Control experiment: Competitive reaction of benzyl-

amine with 13 and 15. A mixture of 95 mg (0.50 mmol) of
13, 75 mg (0.50 mmol) of 15 and 54 mg (0.055 mL, 0.50
mmol) of benzylamine in 3 mL of anhydrous DMSO was
heated at 50�C for 48 h. The mixture was cooled, worked up
with aqueous NaCl and purified by preparative thin layer chro-

matography eluted with 10% ethyl acetate in hexanes to give
three major bands: band 1, 10 mg (13%) of recovered 15;
band 2: 81 mg (85%) of recovered 13; band 3, 92 mg (81%)
of N-benzyl-2-methyl-4-nitroaniline (16) as a yellow solid, mp

99–100�C. The spectral data for 16 were: IR: 3417, 1531,
1328 cm�1; 1H NMR: d 8.00 (dd, 1H, J ¼ 8.2, 2.2), 7.99 (s,
1H), 7.42–7.30 (complex, 5H), 6.54 (d, 1H, J ¼ 8.2), 4.66 (br
s, 1H), 4.48 (d, 2H, J ¼ 4.9), 2.21 (s, 3H); 13C NMR: d 151.3,
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137.4, 134.8, 129.0, 127.8, 127.3, 126.0, 124.6, 121.2, 108.3,
47.8, 17.3; ms: m/z 151 (Mþ-C7H7). Anal. Calcd for
C14H14N2O2: C, 69.42; H, 5.79; N, 11.57. Found: C, 69.45; H,
5.79; N, 11.52.

Control experiment: Competitive reaction of benzyl-

amine with 14 and 15. A mixture of 118 mg (0.50 mmol) of
14, 75 mg (0.50 mmol) of 15 and 54 mg (0.055 mL, 0.50
mmol) of benzylamine was reacted, worked up and purified as
above to give: band 1, 20 mg (26%) of recovered 15; band 2:
60 mg (51%) of recovered 14; band 3, 61 mg (54%) of 16.

This reaction mixture was more complex due to the greater
reactivity of the ketone, but none of the conjugate addition
product was detected.
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A series of novel bis-heterocyclic compounds 12–20 were synthesized by integrating fused heterocy-
clic pyrimidines, such as thienopyrimidine and pyrazolopyrimidine into the scaffold of thienotriazolo-
pyrimidines, and pyrazolotriazolopyrimidines through a sulfur-linkage.
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INTRODUCTION

The chemistry of heterocycles containing pyrimidine

moiety have attracted considerable interest for many

years because of their diverse biological activities, such

as anti-inflammatory, anti-HIV-1, antimicrobial, and

antitumor activities [1–4]. Some fused heterocyclic pyri-

midines have acquired much importance because of their

wide range of biological applications.

For instance, pyrazolopyrimidine 1 was as shown in

Figure 1 investigated as antifungal and antibacterial agents

[5], and other similar pyrazolopyrimidines were also

reported to possess inhibitory activities of the insulin-like

growth factor receptor (IGF-IR) and human cyclin-depend-

ent kinase 2 [6,7]. Various triazolopyrimidine derivatives

were known as dual thrombin/factor Xa inhibitors, human

adenosine A2A receptor ligands, and herbicides [8–10].

Also, new thienopyrimidine derivatives have been identi-

fied as potent inhibitors of VEGF receptor-2 kinase and

selective and potent ligands for the 5-HT3 receptor [11,12].

Furthermore, it has been noticed that introduction of an

additional ring to the fused heterocyclic pyrimidines tends

to exert profound influence in conferring new biological

activities in these molecules. Recently, thienotriazolopyri-

midine 2 and pyrazolotriazolopyrimidine 3 derivatives as

tricyclic heterocyclic compounds (five-six-five ring sys-

tems) have been explored for adenosine A1/A2A or A2A/A3

receptor antagonists [13,14].

Starting from using the thienotriazolopyrimidine

derivatives 4 and 5 which have been recently reported

from our laboratories [15] and in continuation to our

works for biologically active heterocyclic compounds

[16] we now report the synthesis of new bis-heterocyclic
compounds 12–20 prepared by integrating fused hetero-

cyclic pyrimidines, such as thienopyrimidines and

pyrazolopyrimidines into the scaffold of thienotriazolo-

pyrimidines and pyrazolotriazolopyrimidines through a

sulfur-linkage in the hope of obtaining compounds of

diverse pharmaceutical activities.

RESULTS AND DISCUSSION

For the synthesis of key intermediates 9, 10, and 11,

2-aminothiophene-3-carbonitrile and 3-aminothiophene-

2-carboxamide as starting materials were obtained,

respectively, according to the modified Gewald method

[17]. 5-Amino-1-phenyl-1H-pyrazole-4-carbonitrile was

also prepared by the reaction of phenylhydrazine with

ethoxymethylenemalonitrile in refluxing ethanol [18].

Compounds 6 and 8 were obtained from the reaction of

starting materials with triethyl orthoformate and subse-

quent cyclization with hydrazine. Condensation of 3-

aminothiophene-2-carboxamide with aqueous formic

acid and subsequent treatment with POCl3 and hydra-

zine gave 7, as shown Scheme 1 [15]. Electrophilic

attack of CS2 in the presence of ethanolic KOH on the

hydrazines 6, 7, and 8 gave via further intramolecular

cyclization and elimination of H2S fused 1,2,4-triazolo-

pyrimidine-3-thiones 9–11, respectively, which exhibit a
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thione-thiol equilibrium. The structure of these com-

pounds was confirmed by elemental analysis, 1H-NMR

and IR spectra. The IR spectra showed characteristic

peaks at 1200 (weak) and 3190 cm�1 for the C¼¼S and

NH groups, respectively. The disappearance of the pri-

mary amino protons and the appearance of the second-

ary amino signal near at d 14.0 in 1H-NMR spectrum

indicated the thione tautomer of cyclization products.

The mass spectral data of 9 and 10, for instance, showed

a molecular ion peak at m/z 208, and also showed ion

at m/z 135 which could be attributed to the loss of

NANHAC¼¼S from the molecular ion.

The compounds 12–20 were prepared as shown

Scheme 2 in moderate yield by treatment of fused 1,2,4-

triazolopyrimidine-3-thiones 9–11 with chlorothienopyri-

midines (A-Cl and B-Cl) or chlorophenylpyrazolopyri-

midine (C-Cl) in refluxing ethanol containing sodium

acetate. The structures of 12–20 were established on the

basis of their spectral data and elemental analysis. The

IR spectra of these compounds exhibited absorption

bands in the region of 1630–1490 cm�1 for aromatic

C¼¼C, C¼¼N stretching vibrations, and disappearance of

NH and C¼¼S stretching signals of cyclic thiourea. The
1H-NMR spectra of 3-(thieno[2,3-d]pyrimidin-4-ylthio)-

thieno[3,2-e][1,2,4]triazolo[4,3-c] pyrimidine (12), for

example, showed four doublet signals because of pro-

tons of two thiophenes, and two singlet signals attrib-

uted to protons of two pyrimidine rings. Thus, one pair

of doublet signals at d 8.11 and 7.85 corresponded to

thiophene protons (H-8 and H-9) of thieno[3,2-e][1,2,4]
triazolo[4,3-c]pyrimidine ring, and the other one at d
8.03 and 7.50 attributed to thiophene protons (H-50 and
H-60) of thieno[2,3-d]pyrimidine ring. Two singlets at d
9.77 and 8.81 were observed for pyrimidine proton (H-

5) of thieno[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine ring,

and pyrimidine proton (H-20) of thieno[2,3-d]pyrimidine

ring, respectively. The mass spectrum of 12 revealed m/

z ¼ 342 corresponding the molecular formula,

C13H6N6S3. The ions at 208, 135 were fragments

obtained from cleavage of sulfide bond of 12. The more

deshielded a proton (H-60) of thiophene of thieno

[3,2-d]pyrimidine ring in 3-(thieno[3,2-d]pyrimidin-4-

ylthio)thieno[3,2-e][1,2,4]tri-azolo[4,3-c]pyrimidine (13)

appeared as a doublet at d 8.43, whereas the b proton

(H-70) was found to appear at d 7.68 in little higher field

as a doublet when compared with 12. The mass frag-

mentation pattern of 13 was in agreement with

the pattern of 12, giving a molecular ion peak at 341.

The 1H-NMR of 3-(1-phenyl-1H-pyrazolo [3,4-d]pyrimi-

din-4-ylthio)thieno[3,2-e][1,2,4]triazolo [4,3-c]pyrimi-

dine (14) displayed two singlets at d 8.75 and 8.65,

respectively for pyrimidine (H-60) and pyrazole protons

(H-30) of phenylpyrazolopyrimidine ring. Multiplets re-

sponsible for phenyl ring appeared at d 8.15, 7.54, and

7.71 as a doublet and two triplets, and the proton reso-

nance of the thieno[3,2-e][1,2,4]triazolo[4,3-c] pyrimi-

dine ring was observed as two doublets at d 8.19 and

8.00 for thiophene (H-8 and H-9) and as a singlet at d
9.34 for pyrimidine (H-5), respectively. The mass spec-

trum of 14 revealed m/z ¼ 402 corresponding the mo-

lecular formula, C18H10N8S2. The ions at 228, 208, and

195 were fragments due to cleavage of sulfide bond of

14.

The 1H-NMR spectra of 15–16 and 17 showed pat-

terns similar to those of corresponding 12–13 and 14. It

is noteworthy that the chemical shifts of thiophene and

pyrimidine protons for thieno[2,3-e][1,2,4]triazolo[4,3-
c]pyrimidine ring were changed at d 9.78–7.69 in higher

field or in more downfield because of sulfur-linked fused

heterocycles, such as thienopyrimidines or pyrazolo-

Scheme 1. Reagent and conditions: A: HC(OEt)3, reflux; B: NH2NH2-

H2O, reflux; C: HCOOH, reflux; D: (i) POCl3, reflux, (ii) NH2NH2-

H2O, reflux; E: HC(OEt)3, reflux; F: NH2NH2-H2O, reflux.

Figure 1. Compounds 1–5.
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pyrimidine. The mass spectra of 15–16 and 17 revealed

the very similar fragmentations compared with corre-

sponding 12–13 and 14 having the same molecular for-

mulas, respectively.

The compounds 18–19 were also characterized by
1H-NMR spectra, which exhibited three singlets at d
9.79–8.56 and two doublets at d 8.45–7.45 for fused het-

erocycles and multiplet signals at d 8.15–7.47 for phenyl

ring, like patterns of 14 and 17. The 1H-NMR spectrum

of 20 containing two phenylpyrazolopyrimidine moieties

showed four singlets for pyrimidine and pyrazole pro-

tons of two rings. The signals attributed to pyrimidine

(H-5) and pyrazole protons (H-9) of phenylpyrazolo tria-

zolopyrimidine ring were observed at d 8.84 and 8.32,

whereas the similar signals attributed to pyrimidine

(H-60) and pyrazole protons (H-30) of phenylpyrazolo-

pyrimidine ring were observed d 8.68 and 8.58, respec-

tively. Data from the elemental analysis and molecular

ion recorded in the mass spectrum further confirmed the

assign structure.

The compounds 12–20 were examined preliminarily

for the antibacterial activity in vitro against Escherichia
coli and were found to be slightly less active than that

of compound 1. They are under evaluation for other

Scheme 2. Reagents and conditions: A: CS2/KOH, ethanol, reflux; B: A-Cl, CH3CO2Na, ethanol, reflux; C: B-Cl, CH3CO2Na, ethanol, reflux;

D:C-Cl, CH3CO2Na, ethanol, reflux.
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biological activities and the results will be published

elsewhere.

In conclusion, we have reported the synthesis of new

sulfur-linked bis-heterocyclic compounds 12–20 with

potential biological activities.

EXPERIMENTAL

Melting points were determined in capillary tubes on
Büchi apparatus and are uncorrected. Each compound of the

reactions were checked on thin-layer chromatograpohy of
Merck Kieselgel 60F254 and purified by column chromatogra-
phy Merck silica gel (70–230 mesh). The 1H-NMR spectra
were recorded on Bruker DRX-300 FT-NMR spectrometer
(300 MHz) with Me4Si as internal standard and chemical

shifts are given in ppm (d). IR spectra were recorded using a
JASCO FT/IR-200 spectrophotometer. Electron ionization
mass spectra were recorded on a HP 59580 B spectrometer.
Elemental analyses were performed on a Carlo Erba 1106

elemental analyzer.
General procedure for the preparation of fused 1,2,4- tri-

azolopyrimidine-3-thione derivatives (9–11). A solution of
potassium hydroxide (10 mmol) and CS2 (2 mL) in ethanol
(30 mL) was added dropwise to a solution of appropriate thie-

nopyrimidinyl hydrazine or pyrazolopyrimidinyl hydrazine 6-8

(20 mmole) in ethanol (20 mL). The reaction mixture was then
refluxed for 8 hours. After cooling and evaporation of the sol-
vent, the residue was dissolved in water and acidified by add-
ing 10% HCl. The solid product was purified by recrystalliza-

tion from ethanol.
Thieno[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine-3(2H)-thione(9).

Yield 82%, mp 220–222�C; IR (KBr) 3190, 1200 cm�1,
1H-NMR (dimethyl sulfoxide-d6): d 14.0 (s, 1H, NH), 9.44
(s, 1H, H-5), 8.12 (d, J ¼ 5.8 Hz, 1H, H-8), 7.58 (d, J ¼ 5.8

Hz, 1H, H-9), ms: m/z (%) 208 (Mþ , 95) 181 (29), 162 (42),
135 (100), 84 (23). Anal. Calcd. for C7H4N4S2: C, 40.37; H,
1.94, N, 26.90. Found: C, 40.50; H, 1.82; N, 27.01.

Thieno[2,3-e][1,2,4]triazolo[4,3-c]pyrimidine-3(2H)-thione
(10). Yield 78%, mp 212–213�C; IR (KBr) 3150, 1210 cm�1,
1H-NMR (dimethyl sulfoxide-d6): d 13.8 (s, 1H, NH), 8.84 (s,
1H, pyrimidine), 7.90 (d, J ¼ 5.8 Hz, 1H, thiophene proton),
7.49 (d, J ¼ 5.8 Hz, 1H, thiophene proton), ms: m/z (%) 208
(Mþ, 60), 176 (61), 162 (15), 135 (34), 84 (99). Anal. Calcd.
for C7H4N4S2: C, 40.37; H, 1.94, N, 26.90. Found: C, 40.44;
H, 1.99; N, 26.76.

7-Phenyl-2H-pyrazolo[4,3-e][1,2,4]triazolo[4,3-c]pyrimi-dine-
3(7H)-thione (11). Yield 84%, mp 259–261�C; IR (KBr) 3190,
1210 cm�1, 1H-NMR (dimethyl sulfoxide-d6): d 14.2 (s, 1H,

NH), 9.47 (s, 1H, pyrimidine), 8.52 (s, 1H, pyrazole), 8.07
(d, J ¼ 7.8 Hz, 2H, phenyl), 7.64 (t, 2H, phenyl), 7.46 (t, 1H,
phenyl), ms: m/z (%) 268 (Mþ, 100), 222 (15), 195 (12), 84
(15). Anal. Calcd. for C12H8N6S: C, 53.72; H, 3.01, N, 31.32.
Found: C, 53.84; H, 2.88; N, 31.44.

General procedure for the preparation of sulfur-linked

bis-heterocyclic compounds (12–20). A suspension of anhy-
drous sodium acetate (15 mmol), chlorothienopyrimidine
(A-Cl or B-Cl) or chlorophenylpyrazolopyrimidine (C-Cl)

(10 mmol) and the appropriate fused 1,2,4-triazolopyrimidine-
3-thione 9-11 (10 mmol) in ethanol (30 mL) was refluxed for

6–8 h. After cooling, the solid products formed were filtered,
washed with water and recrystallized from ethanol.

3-(Thieno[2,3-d]pyrimidin-4-ylthio)thieno[3,2-e][1,2,4] tria-
zolo[4,3-c]pyrimidine (12). Yield 44%, mp 253–255�C (from
ethanol); 1H-NMR (dimethyl sulfoxide-d6): d 9.77 (s, 1H,

H-5), 8.81 (s, 1H, H-20), 8.11 and 7.85 (d and d, J ¼ 5.8 Hz,
2H, H-8 and H-9), 8.03 and 7.50 (d and d, J ¼ 5.8 Hz, 2H,
H-50 and H-60), ms: m/z (%) 342 (Mþ, 99), 284 (9), 208 (12),
162 (5), 135 (22). Anal. Calcd. for C13H6N6S3: C, 45.60; H,
1.77, N, 24.54. Found: C, 45.51; H, 1.89; N, 24.37.

3-(Thieno[3,2-d]pyrimidin-4-ylthio)thieno[3,2-e][1,2,4] tria-
zolo[4,3-c]pyrimidine (13). Yield 40%, mp 213–215�C (from
ethanol); 1H-NMR (dimethyl sulfoxide-d6): d 9.77 (s, 1H,
H-5), 8.99 (s, 1H, H-20), 8.43 and 7.68 (d and d, J ¼ 5.8 Hz,
2H, H-60 and H-70), 8.12 and 7.84 (d and d, J ¼ 5.8 Hz, 2H,
H-8 and H-9), ms: m/z (%) 342 (Mþ, 100), 284 (5), 208 (42),
162 (15), 135 (31). Anal. Calcd. for C13H6N6S3: C, 45.60; H,
1.77, N, 24.54. Found: C, 45.48; H, 1.85; N, 24.43.

3-(1-Phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-ylthio)thieno
[3,2-e][1,2,4]triazolo[4,3-c]pyrimidine (14). Yield 50%, mp
244–246�C (from ethanol); 1H-NMR (dimethyl sulfoxide-d6):
d 9.34 (s, 1H, H-5), 8.75 (s, 1H, H-60), 8.65 (s, 1H, H-30), 8.19
and 8.00 (d and d, J ¼ 5.8 Hz, 2H, H-8 and H-9), 8.15
(d, J ¼ 7.8 Hz, 2H, phenyl), 7.54 (t, 2H, phenyl), 7.41 (t, 1H,
phenyl), ms: m/z (%) 402 (Mþ, 100), 374 (10), 344 (11), 228
(8), 208 (5). Anal. Calcd. for C18H10N8S2: C, 53.72; H, 2.50,
N, 27.84. Found: C, 53.88; H, 2.59; N, 27.63.

3-(Thieno[2,3-d]pyrimidin-4-ylthio)thieno[2,3-e][1,2,4] tria-
zolo[4,3-c]pyrimidine (15). Yield 41%, mp 234–236�C (from
ethanol); 1H-NMR (dimethyl sulfoxide-d6): d 9.32 (s, 1H,
H-5), 8.78 (s, 1H, H-20), 7.94 and 7.69 (d and d, J ¼ 5.8 Hz,
2H, H-8 and H-7), 7.62 and 7.44 (d and d, J ¼ 5.8 Hz, 2H,
H-60 and H-50), ms: m/z (%) 342 (Mþ, 95), 284 (10), 208 (12),
162 (10), 135 (15). Anal. Calcd. for C13H6N6S3: C, 45.60; H,
1.77, N, 24.54. Found: C, 45.49; H, 1.85; N, 24.66.

3-(Thieno[3,2-d]pyrimidin-4-ylthio)thieno[2,3-e][1,2,4] tria-
zolo[4,3-c]pyrimidine (16). Yield 43%, mp 228–230�C (from
ethanol); 1H-NMR (dimethyl sulfoxide-d6): d 9.78 (s, 1H,
H-5), 9.00 (s, 1H, H-20), 8.46 and 7.69 (d and d, J ¼ 5.8 Hz,
2H, H-60 and H-70), 8.37 and 7.78 (d and d, J ¼ 5.8 Hz, 2H,
H-8 and H-7), ms: m/z (%) 342 (Mþ, 100), 298 (26), 284 (8),
208 (7), 168 (2), 135 (3). Anal. Calcd. for C13H6N6S3: C,
45.60; H, 1.77, N, 24.54. Found: C, 45.44; H, 1.90; N, 24.70.

3-(1-Phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-ylthio)thieno
[2,3-e][1,2,4]triazolo[4,3-c]pyrimidine (17). Yield 52%, mp
183–185�C; 1H-NMR (dimethyl sulfoxide-d6): d 8.91 (s, 1H,
H-5), 8.58 (s, 1H, H-60), 8.28 (s, 1H, H-30), 7.91 and 7.69

(d and d, J ¼ 5.8 Hz, 2H, H-8 and H-7), 8.17 (d, J ¼ 7.8 Hz,
2H, phenyl), 7.56 (t, 2H, phenyl), 7.40 (t, 1H, phenyl), ms:
m/z (%) 402 (Mþ, 100), 358 (32), 228 (12), 208 (25), 195
(18), 135 (45), 77 (24). Anal. Calcd. for C18H10N8S2: C,
53.72; H, 2.50, N, 27.84. Found: C, 53.60; H, 2.61; N, 27.90.

4-(7-Phenyl-7H-pyrazolo[4,3-e][1,2,4]triazolo[4,3-c] pyrimi-
din-3-ylthio)thieno[2,3-d]pyrimidine (18). Yield 48%, mp
285–287�C (from ethanol); 1H-NMR (dimethyl sulfoxide-d6):
d 9.23 (s, 1H, H-5), 8.79 (s, 1H, H-20), 8.56 (s, 1H, H-9), 7.70
and 7.45 (d and d, J ¼ 5.8 Hz, 2H, H-60 and H-50), 8.15 (d,
J ¼ 7.8 Hz, 2H, phenyl), 7.60 (t, 2H, phenyl), 7.47 (t, 1H,
phenyl), ms: m/z (%) 402 (Mþ, 100), 374 (19), 268 (30), 222
(14), 195 (12), 135 (31), 77 (18). Anal. Calcd. for
C18H10N8S2: C, 53.72; H, 2.50, N, 27.84. Found: C, 53.80; H,
2.64; N, 27.62.
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4-(7-Phenyl-7H-pyrazolo[4,3-e][1,2,4]triazolo[4,3-c] pyrimi-
din-3-ylthio)thieno[3,2-d]pyrimidine (19). Yield 40%, mp
230–232�C (from ethanol); 1H-NMR (dimethyl sulfoxide-d6):

d 9.79 (s, 1H, H-5), 9.02 (s, 1H, H-20), 8.79 (s, 1H, H-9), 8.45
and 7.69 (d and d, J ¼ 5.8 Hz, 2H, H-60 and H-70), 8.10 (d,
J ¼ 7.8 Hz, 2H, phenyl), 7.65 (t, 2H, phenyl), 7.50 (t, 1H,
phenyl), ms: m/z (%) 402 (Mþ, 100), 374 (18), 268 (26), 222
(28), 195 (18), 168 (12), 135 (84), 77 (43). Anal. Calcd. for
C18H10N8S2: C, 53.72; H, 2.50, N, 27.84. Found: C, 53.88; H,
2.40; N, 27.69.

7-Phenyl-3-(1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-ylthio)-
7H-pyrazolo[4,3-e][1,2,4]triaqzolo[4,3-c]pyrimidine (20). Yield
52%, mp 297–299�C (from ethanol); 1H-NMR (dimethyl sulf-

oxide-d6): d 8.84 (s, 1H, H-5), 8.68 (s, 1H, H-60), 8.58 (s, 1H,
H-30), 8.32 (s, 1H, H-9), 8.17 (d, J ¼ 7.8 Hz, 2H, phenyl),
8.14 (d, J ¼ 7.8 Hz, 2H, phenyl) 7.60–7.53 (m, 4H, phenyl),
7.47–7.37 (m, 2H, phenyl), ms: m/z (%) 462 (Mþ, 100), 434
(18), 404 (13), 268 (17), 228 (24), 195 (18), 168 (19), 141

(13), 77 (3). Anal. Calcd. for C23H14N10S: C, 59.73; H, 3.05,
N, 30.29 Found: C, 59.85; H, 2.91; N, 30.40.
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A facile one pot synthesis of 2,3,4,5-tetrahydropyrido [1,2-a] [1,3] diazepine-2,5-dione 2 and 3,4-
dihydro-2H-pyrido [1,2-a] pyrimidine-2,4-dione 3 has been achieved. Condensation of 3 with o-amino-
benzaldehydes produced the linear product 4 and not the angular one 5. Cyclocondensation of 3 with
1,5-diketones afforded a tricyclic linear system 6, a bis assembly system 7 and two novel heterotetracy-
clic nitrogen bridged linear systems 8 and 10. Condensation of o-aminobenzaldehydes with 2 produced

a novel linear system 12 and a new doubly fused hexacyclic system 11. Cyclodehydration of 2 with
1,2-dicarbaldehydes produced 1, 13, and a new heterotetracyclic nitrogen bridged system 14. Condensa-
tion of 3 with aromatic aldehydes in presence of ethylene glycol as solvent without the use of catalyst
generated the doubly nitrogen bridged linear pentacyclic systems 15–17. The synthesized compounds
have been adequately characterized and screened for bronchodilatory and antimicrobial activities with

promising results.

J. Heterocyclic Chem., 47, 1188 (2010).

INTRODUCTION

Diazepines and benzodiazepines are known to exhibit
a wide variety of biological activities such as anticon-
vulsant, antianxiety, analgesic, sedative, antidepressive,
and hypnotic activity [1–3]. Some of the benzodiazepine
derivatives particularly 7-(p-methoxyphenyl)-8-phenoxy-
1, 5-benzo-3-azanonem (1,5-BDZ-OMe) and 7-phenyl-8-
phenoxy-1,5-benzo-3-azanonem (1,5-BDZ-H) possess
hypnotic activity [4]. Pyrrolo [2,1-c] [1,4] benzodiaze-
pines such as anthramycin and DC-81 are well-known
antitumor antibiotics (PBDS) derived from streptomyces
species [5].

Compounds possessing quinazoline and quinazolinone

nuclei show potent biological activities including bron-

chodilatory, anticancer, anticonvulsant, antibacterial,

anti-HIV properties [6,7], anthelmintic [8], antiparkinso-

nium [9], antitubercular [10], hypoglycemic [11], antivi-

ral [12], anticoagulant [13], antifibrillatory [14], cardiac

stimulant [15], CNS depressant [16], neuroleptic [17],

and hypnotic [18]. Vasicine and vasicinone, the two

known alkaloids and a synthetic compound 7,8,9,10-tet-

rahydroazepino [2,1-b] quinazolin-12(6H)-one (RLX) all

bearing quinazoline moiety have been evaluated as

potent bronchodilatory and oxytocic agents [19–22]. The

latter compound has been found to be six times more

potent than aminophylline [23].

Quinoline and its derivatives are known for their anti-

malarial and therapeutic properties. A number of quino-

line derivatives are known to possess antitumour, anti-

bacterial, antifungal, hypotensive, anti-HIV, analgesic,

VC 2010 HeteroCorporation
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anti-Leishmanial, and anti-inflammatory activities [24].

In addition, the synthesis of pyrido [1,2-a] pyrimidin-4-

ones provided a wide spectrum of biological activities

[25–31] such as tranquilizer, antiallergic, antiulcerative,

antiasthmetic and bronchodilatory activity, analgesic ac-

tivity, and human platelet aggregation inhibitory proper-

ties. Biologically active evaluations of these constituent

moieties in the recent years encouraged us to generate

the novel condensed heteropolycyclic systems contain-

ing bridge head nitrogen atom, most of them hitherto

unknown in literature and comprising of one or more

than one of these moieties. Such novel systems might

expectedly prove to be the potent therapeutic agents in

near future.

RESULTS AND DISCUSSION

In this work, 6H,11H-pyrido[1,2-b][2,4]benzodiaze-
pine-6,11-dione 1 and 2,3,4,5-tetrahydropyrido[1,2-a]
[1,3]diazepine-2,5-dione 2 were designed and generated

by the condensation of 2-aminopyridine with phthalic

acid and succinic acid, respectively, both in presence of

PCl5 in ethanol. An active methylene heterocycle, 3,4-

dihydro-2H-pyrido [1,2-a] pyrimidine-2,4-dione 3 was

produced by the condensation of 2-aminopyridine either

with malonic acid in presence of anhydrous P2O5 in

DMF or with diethyl malonate in the presence of PCl5/

POCl3 in DMF (Scheme 1). Compound 3 has been

known in literature, having been prepared through other

approaches [32–34]. Literature m.p, analytical data, and

spectral data confirmed the structure assigned to it in

this study. Presence of peculiar bands between 1590 to

1600 cm�1 and 1675 to 1710 cm�1 in IR spectra of

compounds 1 and 2 favored the presence of C¼¼N and

CON< (tertiary amide) functionalities. Presence of sig-

nal of aromatic protons only for compound 1, a down-

field multiplet due to two methylene groups around d
2.35 to 2.43 ppm for compound 2, and the absence of

any D2O exchangable proton in 1H NMR spectra of ei-

ther of these two compounds confirmed the heterocycli-

sation and their structures unambigously.

The active methylene compound 3 was put to Knoe-

venagel condensation with some o-aminobenzaldehydes

followed by subsequent heterocyclodehydration afford-

ing a single product (4a–c) and in one case affording

the main product 4d associated with another very minor

product (TLC). The compounds 4a–d have been charac-

terized as 12H-pyrido [10,20:1,2] pyrimido [4,5-b] quino-
lin-12-ones belonging to a linear ‘‘ortho fused’’ system.

The minor product which could not be separated from

4d might be the angular product, 6H-pyrido [10, 20:1, 2]
pyrimido [4,5-b] quinolin-6-one 5d (Scheme 2). The lit-

erature report [35] regarding compound 4a confirmed its

structure by comparing m.p, analytical, and spectral data

of 4a of this study with that known in literature. The

appearance of peaks of methylenedioxy protons at d
6.10 ppm in 4c, two methoxyl group protons at d 3.70

and 3.75 ppm in compound 4b, and two methoxyl group

protons at d 3.72 and d 3.78 ppm for compound 4d in
1H NMR spectra confirmed their structures unequivo-

cally. Other signals in 1H NMR spectra of 4b–d were

almost identical with those for compound 4a.

Scheme 1
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Working on the similar route of synthesis, cyclocon-

densation of 3 with 1,5-dicarbonyl compounds like glu-

taraldehyde and heptane-2,6-dione in the mole ratio of

1:1 and 1:2 in presence of anhydrous K2CO3 was carried

producing two entirely different product systems, a quin-

azoline based linearly fused tricyclic system, 4-acyl-2,3-

dihydro-11H-pyrido[2,1-b]quinazolin-11-one 6a–b, and

a bis heterocyclic ring assembly system, 1,5-bis (2,4-

dioxo-3,4-dihyro-2H-pyrido [1,2-a] pyrimidin-3-ylidine)

pentane 7a–b, respectively, in each case. The compound

6a obtained from 1:1 condensation showed a character-

istic downfield singlet at d 9.96 ppm due to proton of

CHO at C-4, a downfield triplet at d 5.70 ppm due to

ethylenic proton at position 1, and a multiplet at d 1.7

to 1.85 ppm due to four methylenic protons besides four

aromatic protons as multiplet in its 1H NMR spectrum.

The compound 6b had two prominent singlets of three

protons each at d 2.43 and 2.15 ppm due to COCH3 and

CH3 protons, respectively. The appearance of a multiplet

due to six protons of three methylene groups and a tri-

plet due to two ethylenic protons in the acyclic portion

confirmed unequivocally the structure of 7a. Similarly,

6-aceto-12H-11-methylbenzo [g] pyrido[2,1-b]quinazo-
lin-12-one 8 and 12H,14H-13-methylbenzo [5,6] [8]

annuleno [1,2-d] pyrido [1,2-a] pyrimidine-7,14-dione

10 were also generated from compound 3, the latter

through the intermediacy of 9 (Scheme 3).

Under slightly different conditions, a highly hybrid

quinoline-based doubly fused hexacyclic system,

tetrasubstituted pyrido[10,20:1,2]quino [300,200:6,7][1,3]
diazepino[4,5-b] quinoline 11 and a novel linear disub-

stituted system, pyrido[10,20:1,2] [1:3] diazepino[4,5-

b]quinolin-12(13H)-one 12 were generated from 2

whose characterization was done as usual (details in ex-

perimental part). Again, cyclodehydration of 2 with mal-

ealdehyde and succinaldehyde produced 1 and its dihy-

dro analogue 13, respectively, and the condensation

between 2 and phthalaldehyde produced a new heterote-

tracyclic system 6H,13H-pyrido[1,2-a]naphtho[2,3-e]
[1,3] diazepine-6,13-dione 14 (Scheme 4).

In extension of our earlier work [36,37], it was

thought worthwhile to study the condensation of active

methylene compound 3 with aromatic aldehydes in eth-

ylene glycol as solvent without the use of catalyst.

Knoevenagel condensation, Michael addition, and cyclo-

dehydration took place simulataneously resulting in

the formation of a novel linear and heteropentacyclic

system 16 containing a central pyran ring. The

Scheme 2
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intermediates could not be isolated but the second inter-

mediate after the two transformations seemed to be more

interesting for exploitation in the ring closure heterocycl-

ising reaction. Hence, compound 3 was treated with dif-

ferent aromatic aldehydes in ethylene glycol producing

compound 16 and refluxed in DMF in presence of am-

monium acetate, P2O5 and P2S5 giving similar results in

each case producing three novel linear heteropentacyclic

systems 15, 16, and 17 with pyridine, pyran, and thio-

pyran central ring, respectively (Scheme 5). The charac-

terization has been made for these systems on the basis

of elemental analysis and spectral studies. The present

exposition has twofold importance, firstly the study of

the versatility and reactions of compound 3 and 2 with

different aldehydes under different conditions resulting

in generation of various novel-fused heterocyclic sys-

tems most of which are hitherto unknown in literature

and secondly the study of physiological nature of these

systems.

Pharmacology. On preliminary pharmacological

investigations, the compounds 4a–d, 6a–b, 8, 11a–b,

and 12a–b have been found to be promising bronchodi-

latory and oxytocic agents having activities comparable

to those of alkaloid vasicine and its natural and syn-

thetic analogues. The detailed study of the evaluation of

these biological activities is under active exploration

from our research laboratory. The drugs employed in

this study are 7,8,9,10-tetrahydroazepino [2,1-b] quina-

zolin-12(6H)-one; Aminophyllin injection I.P (Bur-

roughs Welcome & Co.); Histamine diphosphate

(Sigma); Adrenaline tartarate (IP); Propanolol HCl

(ICI); 5-hydroxytryptamine; and Egg albumin (BDH).

Scheme 3
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The comparative SAR of various compounds [38] and

the results of other details regarding these activities are

being currently determined. The compounds 4a–d, 6a–

b, 8, 11a–b, and 12a have been found to be weakly to

moderately active antimicrobial agents. Compounds 4a–

d, 6a–b, 11a–b, and 12a have been found to be highly

promising, as regards ‘‘Tracheal smooth muscle activ-

ity’’ and ‘‘Antitussive activity.’’

Antimicrobial activity. The compounds 3, 7a–b,

15a–d, and 4a–d have been screened for their antifungal

activity against Aspergillus, Penicillium, and Cladospo-

rium species. For antibacterial activity, these compounds

have been screened against E.coli, Bacillus subtilis, and
Bacillus cereus. Both the activities were evaluated at the

same concentration of 1000 lg and through well diffu-

sion technique. The standard antifungal agent flucona-

zole and the antibacterial agent norfloxacin were also

screened under similar conditions for a comparative

study. The inhibition zones formed were measured in

mm and are listed in (Table 1).

Broncodilatory activity
Tracheal smooth muscle activity. Preparation of tissue

was similar to that described by Castillow and de Beer

[39] except that the tracheal ring was opened by severing

the cartilage. Guineapigs (350–500 g) of either sex were

sacrificed by a blow to the head and the tracheae rapidly

excised. The tracheal chain was prepared and suspended

in a 20 mL tissue bath containing Krebs-henselet solution

(KHS) continuously aerated with 95% O2 and 5% CO2

and maintained at 37�. The composition (mM) of (KHS)

was NaCl 118, KCl 4.7, MgSO4�7H2O 1.2, CaCl2 2.2,

KH2PO4 1.2, NaHCO3 24.9, and (þ)-glucose 11.1. The

responses were recorded isotonically on a kymograph.

The tissue was adjusted to an initial tension of 1.5 g and

allowed to equilibrate (60–90) min. Relaxation effect of

the drug was studied on tracheal chain precontracted with

histamine diphosphate (1 � 10�6 g/mL) or acetylcholine

chloride (1 � 10�6 g/mL). The test drugs were added 8

min after the tonic contraction reached plateau. The

responses were calculated as percent to relaxing of

Scheme 4
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precontracted muscle back to base line tension (10%

relaxation). If there was relaxation to muscle slightly

below the base line, it was also taken as 100% relaxation.

Antitussive activity. Kobayshi’s [40] method was used

in this study. Guineapigs (300–400 g) were aneasthe-

tised by I/P urethane (6.5 mL/kg; 25%) and fixed in

Scheme 5
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dorsal position. The trachea was exposed and a small

incision made at a distance of 1.5 cm from the clavi-

cle. A fine and very thin polythene tube was inserted

into the incision as deep as 3 cm to give the stimulus.

The stimulus was applied two times before and 15, 30,

45, 60, 90 and 120 min after the drug administration

by oral route. If no coughing occurred in two or more

out of five trails after drug administration, the drug

was estimated as effective percent inhibition was

recorded. Results are shown in (Table 2) as follows:

EXPERIMENTAL

General. Melting points were measured in open capillaries
on perfit melting point apparatus and are uncorrected. IR spec-
tra on KBr were recorded on Brucker—4800 infrared spec-
trometer. NMR and EIMS/HRMS spectra were recorded on

Brucker AC-400 (400 MHz and 100 MHz) and JEOL D-300
mass spectrometer, respectively. Elemental analysis was car-
ried out on simple CHNS analyzer (CHNS-932, LECO Corpo-
ration, USA). 1H and 13C chemical shifts are reported in parts
per million (ppm) from tetramethylsilane (TMS) as internal

standard. All experiments were performed in oven dried glass

Table 1

Antimicrobial activity of compounds 3, 7a–b, 15a–d, and 4a–d.

Antibacterial activity Antifungal activity

Compd. No E. coli B. subtilis B. cereus A. niger P. species C. species

3 14 12 17 17 13 16

7a 15 13 16 14 12 17

7b 17 11 18 18 16 17

15a 20 22 19 19 18 20

15b 19 23 23 21 22 23

15c 20 19 23 23 24 24

15d 20 18 21 20 19 20

4a 19 17 14 17 18 19

4b 18 16 16 19 18 19

4c 20 19 18 20 17 17

4d 21 19 17 17 21 20

NR 28 26 28 – – –

Flu – – – 32 25 23

Note: 10 mm, inactive; 11–15 mm, weakly active; 16–22 mm, moderately active; 22–25 mm, highly active.

NR, norfloxacin; Flu, fluconazole.

Table 2

Bronchodilatory and antitussive activitiesa of compounds 4a–d, 6a–b, 8, 11a–b, and 12a–b.

Compd.

In vitro guinea pig trachea % relaxation Antitussive activity (guinea pig)

Histamine Acetylcholine Concn (l/mL) % cough inhibition Dose (mg/kg)

4a 60 – – – 10

4b 80 70 30 80b 10

4c 60–80 40–50 9 60b 10

70–90 70–80 20 80b

90 80–90 40 80b

4d 80 – 40 100b 10

6a 80 80–85 9 100c 10

6b – 60 70 80c 10

8 80 80–15 30 60c 10

11a 40–50 40–50 30 100d 10

1b 50–60 50–60 40 100d 10

12a 40–50 40–50 30 100e 10

Bromhexine hydrochloride 40–80e 2

100e 4

aMinimium of four experiments for each group.
b Onset of action after 45 min and duration of 3 h.
c Onset of action after 45 min and duration >3 h.
d Onset of action after 30 min and duration >3 h .
e Onset of action after 15 min and duration >3 h.
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apparatus. SISCO silica was used as adsorbent for TLC
(0.5 mm thick plates) and TLC plates were eluted with 1:9
ratios of ethyl acetate and n-hexane. The column chromatogra-
phy was performed over silica gel (60–120 mesh) with graded
solvent systems of ethyl acetate-pet ether (60–80).

General procedure for the synthesis of 1–3. A mixture of

2-aminopyridine (0.01 mole) and appropriate dibasic acid/ester

(0.01 mole) was initially grinded for about 20 min and then

fused or refluxed as such for about 1 h without any solvent in

a round bottom flask and finally refluxed on water bath in

presence of 15 mL of ethanol and PCl5 or at 150–160�C in

presence of anhydrous POCl3/PCl5 in 20 mL of DMF or P2O5

in 20 mL of DMF. After the reaction time (TLC), the solvent

was evaporated under reduced pressure and 100 mL of H2O

was added. The precipitates obtained were filtered, dried, and

then crystallized from hot ethanol to generate pure 1–3.

6H,11H-Pyrido [1,2-b] [2,4]benzodiazepine-6,11-dione
(1). It was obtained from phthalic acid (8.30 g, 0.01 mole) and

2-aminopyridine (4.70 g, 0.01 mole) as colorless solid;
m.p.150–152�C ; yield 78%; IR (KBr) m/cm�1: 1320–1325
(CAN), 1600 (C¼¼N), 1610–1620 (C¼¼C), 1675 (C¼¼O); MS:
m/z ¼ 224 (Mþ); 1H NMR (200 MHz, CDCl3): d (ppm) ¼
7.01–7.81 (m, 8H, ArHs); 13C NMR (50 MHz, CDCl3): d
(ppm) ¼ 110.2, 114.0, 125.4, 126.8, 128.7, 130.4, 132.4,
133.7, 135.1, 136.1, 154.1, 158.9, 162.8. Anal. Calcd. for
C13H8N2O2: C, 69.6; H, 3.5; N, 12.5. Found: C, 68.9; H, 3.3;
N, 12.1.

2,3,4,5-Tetrahydrohyropyrido [1,2-a] [1,3] diazepine-2,5-
dione (2). It was obtained from succinic acid (5.90 g, 0.01

mole) and 2-aminopyridine (4.70 g, 0.01 mole); m.p. 102–

104�C; yield 72%; IR (KBr) v/cm�1: 1305–1320 (CAN), 1594

(C¼¼N), 1685–1710 (C¼¼O); MS: m/z ¼ 176 (Mþ); 1H NMR

(200 MHz, CDCl3): d(ppm) ¼ 2.35–2.43 (m, 4H, 2�CH2),

7.2–7.6 (m, 4H, ArHs); 13C NMR (50 MHz, CDCl3): dppm) ¼
25.7, 31.2, 110.4, 115.5, 120.3, 124.5, 162.9, 165. 8, 180.7.

Anal. Calcd for C9H8N2O2: C, 61.3; H, 4.5; N, 15.9. Found:

C, 58.2; H, 4.4; N, 15.4.

3,4-Dihydro-2H-pyrido [1,2-a] pyrimidine-2,4-dione
(3). Crystallized from DMF, m.p. 301–303�C, (literature m.p.
296–298�C [32]; 295–298�C [33]; 305–308�C [34]).The
observed analytical and spectral data were found in complete
conformity with the literature values.

General procedure for the synthesis of 4. Dissolved (0.01

mole) of substituted o-aminobenzaldehyde in 40 mL of hot

rectified spirit and added to it a solution of 3,4-dihydro-2H-
pyrido[1,2-a]pyrimidine-2,4-dione (0.01 mole) 3 in 25 mL of

rectified spirit and 0.02 mole of fused anhydrous sodium ace-

tate. Swirled to mix and set aside for 5–6 h and finally

refluxed the mixture for an hour. Distilled off the ethanol and

added 100 mL of H2O. Filtered, washed, the crystalline prod-

uct with water twice and with a little cold ethanol and crystal-

lized from about 100 mL of hot rectified spirit to obtain the

pure and dry product 4.

12H-Pyrido[10,20:1,2]pyrimido[4,5-b]quinolin-12-one (4a). Cry-
stallized from butanone, m.p. 272–273�C. The observed and

literature [35] analytical and spectral data were in complete

agreement with each other, thus conforming the structure of

the synthesized compound.

12H-2,3-Dimethoxypyrido[10,20:1,2]pyrimido[4,5-b]quinolin-12-
one (4b). It was obtained from 6-aminoveratraldehyde (1.81 g,
0.01 mole) and 3 (1.62 g, 0.01 mole); m.p. 246–248�C; yield

67%; IR (KBr) m/cm�1: 1320–1330 (CAN), 1590 (C¼¼N),
1692 (C¼¼O); MS: m/z ¼ 307 (Mþ); 1H NMR (200 MHz,
CDCl3): d (ppm) ¼ 3.70 (s, 3H, OCH3), 3.75 (s, 3H, OCH3),
7.10–7.90 (m, 7H, ArHs); 13C NMR (50 MHz, CDCl3): d
(ppm) ¼ 56.0, 56.3, 110.1, 120.3, 121.4, 122.7, 123.6, 128.9,

130.1, 140.2, 145.7, 158.2, 159.4, 164.3, 165.6, 169.8, 189.0.
Anal. Calcd. for C17H13N3O3: C, 66.44; H, 4.2; N, 13.6.
Found: C, 66.41; H, 4.0; N, 13.8.

12H-[1,3]Dioxolo[4,5-g]pyrido[10,20:1,2]pyrimido[4,5-b]qui-
nolin-12-one (4c). It was obtained from 6-aminopiperonal

(1.65 g, 0.01 mole) and 3 (1.62 g, 0.01 mole); m.p. 190–

192�C; yield 64%; IR (KBr) m/cm�1: 1305–1320 (CAN), 1620

(C¼¼N), 1690 (C¼¼O); MS: m/z ¼ 291 (Mþ); 1H NMR (200

MHz, CDCl3): d(ppm) ¼ 6.10 (s, 2H, CH2O2), 7.20–7.92 (m,

7H, ArHs); 13C NMR (50 MHz, CDCl3) : d (ppm) ¼ 90.5,

108.0, 108.3, 110.1, 114.6, 120.2, 124.1, 124.8, 136.6, 137.1,

140.2, 151.2, 155.3, 162.3, 163.5, 165.4. Anal. Calcd. for

C16H9N3O3: C, 65.97; H, 3.0; N, 14.4. Found: C, 64.12; H,

2.9; N, 14.7.

12H-3,4-Dimethoxypyrido[10,20:1,2]pyrimido[4,5-b]quinolin-
12-one (4d). It was obtained from 2-aminoveratraldehyde

(1.81 g, 0.01 mole) and 3 (1.62 g, 0.01 mole); m.p. 242–

244�C; yield 68%; IR (KBr) m/cm�1: 1320–1330 (CAN), 1590

(C¼¼N), 1692 (C¼¼O); MS: m/z ¼ 307 (Mþ); 1H NMR (200

MHz, CDCl3): d(ppm) ¼ 3.71(s, 3H, OCH3), 3.75 (S, 3H,

OCH3), 6.92–7.90 (m, 7H, ArHs); 13C NMR (50 MHz,

CDCl3): d (ppm) ¼ 54.2, 54.3, 105.8, 110.5, 118.8, 120.2,

121.3, 122.5, 125.7, 130.8, 132.3, 135.6, 137.8, 140.5, 145.3,

162.5, 165.2. Anal. Calcd. for C17H13N3O3 : C, 66.44; H, 4.2;

N, 13.6. Found: C, 66.38; H, 4.16; N, 13.42.

General procedure for the synthesis of 6–9. Dissolved

(0.01/0.02 mole) of appropriate aldehyde or ketone in 40 mL

of hot rectified spirit, added a solution of 3,4-dihydro-2H-pyr-
ido [1,2-a] pyrimidine-2,4-dione (0.01 mole) 3 in 25 mL of

rectified spirit and added (0.02/0.04 mole) of anhydrous potas-

sium carbonate. Swirled to mix and set aside for 5–6 h. The

reaction mixture was finally refluxed for 3 h. Distilled off the

ethanol and added 100 mL of H2O. Filtered, washed the crys-

talline product first with water, and finally with a little cold

ethanol and recrystallized from about 100 mL of hot rectified

spirit to obtain the product 6–9.

3,11-Dihydro-2H-11-oxopyrido[2,1-b]quinazoline-4-carbal-
dehyde (6a). It was obtained from glutaraldehyde (1.00 g,

0.01 mole) and 3 (1.62 g, 0.01 mole); m.p. 80–82�C; yield

62%; IR (KBr) m/cm�1: 1305–1320 (CAN), 1610 (C¼¼N),

1695 (C¼¼O); MS: m/z ¼ 226 (Mþ); 1H NMR (200 MHz,

CDCl3): d(ppm) ¼ 1.7–1.85 (brs, 4H, 2�CH2), 5.7 (s, 1H,

CH-1), 6.87–7.90 (m, 4H, ArHs), 9.96 (s, 1H, CHO); 13C

NMR (50 MHz, CDCl3): d (ppm) ¼ 22.3, 25.5, 110.8, 114.7,

120.3, 135.0, 135.2, 136.8, 138.9, 156.9, 160.2, 163.4, 189.3.

Anal. Calcd. for C13H10N2O2: C, 69.04; H, 4.42; N, 12.38.

Found: C, 68.05; H, 4.37; N, 12.42.

4-Aceto-3,11-dihydro-2H-1-methyl pyrido [2,1-b]quinazo-
lin-11-one (6b). It was obtained from heptane-2,6-dione (1.28

g, 0.01 mole) and 3 (1.62 g, 0.01 mole); m.p. 88–90�C; yield
66%; IR (KBr) m/cm�1: 1305–1320 (CAN), 1615 (C¼¼N),
1690 (C¼¼O); MS: m/z ¼ 254 (Mþ); 1H NMR (200 MHz,
CDCl3): d(ppm) ¼ 1.78–2.02 (brs, 4H, 2�CH2), 2.15 (s, 3H,

CH3), 2.43 (s, 3H, COCH3), 6.92–7.23 (m, 4H, ArHs); 13C
NMR (50 MHz, CDCl3): d (ppm) ¼ 15.6, 20.7, 21.8, 31.7,
112.1, 115.6, 126.3, 128.2, 134.3, 136.1, 144.5, 147.1, 160.2,
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162.4, 194.5. Anal Calcd. for C15H14N2O2: C, 70.56; H, 5.51;
N, 11.02. Found: C, 70.42; H, 5.42; N, 11.0.

1,5-Bis(2,4-dioxo-3,4-dihydro-2H-pyrido[1,2-a]pyrimidin-3-
ylidene)pentane (7a). It was obtained from gluteraldehyde
(2.00 g, 0.02 mole) and 3 (1.62 g, 0.01 mole); m.p. 74–76�C;
yield 72%; IR (KBr) m/cm�1: 1310–1320 (CAN), 1615
(C¼¼N), 1700 (C¼¼O); MS: m/z ¼ 388 (Mþ); 1H NMR (200
MHz, CDCl3): d (ppm) ¼ 1.52–2.20 (m, 6H, 3�CH2), 5.2 (t,
2H, methine protons), 6.92–7.25 (m, 8H, ArHs); 13C NMR (50
MHz, CDCl3): d (ppm) ¼ 15.2, 15.8, 24.3, 24.5, 26.2, 110.5,

110.0, 114.0, 114.8, 122.3, 122.5, 135.5, 138.8, 155.3, 155.7,
158.2,159.3, 160.2, 162.3, 180.5, 180.8. Anal. Calcd. for
C21H16N4O4: C, 64.94; H, 4.12; N, 14.43. Found: C, 63.10; H,
4.11; N, 14.01.

1,5-Dimethyl-1,5-bis(2,4-dioxo-3,4-dihydro-2H-pyrido[1,2-
a]pyrimidin-3-ylidene) pentane (7b). It was obtained from
heptane-2,6-dione (2.56 g, 0.02 mole) and 3 (1.62 g, 0.01
mole); m.p. 80–82�C; yield 70%; IR (KBr) m/cm�1: 1300–
1320 (CAN), 1620 (C¼¼N), 1705 (C¼¼O); MS: m/z ¼ 416

(Mþ);1H NMR(200 MHz, CDCl3): d(ppm) ¼ 1.40–2.32 (m,
6H, 3�CH2), 2.32 (s, 6H, 2�CH3), 6.68–7.20 (m, 8H, ArHs);
13C NMR (50 MHz, CDCl3): d (ppm) ¼ 14.2, 14.4, 22.2, 30.4,
30.6, 110.8, 114.8, 115.2, 120.3, 120.8, 131.3, 131.6, 133.2,
133.8, 160.2, 160.4, 164.0,164.5, 165.2, 166.2, 180.5, 180.9.

Anal. Calcd. for C23H20N4O4: C, 66.34; H, 4.80; N, 13.46.
Found: C, 65.84; H, 4.78; N, 13.10.

6-Aceto-12H-11-methylbenzo [g] pyrido [2,1-b] quinazolin-
12-one (8). It was obtained from o-acetophenylpropan-2-one
(1.76 g, 0.01 mole) and 3 (1.62 g, 0.01 mole); m.p. 85–87�C;
yield 64%; IR (KBr) m/cm�1: 1300–1315 (CAN), 1620

(C¼¼N), 1705 (C¼¼O); MS: m/z ¼ 302 (Mþ); 1H NMR (200

MHz, CDCl3): d(ppm) ¼ 1.80–2.05 (m, 4H, 2 � CH2), 2.22

(s, 3H, CH3), 2.50 (s, 3H, COCH3), 5.73 (t, 1H, methine pro-

ton), 5.78 (t, 1H, methine proton), 7.42–7.84 (m, 4H, ArHs);
13C NMR (50 MHz, CDCl3): d (ppm) ¼ 13.1, 22.1, 110.2,

114.4, 120.6, 122.8, 124.6, 124.9, 125.5, 125.8, 126.5, 128.8,

130.3, 136.7, 140.1, 144.7, 160.4, 161.5, 186.5. Anal. Calcd.

for C19H14N2O2: C, 75.49; H, 4.63; N, 9.27. Found: C, 75.31;

H, 4.62; N, 9.19.

3-(1-o-Acetobenzylethylidene)-3,4-dihydro-2H-pyrido[1,2-a]
pyrimidine-2,4-dione (9). It was obtained from o-acetophenyl-
propan-2-one (1.76 g, 0.01 mole) and 3 (1.62 g, 0.01 mole);

m.p. 84–86�C; yield 78%; IR (KBr) m/cm�1: 1300–1338

(CAN), 1585 (C¼¼N), 1680–1710 (C¼¼O); MS: m/z ¼ 320

(Mþ); 1H NMR (200 MHz, CDCl3): d(ppm) ¼ 1.70 (s, 3H,

CH3), 2.35 (s, 3H, COCH3), 2.8–3.0 (brs, 2H, CH2), 6.94–7.28

(m, 7H, ArHs), 8.1 (d, 1H, H-5); 13C NMR (50 MHz, CDCl3):

(ppm) ¼ 13.5, 111.1, 115.7, 125.6, 125.8, 126.4, 126.5, 126.8,

129.5, 129.8, 130.1, 130.5, 136.8, 142.1, 147.7, 150.1, 184.4,

190.5, 196.5. Anal. Calcd. for C19H16N2O3: C, 71.25; H, 5.0;

N, 8.75. Found: C, 71.18; H, 4.8; N, 8.71.

Procedure for the synthesis of 10. Dissolved 9 (0.01 mole)

in 40 mL of hot rectified spirit, added 20 mL 10% ethanolic

KOH and refluxed for about 3 h and distilled off the ethanol.

The reaction mixture was cooled, acidified with very dilute

HCl to the pH 5–6 and set aside for 5–6 h. Colorless crystal-

line compound was formed, filtered, washed the crystalline

product first with water twice and finally with a little

cold ethanol and recrystallized from about 100 mL of hot rec-

tified spirit to obtain the product 10. It was characterized as

follows:

12,14-Dihydro-7H-13-methylbenzo [5,6] [8] annuleno
[1,2-d] pyrido [1,2-a] pyrimidine-7,14-dione. m.p. 78–80�C;
yield 20%; IR (KBr) m/cm�1: 1300–1310 (CAN), 1625

(Cdsbond]N), 1700 (C¼¼O); MS: m/z ¼ 302 (Mþ); 1H NMR
(200 MHz, CDCl3): d(ppm) ¼ 2.22 (s, 3H, CH3), 2.6–2.8 (brs,
2H, CH2), 6.90–7.25 (m, 8H, ArHs), 7.95 (d, 1H, CH-1); 13C
NMR (50 MHz, CDCl3): d (ppm) ¼ 15.2, 30.8, 111.5, 119.5,
120.3, 126.7, 126.8, 128.2, 129.2, 132.2, 136.8, 137.4, 138.8,

140.2, 151.6, 156.5, 169.5, 175.5. Anal. Calcd. for
C19H14N2O2 : C, 75.49; H, 4.63; N, 9.27. Found: C, 75.38; H,
4.50; N, 9.25.

General procedure for the synthesis of 11–12. Dissolved

appropriate 2-aminobenzaldehyde in 40 mL of hot rectified

spirit, added a solution of 2,3,4,5-tetrahydropyrido [1,2-a] [1,3]
diazepine-2,5-dione (0.01 mole) 2 in 25 mL of rectified spirit,

and added 0.02 mole of fused sodium acetate. Swirled to mix

and set aside for 5–6 h. The reaction mixture was finally

refluxed for 3 h. Distilled off the ethanol and added 100 mL

of H2O. Filtered, washed the crystalline product first with

water thrice and finally with a little cold ethanol, and recrystal-

lized from about 100 mL of hot rectified spirit to obtain the

product 11–12.

2,3,14,15-Tetramethoxypyrido [10,20:1,2] quino [300,200:6,7]
[1,3] diazepino [4,5-b] quinoline (11a). It was obtained from

4,5-dimethoxy-2-aminobenzaldehyde (6-amino veratraldehyde)

(3.62 g, 0.02 mole) and 2 (1.76 g, 0.01 mole); m.p. 230–

232�C; yield 52%; IR (KBr) m/cm�1: 1300–1325 (CAN), 1605

(C¼¼N), 1695 (C¼¼O); MS: m/z ¼ 466 (Mþ); 1H NMR (200

MHz, CDCl3): d (ppm) ¼ 3.72–3.82 (overlappedpeaks, 12H,

4�OCH3), 6.92–7.25 (m, 10H, ArHs); 13C NMR (50 MHz,

CDCl3): d (ppm) ¼ 55.2, 55.8, 56.2, 56.3, 103.5, 104.8, 105.5,

106.7, 106.8, 107.5, 110.5, 121.5, 121.8, 123.5, 123.9, 124.0,

130.8, 132.4, 132.7, 136.5, 144.2, 142.3, 145.4, 150.0, 152.2,

160.2, 164.8. Anal. Calcd. for C27H22N4O4 : C, 69.52; H,

4.72; N, 12.01. Found: C, 69.41; H, 4.71; N, 12.0.

2,3;14,15-Bismethylenedioxypyrido[10,20:1,2]quino[300,200:6,
7][1,3]diazepino [4,5-b] quinoline (11b). It was obtained

from 4,5-methylenedioxy-2-aminobenzaldehyde(6-aminopi-

peronal) (3.30 g, 0.02 mole) and 2 (1.76 g, 0.01 mole); m.p.

238–240�C; yield 50%; IR (KBr) m/cm�1: 1305–1315 (CAN),

1625 (Cdsbond]N), 1690 (C¼¼O); MS: m/z ¼ 434 (Mþ); 1H

NMR (200 MHz, CDCl3): d (ppm) ¼ 5.95 (s, 2H, CH2O2),

6.05 (s, 2H, CH2O2), 6.90–7.25 (m, 10H, ArHs); 13C NMR

(50 MHz, CDCl3): d (ppm) ¼ 90.2, 91.3, 102.1, 105.2, 106.9,

107.4, 108.2, 110.2, 122.1, 123.5, 123.8, 124.2, 130.1, 132.5,

135.4, 135.8, 136.5, 142.2, 145.2, 148.2, 152.5, 153.8, 155.2,

165.4, 166.2. Anal. Calcd. for C25H14N4O4 : C, 69.12; H,

3.22; N, 12.90. Found: C, 69.10; H, 3.20; N, 12.88 .

2,3-Dimethoxypyrido [10,20:1,2] [1:3] diazepino [4,5-b] qui-
nolin-12(13H)-one (12a). It was obtained from 4,5-dime-
thoxy-2-aminobenzaldehyde (6-amino veratraldehyde) (1.81 g,
0.01 mole) and 2 (1.76 g, 0.01 mole); m.p. 151–153�C; yield
56%; IR (KBr) m/cm�1: 1300–1325 (CAN), 1600 (C¼¼N),

1690 (C¼¼O); MS: m/z ¼ 309 (Mþ); 1H NMR (200 MHz,
CDCl3): d (ppm) ¼ 2.65–2.85 (brs, 2H, CH2), 3.73 (s, 3H,
OCH3), 3.76 (s, 3H, OCH3), 6.9–7.28 (m, 7H, ArHs); 13C
NMR (50 MHz, CDCl3): d (ppm) ¼ 34.3, 56.3, 56.5, 106.3,
108.0, 111.1, 116.1, 121.9, 124.3, 134.2, 137.4, 144.1, 150.8,

152.8, 164.4, 167.7, 170.8. Anal. Calcd. for C17H15N3O3: C,
66.01; H, 4.85; N, 13.59. Found: C, 65.09 ; H, 4.83; N,
13.51.
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[1,3]Dioxolo[4,5-g]pyrido [10,20:1,2] [1:3] diazepino [4,5-b]
quinolin-12(13H)-one (12b). It was obtained from 4,5-methyl-
enedioxy-2-aminobenzaldehyde (6-aminopiperonal) (1.65 g,

0.01 mole) and 2 (1.76 g, 1 mole); m.p. 140–142�C; yield
62%; IR (KBr) m/cm�1: 1305–1315 (CAN), 1625 (C¼¼N),
1692 (C¼¼O); MS: m/z ¼ 293 (Mþ); 1H NMR (200 MHz,
CDCl3): d (ppm) ¼ 2.68–2.83 (brs, 2H, CH2), 5.9 (s, 2H,
CH2O2), 6.80–7.25 (m, 7H, ArHs); 13C NMR (50 MHz,

CDCl3): d (ppm) ¼ 34.5, 91.2, 106.3, 108.2, 110.3, 114.3,
120.8, 123.0, 124.2, 132.3, 134.2, 140.1, 150.2, 152.4, 160.2,
168.8, 170.2. Anal. Calcd. for C16H11N3O3: C, 65.52; H, 3.75;
N, 14.33. Found: C, 65.48; H, 3.70; N, 14.01.

General procedure for the synthesis of 1, 13, and

14. Dissolved (0.01 mole) of 2 in 40 mL of hot rectified spirit,

added to it a solution of malealdehyde or succinaldehyde or o-
phthaldehyde (0.01 mole) in 25 mL of rectified spirit, and

added 0.02 moles of (NH4)2CO3, a few drops of dilute NH3

and two drops of piperidene. Swirled to mix and set aside for

5–6 h. The reaction mixture was finally refluxed for 3 h, dis-

tilled off the ethanol, and added dilute HCl till a pH between

5 and 6 of the reaction was achieved. Filtered, washed the

crystalline product first with water twice and finally with a lit-

tle cold ethanol and recrystallized from about 100 mL of hot

rectified spirit to obtain the product 1, 13, and 14.

6H,11H-Pyrido[1,2-b][2,4]benzodiazepine-6,11-dione (1) M.p.

152–154�C; yield 76% and superimposable IR with that of
authentic sample obtained through (Scheme 1).

6,8,9,11-Tetrahydropyrido[1,2-b][2,4]benzodiazepine-6,11-
dione (13). It was obtained from succinaldehyde (0.86 g, 0.01

mole) and 2 (1.76 g, 0.01 mole); m.p. 140–142�C; yield 75%;

IR (KBr) m/cm�1: 1310–1315 (CAN), 1610–1625 (C¼¼C),

1625 (C¼¼N), 1680–1715 (C¼¼O); MS: m/z ¼ 226 (Mþ); 1H

NMR (200 MHz, CDCl3): d(ppm) ¼ 1.90–2.10 (m, 4H,

2�CH2), 6.85–7.85 (m, 6H, ArHs and two methine protons);
13C NMR (50 MHz, CDCl3): d (ppm) ¼ 25.6, 26.8, 110.8,

114.8, 124.2, 135.2, 135.7, 137.2, 140.8, 146.2, 160.2, 162.4,

180.2. Anal.Calcd. for C13H10N2O2: C, 69.02; H, 4.86; N,

12.38. Found: C, 69.06; H, 4.85; N, 12.33.

6H,13H-Pyrido[1,2-a]naphtho[2,3-e][1,3]diazepine-6,13-dione
(14). It was obtained from o-phthaldehyde (1.34 g, 0.01 mole)

and 2 (1.76 g, 0.01 mole); m.p. 234–236�C; yield 55%; IR

(KBr) m/cm�1: 1305–1315 (CAN), 1605 (C¼¼N), 1685 (C¼¼O);

MS: m/z ¼ 274 (Mþ); 1H NMR (200 MHz, CDCl3): d(ppm)

¼ 7.20–8.40 (m, 10H, ArHs); 13C NMR (50 MHz, CDCl3): d
(ppm) ¼ 110.2, 115.4, 124.3, 128.6, 128.8, 129.0, 129.6,

130.1, 130.2, 132.1, 132.5, 134.0, 134.4, 137.1, 164.2, 164.6,

180.2. Anal. Calcd. for C17H10N2O2 : C, 74.45; H, 3.64; N,

10.21. Found; C, 74.40; H, 3.63; N, 10.18.

General procedure for the synthesis of 15a–15d. A mix-
ture of 3,4-dihydro-2H-pyrido[1,2-a]pyrimidine-2,4-dione (3.24

g, 20 mmol) 3 and the aromatic aldehyde (10 mmol ) in ethyl-
ene glycol (30 mL) in presence of ammonium acetate
(20 mmol) was heated at 140�C for about 4–5 h and then
cooled to room temperature. The reaction mixture was poured
into 300 mL water. The solid was filtered and then washed

with water twice to remove excess of ammonium acetate. The
crude solid was crystallized from 80–85% EtOH.

6,13,14,15-Tetrahydro-14-(4-methoxyphenyl)dipyrido[1,2-a:10,
20-a0] pyrido[200,300-d:600,500-d0]dipyrimidine-13,15-dione (15a). It
was obtained from 3 (1.62 g, 10 mmole) and p-anisaldehyde
(0.60 mL, 5 mmol); m.p. 244–246�C; yield 76%; IR (KBr)

m/cm�1: 1320–1330 (CAN), 1590 (C¼¼N), 1670 (C¼¼O), 3280
(NH); MS: m/z ¼ 423 (Mþ); 1H NMR (200 MHz, CDCl3):
d(ppm) ¼ 3.71 (s, 3H, OCH3), 5.18 (s, 1H,6-CH), 6.92–7.23
(m, 12H, ArHs), 9.26 (s, 1H, NH); 13C NMR (50 MHz,
CDCl3): d (ppm) ¼ 24.4, 50.8, 54.3, 56.2, 62.4, 108.4, 110.5,

114.2, 114.3, 115.2, 115.7, 124.2, 124.3, 128.3, 128.5, 130.1,
135.5, 136.5, 152.4, 128.8, 162.5, 165.0, 166.2, 168.5. Anal.
Calcd. for C24H17N5O3: C, 68.08; H, 4.01; N, 16.54. Found:
C, 67.10; H, 4.0; N, 16.10.

6,13,14,15-Tetrahydro-14-(4-methylphenyl)dipyrido[1,2-a:10,
20-a0] pyrido[200,300-d:600,500-d0]dipyrimidine-13,15-dione (15b). It
was obtained from 3 (1.62 g, 10 mmole) and p-tolualdehyde
(0.58 ml, 5 mmol); m.p. 238–240�C; yield 77%; IR (KBr) m/
cm�1: 1305–1315 (CAN), 1662 (C¼¼N), 1670 (C¼¼O), 3240

(NH); MS: m/z ¼ 407 (Mþ); 1H NMR (200 MHz,CDCl3): d
(ppm) ¼ 2.30 (s, 3H, CH3), 5.20 (s, 1H, 6-CH), 6.90–7.20 (m,

12H, ArHs), 9.01 (s, 1H, NH); 13C NMR (50 MHz, CDCl3): d
(ppm) ¼ 20.2, 24.3, 50.2, 64.3, 106.8, 110.2, 111.0, 115.2,

115.8, 124.1, 124.3, 128.2, 128.4, 129.5, 129.7, 135.0, 135.5,

137.2, 137.8, 150.8, 160.2, 160.4, 162.5, 168.8. Anal. Calcd.

for C24H17N5O2: C, 70.76; H, 4.17; N, 17.19. Found: C,

69.58; H, 4.09 ; N, 17.12.

6,13,14,15-Tetrahydro-14-(3,4-dimethoxyphenyl)dipyrido[1,
2-a:10,20-a0] pyrido[200,300-d:600,500-d0]dipyrimidine-13,15-dione
(15c). It was obtained from 3 (1.62 g, 10 mmole) and veratral-

dehyde (0.83 g, 5 mmol); m.p.244–246�C; yield 83%; IR

(KBr) m/cm�1:1320–1330 (CAN), 1590 (C¼¼N), 1670 (C¼¼O),

3410 (NH); MS: m/z ¼ 453 (Mþ); 1H NMR (200 MHz,

CDCl3): d (ppm) ¼ 3.70 (s, 3H, OCH3), 3.75 (s, 3H, OCH3),

4.90 (s, 1H, 6-CH), 6.9–7.21 (m, 11H, ArHs), 9.56 (s, 1H,

NH); 13C NMR (50 MHz, CDCl3): d (ppm) ¼ 24.3, 50.8,

56.2, 56.5, 64.2, 108.1, 110.1, 111.3, 114.8, 115.3, 116.8,

120.1, 122.3, 122.5, 132.1, 135.6, 142.8, 147.5, 150.2, 155.8,

160.5, 162.4, 164.0, 164.2, 170.2. Anal. Calcd. for

C25H19N5O4: C, 66.22; H, 4.19; N, 15.45. Found: C, 65.90; H,

4.17; N, 15.12.

6,13,14,15-Tetrahydro-14-[1,3]benzodioxol-5yldipyrido[1,2-
a:10,20-a0] pyrido[200,300-d:600,500-d0] dipyrimidine-13,15-dione
(15d). It was obtained from 3 (1.62 g, 10 mmole) and pipero-
nal (0.75 mL, 5 mmol); m.p. 238–240�C; yield 75%; IR (KBr)
m/cm�1: 1315–1325 (CAN), 1615 (C¼¼N), 1670 (C¼¼O), 3410

(NH); MS: m/z ¼ 437 (Mþ); 1H NMR (200 MHz, CDCl3): d
(ppm) ¼ 4.89 (s, 1H, 6-CH), 6.10 (s, 2H, CH2O2), 6.90–7.25
(m, 11H, ArHs), 9.28 (s, 1H, NH); 13C NMR (50 MHz,
CDCl3): d (ppm) ¼ 24.2, 50.8, 56.4, 64.2, 90.2, 107.2, 110.1,
111.3, 114.7, 115.1, 116.2, 116.8, 120.2, 122.3, 122.5, 132.1,

135.5, 140.2, 147.2, 152.2, 160.2, 160.5, 163.5, 168.8. Anal.
Calcd. for C24H15N5O4: C, 65.90; H, 3.43; N, 16.01. Found:
C, 64.70; H, 3.41; N, 15.85.

General procedure for the synthesis of 16a–16d. A mix-

ture of 3, 4-dihydro-2H-pyrido [1,2-a] pyrimidine-2,4-dione

(3.24 g, 20 mmol) 3 and the aromatic aldehyde (10 mmol) in

ethylene glycol (30 mL) in presence of P2O5 (20 mmol) was

heated at 140�C for about 4–5 h and then cooled to room tem-

perature. The reaction mixture was poured into 300 mL water

cautiously and slowly. The solid formed was filtered and, then

washed with water twice to remove excess of adhered materi-

als. The crude solid was recrystallized from 80–85% EtOH.

14,15-Dihydro-13H-14-(4-methoxyphenyl)dipyrido[1,2-a:10,
20-a0] pyrano[200,300-d:600,500-d0]dipyrimidine-13,15-dione (16a). It
was obtained from 3 (1.62 g, 10 mmole) and anisaldehyde

September 2010 1197Synthesis of Novel and Biologically Potent Heteropolycyclics

Containing Bridge Head Nitrogen

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



(0.60 mL, 5 mmol); m.p. 270–272�C; yield 69%; IR (KBr) m/
cm�1: 1315–1330 (CAN), 1595 (C¼¼N), 1675 (C¼¼O); MS: m/
z ¼ 424 (Mþ); 1H NMR (200 MHz, CDCl3): d(ppm) ¼ 3.70
(s, 3H, OCH3), 4.63 (s, 1H, 6-CH), 6.92–7.32 (m, 12H, ArHs);
13C NMR (50 MHz, CDCl3): d (ppm) ¼ 23.7, 54.1, 56.7, 77.7,

90.5, 110.5, 111.1, 114.3, 114.7, 115.2, 115.5, 124.1, 124.2,
128.3, 128.5, 134.7, 135.1, 136.1, 136.4, 160.2, 162.1, 163.4,
164.2, 168.3. Anal. Calcd. for C24H16N4O4: C, 67.92; H, 3.77;
N, 13.20. Found: C, 67.96; H, 3.76; N, 13.17.

14,15-Dihydro-13H-14-(4-methylphenyl)dipyrido[1,2-a:10,20-
a0]pyrano[200,300-d:600,500-d0]dipyrimidine-13,15-dione (16b). It
was obtained from 3 (1.62 g, 10 mmole) and p-tolualdehyde
(0.58 mL, 5 mmol); m.p. 264–266�C; yield 66%; IR (KBr) m/
cm�1: 1300–1310 (CAN), 1598 (C¼¼N), 1675 (C¼¼O); MS: m/

z ¼ 408 (Mþ); 1H NMR (200 MHz, CDCl3): d (ppm) ¼ 2.30

(s, 3H, CH3), 4.93 (s, 1H, 6-CH), 6.72–7.41 (m, 12H, ArHs);
13C NMR (50 MHz, CDCl3): d (ppm) ¼ 20.2, 23.3, 50.5, 77.2,

90.2, 110.2, 111.0, 114.5, 114.9, 124.2, 124.7, 128.1, 128.5,

129.5, 129.5, 134.8, 135.2, 136.2, 136.5, 160.1, 162.2, 163.5,

164.0, 168.2. Anal. Calcd. for C24H16N4O3: C, 70.58; H, 3.92;

N, 13.72. Found: C, 70.55; H, 3.91; N, 13.78.

14,15-Dihydro-13H-14-(3,4-dimethoxyphenyl)dipyrido[1,2-
a:10,20-a0] pyrano[200,300-d:600,500-d0]dipyrimidine-13,15-dione
(16c). It was obtained from 3 (1.62 g, 10 mmol) and veratral-

dehyde (0.83 g, 5 mmol); m.p. 280–282�C; yield 70%; IR

(KBr) m/cm�1: 1320–1330 (CAN), 1620 (C¼¼N), 1675 (C¼¼O);

MS: m/z ¼ 454(Mþ); 1H NMR (200 MHz, CDCl3): d(ppm) ¼
3.72 (s, 3H, OCH3), 3.75 (s, 3H, OCH3), 4.70 (s, 1H, 6-CH),

6.90-7.25 (m, 11H,ArHs); 13C NMR (50 MHz, CDCl3): d
(ppm) ¼ 27.1, 52.0, 52.3, 55.4, 74.6, 94.6, 95.2, 98.9, 110.1,

110.4, 115.8, 115.9, 120.8, 122.3, 122.8, 136.5, 137.1, 154.1,

157.1, 159.1, 160.5, 163.1, 164.0, 164.2, 175.6. Anal. Calcd.

for C25H18N4O5: C, 66.12; H, 4.21; N, 11.00. Found: C,

65.22; H, 4.19; N, 10.6.

14,15-Dihydro-13H-14-dipyrido[1,2-a:10,20-a0]pyrano[200,300-
d:600,500-d0] dipyrimidine-13,15-dione (16d). It was obtained
from 3 (1.62 g, 10 mmol) and piperonal (0.75 mL, 5 mmol);

m.p. 245–247�C; yield 64%; IR (KBr) m/cm�1: 1310–1320
(CAN), 1620 (C¼¼N), 1675 (C¼¼0); MS: m/z ¼ 438 (Mþ); 1H
NMR (200 MHz, CDCl3): d(ppm)¼ 5.52 (s, 1H, 6-CH), 5.98
(s, 2H, CH2O2), 7.01–7.80 (m, 11H, ArHs); 13C NMR (50
MHz, CDCl3): d (ppm) ¼ 22.4, 50.5, 77.2, 90.3, 95.5, 110.1,

110.3, 114.8, 115.1, 115.5, 115.8, 120.8, 124.1, 124.3, 130.2,
135.5, 135.7, 142.5, 144.3, 160.5, 160.8, 164.2, 165.2, 170.0.
Anal. Calcd.for C24H14N4O5: C, 65.75; H, 3.19; N, 12.78.
Found: C, 65.12; H, 3.18; N, 12.52.

General procedure for the synthesis of 17a–17d. A mix-

ture of 3,4-dihydro-2H-pyrido[1,2-a]pyrimidine-2,4-dione(3.24 g,

20 mmol) 3 and the aromatic aldehyde (10 mmol ) in ethylene

glycol (30 mL) in presence of P2S5 (20 mmol) was heated at

140�C for about 4–5 h and then cooled to room temperature. The

reaction mixture was poured into 300 mL of water. The solid

was filtered and then washed with water twice to remove excess

of P2S5. The crude solid was crystallized from 80–85% EtOH.

14,15-Dihydro-13H-14-(4-methoxyphenyl)dipyrido[1,2-a:10,
20-a0] thiopyarano[200,300-d:600,500-d0]dipyrimidine-13,15-dione
(17a). It was obtained from 3 (1.62 g, 10 mmol) and p-anisal-
dehyde (0.60 mL, 5 mmol); m.p. 240–242�C; yield 62%; IR
(KBr) m/cm�1: 1168 (CAS), 1320–1330 (CAN), 1590 (C¼¼N),

1678 (C¼¼O); MS: m/z ¼ 408 (Mþ); 1H NMR (200 MHz,
CDCl3): d (ppm) ¼ 3.72 (s, 3H, OCH3), 4.64 (s, 1H, 6-CH),

7.01–7.20 (m, 12H, ArHs); 13C–NMR (50 MHz, CDCl3): d
(ppm) ¼ 24.5, 52.1, 54.3, 56.2, 110.5, 110.8, 114.1, 114.5,
115.5, 115.8, 118.2, 124.1, 124.3, 128.2, 128.5, 130.2, 135.5,
135.7, 154.0, 158.2, 160.0, 160.2, 162.1, 168.5. Anal. Calcd.
for C24H16N4O3S: C, 70.58; H, 3.92; N, 13.72; S, 7.84. Found:

C, 70.55; H, 3.91; N, 13.6; S, 7.67.
14,15-Dihydro-13H-14-(4-methylphenyl)dipyrido[1,2-a:10,

20-a0] thiopyarano[200,300-d:600,500-d0]dipyrimidine-13,15-dione
(17b). It was obtained from 3 (1.62 g, 10 mmol) and p-tolual-
dehyde (0.58 mL, 5 mmol); m.p. 252–254�C; yield 66%; IR

(KBr) m/cm�1: 1185 (CAS), 1305–1315 (CAN), 1630 (C¼¼N),
1678 (C¼¼O); MS: m/z ¼ 424 (Mþ); 1H NMR (200 MHz,
CDCl3): d (ppm) ¼ 2.32 (s, 3H, CH3), 5.50 (s, 1H, 6-CH),
6.90–7.30 (m, 12H, ArHs); 13C NMR (50 MHZ, CDCl3): d
(ppm) ¼ 20.2, 25.3, 52.0, 54.1, 111.0, 111.2, 114.3, 114.5,

115.1, 115.3, 118.3, 124.3, 124.5, 128.1, 128.3, 130.1, 135.3,
135.5, 154.2, 158.1, 160.1, 160.3, 162.3, 169.3. Anal. Calcd.
for C24H16N4O2S: C, 67.92; H, 3.77; N, 13.20; S, 7.54. Found:
C, 66.81; H, 3.76; N, 12.80; S, 7.16

14,15-Dihydro-13H-14-(3,4-dimethoxyphenyl)dipyrido[1,2-
a:10,20-a0] thiopyarano[200,300-d:600,500-d0]dipyrimidine-13,15-
dione (17c). It was obtained from 3 (1.62 g,10 mmol) and ver-
atraldehyde (0.83 g, 5 mmol); m.p. 260–262�C; yield 76%; IR
(KBr) m/cm�1: 1180 (CAS), 1320–1330 (CAN), 1595 (C¼¼N),

1678 (C¼¼O); MS: m/z ¼ 470 (Mþ); 1H NMR (200 MHz,
CDCl3): d (ppm) ¼ 3.72 (s, 3H, OCH3), 3.74 (s, 3H, OCH3),
4.74 (s, 1H, 6-CH), 6.70–7.20 (m, 11H, ArHs); 13C NMR (50
MHz, CDCl3): d (ppm) ¼ 24.4, 50.4, 56.1, 56.4, 64.4, 108.0,
110.0, 111.2, 114.5, 115.1, 115.5, 116.7, 120.0, 122.7, 132.0,

134.3, 135.5, 142.7,147.3, 150.2, 155.4, 160.5, 162.4, 164.0,
170.5. Anal. Calcd. for C25H18N4O4S: C, 63.82; H, 3.82; N,
11.90; S, 6.80. Found: C, 62.80; H, 3.81; N, 11.10; S, 5.90.

14,15-Dihydro-13H-14-[1,3]benzodioxol-5yldipyrido[1,2-
a:10,20-a0] thiopyarano[200,300-d:600,500-d0]dipyrimidine-13,15-
dione (17d). It was obtained from 3 (1.62 g, 10 mmol) and
piperonal (0.75 mL, 5 mmol); m.p. 250–252�C; yield 72%; IR
(KBr) m/cm�1: 1178 (CAS), 1310–1330 (CAN), 1625 (C¼¼N),
1678 (C¼¼O); MS: m/z ¼ 454 (Mþ); 1H NMR (200 MHz,

CDCl3): d (ppm) ¼ 4.74 (s, 1H, 6-CH), 6.05 (s, 2H, CH2O2),
7.10–7.30 (m, 11H, ArHs); 13C NMR (50 MHz, CDCl3): d
(ppm) ¼ 24.3, 50.7, 64.1, 90.1, 107.1, 110.2, 111.2, 115.0,
115.5, 116.1, 116.6, 120.1, 122.2, 122.4, 132.0, 135.4, 140.1,
147.3, 152.3, 160.3, 160.3, 163.4, 164.3, 170.2. Anal. Calcd.

for C24H14N4O4S: C, 63.43; H, 3.08; N, 12.33; S, 7.04. Found:
C, 62.13; H, 2.82; N, 12.12; S, 6.20.
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A new strategy involving domino Knoevenagel hetero-Diels-Alder reaction is described for the prepa-
ration of pyrano[3,4-c]chromenes scaffold. Reaction of O-propargylated salicylaldehyde with benzoyla-
cetonitrile or Meldrum’s acid in the presence of CuI and diammonium hydrogen phosphate affords

pyrano[3,4-c]chromenes with good yields and high bond-forming efficiency.

J. Heterocyclic Chem., 57, 1200 (2010).

INTRODUCTION

The hetero-Diels-Alder reaction is one of the most

powerful methods for the preparation of heterocyclic

compounds and it has wide applications in the synthesis

of biologically active compounds and natural products

[1]. Among these reactions, domino Knoevenagel het-

ero-Diels-Alder reactions provide efficient and rapid

means for the construction of polyheterocyclic com-

pounds [2], especially pyran moieties. 2H-pyran deriva-

tives are present in many natural products with different

biological activities [3]. A family of xanthone natural

products with potent antiviral activity has been isolated

from plants, and it is a potent inhibitor of human immu-

nodeficiency virus-1 reverse transcriptase [4]. Some 2H-

chromene family are effective photoaffinity reagents for

the cytochrome P450 superfamily of enzymes and prob-

ably other proteins as well [5]. Because of the unique

properties of pyranochromene skeletons, the develop-

ments of synthetic methods that enable facile access to

these useful entities are desirable.

In most reported reactions, in domino Knoevenagel

hetero-Diels-Alder reactions, alkenes were used as a

dienophile. The use of alkynes was limited due to their

less reactivity when compared with alkenes. The activa-

tion of alkynes toward a variety of organic transforma-

tions is an exciting field in organic synthesis. In the

recent years, the most important strategy for this aim

usually consists of applying transition metal catalysts

[6]. The activation of alkynes using various metals has
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been extensively investigated and described in the litera-

ture [7]. Selection of the proper Lewis acid to achieve

this purpose is more important. Among the metal cata-

lysts, coinage metals including copper, silver, and gold

play an essential role in this field [8]. Therefore, devel-

opment of new synthetic strategy based on coinage met-

als is very attractive.

During the past decade, copper (Cu) (I)-catalyzed cy-

clization of alkynes has represented a convenient tool

for the preparation of heterocycles [8]. Copper (I) iodide

(CuI), which has been applied in the synthetic and me-

dicinal chemistry, has received much attention due to

several advantages over the other coinage metals;

including the low cost, insensitivity to air, simple exper-

imental procedure, and no toxicity. Therefore, discovery

of novel Cu (I)-catalyzed reaction of alkynes is of great

interest [9].

RESULTS AND DISCUSSION

Following our research work to introduce domino

Knoevenagel hetero-Diels-Alder reaction using unacti-

vated alkynes with CuI [10] and to enlarge the scope of

this synthetic methodology, herein, we report a domino

Knoevenagel hetero-Diels-Alder reaction using O-prop-
argylated salicyclaldehyde derivatives 1(a–g) and ben-

zoylacetonitrile 2 as unactivated terminal alkynes and an

active methylene compound, respectively, in the pres-

ence of CuI (Scheme 1). The products are functionalized

pyrano[3,4-c]chromenes 3(a–g).

Initially, O-propargylated salicylaldehydes as the

starting material were prepared in excellent yields using

reaction of propargyl bromide and salicylaldehydes

derivatives in dimethyl formamide and in the presence

of K2CO3. To optimize the desired reaction conditions,

the reaction of compound 1a with benzoylacetonitrile 2

was used as the model system. The experimental results

are summarized in Table 1.

Heating aldehyde 1a and 2 in methanol under reflux

condition for 72 h did not lead to the desired product.

So, CuI was used as the Lewis acid. The reaction was

done using different ratios of CuI in the presence of dia-

mmonium hydrogen phosphate (DAHP) or triethylamine

as the base. The yields and reaction times are summar-

ized in Table 1.

According to the obtained results, methanol was

selected as the best solvent and the optimized molar ra-

tio of CuI was 40%.

Under the optimal reaction conditions, pyrano[2,3-

c]chromenes 3a–g were prepared in 61–75% yields (Ta-

ble 2). The best result was obtained using aldehyde 1d

(entry 4) that contained a nitro group. It seems that the

electron-withdrawing substituent increase the yields of

this transformation, as opposed to decreased yield

obtained with electron-donating substituent (entry 3).

Structures of the products were confirmed by their

spectroscopic data. In 1H NMR of compounds 3a–g, the

AOCH2 group resonates at d ¼ 4.60 and 4.72 ppm as a

doublet with J ¼ 11.5–11.8 Hz. The ACH proton

appears at d ¼ 4.79–4.93 ppm as a singlet, and the ole-

finic proton ¼¼CH resonates at d ¼ 7.12–7.22 ppm as a

singlet. The corresponding signal of the AOCH2 and the

shielded olefinic ¼¼CACN carbons in 13C NMR appear

at 65.0–66.4 and 83.8–85.7 ppm, respectively.

This reaction involves two steps: (a) the Knoevenagel

condensation between benzoylacetonitrile 2 and the

propargylated salicylaldehydes 1a–g. DAHP acts as a

mild base for Knoevenagel condensation and formation

of 1-oxa-1,3-butadiene that could react as a heterodiene

to form the intermediate. (b) hetero-Diels-Alder reaction

of olefinic intermediate in the presence of CuI to afford

compounds 3a–g. Although the mechanism for this

transformation is not clear, it seems that CuI could

active the unactivated triple bond to act as a dienophile

in hetero-Diels-Alder reaction (Scheme 2).

As a logical extension of domino Knoevenagel het-

ero-Diels-Alder reaction with unactivated alkynes, we

became interested in the synthesis of functionalized pyr-

anochromene derivatives, whose structures have been

found in vast numbers of natural products and pharma-

ceuticals. Reaction of O-propargylated salicylaldehyde

Scheme 1. Synthesis of pyrano[3,4-c]chromene in the presence of CuI.

Table 1

Synthesis of pyrano[3,4-c]chromene using domino Knoevenagel

hetero-Diels-Alder reaction, the role of base type and molar ratio of

CuI on the formation of product 3a.

Entry

Lewis

acid Solvent Base

Time

(h)a
Yield

(%)

1 – MeOH (NH4)2HPO4 72 –

2 CuI (20%) MeOH (NH4)2HPO4 72 Trace

3 CuI (30%) MeOH (NH4)2HPO4 48 40

4 CuI (40%) MeOH (NH4)2HPO4 48 61

5 CuI (50%) MeOH (NH4)2HPO4 48 57

5 CuI (40%) MeOH – 72 –

6 CuI (40%) MeCN (NH4)2HPO4 48 50

7 CuI (40%) MeCN Et3N 48 28

a Completion of the reaction.
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Table 2

CuI-mediated domino hetero-Diels-Alder reaction of aldehydes 1a–g with 2
a.

Entry Aldehyde Product Time (h) Yield (%)b

1 48 61

2 32 65

3 24 61

4 20 75

5 12 70

6 16 67

7 12 67

aAll of the reaction were performed with propargylated aldehydes 1a–g (1 mmol), benzoylacetonitrile 2 (1.2 mmol), (NH4)2HPO4 (20 mol %), and

CuI (40 mol %) in methanol at reflux.
b Isolated yield.



Scheme 2. Plausible mechanism for the synthesis of pyrano[3,4-c]chromene skeleton via domino Knoevenagel hetero-Diels-Alder reaction using

CuI.

Scheme 3. Synthesis of pyrano[3,4-c]chromenes 8 in the presence of CuI and Meldrum’s acid.

Table 3

Synthesis of pyrano[3,4-c]chromene using domino Knoevenagel hetero-Diels-Alder reaction, the role of solvent, base type,

and molar ratio of CuI on the formation of product 8a.

Entry Lewis acid Solvent Base Time (h) Yield (%)

1 – MeCN (NH4)2HPO4 120 –

2 CuI (20%) MeCN (NH4)2HPO4 120 40

3 CuI (30%) MeCN (NH4)2HPO4 72 45

4 CuI (40%) MeCN (NH4)2HPO4 72 68

5 CuI (50%) MeCN (NH4)2HPO4 72 60

6 CuI (40%) MeOH (NH4)2HPO4 80 50

7 CuI (40%) EtOH (NH4)2HPO4 96 Trace

8 CuI (40%) H2O (NH4)2HPO4 96 Trace

9 CuI (40%) MeCN – 72 –

13 CuI (40%) MeCN Et3N 48 33

14 CuI (40%) MeCN K2CO3 72 38
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with Meldrum’s acid 7 in the presence of CuI should

afford the desired pyranochromenes 8 (Scheme 3).

Reaction of O-propargylated salicylaldehyde 1a with

Meldrum’s acid 7 was selected as a model, and the reac-

tion was done in the presence of different ratios of CuI

and also diammonium hydrogen phosphate as a base.

The details were summarized in Table 3. In this reac-

tion, the best yield was obtained using 40% CuI. The

presence of CuI is necessary for the progress of reaction

and without CuI, the Knoevenagel product were

obtained as the sole product.

On the basis of established Meldrum’s acid chemistry,

it is reasonable to assume that the formation of aryliden

Meldrum’s acid apparently results from initial addition

of Meldrum’s acid with O-propargylated salicylaldehyde

to obtain in situ dieneone 8 (Scheme 4). This intermedi-

ate under the reflux conditions and hetero-Diels-Alder

reaction converted to pyran skeleton.

The presence of the pyran skeleton is supported by

the spectroscopic data. In the 1H NMR of compound 8a,

the AOCH2 group shows two separated doublet with

J ¼ 12 Hz and also a carboxylic acid peak at d ¼ 12.75

ppm. The high J value is related to the torsion angle

that is 174.6�. The structure of compound 8a was con-

firmed using X-ray structure data. The product 8a could

form a dimmer via intermolecular hydrogen bonding

between two carboxylic acid groups (Figs. 1 and 2).

Under the optimal reaction conditions, the best result

was obtained using aldehyde 1d (entry 4) that contained

a nitro group (Table 4). In entry 4, the desired product

could be decarboxylated and the final product does not

contain the carboxylic acid functional group and the

product 8d is the sole product of reaction. Existence of

a catalyst such as CuI is necessary to activate the triple

bond through complexation. CuI could coordinate the

triple bond and the activated triple bond is ready to pro-

ceed hetero-Diels-Alder reaction to form pyrano[3,4-

c]chromene. Reactions were done under Argon condi-

tions to prevent the oxidation of Cu (I) to Cu (II).

Scheme 4. Plausible mechanism for the synthesis of pyrano[3,4-c]chromene skeleton via activation of p-triple bond using CuI.

Figure 1. X-ray structure of compound 8a.
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CONCLUSIONS

In conclusion, we have described an efficient

approach with a high bond-forming efficiency for the

synthesis of pyrano[3,4-c]chromene skeleton via domino

Knoevenagel hetero-Diels-Alder reaction started from

simple and inexpensive materials. Reaction of O-propar-
gylated salicylaldehyde with active methylene com-

pounds such as benzoylacetonitrile and Meldrum’s acid

leads to functionalized pyranochromenes. In this reac-

tion, CuI (40%) was used as Lewis acid for the activa-

tion of unactivated alkynes and DAHP (20%) as the

base. The products have nitrile and carboxylic acid

functional groups that could be used for further

conversion.

EXPERIMENTAL

Commercially available materials were used without further
purification. Melting points were determined with Electrother-
mal 9100 apparatus and were uncorrected. IR spectra were
obtained on an ABB FTIR (FTLA 2000) spectrometer. 1H

NMR and 13C NMR were run on a Bruker DRX-300
AVANCE at 500 and 300 MHz for 1H NMR and 125 and
75 MHz for 13C NMR. CDCl3 and DMSO-d6 were used as
solvents. High resolution mass spectra were recorded on JEOL
JMS-700 (HR-EI) spectrometer and Mass spectra were

obtained using a GC-MS Hewlett Packard (EI, 70 eV)
instrument.

General procedure for the synthesis of pyranochromenes

3a–g derivatives via hetero-Diels-Alder reactions. A solution

of O-propargylated salicylaldehydes 1a–g (1 mmol), benzoyla-
cetonitrile (174 mg, 1.2 mmol), CuI (0.4 equiv., 76 mg), and

(NH4)2HPO4 (28 mg, 0.2 equiv.) in methanol (25 mL) was
refluxed. The progress of reaction was monitored by thin layer
chromatography (Petroleum ether: EtOAc 3:1). After comple-
tion of the reaction, the mixture of reaction was filtered and
the solvent was evaporated under reduced pressure. The

obtained oil was crystalizated in diethyl ether.
2-Phenyl-5H,10bH-pyrano[3,4-c]chromene-1-carbonitri le

(3a). This compound was obtained as a white solid; yield
61%; mp (Dec) 200.3�C; ir (potassium bromide): 2203, 1710,
1615, 1578 cm�1; 1H NMR (500 MHz, DMSO-d6): d 4.60 (d,

J ¼ 11.5 Hz, 1H, AOCH2), 4.72 (d, J ¼ 11.5 Hz, 1H,
AOCH2), 4.79 (s, 1H, ACH), 6.85 (d, J ¼ 7.9 Hz, 1H, HAr),
7.01 (t, J ¼ 7.5 Hz, 1H, HAr), 7.15 (s, 1H, ¼¼CH), 7.22 (t, J ¼
7.5 Hz, 1H, HAr), 7.53–7.61 (m, 3H, HAr), 7.69 (d, J ¼ 7.9

Hz, 1H, HAr), 7.75 ppm (d, J ¼ 7.2 Hz, 2H, HAr);
13C NMR

(125 MHz, DMSO-d6): d 31.8, 66.0, 85.7, 110.3, 118.3, 120.7,
121.8, 125.7, 127.0, 129.0, 129.3, 129.5, 132.2, 132.3, 137.8,
155.1, 163.6 ppm; HR ms (70 eV, electron impact): m/z [M]þ�

Calcd. for C19H13NO2: 287.0946; Found: 287.0959.

9-Bromo-2-phenyl-5H,10bH-pyrano[3,4-c]chromene-1-car-
bonitrile (3b). This compound was obtained as a white solid;
yield 65%; mp 197–198�C; IR (potassium bromide): 2204,
1707, 1614, 1577 cm�1; 1H NMR (300 MHz, DMSO-d6): d
4.58 (d, J ¼ 11.6 Hz, 1H, AOCH2), 4.73 (d, J ¼ 11.6 Hz, 1H,

AOCH2), 4.80 (s, 1H, ACH), 6.81 (d, J ¼ 8.7 Hz, 1H, HAr),
7.16 (s, 1H, ¼¼CH), 7.36 (dd, J ¼ 8.7, 2.1 Hz, 1H, HAr), 7.49–
7.60 (m, 3H, HAr), 7.74 (d, J ¼ 7.2 Hz, 2H, HAr), 7.80 ppm
(d, J ¼ 2.1 Hz, 1H, HAr);

13C NMR (75 MHz, DMSO-d6): d
30.6, 65.3, 84.3, 108.4, 112.0, 119.7, 126.8, 128.2, 128.6,

128.8, 131.1, 131.2, 131.5, 137.4, 153.6, 163.0 ppm; HR ms
(70 eV, electron impact): m/z [M]þ� Calcd. for C19H12NO2
79Br: 365.0052; Found: 365.0039. [M þ 2]þ� Calcd. for
C19H12NO2

81Br: 367.0031; Found: 367.0026.

9-Methyl-2-phenyl-5H,10bH-pyrano[3,4-c]chromene-1-car-
bonitrile (3c). This compound was obtained as a white solid,

Figure 2. Intermolecular hydrogen bonding in compound 8a.
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yield 61%; mp 169–171�C; IR (potassium bromide): 2205,
1708, 1620, 1600 cm�1; 1H NMR (300 MHz, DMSO-d6): d
2.25 (s, 3H, Me), 4.54 (d, J ¼ 11.6 Hz, 1H, AOCH2), 4.66 (d,

J ¼ 11.6 Hz, 1H, AOCH2), 4.71 (s, 1H, ACH), 6.72 (d, J ¼
8.2 Hz, 1H, HAr), 7.00 (d, J ¼ 8.2 Hz, 1H, HAr), 7.12 (s, 1H,
¼¼CH), 7.46 (s, 1H, HAr), 7.50–7.60 (m, 3H, HAr), 7.74 ppm
(dd, J ¼ 7.7, 1.5 Hz, 2H, HAr);

13C NMR (75 MHz, DMSO-

d6): d 20.4, 30.9, 65.0, 84.9, 109.6, 117.2, 119.9, 124.4, 126.4,
128.1, 128.6, 128.9, 129.5, 131.3, 131.4, 136.8, 152.0, 162.7

ppm; HR ms (70 eV, electron impact): m/z [M]þ� Calcd. for
C20H15NO2: 301.1103; Found: 301.1067.

9-Nitro-2-phenyl-5H,10bH-pyrano[3,4-c]chromene-1-car-
bonitrile (3d). This compound was obtained as a white solid,
yield 75%; mp 185.5–187.5�C; IR (potassium bromide): 2209,
1708, 1616, 1580, 1514, 1343 cm�1; 1H NMR (300 MHz,
DMSO-d6): d 4.76 (d, J ¼ 11.7 Hz, 1H, AOCH2), 4.89 (d, J
¼ 11.7 Hz, 1H, AOCH2), 4.93 (s, 1H, ACH), 7.05 (d, J ¼ 9.1
Hz, 1H, HAr), 7.22 (s, 1H, ¼¼CH), 7.51–7.61 (m, 3H, HAr),

Table 4

One-pot synthesis of pyrano[3,4-c]chromene via domino Knoevenagel hetero-Diels-Alder reaction.

Entry Aldehyde Product Time (h) Yield (%)b

1 72 68

2 48 65

3 48 63

4 48 81

5 72 61
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7.75 (d, J ¼ 6.6 Hz, 2H, HAr), 8.10 (dd, J ¼ 9.1, 2.0 Hz, 1H,
HAr), 8.63 ppm (d, J ¼ 2.0 Hz, 1H, HAr);

13C NMR (75 MHz,
DMSO-d6): d 30.7, 66.3, 83.8, 107.2, 118.5, 119.7, 122.3,
124.5, 125.4, 128.1,128.7, 131.0, 131.7, 137.8, 140.6, 159.9,
162.9 ppm; HR ms (70 eV, electron impact): m/z [M]þ� Calcd.
for C19H12N2O4: 332.0797; Found: 332.0769.

7-Bromo-9-chloro-2-phenyl-5H,10bH-pyrano[3,4-c]chromene-
1-carbonitrile (3e). This compound was obtained as a white

solid, yield 70%; mp 195–196�C; IR (potassium bromide):

2205, 1710, 1613, 1450 cm�1; 1H NMR (300 MHz, DMSO-

d6): d 4.71 (d, J ¼ 11.8 Hz, 1H, AOCH2), 4.86 (s, 1H, ACH),

4.89 (d, J ¼ 11.8 Hz, 1H, AOCH2), 7.20 (s, 1H, ¼¼CH), 7.51–

7.59 (m, 3H, HAr), 7.67 (s, 2H, HAr), 7.76 ppm (d, J ¼ 6.79

Hz, 2H, HAr);
13C NMR (75 MHz, DMSO-d6): d 31.0, 66.4,

83.9, 107.7, 111.6, 119.6, 124.6, 125.3, 127.7, 128.2, 128.6,

131.0, 131.6, 137.7, 149.8, 163.1 ppm; HR ms (70 eV, elec-

tron impact): m/z [M]þ� Calcd. for C19H11NO2
79Br35Cl:

398.9662; Found: 398.9637. [M þ 2]þ� Calcd. for

C19H11NO2
79Br37Cl: 400.9641; Found: 400.9629. [M þ 4]þ�

Calcd. for C19H11NO2
81Br37Cl: 402.9612; Found: 402.9644.

7,9-Dibromo-2-phenyl-5H,10bH-pyrano[3,4-c]chromene-1-
carbonitrile (3f). This compound was obtained as a white

solid, yield 67%; mp 202.4–203.5�C; IR (potassium bromide):

2204, 1709, 1613, 1599 cm�1; 1H NMR (300 MHz, DMSO-

d6): d 4.71 (d, J ¼ 11.8 Hz, 1H, AOCH2), 4.87 (s, 1H, ACH),

4.89 (d, J ¼ 11.8 Hz, 1H, AOCH2), 7.20 (s, 1H, ¼¼CH), 7.50–

7.61 (m, 3H, HAr), 7.74–7.80 ppm (m, 3H, HAr);
13C NMR

(75 MHz, DMSO-d6): d 30.9, 66.4, 83.9, 107.7, 111.9, 112.0,

119.6, 128.2, 128.6, 131.0, 131.6, 133.6, 137.7, 150.2, 163.1

ppm; HR ms (70 eV, electron impact): m/z [M]þ� Calcd. for
C19H11NO2

79Br2: 442.9157; Found: 442.9195. [M þ 2]þ�

Calcd. for C19H11NO2
79Br81Br: 444.9136; Found: 444.9091.

[M þ 4]þ� Calcd. for C19H11NO2
81Br2: 446.9115; Found:

446.9069.
7,9-Dichloro-2-phenyl-5H,10bH-pyrano[3,4-c]chromene-1-

carbonitrile (3g). This compound was obtained as a white
solid, yield 67%; mp 193–195�C; ir (potassium bromide):

2205, 1710, 1611, 1600 cm�1; 1H NMR (300 MHz, DMSO-

d6): d 4.72 (d, J ¼ 11.6 Hz, 1H, H-5), 4.85 (s, 1H, ACH),

4.90 (d, J ¼ 11.6 Hz, 1H, AOCH2), 7.20 (s, 1H, ¼¼CH), 7.50–

7.61 (m, 4H, HAr), 7.64–7.65 (m, 1H, HAr), 7.76 ppm (dd, J ¼
7.3, 1.6 Hz, 2H, HAr);

13C NMR (75 MHz, DMSO-d6): d 31.0,

66.3, 83.8, 107.6, 119.6, 122.2, 124.19, 124.2, 124.7, 127.9,

128.2, 128.3, 128.6, 131.0, 131.6, 137.7, 148.9, 163.1 ppm;

HR ms (70 eV, electron impact): m/z [M]þ� Calcd. for

C19H11NO2
35Cl2: 355.0166; Found: 355.0198. [Mþ2]þ� Calcd.

for C19H11NO2
35Cl37Cl: 357.0138; Found: 357.0185. [M þ

4]þ� Calcd. for C19H11NO2
37Cl2: 359.0108; Found: 359.0138.

General procedure for the synthesis of pyranochromenes

8 derivatives via hetero-Diels-Alder reactions. A solution of

O-propargylated salicylaldehydes (1 mmol), Meldrum’s acid

(172 mg, 1.2 mmol), CuI (0.4 equiv., 76 mg), and

(NH4)2HPO4 (28 mg, 0.2 equiv.) in acetonitrile (25 mL) was

refluxed. The progress of reaction was monitored by TLC (Pe-

troleum ether:EtOAc 4:1). After completion of the reaction,

the mixture of reaction was filtered and the solvent was evapo-

rated under reduced pressure. Further purification was done

using crystallization in acetonitrile.

2-Oxo-1,10b-dihydro-2H,5H-pyrano[3,4-c]chromene-1-car-
boxylic acid (8a). This compound was obtained as a white
solid, yield 72%; mp (Dec) 250�C; ir (potassium bromide):

3414, 1761, 1692 cm�1; 1H NMR (300 MHz, DMSO-d6): d
3.43 (d, J ¼ 12.9 Hz, 1H, ACHCOOH), 4.34–4.38 (m, 2H,

AOCH2, ACH), 4.65 (d, J ¼ 12.0 Hz, 1H, AOCH2), 6.87 (d,

J ¼ 7.7 Hz, 1H, HAr), 6.92 (t, J ¼ 7.4 Hz, 1H, HAr), 7.05 (s,

1H, ¼¼CH), 7.16 (t, J ¼ 7.4 Hz, 1H, HAr), 7.24 (d, J ¼ 7.7

Hz, 1H, HAr), 12.50 ppm (brs, 1H, ACOOH); 13C NMR (125

MHz, DMSO-d6): d 32.1, 53.2, 65.0, 115.0, 118.5, 122.3,

123.8, 129.1, 129.4, 137.7, 155.6, 166.9, 170.2 ppm; ms (70

eV, electron impact): m/z 246 (Mþ), 245 (Mþ � H), 201 (Mþ

� COOH), 173 (Mþ � C2HO3).

Colorless crystal (polyhedron), dimensions 0.37 � 0.22 �
0.13 mm3, crystal system monoclinic, space group P21/n, Z ¼ 4,

a ¼ 8.9193(12) Å, b ¼ 12.4115(16) Å, c ¼ 9.9814(13) Å, a ¼
90�, b ¼ 97.889(3) deg, c ¼ 90 deg, V ¼ 1094.5(2) Å3, q ¼
1.494 g/cm3, T ¼ 200(2) K, Hmax ¼ 28.31�, radiation Mo Ka, k
¼ 0.71073 Å, 0.3� omega scans with CCD area detector, cover-

ing a whole sphere in reciprocal space, 11,243 reflections meas-

ured, 2724 unique [R(int) ¼ 0.0243], 2510 observed [I > 2r(I)],
intensities were corrected for Lorentz and polarization effects,

an empirical absorption correction was applied using SADABS1

based on the Laue symmetry of the reciprocal space, mu ¼ 0.12

mm�1, Tmin ¼ 0.96, Tmax ¼ 0.99, structure solved by direct

methods and refined against F2 with a Full-matrix least-squares

algorithm using the SHELXTL-PLUS (6.10) software package

[11], 171 parameters refined, hydrogen atoms were treated using

appropriate riding models, except of H3 and H16 at the carboxyl

group, which were refined isotropically, goodness of fit 1.13 for

observed reflections, final residual values R1(F) ¼ 0.061,

wR(F2) ¼ 0.158 for observed reflections, residual electron den-

sity �0.58 to 0.75 eÅ�3. CCDC 742487 contains the supplemen-

tary crystallographic data for this article. These data can be

obtained free of charge from The Cambridge Crystallographic

Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

9-Bromo-2-oxo-1,10b-dihydro-2H,5H-pyrano[3,4-c]chromene-
1-carboxylic acid (8b). This compound was obtained as a white

solid, yield 65%; mp (�C) 230�C; IR (potassium bromide):

3447, 1768, 1680 cm�1; 1H NMR (300 MHz, DMSO-d6): d 3.47

(d, J ¼ 13.0 Hz, 1H, ACHCOOH), 4.34–4.40 (m, 2H, AOCH2,

ACH), 4.69 (d, J ¼ 12.1 Hz, 1H, AOCH2), 6.87 (d, J ¼ 8.6 Hz,

1H, HAr), 7.07 (s, 1H, HAr), 7.32–7.38 (m, 2H, ¼¼CH, HAr),

12.65 ppm (brs, 1H, ACOOH); 13C NMR (75 MHz, DMSO-d6):

d 31.1, 52.0, 64.2, 112.7, 113.1, 119.7, 125.3, 130.8, 130.9,

137.1, 154.1, 165.6, 169.0 ppm; ms (70 eV, electron impact): m/
z 326 (Mþ þ2), 324 (Mþ), 281 ([C13H9O5

81Br – COOH]þ), 279
([C13H9O5

79Br – COOH]þ), 253 ([C13H9O5
81Br – C2HO3]

þ),
251 ([C13H9O5

79Br – C2HO3]
þ).

9-Methyl-2-oxo-1,10b-dihydro-2H,5H-pyrano[3,4-c]chromene-
1-carboxylic acid (8c). This compound was obtained as a white

solid; yield 63%; mp (�C) 235�C; IR (potassium bromide):

3416, 1764, 1690 cm�1; 1H NMR (300 MHz, DMSO-d6): d
2.14 (s,3H, Me), 3.39 (d, J ¼ 12.7 Hz, 1H, ACHCOOH),
4.27–4.30 (m, 2H, AOCH2, ACH), 4.59 (d, J ¼ 12.0 Hz, 1H,

AOCH2), 6.74 (d, J ¼ 7.5 Hz, 1H, HAr), 6.93–7.04 (m, 3H,

HAr, ¼¼CH), 12.55 ppm (brs, 1H, ACOOH); ms (70 eV, elec-

tron impact): m/z 260 (Mþ), 215 (Mþ � COOH). Because of
the low solubility of this compound in DMSO-d6, we were not

successful to have 13C NMR.
9-Nitro-2-oxo-1,10b-dihydro-2H,5H-pyrano[3,4-c]chromene

(8d). This compound was obtained as a white solid; yield
81%; mp 242–243�C; IR (potassium bromide): 3407, 1782,
1680 cm�1; 1H NMR (300 MHz, DMSO-d6): d 2.49–2.62 (m,
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1H, ACH), 3.32–3.43 (m, 1H, ACH2), 4.16 (dd, J ¼ 13.3, 4.4
Hz, 1H, ACH2), 4.56 (d, J ¼ 12.3 Hz, 1H, AOCH2), 4.84 (d,
J ¼ 12.3 Hz, 1H, AOCH2), 7.07 (d, J ¼ 8.5 Hz, 2H, HAr,
¼¼CH), 8.03 (dd, J ¼ 8.5, 2.3 Hz, 1H, HAr), 8.33 (d, J ¼ 2.3
Hz, 1H, HAr);

13C NMR (75 MHz, DMSO-d6): d 28.4, 34.4,

64.2, 111.9, 118.0, 123.6, 124.7, 124.8, 138.1, 141.2, 159.2,
167.0 ppm; ms (70 eV, electron impact): m/z 247 (Mþ), 230
(Mþ � OH), 219 (Mþ � CO).

7-Methoxy-2-oxo-1,10b-dihydro-2H,5H-pyrano[3,4-c]chro-
mene-1-carboxylic acid (8h). This compound was obtained as

a white solid; yield 61%; mp (�C) 240�C; IR (potassium bro-
mide): 3447, 1768, 1680 cm�1; 1H NMR (300 MHz, DMSO-
d6): d 3.41 (d, J ¼ 12.6 Hz, 1H, ACHCOOH), 3.72 (s, 3H,
OMe), 4.28–4.36 (m, 2H, AOCH2, ACH), 4.68(d, J ¼ 12.0
Hz, 1H, AOCH2), 6.79–6.90 (m, 3H, HAr), 7.05 (s, 1H,

¼¼CH), 12.60 ppm (brs, 1H, ACOOH); 13C NMR (75 MHz,
DMSO-d6): d 30.4, 51.5, 54.7, 63.2, 109.8, 113.3, 118.9,
120.0, 122.6, 135.9, 143.6, 147.9, 165.2, 168.4 ppm; ms (70
eV, electron impact): m/z 276 (Mþ), 275 (Mþ � H), 231 (Mþ

� COOH), 203 (Mþ � C2HO3).
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A simple and straightforward methodology toward the synthesis of novel 2-amino-5-(4,5-diphenylpyr-
imidin-2-ylamino)pentanoic acid has been developed by one-step reaction of isoflavones with arginine.

A series of 14 new compounds was reported. All of them were characterized by FTIR, NMR, and
elemental analysis. A variety of substrates can participate in the process with good yields and high
purities making this methodology suitable for library synthesis in drug discovery.

J. Heterocyclic Chem., 47, 1209 (2010).

INTRODUCTION

Pyrimidines are well known and widely investigated

six-membered nitrogen-containing heterocyclic com-

pounds that exhibit important biological activity [1–4].

Amino acid groups are found widely in a large variety

of compounds that exhibit important biological activity,

such as amino acids, are interesting drug targets because

they are found on proteins, are well-known papain

inhibitor [5], and present potential anti-HIV [6], anticon-

vulsant [7], and antiproliferative activity [8]. It is con-

venient to synthesize substituted pyrimidines by reaction

of amidines or guanidines with a,b-unsaturated ketones

[9,10], b-diketones [11,12], b-alkoxy- and b-aminovinyl

ketones [13–16], and N-arylacetyleneic imines [17,18].

Natural isoflavones display a wide range of biological

activities [19]. For instance, soybean isoflavones (daid-

zein and genistein) have shown pharmacological effects

as antidysrhythmic [20], antioxidant [21], and anticar-

dio-cerebral vascular disease [22]. Ipriflavone has been

reported to be efficient in preventing and treating osteo-

porosis [23]. It was reported that the chromone fragment

present in isoflavones can generate a 1,3-diketone equiv-

alent, which readily reacts with amidines [24], guanidine

[2], carbamide [25], and sulfocarbamides [26] to form

the corresponding 2-substituted pyrimidines. The use of

combinatorial approaches to the high-throughput synthe-

sis of this drug-like scaffold would be a powerful

advance in helping to speed up drug discovery.

Recently, we have reported the high-throughput synthe-

sis of 3,4-diarylpyrazoles and 4,5-diphenyl-2-pyrimidi-

nylguanidine by using a one-pot reaction of hydrazine

[27] or bisguanidine [28] with isoflavones. Herein, we

report a new strategy for the preparation of the unknown

class of 2-amino-5-(4,5-diphenylpyrimidin-2-ylamino)-

pentanoic acid by the cyclocondensation of isoflavones

(1) with arginine (2) (Table 1).

RESULTS AND DISCUSSION

We turned our attention to optimize the condition of

the cyclocondensations of isoflavones (1) with arginine

(2) and designed a process by the cyclocondensation of

40,7-dimethoxylisoflavone (1a) with arginine (2) as a

model substrate (Table 2). As shown in Table 2, we

used K2CO3 as base and 3a yield was 37% (Table 2,

entry 1). It was also found that triethylamine (TEA) was

ineffective in providing the desired condensation product

(Table 2, entry 2). A comparative reactivity study of

bases in the reaction showed that NaOH proved to be

more effective for this cyclocondensation (Table 2, entry

3). As it was shown, solvents MeOH, EtOH, THF,

MeCN, n-BuOH, and DMF have been attempted, MeOH

gave expected result (Table 2, entry 3). Further study

with varying NaOH equivalents revealed that 3.0 equiv

of base is necessary to obtain a high yield of the con-

densation product (Table 2, entry 9). Finally, the ratio

of 1a and 2 was also evaluated. The ratio of 1a:2 (1:3),
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Table 1

Synthesis of 2-amino-5-(4,5-diphenylpyrimidin-2-ylamino)pentanoic acid by reaction of various isoflavones with arginine in MeOH.

(For details, See Experimental.)

Entry Substrate R1 R2 R3 R4 R5 R6 Time (h) Yielda (%)

1 1a OMe H H H OMe H 8.0 92

2 1b OMe H OMe H OMe H 6.5 90

3 1c OiPr H H H H H 7.2 88

4 1d OMe H H H H H 7.0 85

5 1e OMe OMe OMe H OMe H 5.0 83

6 1f OMe H Me H H H 5.0 81

7 1g OBn H H H OMe H 7.5 85

8 1h OMe H H H OMe NO2 7.5 87

9 1i OMe H H iPr OH iPr 8.3 79

10 1j OMe H H H OH H 8.5 77

11 1k OH H H H OMe H 9.0 73

12 1l OH H H H H H 9.0 70

13 1m OH H H H OH H 12.0 57

14 1n OH H H iPr OH iPr 11.2 65

a Isolated yield after silica chromatography.

Table 2

Optimization of cyclocondensation of 40,7-dimethoxylisoflavone 1a with arginine 2.a

Entry Solvent Base Molar ratios 1a/2a/base Yield (%)b 3a

1 MeOH K2CO3 1:1:2 37

2 MeOH TEA 1:1:2 NRc

3 MeOH NaOH 1:1:2 67

4 EtOH NaOH 1:1:2 56

5 THF NaOH 1:1:2 NRc

6 MeCN NaOH 1:1:2 Trace

7 n-BuOH NaOH 1:1:2 Trace

8 DMF NaOH 1:1:2 NRc

9 MeOH NaOH 1:1:3 79

10 MeOH NaOH 1:1:4 71

11 MeOH NaOH 1:2:3 85

12 MeOH NaOH 1:3:3 92

13 MeOH NaOH 1:4:3 89

aAll reaction were carried out in the appropriate solvent (15 mL) using 40,7-dimethoxylisoflavone (1a, 1 mmol), arginine (2), and base until com-

plete disappearance of 1a (refluxing for 8 h, TLC check).
b Isolated yield after silica chromatography.
c No reaction.

1210 Vol 47Z.-T. Zhang, W.-Y. Han, and L. Qiu

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



the yield of 3a was high for the cyclocondensation reac-

tion (Table 2, entry 12).

With the optimized reaction conditions and proven

results in hand, the condensation of variety of structur-

ally divergent isoflavones (1) and arginine (2) were

studied to illustrate this concise and general method for

the synthesis of 2-amino-5-(4,5-diphenylpyrimidin-2-yla-

mino)pentanoic acid. All substrates reacted smoothly to

give the corresponding 2-amino-5-(4,5-diphenylpyrimi-

din-2-ylamino)pentanoic acid in 5–12 h in good to

excellent yields, and the results were summarized in

Table 1. All products were characterized by IR, 1H

NMR, 13C NMR, and elemental analysis.

In general, isoflavone 1 substituted with alkoxy, ben-

zyoxyl groups gave high yields. In contrast, the presence

of the hydroxyl groups gave lower yields. As shown in

Table 1, isoflavones 1a–h (Table 1, entries 1–8) that do

not contain hydroxyl groups, gave yields of 3 about

85%. Isoflavones with one hydroxyl group, 1i–l (Table 1,

entries 9–12) only gave yields of 3 about 75%, whereas

those with two free hydroxyls, 1m, 1n (Table 1, entries

13 and 14) gave yields of roughly 60%. Condensation

of trihydroxy isofalvone genistein (40,5,7-trihydroxy-iso-
flavone) with 2 failed to produce product 3. The yields

of 3 are directly dependant on the number of free

hydroxyl group present on the engaged isoflavone.

Because the hydroxyls of isoflavone 1 under basic con-

dition would be oxygenions, which possess stronger

electron donability than alkoxy and benzyoxyl groups of

the isoflavone, it is not favorable to the condensation

reaction.

To explain the mechanism for the formation of 2-amino-

5-(4,5-diphenylpyrimidin-2-ylamino)pentanoic acid (3) by

the cyclocondensation of isoflavones (1) with arginine (2)

in the presence of NaOH, a postulated reaction course was

illustrated in Scheme 1. As it was reported that isoflavone

may undergo ring-opening reaction when refluxing in the

presence of alkali to form a b-diketone intermediate 4 [29].

Subsequently, attack of the primary amine group from the

arginine (2) on the aldehyde carbon in 4, followed by ring

closure reaction between secondary amine and the carbonyl

carbon to produce 3. Meanwhile, intermediate 4 at high

concentration of base may eliminate HCOOH to generate

byproduct 5 [29].

CONCLUSIONS

In summary, a convenient method for the synthesis of

substituted pyrimidines bearing amino acid moiety in

the 2 position was described. The protocol accepted a

variety of isoflavones, arginine as starting materials and

gave 2-amino-5-(4,5-diphenylpyrimidin-2-ylamino)pen-

tanoic acid in good to high yield. Efforts to expand the

scope of the method in combination with its application

to the synthesis of pharmaceutical molecules are

ongoing in our laboratory.

EXPERIMENTAL

All other commercially obtained reagents were used as
received. The silica gel used for the column chromatography
was purchased from Qingdao Haiyang Chemistry Plant. Thin

Layer chromatography (TLC): silica gel 60 GF254 plate; the
eluant of column chromatography was the mixture of chloro-
form and methanol at volume ratio of 5:1. Arginine, iprifla-
vone, daiazein, genistein, formonone, and 5-methyl-7-methoxy-
lisoflavone are without further purification. Substrates 1d and

1l are derived from ipriflavone. Substrates 1a, 1h, 1i, 1j, and
1n are derived from daiazein. Substrate 1b is derived from
genistein. Substrate 1g is derived from formonone. Substrate
1e is derived from irisolidone (40,6-dialkoxy-5,7-dihydroxy-iso-
flavone), which was separated from the flower of Pueraria
lobata by one of the authors. Melting points were measured on
X-5 micromelting point apparatus and were uncorrected. IR
spectra were recorded on Fourier transform infrared spectrom-
eter using KBr pellets. 1H and 13C NMR spectra were recorded

on a Bruker DRX-300 Advance spectrometer at 300.00 MHz
in DMSO-d6 with TMS as internal standard (chemical shifts in

Scheme 1. Proposed mechanism for the formation of 3.
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ppm). The elemental analyses were performed with an
Elementar Analysensyteme GmbH Vario EL III.

General procedure for the preparation of 2-amino-5-(4,5-

diphenylpyrimidin-2-ylamino)pentanoic acid (Table 1,

entries 1–14). The corresponding isoflavones 1 (1 mmol), ar-

ginine 2 (3 mmol), and sodium hydroxide (3, 4, and 5 mmol
were used for 0, 1, and 2 free hydroxyl of 1, respectively)
were refluxed in methanol (15 mL) for 5–12 h. All reactions
were monitored by TLC, which showed the disappearance of 1
that was indicative of the reaction being complete. The reac-

tion mixture was added into water (30 mL) and adjusted to

neutrality with the solution of 5% HCl. A yellow precipitate

appeared and was filtered. The yellow precipitate was dis-

solved in a solution of 10% HCl (15 mL) and filtered. The

mother liquid was neutralized with sodium hydroxide until

crude product was completely precipitated. The crude product

was filtered and purified by column chromatography on silica

gel using chloroform–methanol (5:1) to give the corresponding

pure product.

2-Amino-5-[4-(2-hydroxy-4-methoxyphenyl)-5-(4-methoxy-
phenyl)pyrimidin-2-ylamino]pentanoic acid (3a). Yellow
solid. mp 231.6–232.9�C. IR (KBr), m (cm�1): 3438, 2924,

2853, 1690, 1605, 1506, 1443, 1392, 1085, 1033, 686, 605.
1H NMR (300 MHz, DMSO-d6), d 1.64–1.70 (m, 2H), 1.87

(d, 2H), 3.35 (s, 2H), 3.70 (s, 3H), 3.75 (s, 3H), 3.92 (s, 1H),

6.19 (d, J ¼ 8.6 Hz, 1H), 6.37 (s, 1H), 6.90 (d, J ¼ 8.4 Hz,

3H), 7.10 (d, J ¼ 8.4 Hz, 2H), 7.62 (s, 1H), 8.21 (s, 1H), 8.35

(s, 3H), 11.98 (s, 1H); 1H NMR (300 MHz, DMSO-d6 þ
D2O), d 1.66–1.73 (m, 2H), 1.79–1.88 (m, 2H), 3.35 (s, 2H),

3.71 (s, 3H), 3.75 (s, 3H), 3.91–3.95 (m, 1H), 6.22 (d, J ¼ 8.6

Hz, 1H), 6.37 (d, 1H), 6.90 (d, J ¼ 8.3 Hz, 3H), 7.10 (d, J ¼
8.4 Hz, 2H), 8.21 (s, 1H); 13C NMR (75 MHz, DMSO-d6 þ
D2O), d 24.5, 27.4, 51.7, 55.0, 55.1, 101.5, 104.9, 114.0,

114.4, 121.2, 129.7, 129.8, 131.6, 158.2, 158.7, 159.4, 159.7,

161.3, 161.9, 170.6. Anal. Calcd. for C23H26N4O5: C, 63.00;

H, 5.98; N, 12.78. Found C, 63.26; H, 5.76; N, 12.96.

2-Amino-5-[4-(2-hydroxy-4,6-dimethoxyphenyl)-5-(4-methox-
yphenyl)pyrimidin-2-ylamino]pentanoic acid (3b). Yellow
solid. mp 218.3–219.6�C. IR (KBr), m (cm�1): 3416, 2927,

1643, 1612, 1507, 1458, 1337, 1250, 1157, 1030, 833. 1H

NMR (300 MHz, DMSO-d6), d 1.65–1.72 (m, 2H), 1.89 (d,

2H), 3.33 (s, 2H), 3.44 (s, 3H), 3.67 (s, 3H), 3.69 (s, 3H), 3.88

(s, 1H), 5.96 (s, 1H), 6.11 (s, 1H), 6.78 (d, J ¼ 8.5 Hz, 2H),

7.04 (d, J ¼ 8.4 Hz, 2H), 7.33–7.43 (m, 1H), 8.24 (s, 1H),

8.56 (s, 3H), 9.62–9.86 (m, 1H); 13C NMR (75 MHz, DMSO-

d6), d 24.5, 27.3, 51.7, 54.9, 55.0, 55.3, 89.8, 93.5, 113.4,

124.6, 128.8, 128.9, 156.0, 157.3, 158.1, 159.3, 161.1, 170.5.

Anal. Calcd. for C24H28N4O6: C, 61.53; H, 6.02; N, 11.96.

Found C, 61.29; H, 5.85; N, 12.16.

2-Amino-5-[4-(2-hydroxy-4-isopropxyphenyl)-5-phenylpyr-
imidin-2-ylamino]pentanoic acid (3c). Yellow solid. mp

243.3–244.7�C. IR (KBr), m (cm�1): 3436, 2926, 1609, 1441,

1386, 700, 598, 544, 466. 1H NMR (300 MHz, DMSO-d6),

d 1.22 (d, J ¼ 5.7 Hz, 6H), 1.71 (d, 2H), 1.89 (s, 2H), 3.36

(s, 2H), 3.93 (d, 1H), 4.53 (t, 1H), 6.15 (d, J ¼ 8.3 Hz, 1H),

6.33 (s, 1H), 6.85 (d, J ¼ 8.4 Hz, 1H), 7.17–7.32 (m, 5H),

7.50 (s, 1H), 8.24 (s, 1H), 8.60 (s, 3H); 1H NMR (300 MHz,

DMSO-d6 þ D2O), d 1.23 (d, J ¼ 5.8 Hz, 6H), 1.71 (t, 2H),

1.89 (s, 2H), 3.36 (s, 2H), 3.94 (d, 1H), 4.54 (t, 1H), 6.15

(d, J ¼ 8.3 Hz, 1H), 6.33 (s, 1H), 6.85 (d, J ¼ 7.0 Hz, 1H),

7.18–7.33 (m, 5H), 8.24 (s, 1H); 13C NMR (75 MHz, DMSO-

d6 þ D2O), d 21.7, 24.6, 27.5, 51.7, 69.3, 102.9, 106.1, 114.1,

121.4, 126.8, 128.5, 128.6, 131.8, 137.8, 158.8, 159.7, 159.8,

162.1, 170.6. Anal. Calcd. for C24H28N4O4: C, 66.04; H, 6.47;

N, 12.84. Found C, 66.21; H, 6.55; N, 12.68.

2-Amino-5-[4-(2-hydroxy-4-methoxyphenyl)-5-phenylpyri-
midin-2-ylamino]pentanoic acid (3d). Yellow solid. mp
223.6–224.9�C. IR (KBr), m (cm�1): 3435, 2925, 2828, 1624,
1529, 1430, 1375, 1072, 702. 1H NMR (300 MHz, DMSO-d6),

d 1.71 (s, 2H), 1.87 (s, 2H), 3.32 (s, 2H), 3.69 (s, 3H), 6.14

(d, J ¼ 5.3 Hz, 1H), 6.40 (s, 1H), 6.83 (s, 1H), 7.20–7.30

(m, 5H), 7.66–7.78 (m, 3H), 8.23 (s, 1H), 11.95 (s, 1H); 13C

NMR (75 MHz, DMSO-d6), d 25.2, 28.4, 53.6, 55.0, 101.6,

104.7, 114.3, 121.1, 126.7, 128.5, 128.7, 131.6, 137.9, 159.3,

159.8, 161.3, 171.3. Anal. Calcd. for C22H24N4O4: C, 64.69;

H, 5.92; N, 13.72. Found C, 64.42; H, 5.77; N, 13.98.

2-Amino-5-[4-(2-hydroxy-4,5,6-trimethoxyphenyl)-5-(4-methox-
yphenyl)pyrimidin-2-ylamino]pentanoic acid (3e). Yellow solid.
mp 230.8–232.1�C. IR (KBr), m (cm�1): 3397, 2938, 1643,

1607, 1458, 1247, 1103, 549. 1H NMR (300 MHz, DMSO-d6),
d 1.69 (d, J ¼ 5.6 Hz, 2H), 1.89 (s, 2H), 3.31 (s, 2H), 3.45
(s, 3H), 3.58 (s, 3H), 3.69 (s, 3H), 3.70 (s, 3H), 6.30 (s, 1H),
6.77 (d, J ¼ 8.4 Hz, 2H), 7.08 (d, J ¼ 8.4 Hz, 2H), 8. 22
(s, 2H); 13C NMR (75 MHz, DMSO-d6), d 24.9, 27.9, 52.4,

54.9, 55.5, 60.4, 60.5, 95.8, 113.3, 124.0, 129.1, 129.5, 134.0,
150.8, 153.1, 157.1, 157.9, 161.0, 161.3, 171.1. Anal. Calcd.
for C25H30N4O7: C, 60.23; H, 6.07; N, 11.24. Found C, 60.49;
H, 6.26; N, 11.02.

2-Amino-5-[4-(2-hydroxy-4-methoxy-6-methylphenyl)-5-phe-
nylpyrimidin-2-ylamino]pentanoic acid (3f). Yellow solid. mp
220.6–221.8�C. IR (KBr), m (cm�1): 3060, 2946, 1967, 1651,

1609, 1448, 1336, 1198, 1158, 1033, 832, 760, 703. 1H NMR

(300 MHz, DMSO-d6), d 1.68 (s, 2H), 1.83 (s, 3H), 1.89

(s, 2H), 3.36 (s, 2H), 3.65 (s, 3H), 3.89 (s, 1H), 6.16 (s, 1H),

6.30 (s, 1H), 7.16-7.19 (m, 5H), 7.40 (s, 1H), 8.30 (s, 1H),

8.56 (s, 2H), 9.55 (s, 1H); 13C NMR (75 MHz, DMSO-d6), d
20.1, 25.2, 28.1, 52.3, 55.2, 99.1, 106.2, 119.7, 124.7, 126.9,

128.3, 128.4, 137.1, 137.5, 156.1, 158.1, 159.8, 161.7, 164.2,

171.3. Anal. Calcd. for C21H21N5O7: C, 55.38; H, 4.65; N,

15.38. Found C, 55.10; H, 4.50; N, 15.64.
2-Amino-5-[4-(4-benzyl-2-hydroxyphenyl)-5-(4-methoxyphe-

nyl)pyrimidin-2-ylamino]pentanoic acid (3g). Yellow solid.

mp 254.5–255.8�C. IR (KBr), m (cm�1): 3425, 2927, 1620,

1599, 1521, 1423, 1402, 1055, 1021, 702, 630. 1H NMR

(300 MHz, DMSO-d6), d 1.69 (s, 2H), 1.86 (s, 2H), 3.30 (s,

2H), 3.73 (s, 3H), 5.02 (s, 2H), 6.23 (d, J ¼ 8.0 Hz, 1H), 6.47

(s, 1H), 6.87 (d, J ¼ 7.6 Hz, 3H), 7.09 (d, J ¼ 7.5 Hz, 2H),

7.34–7.39 (m, 5H), 7.63 (s, 1H), 8.18 (s, 1H); 13C NMR

(75 MHz, DMSO-d6), d 25.7, 29.2, 54.5, 55.5, 69.6, 103.0,

105.9, 114.5, 121.1, 128.2, 128.3, 128.9, 130.4, 130.5, 132.1,

137.2, 158.6, 160.0, 160.1, 160.4, 160.6, 160.9, 171.4. Anal.

Calcd. for C29H30N4O4: C, 69.86; H, 6.06; N, 11.24. Found C,

69.63; H, 6.21; N, 11.49.

2-Amino-5-[4-(2-hydroxy-4-methoxyphenyl)-5-(3-nitro-4-
methoxyphenyl)pyrimidin-2-ylamino]pentanoic acid (3h). Yellow
solid. mp 219.7–221.0�C. IR (KBr), m (cm�1): 3420, 3047,

2925, 2711, 1650, 1614, 1574, 1332, 1276, 1211, 1025, 869,

750. 1H NMR (300 MHz, DMSO-d6), d 1.69 (s, 2H), 1.89 (s,

2H), 3.34 (s, 2H), 3.70 (s, 3H), 3.84 (s, 1H), 3.90 (s, 3H), 6.34

(s, 1H), 6.38 (s, 1H), 7.00 (s, 1H), 7.28 (d, J ¼ 8.6 Hz, 1H),

7.39 (d, J ¼ 8.0 Hz, 1H), 7.66 (s, 2H), 8.28 (s, 1H), 8.52

(s, 2H), 10.91 (s, 1H); 13C NMR (75 MHz, DMSO-d6), d 24.5,
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27.4, 51.9, 55.1, 56.6, 101.4, 105.2, 114.2, 115.7, 119.8, 124.4,

130.1, 131.4, 134.4, 138.8, 150.7, 157.2, 158.8, 160.3, 161.3,

162.7, 170.6. Anal. Calcd. for C23H25N5O7: C, 57.14; H, 5.21;

N, 14.49. Found C, 57.01; H, 5.06; N, 14.76.

2-Amino-5-[4-(2-hydroxy-4-methoxyphenyl)-5-(3,5-diisopropyl-
4-hydroxyphenyl)pyrimidin-2-ylamino]pentanoic acid (3i). Yellow
solid. mp 248.2–249.5�C. IR (KBr), m (cm�1): 3329, 2961,
2868, 1594, 1536, 1439, 1379, 1292, 1205, 1151, 1030, 835,

790. 1H NMR (300 MHz, DMSO-d6), d 1.04 (d, J ¼ 5.0 Hz,

12H), 1.67 (s, 2H), 1.83 (s, 2H), 3.24–3.28 (t, 5H), 3.66

(s, 3H), 6.12 (s, 1H), 6.36 (s, 1H), 6.77–6.82 (d, 3H), 7.48

(s, 1H), 8.22 (s, 1H); 13C NMR (75 MHz, DMSO-d6), d 22.8,

25.3, 25.9, 28.7, 54.0, 55.1, 101.6, 104.6, 114.4, 121.7, 123.5,

128.6, 131.5, 135.3, 149.6, 159.4, 161.2, 170.4. Anal. Calcd.

for C28H36N4O5: C, 66.12; H, 7.13; N, 11.02. Found C, 66.01;

H, 7.35; N, 10.88.

2-Amino-5-[4-(2-hydroxy-4-methoxyphenyl)-5-(4-hydroxy-
phenyl)pyrimidin-2-ylamino]pentanoic acid (3j). Yellow
solid. mp 254.5–255.8�C. IR (KBr), m (cm�1): 3415, 2924,
1610, 1448, 1385, 1294, 1162, 1019, 833, 630. 1H NMR (300
MHz, DMSO-d6), d 1.68 (d, 2H), 1.86 (s, 2H), 3.33 (s, 2H),
3.81 (s, 3H), 3.88 (s, 1H), 6.20 (dd, J1 ¼ 1.6 Hz, J2 ¼ 8.7 Hz,
1H), 6.38 (s, 1H), 6.75 (d, J ¼ 8.2 Hz, 2H), 6.91 (d, J ¼ 8.7

Hz, 1H), 6.98 (d, J ¼ 8.2 Hz, 2H), 8.19 (s, 1H); 13C NMR (75
MHz, DMSO-d6), d 24.6, 27.6, 52.4, 55.1, 101.5, 104.8, 114.2,
115.5, 121.3, 128.1, 129.8, 131.6, 156.1, 159.0, 159.3, 159.8,
161.3, 171.0. Anal. Calcd. for C22H24N4O5: C, 62.25; H, 5.70;

N, 13.20. Found C, 62.43; H, 5.81; N, 13.01.
2-Amino-5-[4-(2,4-dihydroxyphenyl)-5-(4-methoxyphenyl)-

pyrimidin-2-ylamino]pentanoic acid (3k). Yellow solid. mp
240.2–241.6�C. IR (KBr), m (cm�1): 3435, 2923, 2854, 1642,

1535, 1446, 1266, 1003, 597, 535, 458. 1H NMR (300 MHz,

DMSO-d6), d 1.70–1.82 (m, 2H), 1.89 (s, 2H), 3.45 (s, 2H),

3.74 (s, 3H), 3.94 (d, 1H), 6.15 (d, J ¼ 8.1 Hz, 1H), 6.30 (s,

1H), 6.90 (d, J ¼ 8.4 Hz, 3H), 7.10 (d, J ¼ 8.4 Hz, 2H), 8.46

(s, 4H), 9.96–9.99 (m, 1H); 13C NMR (75 MHz, DMSO-d6), d
24.1, 27.1, 51.5, 55.1, 102.7, 107.1, 114.0, 122.2, 127.2, 129.6,

132.0, 154.1, 157.5, 158.6, 161.0, 170.4. Anal. Calcd. for

C22H24N4O5: C, 62.25; H, 5.70; N, 13.20. Found C, 62.43, H,

5.31, N, 13.42.

2-Amino-5-[4-(2,4-dihydroxyphenyl)-5-phenylpyrimidin-2-
ylamino]pentanoic acid (3l). Yellow solid. mp 257.1–
258.6�C. IR (KBr), m (cm�1): 3408, 2958, 1610, 1574, 1536,

1392, 1327, 1196, 632. 1H NMR (300 MHz, DMSO-d6),

d 1.72 (s, 2H), 1.88 (s, 2H), 3.33 (s, 2H), 3.7 (s, 1H), 5.98 (d,

J ¼ 7.3 Hz, 1H), 6.27 (s, 1H), 6.71 (d, J ¼ 8.5 Hz, 1H), 7.18–

7.33 (m, 5H), 7.56 (s, 1H), 8.20 (s, 1H); 13C NMR (75 MHz,

DMSO-d6), d 24.8, 27.9, 52.4, 103.3, 106.3, 112.1, 120.8,

126.5, 126.7, 128.5, 128.7, 131.7, 138.2, 159.6, 160.2, 161.9,

171.0. Anal. Calcd. for C21H22N4O4: C, 63.95; H, 5.62; N,

14.20. Found C, 64.20; H, 5.81; N, 14.43.

2-Amino-5-[4-(2,4-dihydroxyphenyl)-5-(4-hydroxyphenyl)-
pyrimidin-2-ylamino]pentanoic acid (3m). Yellow solid. mp
275.2–276.7�C. IR (KBr), m (cm�1): 3409, 3111, 1666, 1612,
1507, 1447, 1403, 1249, 1216, 843. 1H NMR (300 MHz,
DMSO-d6), d 1.68 (d, 2H), 1.88 (s, 2H), 3.33 (s, 2H), 3.94
(s, 1H), 6.01 (d, J ¼ 8.5 Hz, 1H), 6.23 (s, 1H), 6.73–6.80

(m, 3H), 6.97 (d, J ¼ 8.2 Hz, 2H), 7.60 (s, 1H), 8.16 (s, 1H);
1H NMR (300 MHz, DMSO-d6 þ D2O), d 1.69 (d, 2H), 1.88
(s, 2H), 3.34 (s, 2H), 3.94 (s, 1H), 6.01 (d, J ¼ 8.2 Hz, 1H),
6.24 (s, 1H), 6.74–6.81 (m, 3H), 6.98 (d, J ¼ 6.4 Hz, 2H),

8.16 (s, 1H); 13C NMR (75 MHz, DMSO-d6 þ D2O), d 24.5,
27.5, 51.7, 103.0, 106.2, 112.7, 115.5, 121.0, 128.4, 129.8,
131.8, 156.2, 159.2, 159.5, 159.8, 160.0, 161.9, 170.6. Anal.
Calcd. for C21H22N4O5: C, 61.45; H, 5.40; N, 13.65. Found C,
61.20; H, 5.51; N, 13.46.

2-Amino-5-[4-(2,4-dihydroxyphenyl)-5-(3,5-diisopropyl-4-
hydroxyphenyl)pyrimidin-2-ylamino]pentanoic acid
(3n). Yellow solid. mp. 268.7–269.9�C. IR (KBr), m (cm�1):
3419, 2961, 2871, 1597, 1536, 1447, 1401, 1213, 592. 1H
NMR (300 MHz, DMSO-d6), d 1.06 (d, J ¼ 5.0 Hz, 12H),

1.67 (s, 2H), 1.84 (s, 2H), 3.24–3.28 (t, 5H), 5.93 (d, J ¼ 8.0
Hz, 1H), 6.23 (s, 1H), 6.74 (d, J ¼ 8.3 Hz, 1H), 6.80 (s, 2H),
7.50 (s, 2H), 8.20 (s, 2H); 13C NMR (75 MHz, DMSO-d6), d
22.8, 25.2, 26.0, 28.6, 53.9, 103.2, 106.0, 112.0, 121.2, 123.6,
128.9, 131.6, 135.5, 149.6, 159.2, 160.0, 160.2, 170.7. Anal.

Calcd. for C27H34N4O5: C, 65.57; H, 6.93; N, 11.33. Found C,
65.35; H, 6.75; N, 11.54.
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Oxindole was found to react readily with thionyl chloride to give (in an excellent yield) the isolable
sulfine (13a), which on heating (refluxing acetonitrile) gave isoindigo (15a). The dark violet 3-sulfinato-

oxindole (13a) readily reacted with 2,3-dimethylbutadiene to give a colorless cyclo-adduct (14a). The
sulfine also reacted readily with various nucleophilic reagents, thus, thioloacetic acid gave 3-carboxyme-
thylthiolo-oxindole (23a).

J. Heterocyclic Chem., 47, 1215 (2010).

INTRODUCTION

Sulfines, which can be considered as oxides of thio-

nes, are nonlinear and have the general structure 1, and

as indicated in Figure 1, E and Z isomers are possible

[1–6].

Several synthetic methods [1–6] for the production of

sulfines are available and perhaps the simplest and most

general route is given by Zwanenburg, which involves

treatment of silylated molecules, such as silylated

ketones with thionyl chloride [5–7]. In a few cases, keto

derivatives have been reported to yield a-oxo-sulfines
directly (i.e., without activation). For example, Hull and

Faull reacted the anion of ethyl 4-chloroacetoacetate

with phenyl isothiocyanate in dimethoxyethane and

obtained 52% of the thiophene derivative 2. By chang-

ing the solvent to dioxane, the yield of 2 could be

improved to 87%. The thiophene 2 reacted readily with

thionyl chloride to yield the isolable a-oxosulfine 3 [8].

In terms of yields, acetonitrile was found to be a more

suitable solvent than dimethoxyethane. The a-oxosulfine
3 could readily be intercepted by 2,3-dimethylbutadiene

to give 4, which could be fully characterized by 1H and

13C NMR spectroscopy. In Scheme 1, the sulfine 3 is

drawn as the more stable E-isomer although the Z-iso-

mer is more likely to be formed initially due to attack

of SOCl2 on the enol tautomer of 2, which would yield

an intermediate sulfinyl chloride stabilized by hydrogen

bonding. This sulfinyl chloride is then biased to give

primarily the Z-sulfine. However the E-isomer is ther-

modynamically more stable and will eventually be

formed. The structure (determined by X-ray technique)

of 4 showed that its sulfine precursor 3 leading to 4 had

indeed exclusively been the E-isomer [6].

Interestingly, the related (to 2) molecule 5, when

treated with SOCl2, failed to yield an isolable sulfine.

Instead, the coupled molecule 6 was isolated [8] indicat-

ing that the intermediate sulfine is unstable in this case.

Interception with 2,3-dimethylbutadiene is however pos-

sible [6], which gave a separable mixture of diasterom-

ers; thus, indicating that the kinetic product (the Z-iso-

mer) only had been partially converted to the E-isomer.

This type of cycloaddition with 2,3-dimethylbutadiene is

a standard operation to trap and to characterize sulfines,

as have been done with intermediate sulfines generated
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from doubly activated methylene compounds, such as

dibenzoylmethane [2,7,9,10].

Another stable a-oxosulfine is given by Black, who

reported formation of the a-oxosulfine 9 from the nitro-

ketone 7. The nitro group is considered to play an im-

portant role as indicated in Scheme 2. The intermediate

8 could not be isolated but its presence was supported

by an ABX pattern observed during an NMR study of

the reaction [11]. The product, the stable a-oxo-sulfine
9, featured diagnostic resonances at 188.9 and 189.3

ppm in the 13C NMR spectrum.

The structure of 9 was confirmed by X-ray crystallo-

graphy [11]. Simple aromatic ketones (like propiophenone)

gave a-chlorosulfenyl chlorides and not a-oxosulfines
(Scheme 2) [11].

RESULTS AND DISCUSSION

It has now, somewhat surprisingly, been found that

several sulfines in the indole series can readily and

quickly (2–3 min) be prepared in excellent yields by the

reaction of oxindole itself (11a) with thionyl chloride in

acetonitrile at 30–35�C that gave the a-oxosulfine 13a

as a dark violet solid. N-Methyloxindole similarly gave

13b. Many years ago, oxindole had been treated with

thionyl chloride as reagent and solvent at reflux temper-

ature. Under these conditions isoindigo (15a) was the

sole product [12] and it seems that the sulfine 13a has

never been isolated before. The sulfine 13a was isolated

in 95% yield accompanied with a small amount of

3-chloro-oxindole (2%, isolated) and can be recrystal-

lized from acetonitrile but prolonged heating in this

medium will convert 13a to isoindigo (Scheme 3).

In analogy with the known sulfine 3, the indolic sul-

fine 13a and 2,3-dimethylbutadiene readily (within

2 min at 30–35�C in acetonitrile) gave the colorless

adduct 14a as a single diastereomer. The same is true

for the N-methyl derivative 13b, which gave 14b. It is

assumed that the sulfine 13a is formed via an initial

electrophilic attack in 3-position of oxindole leading to

the nonisolable intermediate sulfinyl chloride 12, which

quickly will eliminate HCl leading to the a-oxosulfine
13a (E-isomer). However, it is assumed that initially the

kinetic product, the Z-isomer, is formed but that it will

quickly be converted to the more stable E-isomer. This

E-stereochemistry was deduced from the fact that only

one isomer of the S-oxide 14a was obtained. Interest-

ingly, other sulfines generated in other ways, for exam-

ple, via diazo compounds, usually will give diastereo-

meric mixtures with 2,3-dimethylbutadiene [13–16].

A solution of 13a in DMSO-d6 features a 13C NMR

spectrum similar to but distinctively different from that

of isatin [17,18]. In isatin (10), the signals from carbon

Figure 1. E and Z isomers of sulfines.

Scheme 1

Scheme 2
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atoms 2 and 3 appeared at 159.4 and 184.3 ppm [17],

respectively, whereas the corresponding signals from the

sulfine 13a appeared at 160.0 and 168.9 ppm, respec-

tively. In the proton NMR spectrum, the signal from the

4-H proton was shifted significantly more downfield in

the spectrum of 13a (8.08 ppm) as compared with 7.47

for isatin 10 and actually even more so in isoindigo 15a

(9.10 ppm). These data clearly indicate that the proton

in position 4 is strongly influenced by the anisotropic

deshielding of the cone of interaction from the SO group

(for 13a) and the C¼¼O group in the neighboring ring

(for 15a).The general similarity of the spectra of 10 and

13a, however, was taken as evidence that the species

present in the solution is (13a) actually not an adduct,

as a result of nucleophilic addition of DMSO to 13a. A

solution of 13a in DMSO is, however, not permanently

stable and after 7 days 90% of the sulfine will be con-

verted to isoindigo 15a. This type of conversion was

faster for derivatives substituted with halogen atoms in

the benzene ring.

The sulfines 13a and 13b can, under dry conditions,

be stored for several months at room temperature with-

out decomposition. In the presence of moisture, the sul-

fines will eliminate SO2 and the starting materials, that

is, the oxindoles 11a and 11b, will be formed slowly.

This type of decomposition has been observed previ-

ously for other sulfine derivatives on several occasions

[11,19]. When 13a and 13b are dissolved in chloroform

and saturated with water, the cleavage process is quite

quick (e.g., total decomposition within 15 min at 40�C).
A number of substituted oxindoles, for example, [20–25]

6-chloro-oxindole, 6-bromo-oxindole, and 5-nitro-oxindole

likewise could be converted to sulfines as well as adducts

with 2,3-dimethyl-butadiene. All these derivatives of 13a

substituted in the benzene ring could readily be converted

to ring-substituted derivatives of isoindigo.

As expected, the sulfine 13a reacted readily with a

number of nucleophilic reagents. Thus, morpholine gave

the known [26] adduct 19 (previously prepared form isa-

tin and morpholine) as shown in Scheme 4. Thus, addi-

tion of morpholine to a solution of the sulfine 13a in

acetonitrile at 35�C quickly faded the dark violet color

and a solid precipitated within 2 min, which consists of

16 and morpholinium sulfite, which could be easily

removed by extraction of the mixture with water. The

nature of the side-product, morpholinium sulfite, was

established in an independent experiment, wherein mor-

pholine dissolved in water was reacted with sulfur diox-

ide. As indicated in Scheme 4, the sulfine 13a could be

converted to isatin 10. However, simple treatment with

water could not effect this transformation.

Thiols also reacted readily with the sulfine 13a, thus,

methanethiol gave the known [17] compound 17 and

thiolacetic acid and methyl thiolacetate, respectively, the

new molecules 18a and 18b, both in excellent yields.

The NMR data of 18a are in disagreement with those

reported in the literature, wherein a mixture composed

of isatin, pentafluoroaniline, and thiolacetic acid has

been claimed to give 18a. This unusual experiment

should be repeated [27].

Although isatin and thiolacetic acid readily could be

converted to the adduct 19a, this molecule could not be

converted to 18a because the adduct 19a is quite labile

Scheme 3

Scheme 4
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under basic as well as acidic conditions. The product

formed was a coupled reduction product of isatin,

namely isatid 20, a well-known molecule [28,29]. Treat-

ment of the adduct 19a with acetic anhydride at ambient

temperature quickly cleaved the adduct yielding isatin

10. The bis-adduct 19b, however, is quite stable under

these conditions (Scheme 5).

EXPERIMENTAL

Melting points were uncorrected and determined using a
Büchi B-545 apparatus. NMR spectra were obtained in DMSO-
d6 on a Bruker 300-MHz spectrometer. IR (neat) was recorded
with an Avatar 330 FTIR apparatus (Thermo Nicolet).

Ethyl 2-phenylamino-4-oxo-4,5-dihydrothiophene-3-car-

boxylate (2). Ethyl 4-chloro-acetoacetate (16.5 g, 0.1 mol) in
dioxane (80 mL) was treated with sodium hydride (4.5 g, 60%
in oil) at 30�C. When the evolution of hydrogen had ceased
(�20 min), phenyl isothiocyanate (13.5 g, 0.1 mol) in dioxane
(20 mL) was added at 25–30�C to the stirred mixture. The

temperature was allowed to reach 40�C, and at this point, a
thick slurry was formed. After 1 h at 35–40�C, the mixture
was poured into water and the solid formed was collected,
washed with water, and recrystallized from ethanol, 22.9 g
(87%), mp. 146–148�C (lit. [8] 146–148�C). IR 3198, 2983,

2926, 1643, 1555, 1548, 1406, 1382, 1344, 1283, 1223, 1152,
1037, 997, 800, 784, 754 cm�1; 1H NMR d: 1.25 (t, 3H, CH3),
3.67 (s, 2H, CH2), 4.22 (q, 2H, OCH2), 7.36–7.51 (m, 5H,
arom CH), 11.2 (br s, 1H, NH); 13C NMR d: 14.4 (q), 38.0 (t),

59.3 (t), 97.0 (s), 125.1 (d), 127.8 (d), 129.5 (d), 137.3 (s),
156.1 (s), 182.7 (s), 190.5 (s).

Ethyl 2-phenylamino-4-oxo-5-sulfinato-4,5-dihydrothiophene-

3-carboxylate (3). The ester 2 (2.63 g, 10 mmol) in acetonitrile
(35 mL) was treated with thionyl chloride (1.25 mL, 15 mmol)
at 35�C. A precipitate of yellow needles was collected after

1 h, (2.90 g, 96%), mp. >260�C dec.; IR 3161, 2968, 1641,
1538, 1408, 1377, 1172, 1018, 941, 788 cm�1; 1H NMR d:
1.44 (t, 3H, CH3), 4.24 (q, 2H, OCH2), 7.38–7.57 (m, 5H,
arom CH), 11.4 (br. s, 1H, NH); 13C NMR d: 14.3 (q), 59.6
(t), 97.5 (s), 125.9 (d), 129.1 (d), 129.4 (d), 137.0 (s), 163.5

(s), 172.1 (s), 178.8 (s), 191.0 (s).
The adduct (4). The yellow sulfine 3 (3.09 g, 10 mmol)

was suspended in acetonitrile (85 mL) and 2,3-dimethylbuta-
diene in excess was introduced to the stirred mixture at

50–55�C. The solution obtained was concentrated and the col-
orless product was collected (3.25 g, 86%); mp. 200–202�C
(lit. [6] 200–202�C); IR 3162, 3058, 2974, 1660, 1548, 1415,
1400, 1210, 1063, 1032, 800, 769, 696 cm�1; 1H NMR d: 1.27
(t, 3H, CH3), 1.59 (s, 6H, 2 CH3), 2.75 (2H, CH2), 3.45 (2H,

CH2), 4.26 (q, 2H, OCH2), 7.40–7.55 (m, 5H, arom CH), 11.4
(s, 1H, NH); 13C NMR d: 14.3 (q), 19.0 (q), 19.2 (q), 39.7 (t),
52.3 (t), 59.7 (t), 79.0 (s), 97.2 (s), 119.1 (s), 125.4 (d), 126.7
(s), 128.3 (d), 129.7 (d), 137.2 (s), 164.2 (s), 180.4 (s), 188.1 (s).

2-Oxindole-3-thione S-oxide 13a. Thionyl chloride (15.0

mL) was added during 3 min to a stirred solution of oxindole
(13.3 g, 0.1 mol) in acetonitrile (120 mL) at 25–30�C. The
dark violet product started to separate within 1 min and the
reaction is completed in 10 min. The sulfine 13a was collected
and dried in a desiccator (17.08 g, 95%); mp. �120�C dec;

IR: NH 3240 (br), 1702, 1666, 1607, 1456, 1326, 1201, 1126,
1089, 1070, 764 cm�1; 1H NMR d: 6.83 (d), 7.00 (d), 7.40
(d), 8.07 (d, 4-H), 10.9 (s, NH); 13C NMR d: 110.5 (d), 122.1
(s), 122.6 (d), 126.1 (d), 134.3 (d), 140.7 (s), 166.0 (s), 169.0

(s); Anal. calcd. for C8H5NO2S: C, 53.2; H, 2.88; N, 7.78
Found: C, 53.5; H, 3.15; N, 7.65.

Scheme 5
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N-Methyl-2-oxindole-3-thione S-oxide 13b. The procedure

given for the parent compound 13a was used, except that

methyl acetate was used as medium starting with N-methyl-ox-

indole. Before isolation of the product, part of the solvent was

partially evaporated; (Yield 78%); mp 130–140�C (violent

dec);1H NMR d: 3.12 (s, 3H, NCH3), 7.05–7.11 (ddþd, 2H

arom CH), 7.49 (dd, 1H, arom CH), 8.10 (d, 1H, 4-H); 13C

NMR d: 125.8 (q), 109.5 (d), 120.9 (s), 121.7 (d), 125.8 (d),

134.2 (d), 141.8 (s), 164.5 (s), 168.2 (s); Anal. calcd. for

C9H7NO2S: C, 56.1; H, 3.70; N, 7.28. Found: C, 55.7, H,

3.80; N, 7.35.
The adduct 14a. The sulfine 13a (179 mg, 1 mmol) was

suspended in acetonitrile (5.0 mL), and 2,3-dimethyl-butadiene

(123 mg, 1.5 mmol) was introduced at 30–35�C. The dark vio-

let starting material went into solution and was soon replaced

by the colorless adduct 14a, which has a low solubility in ace-

tonitrile, 247 mg, (95%); mp. 195–196�C; IR 3255, 2919,

2888, 1716 (s), 1617, 1469, 1324, 1186, 1030, 738, 678 cm�1;
1H NMR d: 1,63 (s, 3H, CH3), 1.79 (s, 3H, CH3), 2.61 (2H,

CH2), 3.60 (2H, CH2), 6.91 (d, 1H), 7.03 (dd, 1H), 7.20 (d,

1H), 7.33 (dd, 1H), 10.8 (s, 1H, NH) 13C NMR d: 19.2 (q),

19.6 (q), 35.4 (t), 50.1 (t), 66.1 (s), 109.8 (d), 118.2 (s), 122.1

(s), 125.3 (s), 125.3 (d), 125.8 (s), 129.7 (d), 143.1 (s), 174.5

(s). Anal. calcd. for C14H15NO2S: C, 64.33; H, 5.78; N, 7.25;

Found, C, 64.12; H, 5.90; N, 7.15.

The adduct 14b. The same procedure as for 14a was used.

Yield (94%), mp. 191–192�C; IR; 3060 (w), 1704 (s), 1609,

1468, 1372, 1344, 1052 (s), 755 (s) cm�1; 1H NMR d: 1.69 (s,

3H, CH3), 1.80 (s, 3H, CH3), 2.62 (2H, CH2), 3.17 (s, 3H,

NCH3), 3.62 (2H, CH2), 7.10–7.46 (m, 4H, arom CH); 13C

NMR d: 19.2 (q), 19.6 (q), 26.6 (q), 35.3 (t), 50.2 (t), 65.5 (s),

108.9 (d), 118.2 (s), 122.7 (d), 124.6 (s), 125.0 (d), 125.7 (s),

129.8 (d), 144.5 (s), 172.9 (s). Anal. calcd. for C15H17NO2S:

C, 65.80; H, 6.23; N, 5.11 Found: C, 65.91; H, 6.32; N, 5.15.

6-Bromo-2-oxindole-3-thione S-oxide. The procedure given

for 13a was used, starting with 6-bromo-oxindole [24]. Yield

98%, mp. 140�C dec. 1H NMR d 7.10 (dd, 1H, 5-H), 7.18 (d,

1H, 7-H), 7.94 (d, 1H, 4-H). 13C NMR d: 113.3 (d), 123.5 (s),

125.3 (d), 127.1 (d), 127.2 (s), 141.8 (s), 165.7 (s), 167.8 (s).

Anal. calcd. for C8H4BrNO2S: C, 37.61; H, 1.57; N, 5.46

Found: C, 37.40; H, 1.66; N, 5.30.

Adduct between 6-bromo-2-oxindole-3-thione S-oxide and

2,3-dimethylbutadiene. The procedure described for 14a was

used. Yield 98%, mp. 220�C dec. IR 3110, 3080, 1720, 1609,

1447, 1038, 821 cm�1; 1H NMR d 1.68 (s, 3H, CH3), 1.77 (s,

3H, CH3), 2.62 (2H, CH2), 3.61 (2H, CH2), 7.06 (d, 1H, 7-H,

J ¼ 1.83 ppm), 7.11 (d, 1H, 4-H, J ¼ 8.25), 7.22 (dd, 1H,

5-H), 11.0 (s, 1H, NH). 13C NMR d; 19.7 (q), 20.1 (q), 35.7

(t), 50.8 (t), 66.7 (s), 113.2 (d), 118.8 (s), 123.1 (s), 125.0 (s),

125.2 (d), 126.4 (s), 127.6 (d), 145.3 (s), 175.1 (s). Anal.

calcd. for C11H14BrNO2S: C, 49.39; H, 4.13; N, 4.09 Found:

C, 49.19; H, 4.29; N, 3.97.

6-Chloro-2-oxindole-3-thione S-oxide. The procedure above
was used. Yield 92%, IR 3102, 1712, 1606, 1330, 1104, 1067,

808, 719 cm�1; 13C NMR d 109.1 (d), 120.8 (d), 124.7 (s),
125.7 (s), 131.7 (d), 145.1 (s), 165.9 (s), 167.8 (s).

Adduct between 5-bromo-2-oxindole-3-thione S-oxide and

2,3-dimethylbutadiene. Yield: 87%, mp. 220�C dec. IR 3176,
3145, 2902, 1715, 1618, 1468, 1300, 1227, 1039, 823 cm�1;
1H NMR d 1.70 (s, 3H, CH3), 1.78 (s, 3H, CH3), 2.57 (2H,
CH2), 3.62 (2H, CH2), 6.88 (d, 1H, 7-H), 7.26 (d, 1H, 4-H),

7.53 (dd, 1H, 6-H), 11.0 (s, 1H, NH). 13C NMR d 19.2 (q),
19.6 (q), 34.7 (t), 50.0 (t), 65.9 (s), 111.7 (s), 113.6 (d),
117.8 (s), 125.7 (d), 127.7 (s), 127.9 (s), 132.4 (d), 142.3 (s),
174.1 (s).

Adduct between 6-chloro-2-oxindole-3-thione S-oxide and

2,3-dimethylbutadiene. Yield: 92%, mp. 190�C dec. IR 3193,

1720, 1614, 1481, 1449, 1322, 1238, 1040, 926, 806 cm�1; 1H

NMR d 1.68 (s, 3H, CH3), 1.77 (s, 3H, CH3), 2.56 (2H, CH2),

3.62 (2H, CH2), 6.93 (d, 1H, 7-H), 7.09 (dd, 1H, 5-H), 7.17

(d, 1H, 4-H), 11.0 (br s, 1H, NH). 13C NMR d; 19.2 (q), 19.6

(q), 35.1 (t), 50.2 (t), 66.0 (s), 109.9 (d), 113.6 (s), 121.7 (d),

124.0 (s), 125.8 (s), 126.7 (d), 134.1 (s), 144.6 (s), 174.6 (s).

Anal. calcd. for C14H14ClNO2S. C, 56.90; H, 4.75; N, 4.69.

Found: C, 56.71; H, 4.90; N, 4.58.

6,60-Dichloroisoindigo. The 6-chloro-S-oxide (2.0 g) obtained

above was heated at reflux in acetonitrile (50 mL) for 1 h and

the dark blue precipitate of 6,60-dichloroisoindigo was col-

lected and washed with ethanol. Yield: 96% mp. > 300�C.
The spectroscopic data were in agreement with those in the

literature [30,31].

5-Nitro-2-oxindole-3-thione S-oxide. The procedure above

was used. Yield: 75%, mp. (violent dec.) 140�C. 1H NMR d;
7.03 (d, 7-H, J1 ¼ 8.75), 8.27 (dd, 6-H, J1 ¼ 8.75, J2 ¼ 2.31),

8.72 (d, 4-H, J2 ¼ 2.31), 11.6 (s, NH). 13C NMR d; 110.7 (d),

120.4 (d), 121.4 (s), 129.6 (d), 142, 2 (s), 145.7 (s), 166.0 (s),

167.0 (s). No acceptable elemental analysis data could be

obtained for this molecule, but its adduct could be analyzed.

Adduct between 5-nitro-2-oxindole-3-thione S-oxide and

2,3-dimethylbutadiene. The procedure above was used. Yield:

84%, mp. 150�C dec. 1H NMR d: 1.67 (s, 3H, CH3), 1.73 (s,

3H, CH3), 2.50 (2H, CH2), 3.65 (2H, CH2), 7.09 (d, 1H, 7-H),

7.93 (d, 1H, 4-H), 8.30 (dd, 1H, 6-H, J1 ¼ 8.75, J2 ¼ 2.31),

11.5 (s, 1H, NH). 13C NMR d; 19.2 (q), 19.5 (q), 34.4 (t), 50.3

(t), 65.9 (s), 109.9 (d), 118.1 (s), 120.5 (d), 125.9 (s), 126.1

(s), 126.8 (d), 142.4 (s), 149.3(s), 175.0 (s). Anal. calcd. for

C14H14N2O4S: C, 31.30; H, 4.59; N, 4.56. Found: C, 31.19; H,

4.63; N, 4.45.

Isoindigo 15a. The sulfine 13a (1.79 g, 10 mmol) in aceto-

nitrile (35 mL) was refluxed until no more precipitate of the

product 15a was formed (�15 min). Yield: (100%); mp.

>300�C; 1H NMR d; 6.83 (d), 6.91 (dd), 7.40 (dd), 9.06 (d),

10.9 (s, NH); 13C NMR d; 109.5 (d), 121.1 (d), 121.7 (s),

129.4 (d), 132.4 (d), 133.4 (s), 144.2 (s), 169.1 (s). UV in

agreement with data in ref. 30. The 1H NMR data were in

agreement with those in the literature [32,33]. However, the

signal just above 9.0 ppm was incorrectly reported as a

singlet.

N,N0-Dimethylisoindigo 15b. The same procedure as for

15a was used, Yield 100%, mp. 270–271�C (lit. [33] 270�C;
267–269�C [34]); IR 3130 (w), 2980 (w), 1681 (s), 1605,

1469, 1374, 1338, 1089, 1076, 944, 866, 773, 740 cm�1; 1H

NMR d: 3.20 (s, 6H, 2NCH3), 7.0–7.5 (m, 6H, arom CH),

9.12 (2d, 2H, 4-H); 13C NMR d: 26.1 (q), 108.5 (d), 120.6 (s),

121.8 (d), 129.1 (d), 132.7 (d), 132.8 (s), 145.1 (s), 168.0 (s).

3,30-Bis(morpholino)oxindole 16. Morpholine (261 mg, 3

mmol) was added to the sulfine 13a (358 mg, 2 mmol) in

acetonitrile (6 mL). A white solid appeared within 2 min,

which was collected and washed with water after 30 min at

25�C, 395 mg (64%), mp. 177–179�C (lit. [26] 177–179�C).
The spectral data were in agreement with those in the litera-

ture [26].
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S-Methyl-3-thiolo-oxindole 17. A stream of methanthiol
was introduced into a stirred suspension of the sulfine 13a,
1.79 g, 10 mmol) in acetonitrile (80 mL) at 35�C. When the

dark violet starting material had been consumed (�1 h) the so-
lution was evaporated and the crude product recrystallized
form ethanol, 1.41 g (72%) mp. 125–127�C (lit. [18] 125.5–
127�C). The NMR data were in agreement with those reported
in the literature [21]. The signal from the 3-C carbon atom res-

onated at 45.5 ppm.
S-Carboxymethyl-3-thiolo-oxindole 18a. The sulfine 13a

(358 mg, 2 mmol) was added to a solution of thioloacetic acid
(202 mg, 2.3 mmol) in acetonitrile (8 mL). As there seemed to
be no reaction at ambient temperature the reaction mixture

was heated at reflux for 20 min. During this period, the solu-
tion became colorless. After concentration and treatment with
ether, the product was obtained as colorless crystals, 360 mg,
(81%) mp. 160–162�C. IR 3280, 1700, 1621, 1469, 1177,
1120, 872, 740 cm�1; 1H NMR d: 3.48 (q, 2H, CH2, J ¼ 15.2

ppm), 4.81 (s, 1H, 3-CH), 6.85–7.34 (m, 4H, arom CH), 10.6
(s, 1H, NH), 12.8 (br. s, 1H, OH). 13C NMR d: 40.7 (t), 50.6
(d), 109.6 (d), 121.8 (d), 124.9 (d), 126.4 (s), 129.5 (d), 143.0
(s), 170.0 (s), 175.2 (s). Anal. calcd. for C10H9NO3S: C,

53.80; H, 4.07; N, 6.27; Found: C, 53.63; H, 4.20; N, 6.05.
Methyl S-carboxymethyl-3-thiolo-oxindole 18b. Methyl

thioloacetate (233 mg, 2.3 mmol) was added to the sulfine 13a

(351 mg, 2.0 mmol) in acetonitrile (6.0 mL) at 45�C. The
color faded quickly. After 10 min the solution was evaporated

and the oil obtained was treated with methyl acetate/diiso-
propyl ether (1:4), which gave crystals of the product, 371 mg
(79%), mp. 109–110�C; IR: 3146, 1730, 1704, 1673, 1617,
1470, 1281, 1266, 1005, 743, 676 cm�1; 1H NMR 3.53 (q, 2H,
CH2), 3.63 (s, 3H, OCH3), 4.84 (s, 1H, 3-CH), 6.83–7.33 (m,

4H, arom CH), 10.6 (s, 1H, NH); 13C NMR 40.1 (t), 50.6 (q),
52.2 (d), 109.7 (d), 121.8 (d), 125.2 (d), 126.3 (s), 129.4 (d),
143.0 (s), 169.1 (s), 175.1 (s). Anal. calcd. for C11H11NO3S:
C, 55.68; H, 4.67; N, 5.90 Found: C, 55.73; H, 4.78, N, 5.90.

The monocarboxylic acid 19a. Isatin (14.7 g, 0.1 mmol)

and thioloacetic acid (9.2 g, 0.1 mol) was heated in dioxan (30
mL) for 0.5 h. After concentration, the residue was treated
with methanol/water 1:2, which gave the title compound, 20.1
g (84%), mp. 191–193�C. IR 3288, 3100–2550, 1728, 1693,
1613, 1469, 1422, 1267, 1131, 916, 822, 749 cm�1; 1H NMR

d: 3.75 (2H, q), 6.88 (d, 1H), 7.02 (dd, 1H), 7.13 (dd, 1H),
7.39 (d, 1H), 10.4 (s, 1H); 13C NMR d: 29.7 (t), 77.9 (s),
109.9 (d), 121.9 (d), 124.0 (d), 129.1 (s), 130.1 (d), 139.8 (s),
171.1 (s), 174.6 (s). Anal. calcd. for C10H8NO4S: C, 50.20; H,

3.79; N, 5.84; Found: C, 49.81; H, 3.85; N, 5.72.
The dicarboxylic acid 19b. Isatin (14.7 g, 0.1 mmol) and

thioloacetic acid (20.2 g, 0.22 mmol) in dioxane (50 mL) was
heated to reflux for 3 h. After concentration, the residue was
treated with methanol/water 1:1, which quickly yielded crys-

tals of the product 26.8 (86%); mp. 202–204 �C. IR 3288,
3170–2300, 1731, 1697, 1615, 1469, 1175, 1057, 904, 750
cm�1; 1H NMR d: 3.96 (s, 4H), 6.90 (d, 1H), 7.03 (dd, 1H),
7.29 (dd, 1H), 7.33 (d, 1H), 10.9 (s, 1H, NH), 12.7 (s, 2H,
OH); 13C NMR d: 32.4 (t), 55.1 (s), 110.3 (d), 122.4 (d),

124.3 (d), 127.8 (s), 130.1 (d), 140.3 (s), 170.0 (s), 173.6 (s).
Anal. calcd. for C12H11NO5S2: C, 45.99; H, 3.54; N, 4.47
Found: C, 45.85; H, 3.66; N,4.32.
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Modified nitration of tetraphenylporphyrin at para of phenyl with HNO3/Cl3CCOOH and one-pot

nitration of free tetraarylporphyrins to metalized 2-nitroporphyrin in high yield are described. A novel
reducer of Zn/HCOONH4 has been developed for above nitro of porphyrin into amino effectively.
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INTRODUCTION

Over the last three decades, functionalization of por-

phyrins has received considerable attention for introduc-

ing functions into porphyrins could varied the properties

of porphyrins and afford availability of diverse porphy-

rin architecture by arising a energetic bond for further

functionalization [1]. Therefore, fairish efforts were

underway in various laboratories to explore novel and

available approach to modify porphyrins [2]. meso-Tet-
raarylporphyrin (TAP) including tetraphenylporphyrin

(TPP) is one of the most readily available synthetic por-

phyrin [3], so modifying its porphyrin macrocycle or

aryl around was an available way to get various novel

porphyrins [4]. The nitration modification has been

investigated in detail by many reagents [5]. The sort of

porphyrin containing amino function has wide use in the

architecture of porphyrins with extended p-system,

chlorines, porphyrin assembly, supermolecule propertie

[6].

We have afforded access to nitro TPP by nitration of

para of phenyl, which was transformed into widely use-

ful amino function for subsequent modification [7].
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Herein, we report the synthesis of TAP by modified

Alder–Longo method condensing pyrrole with acid sen-

sitive 3,4-methylenndioxyphenylaldehyde, sequent modi-

fied nitration of phenyl, as well as one-pot nitration of

porphyrin periphery. A rapid and efficient process for

reduction of nitro group at phenyl or b of porphyrin into

amino has been developed.

RESULTS AND DISCUSSION

On account of the fact that meso-TPP 1b was particu-

larly readily prepared, it should be a handy way to

achieve a variety of substituted porphyrins by introduc-

ing suitable group to TPP, especially at the phenyl rings.

A few workers reported phenyl para nitration of TPP

with fuming nitric acid, or NaNO2/TFA (trifluoroacetic

acid). As shown in Scheme 1, condensation of pyrrole

with aromatic aldehyde in refluxing xylene under meta-
nitrobenzoic acid provided porphyrin 1a and 1b in mod-

erate yield of somewhat 50%. The starting porphyrin

TPP was subjected to nitration to afford porphyrin con-

taining mono and bis-nitro phenyl. Instead of TFA/

NaNO2, which was used in the Smith’s method, the

solid trichloroacetic acid and concentrated nitric acid

was found to be effect, preferable control for this reac-

tion. In chloroform, TPP was translated into porphyrins

4b and 5b at room temperature under air condition with

total yield 81%.

In the molecule of TAP, b-site of pyrrolic is another

active site as well as para-site of phenyl, and nitration at

this site with various reagents and the further reduction

had been investigated in detail by many researchers [8].

The earlier works showed that there were two steps,

including metallization of free porphyrins with chloride

or acetate and nitration using nitrate salt. Cuprous ion

was found to readily insert into core of free porphyrins

during treatment with cuprous ion, implying that metal-

lization and nitration both could be likely conducted by

sole cuprous nitrate. The previous nitration through two

steps may be pieced together. The attempt to ‘‘one-pot’’

nitration with acetic anhydride and cuprous nitrate was

successful in excellent yield. Nitration of free base por-

phyrins 1a and 1b by Cu(NO3)2 and Ac2O for 2 h

resulted in 2a and 2b with nitro group at b-site.
Nitrobenzenes were successfully converted into corre-

sponding azoaryl by Zn/HCOONH4 [9], similarly, we

would prepare azoaryl porphyrin [10] from nitro com-

pound. As shown in Scheme 1, an unpredicted amino

porphyrin was achieved starting with 4b under similar

conditions. No azoaryl products came into being no mat-

ter how we regulated the reaction conditions, such as

Scheme 1. Synthesis of amino porphyrin via nitration and reduction.
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temperature, stoichiometry of reagent, solvent, and reac-

tion times. Treatment of nitro porphyrins 4b and 5b at

room temperature in CHCl3 with large excess Zn/

HCOONH4 gave rapidly corresponding amino porphyr-

ins over a few minutes in yield up to 90%. As alike as

4b and 5b with para-nitrophenyl porphyrin, easy reduc-

tion of 2a and 2b with nitro at b-site produced 3a and

3b in high yield.

Most reductions of nitro were actualized by SnCl2/

HCl or hydrogenation with Pd/C. However, many func-

tions were sensitive to strong acid, as well as the hard-

ness of separating inorganic objects was trying.

Although Pd/C is high efficient, it is somewhat incon-

stant. An attempt of reduction was unsuccessful, the

great mass of material spared when crude nitration prod-

uct from TPP was performed with Pd/C. The value of

here process is nevertheless very obvious: milder condi-

tions, simpler experimental procedure.

In summary, we have shown an effective nitration at

para of phenyl of tetraphenylporphyirn with HNO3/

Cl3CCOOH, and ‘‘one-pot’’ nitration of free TAPs by

Cu(NO3)2/(CH3CO)2O excellently. The process for

reduction of nitro at above porphyrins into amino using

Zn/HCOONH4 was rapid, convenient, and excellent.

Further transformation for application of amino porpyr-

ins is underway.

EXPERIMENTAL

General. Pyrrole was purchased from Aldrich and distilled
under reduced pressure immediately before use. All other
reagents and solvents were used as received from Aldrich. Sol-

vents were reagent grade unless otherwise specified and were
dried and distilled by standard method. The UV-visible spectra
were obtained on a Perkin-Elmer LS-5B spectrofluroimeter. 1H
NMR spectra were recorded on BRUKER AVANCE DMX

500 spectrometer. Elementary analyses were obtained on a
Carlo Erba 1106 Elemental Analyzer.

Porphyrins 1b, 1a were synthesized by literature methods
[7]. Spectra of porphyrins 1b–7b were agreement with
literature.

5,10,15,20-Tetra (3,4-methylendioxy)phenylporphyrin
(1a). Porphyrin 1a was synthesized in yield 48%. 1H NMR
(deuterichloroform): d 8.92–8.80 (8H, m, b -pyrrole), 7.70–
7.63 (m, 8H), 7.24–7.17 (m, 8H), 6.25 (s, 4H), �2.73 (s, 2H).
UV kmax: 419.0, 516.0, 554.0, 597.0, 648.0 nm. Anal. Calcd.
for C48H30N4O8: C, 72.90; H, 3.82; N, 7.09. Found: C, 72.73;
H, 3.91; N, 7.17.

5-(4-Nitrophenyl)-10,15,20-triphenyl-porphyrin (4b) and
5,10-di(4-nitrophenyl)-15,20-diphenyl-porphyrin (5b). To a
solution of porphyrin 1b (1 g, 1.6 mmol) and trichloroacetic

acid (30 g) in chloroform (100 mL) was slowly added HNO3

(6.0 mL, 75%, 15.5 mmol) over 2 min with fierce stir at room
temperature under atmosphere. The mixture was stirred for 5
min. Reaction was quenched with water, and the mixture was

neutralized with ammonium hydroxide aqueous solution to pH
¼ 7. Chloroform (100 mL) was added, and the organic layer

was washed with water (4 � 150 mL), and dried over magne-
sium sulfate. Solvent was removed with evaporation under
reduced pressure. The crude product was purified by column
chromatography to provide 4b (370 mg, 36%) and 5b (506
mg, 45%).

General procedure for nitration of b at porphyrin. To a
solution of porphyrins in Ac2O and chloroform, Cu(NO3)2 was
added. The mixture was heated to reflux, kept for 2 h. Solvent
was evaporated in a vacuum. Purification on silica gel gave
nitro porphyrins in yields of about 90%.

(2-nitro-5,10,15,20- tetra (3,4-methylendioxy)phenylpor-
phyrinato)copper-II (2a). Porphyrin 1a (500 mg, 0.8 mmol) in
Ac2O (20 mL, 0.2 mol) by Cu(NO3)2�3H2O (800 mg, 3.3
mmol) gave porphyrin 2a in yield 86%. IR: NO2 1508, 1345
cm�1. UV: kmax 432, 552.5, 595.5 nm. Anal. Calcd. for

C48H27CuN5O10: C, 64.25; H, 3.03; N, 7.80. Found: C, 64.33;
H, 3.09; N, 7.65.

General procedure for reduction of nitro function to

amino function. To a solution of nitro porphyrins in CHCl3,

Zn powder, and HCOONH4 was added with fierce stirring.
The mixture was kept at room temperature for a little of 5
min. The solid inorganic was removed by filtration. Solution
of porphyrin was washed by water, followed by drying with
magnesium sulfate. Solvent was evaporated in a vacuum. The

crude product was purified on a silica gel column, providing
amino porphyrins in yield of 82–90%.

(2-Amino-5,10,15,20-tetra (3,4-methylendioxy)phenylpor-
phyrinato)copper-II (3a). Porphyrin 2a (200 mg, 0.8 mmol) in
CHCl3 (50 mL) with Zn powder (5.0 g, 0.1 mol) and

HCOONH4 (8.0 g, 0.1 mol) gave porphyrin 3a in yield 86%.
IR: NH2, 3475, 1483, 1247, 1036 cm�1. UV: kmax 419, 547,
596nm. Anal. Calcd. for C48H29CuN5O8: C, 66.47; H, 3.37; N,
8.07. Found: C, 66.32; H, 3.43; N, 8.16.
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A series of 3-alkyl/aryl substituted-6-((1H-benzo[d][1,2,3]triazol-1-yl)methyl)-[1,2,4]triazolo[3,4-b][1,
3,4]thiadizoles 4a–m are prepared by the condensation of 3-alkyl/aryl substituted-4-amino-5-mercapto-
1,2,4-triazoles 2a–m with benzotriazole-1-yl acetic acid 3 through a single step reaction. The structures
of all newly synthesized compounds are established on the basis of their IR, 1H NMR, and elemental
analyses data. Two selected compounds 4l and 4m are investigated for their analgesic and anti-inflam-
matory activities; they showed weak anti-inflammatory activity and no analgesic activity.

J. Heterocyclic Chem., 47, 1225 (2010).

INTRODUCTION

1,2,4-Triazoles and their heterocyclic derivatives rep-

resent an interesting class of compounds possessing a

wide spectrum of biological activities, such as antifungal

[1], antibacterial [2], antihypertensive [3], antileishma-

nial [4], anti-inflammatory [5], antiviral [6] activities. A

large number of thiadiazole-containing ring system

exhibits antibacterial [7] and antituberculosis [8] proper-

ties. Moreover, a survey of literature reveal that

[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole rings received

much attention during recent years on account of their

prominent utilization as antifungal [9], anti-inflamma-

tory [10,11], antiviral, analgesic [12], anthelmintic [13],

anti-HIV-1 [14], and antibacterial agents [15]. A triazolo

thiadiazole system may be viewed as a cyclic analogue

of two very important components thiosemicarbazide

[16] and biguanide [17], which often display diverse

biological activities. On the other hand, benzotriazole

derivatives are of wide interest because of their diverse

biological activity and potential clinical applications

such as anti-inflammatory, antiviral, inactivator of

Severe acute respiratory syndrome (SARS) protease and

so on [18]. Therefore, it is envisaged that chemical enti-

ties with both [1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles
and benzotriazole would generate new interesting bio-

logical activities. In continuation of our ongoing

research program aimed at developing new biologically

active nitrogen and sulphur containing heterocycles,

here we report the reaction of 3-alkyl/aryl substituted-4-

amino-5-mercapto-1,2,4-triazoles 2a–m with benzotria-

zole-1-yl acetic acid 3 in the presence of phosphorous

oxychloride to give 3-alkyl/aryl-6-((1H-benzo[d][1,2,3]-
triazol-1-yl)methyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadi-
zoles 4a–m (Scheme 1). In view of the reported biologi-

cal activities of triazolo thiadiazoles, two selected com-

pounds 4l and 4m are studied for their anti-inflamma-

tory and analgesic activities.

RESULTS AND DISCUSSION

The reaction sequences employed for synthesis of title

compounds are shown in Scheme 1. The 3-alkyl-4-amino-5-

mercapto-1,2,4-triazoles 2a-f are synthesized by reacting

alkyl acid with thiocarbohydrazide [19]. The required aro-

matic hydrazides are prepared by esterification of aromatic

acid 1g-m followed by treatment with hydrazine hydrate in

absolute ethanol. The aromatic hydrazides are allowed to

react with carbon disulphide in the presence of potassium

hydroxide in ethanol to afford the corresponding intermedi-

ate potassium dithiocarbazinate. This salt undergoes ring

closure with an excess of 80% hydrazine hydrate to give 4-

amino-3-aryl-5-mercapto-1,2,4-triazoles 2g-m [20]. Benzo-

triazole-1-yl acetic acid 3 is prepared by treating benzotria-

zole with chloroacetic acid in sodium hydroxide solution
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Scheme 1

Table 1

Anti-inflammatory activity tests.

Inhibition ratio

4l 8%

4m 22%

Figure 1. Benzotriazole-1-yl acetic acid.

[21]. Condensation of 3-alkyl/aryl substituted-4-amino-5-

mercapto-1,2,4-triazoles 2a–m with benzotriazole-1-yl ace-

tic acid 3 in presence of boiling phosphorous oxychloride

yield 3-alkyl/aryl substituted-6-((1H-benzo[d][1,2,3]triazol-
1-yl)methyl)-[1,2,4]triazolo[3,4-b][1,3,4]thiadizoles 4a–m

in 53–98% yields. Phosphorous oxychloride is necessary for

this condensation, which activate the carbonyl group of

acids and increase its electrophilicity to enhance the addition

of 1,2,4-triazoles to the target compounds.

The structural elucidation of 3 is completed by analy-

sis of gHSQC and gHMBC data. We can see that 3JH7-
C6 (Fig. 1). In addition, we get the single crystal of com-

pound 3. So compound 3 is benzotriazol-1-yl-acetic acid

but not benzotriazol-2-yl-acetic acid.

The structure assignments to new compounds 4a–m

are based on their elemental analyses and spectral data

(IR, 1H NMR). The IR spectra of the cyclized products

4a–m show a characteristic absorption at 1445–1592

cm�1 attributed to benzene ring of benzotriazole stretch-

ing. The band in the range of 1610–1614 cm�1 indicate

the absorption of C¼¼N. In the 1H NMR spectra of com-

pounds 4a-m, the absorption bands characteristic of the

ACO2H and ANH2 groups are absent, thereby indicat-

ing the involvement of the amino group of triazole and

the carboxylic group of benzotriazole-1-yl acetic acid in

the condensation reaction. Moreover, we discover CH2

resonance appear singlets at 6.08–6.79 ppm. Thus, it is

further confirmed the involvement of these functional

groups in the cyclization of triazoles to triazolo

thiadiazoles.

The inhibition ratio of compounds 4l and 4m are 8

and 22%, they show weak anti-inflammatory activity

(Table 1). 4l and 4m are further tested for their analge-

sic activity; unfortunately the results are not very good,

as they show no analgesic activity (Table 2).
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EXPERIMENTAL

The IR spectra are obtained as potassium bromide pellets

with a FTS-40 spectrometer (BIO-RAD, U.S.A). The one-
dimensional (1H) and two-dimensional (gHSQC, gHMBC)
NMR spectra are obtained on a Varian Inova-400 (400 MHz)
spectrometer using CDCl3 or DMSO-d6 as solvent (shown in
detail in data part) and tetramethylsilane as an internal stand-

ard, chemical shifts are given in ppm. Elemental analyses (C,
H, N) are performed on a Perkin-Elmer Analyzer 2400. Melt-
ing points are determined using a Büchi B-540 instrument and
are uncorrected (Tables 3–6).

Benzotriazole-1-yl acetic acid (3). Add 4.8 g (40 mmol)
benzotriazole, 3.8 g (40 mmol) chloroacetic acid, 3.2 g (80
mmol) sodium hydroxide, and 100 mL water into a round bot-
tom flask, reflux slowly for 3 h, filter immediately after reflux.
The filtrate is cooled at room temperature and acidified with

dilute hydrochloric acid till no deposit appear. It is filtered and
washed thoroughly with cold water, dried, and recrystallized
from butanol, Yield 78%, mp 216–218�.

gHMBC: (DMSO-d6):
3JH3-C1,

3JH5-C1,
3JH4-C2,

3JH5-C3,
3JH2-C4,

3JH3-C5,
3JH4-C6,

3JH2-C6,
3JH7-C6. Anal. Calcd. for

C8H7N3O2 (177.16): C, 54.24; H, 3.98; N, 23.72. found: C,
54.43; H, 3.92; N, 23.61.

General procedure for preparation synthesis of 3-alkyl/

aryl substituted-6-((1H-benzo[d][1,2,3]triazol-1-yl)methyl)-

[1,2,4]triazolo[3,4-b][1,3,4]thiadiazoles (4a–m). An equimolar
mixture of respective triazole 2a–m (1 mmol) and benzotria-
zole-1-acetic acid (1 mmol) in phosphorus oxychlorid (8 mL)
are refluxed for 7 h. Excess of phosphorus oxychlorid is
removed under reduced pressure. The resulting reaction mass

is cooled and gradually poured onto crushed ice with stirring,
the result mixture is allowed to stand overnight and the solid
separated out is filtered. Finally, the filter cake is washed thor-
oughly with water till the pH of the filtrate is raised to 7,
dried, and recrystallized from a mixture of DMF and ethanol.

6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-methyl-[1,2,4]

triazolo[3,4-b][1,3,4]thiadiazole (4a). This compound was
obtained as white needle solid, 87% yield, mp 141–142�; IR
(KBr): 3090, 2986, 2933, 1608, 1592, 1536, 1494, 1464, 1290
cm�1; 1H NMR (CDCl3): d 2.75 (s, 3H), 6.13 (s, 2H), 7.45–

8.16 (m, 4H). Anal. Calcd. for C11H9N7S (271.30): C, 48.70;
H, 3.34; N, 36.14. Found: C, 48.82; H, 3.28; N, 36.27.

6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-(trifluoromethyl)-

[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole (4b). This compound was

obtained as white solid, 93% yield, mp 148–151�; IR (KBr):
3094, 2937, 1613, 1592, 1544, 1524, 1497, 1295 cm�1; 1H

Table 3

Crystal data and summary of data collection and structure refinment.

Compound C8H7N3O2

Color/shape Colorless/chip

Formula weight 177.17

Temperature (�C) 293(2)

Crystal system Monoclinic

Space group P2(1)/c

Cell constants

a (Å) 13.234(2)

b (Å) 4.4889(7)

c (Å) 15.142(2)

a (�) 90.00

b (�) 113.135(3)

c (�) 90.00

Volume (Å3) 827.2(2)

Formula units/units cell 4

Dcalc (g cm�3) 1.423

F (000) 368.0

Absorption coefficient, m l�1 0.106

Diffractometer/Scan Enraf-Noius CAD4, x/2y
Radiation, graphite k ¼ 0.71073 Å

Monochromator Mo Ka
Reflections for cell

measurement

and y range (�)

27.48, 3.35–27.48

Index ranges �17 � h � 17; �5 � k � 5;

�19 � l � 19

Reflection observed

[1 > 2r(I)]
1775 [R(int) ¼ 0.0249]

Maximum

value of y(�)
27.48

Computing Data collection CAD4

Cell refinement CAD4

Data reduction PCSDP

Structure solution SHELXL-97

Structure refinement SHELXL-97

Data/restrains/parameters 1775/0/123

Goodness-of-fit on F2 1.071

Final R indices R1 ¼ 0.0406; wR2 ¼ 0.1115

Largest diff. peak

and hole (e Å�3)

0.208 and �0.186

Table 4

The fractional coordinates and mean temperature factors with

estimated standard deviations.

x y z Ueq

O1 0.39231 (10) 0.5275 (3) 0.16463 (9) 0.0530 (4)

O2 0.26751 (15) 0.2779 (4) 0.19909 (10) 0.0896 (6)

N1 0.34289 (11) 0.5060 (3) 0.38224 (9) 0.0421 (4)

N2 0.38836 (12) 0.3101 (4) 0.45424 (9) 0.0472 (4)

N3 0.32632 (12) 0.2965 (4) 0.50331 (10) 0.0484 (4)

C1 0.23907 (14) 0.4873 (4) 0.46255 (11) 0.0435 (4)

C2 0.15091 (16) 0.5552 (5) 0.48832 (15) 0.0580 (5)

H2B 0.1442 0.4699 0.5418 0.070

C3 0.07567 (18) 0.7523 (5) 0.43111 (17) 0.0670 (6)

H3B 0.0155 0.8006 0.4455 0.080

C4 0.08574 (16) 0.8857 (5) 0.35093 (16) 0.0635 (6)

H4A 0.0321 1.0196 0.3141 0.076

C5 0.17192 (15) 0.8249 (4) 0.32535 (13) 0.0525 (5)

H5A 0.1788 0.9136 0.2725 0.063

C6 0.24864 (13) 0.6217 (4) 0.38365 (11) 0.0404 (4)

C7 0.39868 (14) 0.5775 (5) 0.31981 (11) 0.0472 (4)

H7A 0.4739 0.5066 0.3489 0.057

H7B 0.4009 0.7922 0.3136 0.057

C8 0.34422 (15) 0.4428 (4) 0.22160 (12) 0.0456 (4)

H1 0.360 (2) 0.419 (6) 0.1049 (19) 0.094 (8)

Table 2

Analgesic activity tests.

20 min 40 min 60 min

4l 0 0 12.76%

4m 10.07% 0 0
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NMR (CDCl3): d 6.21 (s, 2H), 7.47–8.17 (m, 4H). Anal.

Calcd. for C11H6N7F3S (325.27): C, 40.62; H, 1.86; N, 30.14.
Found: C, 40.79; H, 1.91; N, 30.32.

6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-isopropyl-[1,2,4]

triazolo[3,4-b][1,3,4]thiadiazole (4c). This compound was
obtained as brown solid, 66% yield, mp 238–240�; IR (KBr):

3077, 2962, 1612, 1565, 1549, 1467, 1445, 1260 cm�1; 1H
NMR (DMSO-d6): d 1.23 (d, 6H), 2.67 (m, 1H), 6.50 (s, 2H),
7.45–8.10 (m, 4H). Anal. Calcd. for C13H13N7S (299.35): C,
52.16; H, 4.38; N, 32.75. Found: C, 52.27; H, 4.42; N, 32.58.

6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-propyl-[1,2,4]

triazolo[3,4-b][1,3,4]thiadiazole (4d). This compound was
obtained as gray solid, 82% yield, mp 130–132�; IR (KBr):
3085, 2971, 1610, 1584, 1572, 1493, 1468, 1263 cm�1; 1H
NMR (DMSO-d6): d 1.21 (t, 3H), 1.86 (m, 2H), 2.42 (t, 2H),

6.53 (s, 2H), 7.43–8.12 (m, 4H). Anal. Calcd. for C13H13N7S
(299.35): C, 52.16; H, 4.38; N, 32.75. Found: C, 51.94; H,
4.33; N, 32.59.

6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-isobutyl-[1,2,4]

triazolo[3,4-b][1,3,4]thiadiazole (4e). This compound was

obtained as light yellow solid, 58% yield, mp 129–131�; IR
(KBr): 3088, 2988, 2937, 1613, 1590, 1570, 1483, 1448, 1293
cm�1; 1H NMR (DMSO-d6): d 0.88 (d, 6H), 2.11 (m, 1H),
2.84 (d, 2H), 6.55 (s, 2H), 7.46–8.14 (m, 4H). Anal. Calcd. for
C14H15N7S (313.38): C, 53.66; H, 4.82; N, 31.29. Found: C,

53.83; H, 4.89; N, 31.38.
6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-pentyl-[1,2,4]

triazolo[3,4-b][1,3,4]thiadiazole (4f). This compound was
obtained as pink solid, 94% yield, mp 105–108�; IR: 3080, 2991,
2939, 1611, 1585, 1567, 1484, 1455, 1298 cm�1; 1H NMR

(CDCl3): d 0.93 (t, 3H), 1.33–1.90 (m, 6H), 3.10 (t, 2H), 6.08 (s,
2H), 7.45–8.16 (m, 4H). Anal. Calcd. for C15H17N7S (327.41): C,
55.03; H, 5.23; N, 29.95. Found: C, 55.19; H, 5.19; N, 30.13.

6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-(pyridin-4-yl)-

[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole (4g). This compound
was obtained as brown solid, 53% yield, mp 208–211�; IR

(KBr): 3072, 2954, 1613, 1581, 1568, 1475, 1459, 1274 cm�1;
1H NMR (CDCl3): d 6.25 (s, 2H), 7.49–8.86 (m, 8H). Anal.
Calcd. for C15H10N8S (334.36): C, 53.88; H, 3.01; N, 33.51.
Found: C, 53.76; H, 3.07; N, 33.62.

6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-(pyridin-3-yl)-

[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole (4h). This compound
was obtained as brown solid, 59% yield, mp 149–152�; IR
(KBr): 3071, 2938, 1612, 1586, 1566, 1471, 1464, 1268 cm�1;
1H NMR (DMSO-d6): d 6.36 (s, 2H), 7.53–8.88 (m, 8H).
Anal. Calcd. for C15H10N8S (334.36): C, 53.88; H, 3.01; N,

33.51. Found: C, 54.01; H, 3.08; N, 33.69.
6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-phenyl-[1,2,4]

triazolo[3,4-b][1,3,4]thiadiazole (4i). This compound was
obtained as brown solid, 98% yield, mp 205–207�; IR (KBr):
3084, 2953, 1614, 1585, 1550, 1471, 1463, 1265 cm�1; 1H

NMR (DMSO-d6): d 6.63 (s, 2H), 7.49–8.16 (m, 9H). Anal.
Calcd. for C16H11N7S (333.37): C, 57.65; H, 3.33; N, 29.41.
Found: C, 57.81; H, 3.27; N, 29.27.

6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-(4-nitrophenyl)-

[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole (4j). This compound was
obtained as muddy color solid, 98% yield, mp 172–175�; IR
(KBr): 3089, 2973, 1611, 1582, 1574, 1462, 1453, 1283 cm�1;
1H NMR (DMSO-d6): d 6.75 (s, 2H), 7.55–8.25 (m, 8H).
Anal. Calcd. for C16H10N8O2S (378.37): C, 50.79; H, 2.66; N,

29.61. Found: C, 50.93; H, 2.71; N, 29.47.

Table 5

Selected bond lengths.

O1 C8 1.3136 (19)

O1 H1 0.97 (3)

O2 C8 1.193 (2)

N1 N2 1.3448 (19)

N1 C6 1.359 (2)

N1 C7 1.4457 (19)

N2 N3 1.3074 (19)

N3 C1 1.374 (2)

C1 C6 1.388 (2)

C1 C2 1.402 (2)

C2 C3 1.359 (3)

C2 H2B 0.9300

C3 C4 1.406 (3)

C3 H3B 0.9300

C4 C5 1.368 (3)

C4 H4A 0.9300

C5 C6 1.392 (2)

C5 H5A 0.9300

C7 C8 1.501 (2)

C7 H7A 0.9700

C7 H7B 0.9700

Table 6

Selected bond angles (�).

C8 O1 H1 108.6 (15)

N2 N1 C6 110.99 (13)

N2 N1 C7 119.63 (14)

C6 N1 C7 129.29 (15)

N3 N2 N1 108.07 (14)

N2 N3 C1 108.69 (14)

N3 C1 C6 108.22 (14)

N3 C1 C2 130.92 (17)

C6 C1 C2 120.85 (18)

C3 C2 C1 116.46 (19)

C3 C2 H2B 121.8

C1 C2 H2B 121.8

C2 C3 C4 122.24 (19)

C2 C3 H3B 118.9

C4 C3 H3B 118.9

C5 C4 C3 122.1 (2)

C5 C4 H4A 118.9

C3 C4 H4A 118.9

C4 C5 C6 115.62 (18)

C4 C5 H5A 122.2

C6 C5 H5A 122.2

N1 C6 C1 104.02 (15)

N1 C6 C5 133.28 (15)

C1 C6 C5 122.70 (16)

N1 C7 C8 112.86 (14)

N1 C7 H7A 109.0

C8 C7 H7A 109.0

N1 C7 H7B 109.0

C8 C7 H7B 109.0

H7A C7 H7B 107.8

O2 C8 O1 124.73 (17)

O2 C8 C7 123.80 (15)

O1 C8 C7 111.46 (15)
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6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-(3-nitrophenyl)-

[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole (4k). This compound
was obtained as light blue solid, 82% yield, mp 148–151�; IR
(KBr): 3084, 2970, 1614, 1578, 1563, 1471, 1458, 1263 cm�1;
1H NMR (DMSO-d6): d 6.79 (s, 2H), 7.61–8.22 (m, 8H).
Anal. Calcd. for C16H10N8O2S (378.37): C, 50.79; H, 2.66; N,
29.61. Found: C, 50.62; H, 2.59; N, 29.73.

6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-p-tolyl-[1,2,4]
triazolo[3,4-b][1,3,4]thiadiazole (4l). This compound was
obtained as white solid, 98% yield, mp 207–210�; IR (KBr):
3071, 2940, 1610, 1588, 1544, 1471, 1462, 1271 cm�1; 1H
NMR (DMSO-d6): d 2.38 (s, 3H), 6.62 (s, 2H), 7.36–8.16(m,
8H). Anal. Calcd. C17H13N7S (347.40): C, 58.78; H, 3.77; N,

28.22. Found: C, 58.61; H, 3.83; N, 28.35.
6-((1H-Benzo[d][1,2,3]triazol-1-yl)methyl)-3-(furan-2-yl)-

[1,2,4]triazolo[3,4-b][1,3,4]thiadiazole (4m). This compound
was obtained as white solid, 64% yield, mp 189–192�; IR
(KBr): 3082, 2963, 1612, 1587, 1550, 1482, 1448, 1282 cm�1;
1H NMR (DMSO-d6): d 6.62 (s, 2H), 6.76–8.15 (m, 7H).
Anal. Calcd. for C14H9N7OS (323.33): C, 52.01; H, 2.81; N,
30.32. Found: C, 52.22; H, 2.75; N, 30.45.

Anti-inflammatory activity. This activity is performed by

the following procedure of Winter et al. [22] on groups of six
animals each. A freshly prepared suspension of carrageen in
(1.0% w/v, 0.1 mL) is injected in the planter region of right
hind paw of each rat. One group is kept as control and the ani-
mals of the other group are pretreated with the test drugs sus-

pended in 1.0% CMC given orally 1 h before the carrageenin
treatment. The volume is measured before and after 4 h of car-
rageenin treatment with the help of pleythysmometer. The per-
cent anti-inflammatory activity is calculated according to the
formula given below:

%Anti-inflammatory activity ¼ ðVc � Vt=VcÞ � 100

where Vt represents the mean increase in paw volume in rats
treated with test compounds and Vc represents the mean
increase in paw volume in control group of rats. Data are

expressed as mean � S.E.M., Student’s t-test is applied to
determine the significance of the difference between the con-
trol group and rats treated with the test compounds.

Analgesic activity. This activity is performed by Eddy’s hot
plate technique [23], Mice (Swiss strain) of either sex weigh-

ing between 25 and 35 g are used for the experiment. In this
method heat is used as a source of pain. Animals are individu-
ally placed on a hot plate, maintained at constant temperature
(55�C) and the reaction of animals, such as paw licking or

jumping response (whichever appears first) is taken as the end
point. A cut-off time of 15 s is taken as maximum analgesic
response to avoid injury to the paws. The tested compounds
and diclofenac sodium (standard) at a dose of 30 mg/kg body
weight in 1% gum acacia are given as suspension orally to

animals and observe the reaction time of animals on the hot
plate at 20, 40, and 60 min after the compound administration.
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A simple and efficient method has been developed for the synthesis of heterobicyclic dihydropyrimi-

dinone derivatives through a solvent-free one-pot three-component condensation of aromatic aldehydes,
cyclopentanone, and urea or thiourea in the presence of Brønsted acidic ionic liquid under microwave
irradiation. The catalyst can be reused at least six times without any noticeable decrease in catalytic
activity.

J. Heterocyclic Chem., 47, 1230 (2010).

INTRODUCTION

Dihydropyrimidinones and their derivatives are a very

important class of bioactive compounds because of their

pharmacological properties [1]. They are known to ex-

hibit a wide range of biological activities, such as cal-

cium channel blockers [2], antihypertensive agents [3],

a-adrenergic antagonists [4], and neuropeptide Y antag-

onists [5]. The biological activity of some recently iso-

lated alkaloids has also been attributed to the presence

of dihydropyrimidinone moiety in the molecules [6].

Most notable among these are the batzelladine alkaloids,

which have been found to be potent HIV gp-120-CD4

inhibitors [7]. Therefore, such a wide spectrum of bio-

logical activity allows consideration of the dihydropyri-

midinone structural unit as one of the most important

drug-like scaffolds.

The Biginelli reaction, which was discovered more

than a century ago is one of the most important reac-

tions in the synthesis of dihydropyrimidinones based on

acid-catalyzed three-component condensation of 1,3-

dicarbonyl compound, aldehyde, and urea [8]. The scope

of the original condensation reaction was gradually

extended by variation of all three building blocks,

allowing access to a large number of structurally diver-

sified multifunctionalized dihydropyrimidinones [9]. The

use of the common open-chain b-dicarbonyl compounds

in Biginelli reactions has been extended to the use of

cyclic b-diketones, b-ketolactones, cyclic b-diesters or

b-diamides, benzocyclic ketones, and a-keto acids.

Microwave- (MW-) promoted reactions have been

attracting increasing research interest from chemists in

recent years, not only because these reactions exhibit

some particular or unexpected reactivities in some cases

but also because they are significantly useful for green

chemistry [10]. In our corresponding investigations, we

have reported few MW-promoted multicomponent cou-

pling reactions for various chemical transformation as

well as synthesis of useful heterocyclic compounds [11].

The application of Brønsted acidic task-specific ionic

liquids (TSILs) as catalytic materials is growing contin-

uously in the catalytic field. Combining the useful char-

acteristics of solid acids and mineral acids, TSILs have

been synthesized to replace traditional mineral liquid

acids, such as hydrochloric acid and sulfuric acid in

chemical reactions. In view of green chemistry, the

VC 2010 HeteroCorporation
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substitution of harmful liquid acids by reusable TSILs is

the most promising catalyst in chemistry [12].

Recently, it was found that some fused pyrimidinones

carrying an arylidene moiety are potential antitumor

agents [13]. In addition, some of these analogues also

showed a distinctive pattern of selectivity toward individ-

ual cell line, such as that of leukemia [14]. Because of

the various therapeutic utility of arylidene heterobicyclic

pyrimidinones, a number of synthetic procedures for this

type of derivatives were developed using different proto-

cols [15]. Pan and coworkers described an efficient alter-

native for the synthesis of these fused pyrimidinones by a

three-component condensation with aromatic aldehyde,

cyclopentanone, and urea or thiourea in presence of stoi-

chiometric amounts of TMSCl as additional reagent and

mixed DMF/CH3CN as reaction solvent appeared to be

necessary to obtain satisfactory results [16a]. Very

recently, Xu and Shen revealed that ytterbium chloride

could efficiently promote this one-pot three-component

condensation under solvent-free conditions without using

any additional reagents [16b]. In connection with our ear-

lier work on the synthesis of dihydropyrimidinones [17],

herein we report an efficient Brønsted acidic ionic liquid

catalyzed this Biginelli-type reaction of aromatic alde-

hyde, cyclopentanone, and urea or thiourea for the syn-

thesis of arylidene heterobicyclic pyrimidinones using

MW irradiation under solvent-free conditions (Scheme

1). To the best of our knowledge, this is the first report of

a functionalized ionic liquid-catalyzed synthesis of heter-

obicyclic dihydropyrimidinones.

RESULTS AND DISCUSSION

The experimental procedure is very simple. To opti-

mize the reaction conditions, the reaction of benzalde-

hyde, cyclopentanone, and urea was selected as the

model in presence of catalytic amount of acidic ionic

liquid under MW irradiation. The best result was

obtained when the reaction of cyclopentanone, benzalde-

hyde, and urea was carried in a 2:2:1.2 mole ratio in

presence of acidic ionic liquid (5 mol %) under MW

irradiation (250 W, 90�C) for 5 min. In a blank reaction,

without acidic ionic liquid, no desired product was

obtained in 5 min. But, very low yield (10–15%) was

obtained after longer time irradiation (15–20 min).

Under these optimized conditions, the reaction between

various aromatic aldehydes and cyclopentatone in pres-

ence of urea was investigated (Table1). It was found that

all the reactions proceeded smoothly to give the corre-

sponding arylidene pyrimidinones in high yields. Both ar-

omatic aldehydes bearing electron-donating and electron-

withdrawing gave excellent yields. The mildness of the

procedure makes it very selective, as it tolerates a variety

of functionalities, including bromo, chloro, fluro,

methoxy, nitro, and methylenedioxy groups. The present

procedure was equally effective for thiourea also. The

results are summarized in Table 1, which clearly demon-

strates the generality and scope of the reaction with

respect to various aromatic aldehydes. No organic sol-

vents were required to isolate the product from the reac-

tion mixture. Only ethanol was used for recrystallization

to provide analytically pure samples. Use of just 5 mol %

IL is sufficient to push the reaction forward. Higher

amount of IL did not improve the reaction forward.

Our interest in the preparation of novel scaffolds

prompted us to attempt the extension of this reaction to

condensations of cyclohexanone and /or aliphatic alde-

hydes in the Biginelli-type reaction. Unfortunately, the

Scheme 1

Table 1

IL promoted microwave-assisted one-pot synthesis of pyrimidinone.

Entry Ar X Time (min) Yielda (%) Ref.

1 Ph O 5 82 16a

2 4-MeC6H4 O 5 73 16a

3 4-MeO-C6H4 O 5 64 16a

4 4-BrC6H4 O 5 77 16b

5 4-ClC6H4 O 5 79 16a

6 4-FC6H4 O 5 91 16a

7 2-ClC6H4 O 5 68 16a

8 4-NO2C6H4 O 5 83 16a

9 3-NO2C6H4 O 5 67 16a

10 O 5 82

11 1-Naphthyl O 6 84 16b

12 Ph S 10 82 16a

13 4-MeC6H4 S 12 64 16b

14 4-ClC6H4 S 10 78 16a

15 4-FC6H4 S 8 73 16b

16 4-NO2C6H4 S 18 75 16a

aYields refer to isolated pure product.
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reaction did not produce the corresponding benzylidene

pyrimidinones under the present reaction conditions,

instead leads to multiple products whose identities are

yet to be established.

The recovery and reusability of the ionic liquid were

investigated. After completion of the reaction, crushed ice

(20 g) was added to the reaction mixture and the solid prod-

uct was filtered. The aqueous layer consisting of the acidic

IL was extracted with diethyl ether (5 mL) to remove the

organic impurities. The catalyst was recovered after re-

moval of water under reduced pressure and reused for sub-

sequent reactions. It showed the same activity as a fresh

catalyst with out any loss of activity in terms of yield and

purity. After six recycles, the catalyst had a high activity

and gave the desired product in good yield (78%, entry 1).

The efficiency of the present protocol can be realized

by comparing some of the results presented here with

recently reported two methods as shown in the Table 2,

which compares reaction time, yields, and reaction con-

ditions. Thus, it is clear form the Table 2 that the pres-

ent protocol can act as an effective method with respect

to times and reaction conditions.

The mechanism of this reaction is uncertain. The

reaction may proceed through the formation of acyl

imine intermediate, by the reaction of the aldehyde with

urea and activated acid [16a]. Another hypothesis is that

dibenzylidene cyclopentanone is the key intermediate

produced by reaction of benzaldehyde with cyclopenta-

none in presence of acidic IL [16b].

CONCLUSIONS

In conclusion, the present MW-assisted one-pot proce-

dure provides an efficient synthesis of heterobicyclic dihy-

dropyrimidinones by acidic IL-catalyzed condensation of

aldehyde, cyclopentanone, and urea or thiourea under sol-

vent-free conditions. We believe our procedure will find

important applications in the synthesis of biologically

active scaffolds to cater the needs of academia as well as

pharmaceutical industries. Further exploration of this

chemistry and biological evaluation of the synthesized scaf-

folds are in progress and will be reported in due course.

EXPERIMENTAL

Melting points were determined on a glass disk with an
electrical bath and are uncorrected. 1H NMR (400 MHz) and
13C NMR (100 MHz) spectra were run in DMSO-d6 solutions.
IR spectra were taken as KBr plates. Elemental analyses were
done by Perkin–Elmer autoanalyzer. The synthesis of the
Brønsted acidic ionic liquid, 1-butane sulfonic acid-3-methyli-

midazolium tosylate, [BSMIM]Ts was carried out using a
method similar to that reported [18].

Table 2

Comparison of the present protocol with recently reported methods.

Entry Product

Present method

Reported method

[16b]

Reported method

[16a]

Time Yield (%)a Time Yield (%)b Time Yield (%)c

1 5 min 82 3 h 79 2–3 h 93

2 5 min 64 5 h 69 2–3 h 86

3 5 min 67 5 h 50 2–3 h 78

a Present reaction conditions: acidic ionic liquid (5 mol%) at 90�C (250 W microwave).
b Reported reaction conditions: 3 mol% YbCl3 at 90

�C.
c Reported reaction conditions: stoichiometric amount of TMSCl in DMF/CH3CN solvent at rt.
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Typical procedure for the synthesis of 4-benzo[1,3]-

dioxol-5-yl-7-benzo[1,3]dioxol-5-ylmethylene-1,3,4,5,6,7-hexa-

hydrocyclopentapyrimidin-2-one (entry 10, Table 1). To a

mixture of piperonal (300 mg, 2 mmol), cyclopentanone (177
lL, 168 mg, 2 mmol), and urea (72 mg, 1.2 mmol) acidic ionic
liquid (39 mg, 5 mol %) was added. The mixture was irradiated
in a MW reactor (CEM, Discover) at 90�C (250 W) for 5 min
as required to complete the reaction. The mixture, after being

cooled to room temperature was poured into crushed ice (20 g)
and stirred for 5–10 min. the solid separated was filtered under
suction (water aspirator), washed with ice-cold water (20 mL)
and then recrystallized from hot ethanol to afford pure product
(320 mg, 82%) as white powder. mp 253–255�C; IR (KBr):

1679, 1492, 1452, 1242 cm�1; 1H NMR (400 MHz, DMSO-
d6): d ¼ 8.61 (s, 1H), 7.07 (s, 1H), 6.87 (s, 3H), 6.79–6.71 (m,
3H), 6.52 (s, 1H), 5.98 (s, 4H), 5.04 (s, 1H), 2.76 (s, 2H), 2.76
(br, 1H), 2.48 (br, 1H); 13C NMR (100 MHz, DMSO-d6): d ¼
153.5, 147.9, 147.8, 146.9, 145.9, 137.9, 137.7, 136.3, 132.5,

122.6, 120.1, 118.1, 116.9, 108.9, 108.5, 107.8, 107.2, 101.4,
101.3, 57.4, 28.7, 28.6; Anal. Cald for C22H18N2O5: C, 67.69;
H, 4.65; N, 7.18. Found: C, 67.51; H, 4.54; N, 7.01.

The catalyst recovered for the aqueous layer was dried

under vacumn and reused for subsequent reactions.
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The synthesis and chemoselective study of a novel series N-methyl-2-methylthio-tetrahydropyrimi-
dines and or N-methyl-2-methylthiodihydropyrimidines, from the cyclocondensation reaction of b-alkox-
yvinyl trihalomethyl ketones (enones) with 1,2-dimethylisothiourea sulfate is described. It was found

that the chemoselectivity depends on both the reaction conditions and the steric and electronic effects
of the substituents on the enones.
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INTRODUCTION

Pyrimidines have a long history of biological activity

in fields ranging from pharmaceutics to agriculture. The

N1-alkylation of pyrimidines is one way of functionaliz-

ing the pyrimidine ring to achieve important physical and

bioactive properties. For example, N-alkylated nucleic

acid bases are widely known for being the most effective

antiviral [1] and antitumoral agents, [2] as well as for

exhibiting anti-inflammatory [3] and herbicidal activity

[4]. In addition, N-alkylated pyrimidines, obtained by al-

kylating agents, such as diazoalkanes [5], alkyl halides

[6], and alkylsulfates, among others [7], are important

compounds for mutagenic and carcinogenic studies in

living systems.

Very few studies have reported on the synthesis of N-
alkylated 2-methylthiopyrimidines by cyclocondensation

reactions using nonsymmetric S-alkylthioureas. Probably,
the main reason for this is that thioureas are weak nucle-

ophiles, and they do not react very well with 1,3-dicar-

bonyl compounds or derivatives thereof in a [3 þ 3]

atom fragment synthesis, which is the main strategy for

the preparation of pyrimidine compounds. b-Alkoxyvinyl
ketones, however, allow the possibility of direct cycliza-

tion with weak nucleophiles because it has been demon-

strated that these enones readily react with weak nucleo-

philes, such as ureas [8], N-methylurea [9], N-methyl-

thioureas [10], and 2-methyl-2-thiopseudourea [11].

We have reported the synthesis of a series of 4-triha-

lomethyl-2-methylthiopyrimidines from the reaction of

1,1,1-trifluoro[chloro]-4-alkoxy-alk-3-en-2-ones (tri-halo-

methylated enones) with 2-methyl-2-thiopseudourea sul-

fate in the presence of pyridine or acid catalysis [12].

More recently, we reported the synthesis of a new series

of 2-methylthiotetrahydropyrimidines from the same

enones under a modified procedure [11].

Continuing in our interest in the synthesis of pyrimi-

dine derivatives from trihalomethylated enones, this arti-

cle aims to study the chemoselectivity and yields of the

synthesis of a series of N-methyl-2-methylthio-pyrimi-

dines carried out by the cyclocondensation of trihalome-

thylated enones with the nonsymmetric dinucleophile

1,2-dimethylisothiourea. A detailed NMR study of the

structure of the pyrimidines derivatives was carried out

to determine the correct position of the N-methyl group

on the pyrimidine scaffold and to understand the factors

that led to such chemoselectivity.

RESULTS AND DISCUSSION

The reaction of enones 1a–d and 2a–d with 1,2-dime-

thylisothiourea sulfate, carried out in the presence of

1 M sodium hydroxide solution under mild conditions,

furnished N-methyl-2-methylthiotetrahydropyrimidines

or N-methyl-2-methylthiodihydropyrimidines depending

VC 2010 HeteroCorporation
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on the reaction conditions and the type and positions of

the substituents on the trihalomethylated enones

(Scheme 1). Table 1 reports the optimized reaction con-

ditions, the yields, and the correct structure of the

obtained compounds.

The reaction of enones 1a and 2a with 1,2-dimethyli-

sothiourea sulfate in the presence of 1 M sodium hy-

droxide solution at room temperature furnished tetrahy-

dropyridines 3a and 5a, respectively. Both products 3a

and 5a were composed of two diastereo-isomers, whose

structure and composition are described in the next sec-

tion. When the reaction of enone 2a was carried out at

50�C for 5 h, 3-methyl-2-(methyl-thio)pyrimidin-4-(3H)-
one (6a) was obtained in 92% yield.

Enones bearing a methyl group at the b-position (R1

¼ Me) such as 1b and 2b reacted with 1,2-dimethyl-iso-

thiourea sulfate in the presence of sodium hydroxide so-

lution furnishing dihydropyrimidine 4b and 6b with the

N–methyl group at the N3–position of the pyrimidine

ring. We speculate that a steric effect between the N–
methyl group and b-methyl group of enones 1b and 2b

was responsible for the formation of compounds 4b and

6b (N3
–regioisomers). In addition, the methoxy group

was eliminated because hemi-aminals from ketones are

less stable than those from aldehydes. Furthermore, in

compound 6b the elimination of the CCl3 group was

expected for reactions carried out under aqueous basic

conditions [13]. In a previous study, compound 4b

exhibited significant inhibition of ATP and ADP hydro-

lysis in synaptosomes from rat cerebral cortex [14].

The reaction of enones 1c and 1d with 1,2-dimethyli-

sothiourea sulfate in the presence of 1 M sodium

hydroxide solution furnished hexahydrofuro[2,3-d]pyri-
midin-4-ol (3c) and hexahydro-1H-pyrano[2,3-d]pyrimi-

din-4-ol (3d), respectively. Although, products 3c and

3d show three stereogenic centers and additionally the

possibility of two regioisomers due to the N1– and N3–

methylation, only a single compound of each product

was isolated, which means that the reactions were highly

stereoselective and regioselective for these two enones

under the conditions given in Table 1.

Enone 2d reacted with 1,2-dimethylisothiourea sulfate

in the presence of 1 M sodium hydroxide solution to fur-

nish 3-methyl-2-(methylthio)-4a,5,6,7-tetrahydro-3H-pyr-
ano[2,3-d]pyrimidin-4(8aH)-one (5d) in good yields.

Under the same condition used to obtain compound 5d, the

enone 2c failed to give the expected product 5c and only

starting material was isolated. One can observe that enones

2a–d showed the elimination of the trichloro-methyl group

instead of the hydroxyl group, except for the reaction of

enone 2awhen carried out at room temperature. The elimi-

nation of the trichloromethyl group under basic reaction

conditions has been reported previously [13].

STRUCTURAL STUDIES

All compounds were fully analyzed by 1H and 13C

NMR as well as 2D NMR experiments such as COSY

HH [15], NOESY [16], HMQC [17], and HMBC [18].

Figure 1 shows the atom numbering used for NMR

assignment of compounds 3–6. Yields, selected physical

and 1H and 13C NMR spectral data are presented in the

experimental part.

The correct position of the N–methyl group (N1– or

N3–positions) of all N–methyl-2-methylthiopyrimidines

was determined by two-dimensional HMBC NMR

experiments, as shown in Figure 1 [9,10]. In this experi-

ment, when the N–methyl group is at the N1–position,

two cross-peaks between the hydrogen atoms of the N–
methyl group and C–2 and C–6 are observed (Fig. 1,

structure I). When the N–methyl group is at the N3–

position, two cross-peaks between the hydrogen atoms

of the N–methyl group and C–2 and C–4 are observed

(Fig. 1, structure II). The cross-peak between the hydro-

gens of the SMe group and the C–2 assigns this carbon

in both structures I and II. The same strategy was used

to assign all the other compounds obtained in this study.

Compound 3a was obtained as a mixture of two ste-

reoisomers (3a and 3a0), as shown in Figure 2.

The major isomer, isolated in 82%, shows both

hydroxy- and ethoxy-groups in an axial position whereas

the minor isomer shows the hydroxyl group at an axial

position and the ethoxy group at an equatorial position.

Compound 3a was obtained as the major isomer prob-

ably because of the formation of a hydrogen-bond

between the hydroxyl hydrogen and the oxygen atom of

the ethoxy group, which could stabilize this structure.

The structure of 3a and 3a0 was proposed from the inter-

pretation of the coupling constant of H–6 with H–5 and

H–50 as reported previously [11]. A similar trend as

observed for 3a was observed for 5a.

Scheme 1
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Table 1

Optimized reaction conditions and structure of the obtained compounds.

Entry Enone

Reaction conditionsa

Structure of

the obtained

products

Yield

(%)d
Molar ratiob

Enone/Nuc/Base

T (�C)/
time (h)

1 1a 1.0:1.5:1.5 r.t./1

3a
e

77

2 1b 1.0:1.5:1.5 0/2.2

4b

98

3 1c 1.0:1.1:1.1 10/0.7

3c

64

4 1d 1.0:1.1:1.1 0/1

3d

60

5 2a 1.0:2.0:2.0 r.t./1

5ae

58

6 2a 1.0:1.5:1.5 50/5

6a

92

7 2b 1.0:2.0:2.0 30/2.4

6b

95

8 2d 1.0:1.1:1.1 0/1.2

5d

70

a Reaction conditions: NaOH 1M.
bMolar ratio: enone/dinucleophile/base.
c Nu ¼ 1,2-dimethylisothiourea sulfate.
d Yields of isolated products.
e Obtained as a mixture of two diastereoisomers.



Compound 3c has, besides three asymmetric carbons,

the possibility of two regioisomers due to the N1– and/

or N3–alkylation. However, this compound showed only

one set of signals in both 1H and 13C NMR spectra indi-

cating that the reaction was both highly stereoselective

and regioselective. Observation of a strong cross-peak

between H–4a and H–7a in the NOESY experiment

indicates that these hydrogens are close in space, which

suggests that the furopyrimidine ring closure was

accomplished with cis configuration. The most probable

structure for 3d is the furopyrimidine rings in the cis
configuration, the CF3 group in pseudo-equatorial posi-

tions cis to H–4a and trans to C–5, and the methyl

group bound to N1 because three bond cross-peaks

between the hydrogens of the N–methyl group and C–2

and C–7a were observed in the HMBC spectrum (Fig.

3). Compound 3d also has three asymmetric carbons

and the possibility of N1–Me and/or N3–Me isomers. As

observed for 3c, 3d also showed only one set of signals

in both 1H and 13C NMR spectra indicating that the

reaction was both highly stereoselective and regioselec-

tive. The coupling constant between H–4a and H–8a of

12.2 Hz indicates a trans-diaxial position of these two

hydrogens, consequently, the pyranopyrimidine ring clo-

sure occurred with trans configuration. The methyl

group is attached to N1 because three bond cross-peaks

between the hydrogens of the N–methyl group and C–2

and C–8a were observed on the HMBC spectrum (Fig.

3). Compound 5d showed the same general structure as

3d, however, 5d exhibited the N3–methyl group and the

CCl3 group was eliminated with the formation of a car-

bonyl group, which was the tendency for all trichloro-

methyl-bearing enones when the reaction was carried

out in basic medium [13].

The tridimensional structure of tetrahydropyrimidines

proposed in this study are consistent with the structure

of related pyrimidines proposed by Saloutin, et al. [19]
Presumably, the reaction starts with the Michael addi-

tion of the amino groups of the 1,2-dimethylisothiourea

at the b-carbon atom of enone 1 or 2 furnishing both

structures I (path 1) and/or II (path 2), as shown in

Scheme 2.

Both hemi-aminals and trifluoromethyl groups are sta-

ble under basic conditions, although, hemi-aminals

derived from aldehydes are more stable than those from

ketones. Thus, after the addition of the first nitrogen of

1,2-dimethylisothiourea at the carbon–carbon double

Figure 1. Strategy for the assignment of the position of the N-methyl

group by HMBC.

Figure 2. Structure of compounds 3a and 3a0.

Figure 3. Structure of compounds 3c, 3d, and 5d.

Scheme 2
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bond, the carbonyl becomes activated for the addition of

the second nitrogen furnishing the tetrahydropyrimidines

3a, 3c–d, and 5a. When enones 1 and 2 were b-methyl

substituted (R1 ¼ Me), they reacted with 1,2-dimethyli-

sothiourea giving N3-methyldihydropyrimidines 4b and

6b, probably due to a steric effect between the N-methyl

group and b-methyl group of enones 1b and 2b. In addi-

tion, the formation of compounds 4b and 6b occurred

with the elimination of the methoxy group because

hemi-aminals from ketones are less stable than those

from aldehydes. Enones 2 bearing a trichloromethyl

group also furnished N3-methylpyrimidines because of

the easy elimination of the trichloromethyl group under

basic conditions [13].

In summary, from these results it can be concluded

that steric and electronic effects determined the position

of the methyl group at the N1– versus N3–positions of

the pyrimidine ring according to the following observa-

tions: when R1 ¼ H, N1–methyltetrahydropyrimidines

were the only regioisomer isolated (3a, 3c–d, 5a, and

5d). This is because hemi-aminals from aldehydes are

more stable than those from ketones. An exception to

this rule was observed when X ¼ Cl. In this case, due

to the facile elimination of the CCl3 group under basic

conditions only N3–methylpyrimidinones 6a, 6b, and 5d

were obtained. We speculate that a steric effect between

the N–methyl group and b-methyl group of the enones

1b was responsible for the formation of compounds 4b,

where N3–methyldihydropyrimidines were obtained.

EXPERIMENTAL

The 1,1,1-trihalo-4-alkoxy-3-alken-2-ones (1, 2) were pre-
pared according to ref. [20]. All melting points were deter-
mined on a Reichert Thermovar apparatus and are uncorrected.
IR spectra were measured on a Bruker IFS 28 spectrophotome-

ter on KBr pellets. Elemental analysis was performed on a
Vario EL Elementar Analysensysteme. 1H, 13C, and 2D NMR
spectra were acquired on a Bruker DPX 400 spectrometer (1H
at 400.13 MHz and 13C at 100.62 MHz) in CDCl3 or DMSO-
d6, using TMS as the internal reference.

General procedure for the synthesis of N-methyl-2-meth-

ylthio-pyrimidines (3–6). A solution of 1.0 M sodium hydrox-
ide (7.5 mL, 7.5 mmol) and 1,2-dimethylisothiourea sulfate
(1.14 g, 7.5 mmoles) was added drop wise under vigorous
magnetic stirring to the enones 1a–d, 2a–d (5.0 mmoles). The

mixture was stirred for a period of time and temperature speci-
fied at Table 1 and extracted with chloroform (3 � 15 mL).
The organic layer was dried under anhydrous sodium carbon-
ate, filtered, and the solvent evaporated. Products were purified
by recrystallizations and the solvent used for the purification is

reported for each compound together with the melting point.
6-Ethoxy-1-methyl-2-(methylthio)-4-(trifluoromethyl)-1,4,5,6-

tetrahydro-pyrimidin-4-ol (3a, 3a0). This compound was
obtained as an orange powder in 77% yield, mp 68�C (hexane/

ethyl acetate, 9:1). 3a: 1H NMR: d 1.24 (t, 3H, J ¼ 7.0 Hz,
CH3), 2.02 (dd, 1H, J ¼ 14.0, 3.6 Hz, H–5), 2.37 (s, 3H, S-

CH3), 2.47 (dd, 1H, J ¼ 14.0, 3.0 Hz, H–5), 3.04 (s, 1H OH),
3.14 (s, 3H, N–CH3), 3.62 (qua, 2H, J ¼ 7.0 Hz, CH2), 4.62
(dd, 1H, J ¼ 3.6, 3.0 Hz, H–6); 13C NMR: d ¼ 13.7 (S–CH3),
15.0 (CH3), 30.1 (C–5), 37.6 (N–CH3), 64.2 (CH2), 80.3 (q,

JC-F ¼ 31.0 Hz, C–4), 86.4 (C–6), 123.7 (q, JC-F ¼ 283.2 Hz,

CF3), 160.1 (C–2). 3a0: 1H NMR: d 1.24 (t, 3H, J ¼ 7.0 Hz,

H–8), 2.03 (dd, 1H, J ¼ 13.8, 9.0 Hz, H–5), 2.15 (s, 1H OH),

2.33 (s, 3H, S–CH3), 2.40 (dd, 1H, J ¼ 13.8, 0.8 Hz, H–5),

2.98 (s, 3H, N–CH3), 3.70 (q, 2H, J ¼ 7.0 Hz, CH2), 4.39 (dd,

1H, J ¼ 9.6, 0.8 Hz, H–6); 13C NMR: d 14.5 (S–CH3), 15.0

(CH3), 30.8 (C–5), 32.1 (N–CH3), 64.2 (CH2), 80.5 (q, JC-F ¼
31.0 Hz, C–4), 83.7 (C–6), 123.9 (q, JC-F ¼ 284.0 Hz, CF3),

158.4 (C–2). Anal. Calcd. for C9H15O2N2F3S (272.29): C,

39.70; H, 5.55; N, 10.29 Found: C, 39.28; H, 5.23; N, 10.02.

1-Methyl-2-(methylthio)-4-(trifluoromethyl)-1,4,4a,5,6,7a-
hexahydrofuro-[2,3-d]pyrimidin-4-ol (3c). This compound was

obtained as a white powder in 64% yield, mp 82–86�C (hex-

ane); 1H NMR: d 2.06–2.11 (m, 2H, H–4a, H–5), 2.15–2.24

(m, 2H, H–5), 2.37 (s, 3H, S–CH3), 2.89 (s, 1H, OH), 3.01 (s,

3H, N–CH3), 4.13 (dd, 2H, J ¼ 9.0, 5.0 Hz, H–6), 4.49 (d,

1H, J ¼ 8.8 Hz, H–7a); 13C NMR: d 14.6 (S–CH3), 23.9 (C–

5), 32.2 (N–CH3), 44.4 (C–4a), 68.3 (C–6), 82.4 (q, JC-F ¼
30.8 Hz, C–4), 86.3 (C–7a), 124.4 (q, JC-F ¼ 283.0 Hz, CF3),

163.6 (C–2). Anal. Calcd. for C9H13O2N2F3S (270.27): C,

40.00; H, 4.85; N, 10.36. Found: C, 39.92; H, 4.94; N, 10.50.

1-Methyl-2-(methylthio)-4-(trifluoromethyl)-1,4a,5,6,7,8a-
hexahydro-1H-pyrano[2,3-d]pyrimidin-4-ol (3d). This com-

pound was obtained as a white powder in 60%, yield, mp

158–161�C (hexane); 1H NMR: d 1.51–1.65 (m, 4H, H–4a, H–

5, H–6), 1.85 (br s, 1H, H–5), 2.28 (s, 3H, S–CH3), 2.86 (s,

3H, N–CH3), 3.48 (m, 1H, H–7), 3.95 (m, 1H, H–7), 4.25 (d,

1H, J ¼ 13.2 Hz, H–8a), 6.38 (s, 1H, OH); 13C NMR: d 13.8

(S–CH3), 22.8 (C–5), 25.2 (C–6), 32.1 (N–CH3), 40.9 (C–4a),

66.6 (C–7), 82.4 (q, JC-F ¼ 29.0 Hz, C–4), 86.1 (C–8a),125.9

(q, JC-F ¼ 286.0 Hz, CF3), 155.1 (C–2). Anal. Calcd. for

C10H15O2N2F3S (284.30): C, 42.25; H, 5.32; N, 9.85. Found:

C, 42.34; H, 5.27; N, 9.86.

6-Ethoxy-1-methyl-2-(methylthio)-4-(trichloromethyl)-1,4,5,6-
tetrahydropyrimidin-4-ol (4a, 4a0). This compound was

obtained as a brown powder in 58% yield, mp 105–106�C
(hexane), Ir: m(cm�1) 3440, 2998, 1678. 4a: 1H NMR: d 1.25

(t, 3H, J ¼ 7.0 Hz, CH3), 2.40 (s, 3H, S–CH3), 2.41 (dd, 1H, J
¼ 14.0, 3.6 Hz, H–5), 2.74 (dd, 1H, J ¼ 14.0, 2.4 Hz, H–5),

3.16 (s, 3H, N–CH3), 3.21 (s, 1H, OH), 3.62 (qua, 2H, J ¼ 7.0

Hz, CH2), 4.63 (dd, 1H, J ¼ 3.6, 2.4 Hz, H–6); 13C NMR: d
13.8 (S–CH3), 14.9 (CH3), 31.3 (C–5), 37.4 (N–CH3), 64.2

(CH2), 86.9 (C–6), 87.0 (C–4), 107.1 (CCl3), 161.9 (C–2). 4a0:
1H NMR: d 1.26 (t, 3H, J ¼ 7.0 Hz, CH3), 2.35 (s, 3H, S–

CH3), 2.41 (dd, 1H, J ¼ 13.0, 10.0 Hz, H–5), 2.43 (s, 1H,

OH), 2.67 (dd, 1H, J ¼ 13.0, 5.2 Hz, H–5), 2.98 (s, 3H, N–
CH3), 3.60 (qua, 2H, J ¼ 7.0 Hz, CH2), 4.68 (dd, 1H, J ¼
10.0, 5.2 Hz, H–6); 13C NMR: d 14.31 (S–CH3), 15.04 (CH3),

31.52 (N–CH3), 31.7 (C–5), 62.9 (CH2), 85.0 (C–6), 88.8 (C–

4), 108.2 (CCl3), 163.7 (C–2). Anal. Calcd. for

C9H15O2N2Cl3S (321.65): C, 33.61; H, 4.70; N, 8.71. Found:

C, 33.30; H, 4.49; N, 8.39.

3,6-Dimethyl-2-(methylthio)-4-(trifluoromethyl)-3,4-dihydro-
pyrimidin-4-ol (4b). This compound was obtained as dark yel-
low powder in 98% yield, mp 58–60�C (hexane/ethyl acetate,
9:1); Ir: m(cm�1) 3432, 1684. 1H NMR: d 1.85 (d, 3H, J ¼ 1.6
Hz, CH3), 2.37 (s, 3H, S–CH3), 3.15 (qua, 3H, JH-F ¼ 1.6 Hz,
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N–CH3), 3.15–3.16 (s, 1H, OH, underneath to N–CH3), 4.82
(m, 1H, H–5); 13C NMR: d 14.5 (S–CH3), 22.9 (CH3), 30.45
(q, JC-F ¼ 2.1 Hz, N–CH3), 84.5 (q, JC-F ¼ 31.8 Hz, C–4),
96.8 (C–5), 124.6 (q, JC-F ¼ 288.0 Hz, CF3), 147.2 (C–6),
160.3 (C–2). Anal. Calcd. for C8H11ON2F3S (240.25): C,

39.99; H, 4.61; N, 11.66. Found: C, 39.59; H, 4.41; N, 11.59.
3-Methyl-2-(methylthio)pyrimidin-4(3H)-one (6a). This com-

pound was obtained as light yellow powder in 92% yield, mp
113–115�C (hexane); 1H NMR: d 2.57 (s, 3H, S–CH3), 3.51
(s, 3H, N–CH3), 6.19 (d, 1H, J ¼ 6.0 Hz, H–5), 7.76 (d, 1H,

J ¼ 6.4 Hz, H–6); 13C NMR: d 15.0 (S–CH3), 30.2 (N–CH3),
109.8 (C–5), 151.7 (C–6), 162.0 (C–4), 163.7 (C–2). Anal.
Calcd. for C6H8ON2S (156.20): C, 48.32; H, 5.69; N, 18.79.
Found: C, 48.12; H, 5.50; N, 18.52.

3,6-Dimethyl-2-(methylthio)pyrimidin-4(3H)-one (6b). This
compound was obtained as yellow powder in 95% yield, mp 83–
85�C (hexane); 1H NMR: d 2.22 (CH3), 2.57 (s, 3H, S–CH3), 3.48
(s, 3H, N–CH3), 6.05 (d, 1H, H–5); 13C NMR: d 14.9 (S–CH3),
23.6 (CH3), 29.8 (N–CH3), 107.2 (C–5), 161.8 (C–6), 162.2 (C–

2), 162,3 (C–4). Anal. Calcd. for C7H10ON2S (170.23): C, 49.39;
H, 5.92; N, 16.46. Found: C, 49.51; H, 5.67; N, 16.38.

3-Methyl-2-(methylthio)-1,4a,5,6,7,8a-hexahydro-4H-pyrano-
[2,3-d]pyrimidin-4-one (5d). This compound was obtained as
white powder in 70% yield, mp 85–86�C (hexane/ethyl ace-

tate, 9:1); 1H NMR: d 1.45–1.56 (m, 1H, H–5), 1.66–1.73 (m,
2H, H–6), 2.20 (dd, 1H, J ¼ 12.0, 4.0 Hz, H–4a), 2.32–2.40
(m, 1H, H–5), 2.45 (s, 3H, S–CH3), 3.21 (s, 3H, N–CH3),
3.50–3.60 (m, 1H, H–7), 4.10–4.16 (m, 1H, H–7), 4.52 (d, 1H,
J ¼ 12.0 Hz, H–8a); 13C NMR: d 142 (S–CH3), 22.7 (C–5),

24.8 (C–6), 29.1 (N–CH3), 42.3 (C–4a), 67.1 (C–7), 88.7 (C–
8a), 155.1 (C–2), 170.4 (C–4). Anal. Calcd. for C9H14O2N2S
(214.28): C, 50.45; H, 6.59; N, 13.07. Found: C, 50.27; H,
6.43; N, 13.25.
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A variety of 2-aryl quinazolines were synthesized from the condensation of 2-aminobenzylamines
and aryl aldehydes to form 2-aryl-1,2,3,4-tetrahydroquinazolines and subsequent oxidation of the inter-

mediates with MnO2.

J. Heterocyclic Chem., 47, 1240 (2010).

INTRODUCTION

The quinazoline ring is a frequently encountered moi-

ety in organic syntheses as well as in medicinal chemistry

[1–10]. Many alkaloids containing a quinazoline skeleton

in the molecule exhibit anticonvulsant, antibacterial, anti-

diabetic, and anticancer activities [6,11–14]. A number of

methods for the synthesis of quinazolines are known [15–

19]. We found five basic types of synthetic strategies for

the synthesis of 2-substitued quinazolines: (1) three-step

reaction from aryl azides to form 2-alkylquinazolines

[20], (2) reaction of amidines with cyano- or nitro-acti-

vated o-fluorobenzaldehydes [21], (3) condensation of o-
phenyl oxime of 2-aminoacetophenone with aldehydes or

ketones by irradiation with microwaves to form 4-methyl-

quinazolines [22], (4) reaction of 2-aminobenzaldehyde

with an acyl halide and by heating the obtained amide in

a sealed tube with saturated alcoholic ammonia [19,23–

26], and then dehydrogenation with mercuric EDTA

complex or aromatization with alkaline potassium ferri-

cyanide [27,28], (5) condensation of 1,3-diamines 1 with

aromatic aldehydes 2 to form 2-aryl-1,2,3,4-tetrahydro-

quinazolines 3, and then oxidation of 3 to form the 2-aryl

substituted quinazolines 4 (Scheme 1).

The fifth synthetic strategy involves two steps: con-

densation and oxidation. The condensation products, 2-

aryl-1,2,3,4-tetrahydroquinazolines, have been prepared

in solvent-free [29] and a number of solvents, including

benzene or xylene, methanol or ethanol/acetic acid mix-

tures [30,31], alkali media [32,33], H2O [34], and ionic

liquids [35]. Vandeneynde et al. reported alternative

methods where aldehydes were converted, in situ, to N-
(1-chloroalkyl)pyridinium, which reacted with 2-amino-

benzylamine to yield tetrahydroquinazoline hydrochlor-

ide salts 3�HCl [36]. Two oxidation regents were used

to oxidize 2-aryl-tetrahydroquinazolines to the corre-

sponding quinazolines 4. One is 2,3-dichloro-5,6-dicya-

nobenzoquinone (DDQ) and the other tetrachloro-1,4-

benzoquinone (TCQ) [36]. More recently, Coskun

reported a reaction where the in situ formed 2-substi-

tuted-1,2,3,4-tetrahydroquinazolines were oxidized to

quinazolin-1-oxides [37].

No one-pot reaction to synthesize 2-arylquinazolines

was reported. The methods described above to synthesize

the 2-arylquinazolines either require multistep prepara-

tions of special reagents/reactants, or suffer severe limita-

tions such as tedious experimental procedure and poor

yields. Here we report the first one-pot synthesis of 2-aryl

substituted quinazolines, from condensation of 1,3-dia-

mines 1 with aryl aldehydes 2 to form 2-aryl-1,2,3,4-tetra-

hydroquinazolines 3, and oxidation of 3 to form the 2-aryl

substituted quinazolines 4, using MnO2 as the oxidant.

RESULTS AND DISCUSSION

The condensation of 2-aminobenzylamine and benzal-

dehyde was selected as the model reaction. Among the

VC 2010 HeteroCorporation
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solvents we screened, we found CHCl3 or H2O was the

best solvent to give the product in high yield (Table 1,

entries 1 and 2). Other solvents such as THF, CH3OH,

CH3CN, and CH2Cl2 gave lower yields (entries 3–6).

This is consistent with the findings of Gawinecki et al.

[38].

Several oxidants were evaluated for the transforma-

tion of tetrahydroquinazoline 3 to quinazoline 4 in

CHCl3 (Table 2). Among the oxidants we used, only

DDQ and MnO2 were effective for the transformation

from the tetrahydroquinazoline to the quinazoline (Ta-

ble 2, entries 4–5).

We then evaluated the solvent effects on the oxidation

of the tetrahydroquinazoline to the quinazoline. The

reaction did not proceed in water or in CH3COOH (Ta-

ble 3, Entries 1 and 2). Moderate yields were obtained

in CH3OH, C2H5OH, CH2Cl2, CH3CN, Dioxane, DMF,

and THF (Entries 3–9). The best yield was obtained in

CHCl3 (Entry 10). Because both condensation and oxi-

dation reactions proceed well in CHCl3, we envisioned

that the synthesis of quinazolines might proceed in one

pot.

We then investigated the one-pot reactions of 2-ami-

nobenzylamines and benzaldehydes to synthesize 2-aryl-

qunazolines without isolating the tetrahydroquinazoline

intermediate. First, the reaction of 2-aminobenzylamine

with benzaldehyde gave tetrahydroquinazoline in CHCl3
at room temperature. After TLC indicated the reaction

was completed, we added 4.0 mol equivalents of MnO2.

After refluxing for 12 h, the corresponding quinazoline

was isolated in 70% yield. To explore the generality and

scope of this one-pot reaction, we synthesized 2-arylqui-

nazolines from a variety of 2-aminobenzylamines and

aryl aldehydes (Table 4).

A variety of substituents are tolerated on both 2-ami-

nobenzylamines and benzaldehydes. For the 2-amino-

benzylamines, ortho F or CF3 substituents slowed the

reaction, probably due to the electronic and steric effect

in the first step (entries 15–18). For benzaldehydes, the

electron-withdrawing substituents speeded the reaction.

Overall the reaction gave 2-arylquinazolines in yields

from 26 to 75%.

CONCLUSION

In summary, We have developed an one-pot method

to synthesize a variety of 2-arylquinazoline derivatives,

from the condensation of 1,3-diamines and aryl alde-

hydes to form 2-aryl-1,2,3,4-tetrahydroquinazolines and

subsequent oxidation of tetrahydroquinazolines with

Table 2

The effect of oxidants on the oxidation of 2-

phenyltetrahydroquinazoline to quinazoline.

Entry Oxidant Time (h) Yielda (%)

1 NBS 36 0

2 Br2 36 0

3 Pb(OAC)4 36 0

4 DDQ 36 65

5 MnO2 36 70

a Isolated yield.

Table 3

The solvent effect on the oxidation of 2-phenyltetrahydroquinazolin.

Entry Solvent Time1 (h) Time2 (h) Yielda (%)

1 H2O 5 24 –

2 CH3COOH 4 12 –

3 CH3OH 24 12 37

4 C2H5OH 24 12 35

5 CH2Cl2 36 12 30

6 CH3CN 16 12 51

7 Dioxane 15 12 54

8 DMF 16 8 54

9 THF 16 12 68

10 CHCl3 10 12 70

a Isolated yield.

Table 1

The solvent effect on the condensation reaction.

Entry Solvent Time (h) Yielda (%)

1 H2O 4 85

2 CHCl3 10 84

3 THF 16 66

4 CH3OH 17 73

5 CH3CN 16 74

6 CH2Cl2 18 63

a Isolated yield based on 2-aminobenzylamine.

Scheme 1
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Table 4

One-pot synthesis of 2-arylquinazolines.

Entry Product Time1 (h) Time2 (h) Yielda (%)

1 10 12 70

2 6 12 72

3 5 12 62

4 5 12 52

5 5 12 66

6 5 12 75

7 7 12 50

8 8 12 66

9 10 12 56

10 10 12 48

11 9 12 40

12 10 12 30

(Continued)
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MnO2 in moderate to high yield. This method provided

quick access to different quinazolines.

EXPERIMENTAL

Melting points were determined on an Electrothermal 9100

capillary melting point apparatus. 1H NMR spectra were
recorded on a Bruker AV400 (400 MHz) spectrometer, and
chemical shifts (d) are reported in parts per million relative to
tetramethylsilane. 13C NMR spectra were recorded on a Bruker
AV400 spectrometer, and chemical shifts are reported in parts

per million relative to solvent resonance as the internal stand-
ard (CDCl3, d 77.16). IR spectra were recorded as solid in pel-
lets on a Perkin-Elmer FTIR 683 spectrometer. Mass spectra
were obtained with a TRIO 2 (electronic ionization 70 eV)
spectrometer and a Perkin-Elmer Claruss 500 mass spectrome-

ter (electronic ionization 20 eV).
General procedure for the synthesis of 2-aryl-

tetrahydroquinazolines. A mixture of 2-aminobenzylamine
(1.1 mmol), aryl aldehyde (1.0 mmol), and 10 mL of solvent

were stirred at room temperature. The reaction was followed
by TLC. When the reaction was completed, 4 mmol of active

MnO2 was added and refluxed. After the reaction was com-
pleted, the organic material was extracted with ethyl acetate.

The organic layer was dried over Na2SO4, and the solvents
were removed. The residue was purified by flash chromatogra-
phy on silica gel column, using petroleum/ethyl acetate as elu-
ate to give products.

2-Phenylquinazoline.37 This compound was obtained as yel-

low solid, mp 91–92�C; 1H NMR (dimethyl sulfoxide d6): d
7.53–7.56 (m, 3H, ArAH), 7.69–7.73 (m, 1H, ArAH), 8.00–
8.04 (m, 2H, ArAH), 8.13 (d, J ¼ 8.0 Hz, 1H), 8.54–8.56 (m,
2H, ArAH), 9.67 (s, 1H); 13C NMR (deuteriochloroform): d
123.6, 127.1, 127.3, 128.6, 128.7, 130.6, 134.1, 138.0, 150.8,

160.5, 161.1.
2-(4-Nitro-phenyl)quinazoline.33 This compound was

obtained as yellow solid, mp 197–198�C; 1H NMR (deuterio-
chloroform): d 7.70 (t, 1H, J ¼ 7.2 Hz), 7.89–7.96 (m, 1H),
8.38 (d, 2H, J ¼ 8.8 Hz), 8.83 (d, 2H, J ¼ 8.8 Hz), 9.50 (s,

1H); 13C NMR (deuteriochloroform): d 123.8, 123.9, 127.2,
128.3, 128.9, 129.4, 134.6, 143.8, 149.2, 150.6, 158.8, 160.7.

2-(3-Nitro-phenyl)quinazoline.33 This compound was
obtained as yellow solid, mp 194–195�C; 1H NMR (deuterio-

chloroform): d 7.68–7.73 (m, 2H), 7.98 (t, J ¼ 8.0 Hz, 2H),
8.14 (d, J ¼ 8.0 Hz, 1H), 8.34 (d, J ¼ 8.0 Hz, 1H), 8.98 (d, J

Table 4

(Continued)

Entry Product Time1 (h) Time2 (h) Yielda (%)

13 10 12 50

14 4 13 48

15 20 14 42

16 20 14 40

17 20 12 48

18 20 20 26

a Isolated yield based on 2-aminobenzylamines.
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¼ 7.6 Hz, 1H), 9.51 (s, 2H); 13C NMR (deuteriochloroform):
d 123.6, 123.9, 125.1, 127.3, 128.1, 128.8, 129.6, 134.2, 134.6,
139.9, 150.6, 158.7, 160.8.

2-(2-Nitro-phenyl)quinazoline.37 This compound was
obtained as yellow solid, mp 91–92�C; 1H NMR (deuterio-

chloroform): d 7.68–7.73 (m, 2H), 7.98 (t, J ¼ 8.0 Hz, 2H),

8.14 (d, J ¼ 8.0 Hz, 1H), 8.34 (d, J ¼ 8.0 Hz, 1H), 8.98 (d, J
¼ 7.6 Hz, 1H), 9.51 (s, 2H); 13C NMR (deuteriochloroform):

d 123.6, 124.0, 125.1, 127.2, 128.1, 128.8, 129.6, 134.2, 134.6,

139.8, 148.9, 150.6, 158.7, 160.8.

2-(4-Chloro-phenyl)quinazoline.33 This compound was
obtained as yellow solid, mp 116–117�C; 1H NMR (deuterio-

chloroform): d 7.49 (d, J ¼ 7.6 Hz, 2H), 7.62–7.65 (m, 1H,

ArAH), 7.90–7.95 (m, 2H, ArAH), 8.07 (d, J ¼ 8.4 Hz, 1H),

8.58 (d, J ¼ 8.8 Hz, 2H, ArAH), 9.46 (s, 1H); 13C NMR (deu-

teriochloroform): d 123.6, 127.2, 127.5, 128.6, 128.9, 129.9,

134.3, 136.5, 136.9, 150.7, 160.1, 160.6.

2-(4-Bromo-phenyl)-quinazoline. This compound was
obtained as yellow solid, mp 131–132�C; IR (potassium bro-

mide): 2925, 1693, 1618, 1582, 1546, 1405, 1369, 1067 cm�1.
1H NMR (deuteriochloroform): d 7.62–7.68 (m, 3H, ArAH),

7.91–7.95 (m, 2H), 8.08 (d, 1H, J ¼ 8.4 Hz), 8.51 (d, 2H, J ¼
8.4 Hz), 9.46 (s, 1H); 13C NMR (deuteriochloroform): d 123.7,

125.5, 127.2, 127.6, 128.6, 130.2, 131.8, 134.4, 136.9, 150.7,

160.1, 160.6. HRMS calcd. for C14H9BrN2: 283.9949, found:

283.9951.

2-(4-Trifluoromethyl-phenyl)quinazoline. This compound
was obtained as brown-yellow solid, mp 120–122�C; IR (po-

tassium bromide): 2925, 2854, 1621, 1553, 1326, 1163, 1116

cm�1. 1H NMR (deuteriochloroform): d 7.68 (t, J ¼ 7.6 Hz,

1H), 7.78 (d, J ¼ 8.4 Hz, 2H), 7.94–7.98 (m, 2H, ArAH),

8.12 (d, J ¼ 8.4 Hz, 1H), 8.75 (d, J ¼ 8.4 Hz, 2H), 9.51 (s,

1H); 13C NMR (deuteriochloroform): d 122.7 (q, J ¼ 262.0

Hz), 123.7, 123.9, 127.2, 128.3, 128.9, 129.4, 134.6, 143.8,

149.2, 150.6, 158.8, 160.7. HRMS calcd. for C15H9F3N2:

274.0718, found: 274.0720.

2-(4-Acetamido-phenyl)quinazoline. This compound was

obtained as brown-yellow solid, mp 136–139�C; IR (potassium

bromide): 3445, 3259, 2925, 1697, 1602, 1532, 1408, 1312,

799 cm�1. 1H NMR (deuteriochloroform): d 2.23 (s, 3H), 7.39

(br s, 1H), 7.60 (t, J ¼ 7.6 Hz, 1H), 7.68 (d, J ¼ 8.4 Hz, 2H),

7.88–7.93 (m, 2H), 8.06 (d, J ¼ 8.4 Hz, 1H), 8.59 (d, J ¼ 8.4

Hz, 2H), 9.44 (s, 1H); 13C NMR (deuteriochloroform): d 24.8,

119.4, 123.5, 127.1, 128.5, 129.5, 131.1, 133.9, 134.1, 140.2,

150.8, 160.5, 168.4. HRMS calcd. for C16H13N3O: 263.1059,

found: 263.1057.
2-(4-Methyl-phenyl)quinazoline.36 This compound was

obtained as yellow solid, mp 99–101�C; IR (potassium bro-
mide): 3027, 2922, 2854, 1620, 1610, 1589, 1552, 1402, 1380,
797, 726 cm�1. 1H NMR (deuteriochloroform): d 2.44 (s, 3H),
7.33 (d, J ¼ 7.2 Hz, 2H), 7.57–7.60 (m, 1H), 7.87–7.91 (m,

2H), 8.05 (d, J ¼ 8.8 Hz, 1H), 8.50 (d, J ¼ 7.2 Hz), 9.44 (d, J
¼ 0.8 Hz); 13C NMR (deuteriochloroform): d 21.5, 123.5,
127.1, 128.6, 129.4, 134.1, 135.3, 140.9, 150.8, 160.5.

2-(4-Methoxyl-phenyl)quinazoline.36 This compound was
obtained as yellow solid, mp 85–86�C; 1H NMR (deuterio-

chloroform): d 3.89 (s, 3H), 7.03 (d, J ¼ 8.8 Hz, 2H), 7.56 (t,
J ¼ 7.6 Hz, 1H), 7.82–7.89 (m, 2H, ArAH), 8.02 (d, J ¼ 8.4
Hz, 1H), 8.56 (d, J ¼ 8.8 Hz, 2H), 9.41(s, 1H); 13C NMR
(deuteriochloroform): d 55.4, 113.9, 123.3, 126.8, 127.1,
128.4, 130.2, 130.7, 134.0, 150.8, 160.4, 160.8, 161.8.

2-(Benzo[1,3]dioxol-5-yl)quinazoline. This compound was
obtained as yellow solid, mp 123–125�C; IR (potassium bro-

mide): 2921, 2850, 1618, 1584, 1568, 1502, 1460, 1256, 1099,

1039, 793 cm�1. 1H NMR (deuteriochloroform): d 6.06 (s, 2H,

OCH2O), 6.97 (d, 1H, J ¼ 8.4 Hz, ArAH), 7.59 (s, 1H,

ArAH), 7.91–7.89 (m, 2H, ArAH), 8.04–8.03 (m, 1H, ArAH),

8.20 (s, 1H, ArAH), 8.23 (d, 1H, J ¼ 7.0 Hz, ArAH), 9.41 (s,

1H, ArAH); 13C NMR (deuteriochloroform): d 29.7, 46.5,

69.4, 101.2, 107.1, 108.3, 115.0, 118.2, 120.1, 121.3, 126.2,

127.3, 135.8, 143.7, 147.7. HRMS calcd. for C15H10N2O2:

250.0742, found: 250.0740.

2-(4-Hydroxyl-phenyl)quinazoline. This compound was
obtained as yellow solid, mp 210–212�C; IR (potassium bro-

mide): 3168, 1670, 1606, 1555, 1457, 1405, 1385, 1240, 1165,

799 cm�1. 1H NMR (deuteriochloroform): d 6.92 (d, J ¼ 8.4

Hz, 3H), 7.64–7.69 (m, 1H), 7.97 (d, J ¼ 3.2 Hz, 2H), 8.09

(d, J ¼ 8.0 Hz, 1H), 8.41 (d, J ¼ 8.8 Hz, 2H), 9.61 (s, 1H);
13C NMR (deuteriochloroform): d 115.9, 116.3, 123.4, 127.4,

128.1, 128.2, 128.9, 130.4, 135.1, 150.4, 160.5, 161.5. HRMS

calcd. for C14H10N2O: 222.0793, found: 222.0795.

2-(6-Bromo-pyridin-3-yl)-quinazoline. This compound was

obtained as black solid, mp 158–160�C; IR (potassium bro-

mide): 3061, 2924, 1619, 1572, 1448, 1404, 1088, 734 cm�1.
1H NMR (deuteriochloroform): d 7.61–7.69 (m, 2H, ArAH),

7.92–7.96 (m, 2H), 8.07 (d, J ¼ 8.8 Hz, 1H), 8.73 (dd, 1H, J
¼ 1.6, 8.4Hz), 9.45 (s, 1H), 9.55 (d, J ¼ 1.6 Hz, 1H); 13C

NMR (deuteriochloroform): d 123.9, 127.2, 127.9, 128.0,

128.7, 133.0, 134.6, 138.2, 144.2, 150.6, 150.7, 158.3, 160.7.

HRMS calcd. for C13H8BrN3: 284.9902, found: 284.9905.

2-(2-Furyl)quinazoline.37 This compound was obtained as
black solid, mp 131–132�C; 1H NMR (deuteriochloroform): d
6.63 (dd, J ¼ 2.0, 3.6 Hz, 1H), 7.46 (d, J ¼ 3.2 Hz, 1H),
7.59–7.63 (m, 1H), 7.70 (d, J ¼ 0.8 Hz, 1H), 7.89–7.93 (m,

2H), 8.09 (d, J ¼ 9.2 Hz, 1H), 9.39 (s, 1H); 13C NMR (deuter-
iochloroform): d 112.4, 114.1, 123.4, 127.3, 128.4, 134.6,
145.4, 150.4, 152.5, 154.1, 160.8.

2-Phenyl-5-flouroquinazoline. This compound was obtained

as yellow solid, mp 111–113�C; IR (potassium bromide):

3058, 2925, 1635, 1582, 1555, 1465, 1398, 1240, 790, 699

cm�1. 1H NMR (deuteriochloroform): d 7.22 (t, 1H, J ¼ 8.4

Hz), 7.53–7.56 (m, 3H, ArAH), 7.83–7.90 (m, 2H, ArAH),

8.62–8.63 (m, 2H, ArAH), 9.74 (s, 1H); 13C NMR (deuterio-

chloroform): d 110.9 (d, J ¼ 19.0 Hz), 114.1, 124.6 (d, J ¼
4.0 Hz), 128.7 (d, J ¼ 6.0 Hz), 131.0, 134.1 (d, J ¼ 10.0 Hz),

137.6, 152.0, 154.9 (d, J ¼ 3.0 Hz), 157.0 (d, J ¼ 257.0 Hz),

161.2. HRMS calcd. for C14H9FN2: 224.0750, found:

224.0752.

2-(4-Acetamido-phenyl)-5-flouroquinazoline. This com-

pound was obtained as yellow solid, mp 207–208�C; IR (po-
tassium bromide): 3536, 3283, 3126, 2926, 1633, 1656, 1580,
1556, 1463, 1397, 1376, 1347, 1237, 1089, 822. 1H NMR (di-
methyl sulfoxide d6): d 2.10 (s, 3H), 7.49 (t, J ¼ 8.8 Hz, 1H),
7.77 (d, J ¼ 8.4 Hz, 2H), 7.85 (d, J ¼ 8.4 Hz, 1H), 7.97–8.03

(m, 1H), 8.48 (d, J ¼ 8.8 Hz, 2H), 9.78 (s, 1H), 10.23 (br s,
1H); 13C NMR (deuteriochloroform): d 24.5, 111.7 (d, J ¼
18.0 Hz), 113.9 (d, J ¼ 16.0 Hz), 119.1 (d, J ¼ 8.0 Hz), 124.6
(d, J ¼ 4.0 Hz), 129.6, 131.9, 135.7 (d, J ¼ 10.0Hz), 142.6,
151.2, 155.6, 156.8 (d, J ¼ 246 Hz), 160.7 169.2. HRMS

calcd. for C16H12FN3O: 281.0964, found: 281.0967.
2-Phenyl-8-trifluoromethylquinazoline. This compound was

obtained as yellow solid, mp 94–96�C; IR (potassium
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bromide): 3070, 1621, 1590, 1568, 1468, 1475, 1410, 1343,
1281, 1159, 1078, 773 cm�1. 1H NMR (dimethyl sulfoxide
d6): d 7.54 (d, J ¼ 4.0 Hz, 3H), 7.66 (t, J ¼ 7.6 Hz, 1H), 8.10
(d, J ¼ 7.6 Hz, 1H), 8.23 (d, J ¼ 7.2 Hz, 1H), 8.68 (d, J ¼
4.0 Hz, 2H), 9.52 (s, 1H); 13C NMR (dimethyl sulfoxide d6): d
123.7(q, J ¼ 242.2 Hz), 125.8, 128.7, 129.0, 131.3, 131.4,
132.1, 132.2, 137.4, 147.7, 160.7, 161.4. HRMS calcd. for
C15H9F3N2: 274.0718, found: 274.0721.

2-(4-Acetamido-phenyl)-8-trifluoromethylquinazoline. This
compound was obtained as yellow solid, mp 166–168�C; IR

(potassium bromide): 3265, 3121, 2926, 2853, 1675, 1601,
1596, 1471, 1327, 1286, 1139, 833, 775 cm�1. 1H NMR (di-
methyl sulfoxide d6): d 2.23 (s, 3H), 7.56–7.72 (m, 3H), 7.84
(d, J ¼ 7.6 Hz, 1H), 8.08 (d, J ¼ 8.0 Hz, 1H), 8.22 (d, J ¼
6.8 Hz, 1H), 8.64 (d, J ¼ 8.0 Hz, 1H), 9.49 (s, 1H). 13C NMR

(dimethyl sulfoxide d6): d 24.3, 113.0, 113.2, 116.3, 121.7 (q,
J ¼ 248.3), 124.9, 127.1, 129.1, 129.8, 131.1, 131.8, 136.7,
138.5, 144.3, 169.5. HRMS calcd. for C17H12F3N3O:
331.09325, found: 331.09367.
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The reaction of b-naphthol with arylaldehydes and 2H-indene-1,3-dione in the presence of sulfamic
acid (3 mol %) under solvent-free conditions led to 13-aryl-indeno[1,2-b]naphtho[1,2-e]pyran-12(13H)-
ones in good yields.

J. Heterocyclic Chem., 47, 1246 (2010).

INTRODUCTION

Multicomponent reactions have attracted considerable

attention as they are performed without need to isolate

any intermediate during their processes; this reduces

time and saves both energy and raw materials [1]. They

have merits over two-component reactions in several

aspects including the simplicity of a one-pot procedure,

possible structural variations and building up complex

molecules.

Natural compounds possessing naphthopyran moiety

have been attracted by their antimicrobial [2], antitumor

[3], antifungal [4], cytotoxic [5], antioxidative, and 5-li-

poxygenase inhibitory activity [6]. A variety of naphtho-

pyran derivatives have been isolated and identified as

natural phytochemicals [7]. A plethora of biological

activities have also been associated with a large number

of synthetic naphthopyran analogs [8]. Indenopyrans are

a ‘‘privileged medicinal scaffolds,’’ which are used for

the development of pharmaceutical agents of various

applications. Compounds with the motif show a wide

range of pharmacological activities, such as antiulcer

[9], antiallergenic [10], and antidepressant activities

[11].

Molecule frame works for the development of 12-

aryl-8,9,10,12-tetrahydrobenzo[a] xanthen-11-ones have

also been described [12]. However, there is no report

about the synthesis of 13-aryl-indeno[1,2-b]naphtho[1,2-
e]pyran-12(13H)-ones, which may show potential phar-

maceutical activities.

In recent years, the use of solid acidic catalysts has

offered important advantages in organic synthesis, for

example, operational simplicity, environmental compati-

bility, nontoxic, low cost, and ease of isolation. A tre-

mendous upsurge of interest in various chemical trans-

formations processes by catalysts under heterogeneous

conditions has occurred. One of those heterogeneous

catalysts is sulfamic acid (SA). It makes reaction proc-

esses convenient, more economic, and environmentally

benign. Owing to the numerous advantages associated

with this cheap and nonhazardous catalyst, SA has been

explored as a powerful catalyst for various organic

transformations [13]. We now report a highly efficient

procedure for the preparation of 13-aryl-indeno[1,2-

b]naphtho[1,2-e]pyran-12(13H)-ones using SA as an ef-

ficient and versatile catalyst under solvent-free condi-

tions (Scheme 1).

RESULTS AND DISCUSSION

Initially, to optimize the reaction temperatures, the

reaction of b-naphthol (1 mmol) with benzaldehyde

(1 mmol) and 2H-indene-1,3-dione was studied under

solvent-free conditions in the presence of 3 mol % SA

at different temperatures. The results are summarized in

Table 1. As shown in Table 1, the reaction at 120�C
proceeded in highest yield.

To optimize the catalyst loading, 0, 1, 2, 3, 4, and

5 mol % of was tested, respectively. The results are
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summarized in Table 2. A 3 mol % loading of SA was

sufficient to push the reaction forward and 2 mol % of

SA was not enough. Higher amounts of SA did not lead

to significant change in the reaction yields.

Based on the optimized reaction conditions, a range of

13-aryl-indeno[1,2-b]naphtho[1,2-e]pyran-12(13H)-ones
(4) was synthesized by the reaction of b-naphthol (1, 1
mmol) with arylaldehydes (2, 1 mmol) and 2H-indene-

1,3-dione (3, 1 mmol). The reaction proceeded at 120�C
within 4 h in excellent yields after the addition of the cat-

alyst SA (Table 3). All of the products 4 exhibited a sin-

glet in their 1H spectra at d ¼ 5.58–6.01 ppm for H-13

and also a distinguishing peak at d ¼ 28.8–35.7 ppm for

C-13 in their 13C NMR spectra. The resonance of car-

bonyl group in their 13C NMR spectrum of 4 appeared at

d ¼ 191.7–192.4 ppm. When this reaction was carried

out with aliphatic aldehyde, such as butanal or pentanal,

TLC and 1H NMR spectra of the reaction mixture

showed a mixture of starting materials and numerous

products, the yield of the expected product was very

poor. In 2-naphthol, the electron density at the benzylic

C-1 position (which is in conjugation with the aromatic

ring) is higher than that at the C-3 position. Thus, the

regioselective formation of the ortho-quinone methide

from this compound involving the C-1 and C-2 positions

is favored. In simple phenolic compounds and 1-naphthol

(which are weaker nucleophiles compared with 2-naph-

thol), the electron density at the ortho position of the

hydroxyl group is not sufficient for the reaction of these

compounds with the aldehydes leading to the formation

of the corresponding ortho-quinone methides. When

the reaction of 1-naphthol (1 mmol) with benzaldehyde

(1 mmol) and 2H-indene-1,3-dione was carried out under

solvent-free conditions in the presence of 3 mol % SA at

120�C, the yield of the expected product was 0%.

In conclusion, we have demonstrated a rapid and very

efficient SA-catalyzed one-pot synthesis of 13-aryl-

indeno[1,2-b]naphtho[1,2-e]pyran-12(13H)-ones under

solvent-free conditions. The current methodology has

the advantages of operational simplicity, neutral and

mild reaction conditions, high to excellent yields of

products, lack of toxicity, and low costs.

EXPERIMENTAL

NMR spectra were determined on Bruker AV-400 spectrom-
eter in CDCl3 and were expressed in d values relative to tetra-

methylsilane, coupling constants (J) were measured in Hz; IR
spectra were determined on FTS-40 infrared spectrometer;
Mass spectra were recorded on a Finnigan LCQ Advantage
mass spectrometer; Elemental analysis were recorded on a

Vario ELIII elemental analyzer; Melting points were deter-
mined on a Mel-Temp capillary tube apparatus and were
uncorrected; Commercially available reagents were used
throughout without further purification unless otherwise stated.

Scheme 1

Table 1

Temperature optimization for the synthesis of 13-phenyl-indeno

[1,2-b]naphtha [1,2-e]pyran-12(13H)-ones.a

Entry Temp. (�C) Yield (%)b

1 80 56

2 90 62

3 100 76

4 110 82

5 120 89

6 130 87

7 140 88

a Reaction conditions: b-naphthol (1 mmol); benzaldehyde (1 mmol);

2H-indene-1,3-dione (1 mmol); SA (0.03 mmol); solvent-free; 3 h.
b Isolated yield after chromatographic purification.

Table 2

The amounts of catalyst optimization for the synthesis of

13-phenyl-indeno[1,2-b]naphtho[1,2-e]pyran-12(13H)-ones.a

Entry SA (mol %) Yield (%)b

1 0 0

2 1 58

3 2 79

4 3 89

5 4 88

6 5 87

a Reaction conditions: b-naphthol (1 mmol); benzaldehyde (1 mmol);

2H-indene-1,3-dione (1 mmol); solvent-free;120�C; 3 h.
b Isolated yield after chromatographic purification.

Table 3

Synthesis of 13-aryl-indeno[1,2-b]naphtho

[1,2-e]pyran-12(13H)-ones using SA as catalyst.a

Entry R Time (h) Product Yield (%)b

1 C6H5 3 4a 89

2 4-Cl-C6H4 2 4b 92

3 3-NO2-C6H4 3 4c 89

4 2-F-5-CF3-C6H3 4 4d 86

5 4-Me-C6H4 4 4e 86

6 2,4-Cl2-C6H3 3 4f 93

7 2-Cl-C6H4 2 4g 94

8 4-MeO-C6H4 4 4h 84

9 4-F-C6H4 2 4i 92

10 3,4-Cl2-C6H3 3 4j 91

a Reaction conditions: b-naphthol (1 mmol); arylaldehyde (1 mmol);

2H-indene-1,3-dione (1 mmol); SA (0.03 mmol); solvent-free;120�C.
b Isolated yield after chromatographic purification.
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General procedure for the preparation of 4. To a mixture
of b-naphthol (1 mmol), aldehyde (1 mmol) and 2H-indene-

1,3-dione (1 mmol), SA (0.03 mmol) was added. The mixture

was stirred (use a high power electric mixer) at 120�C for an

appropriate time (Table 3). After completion of the reaction

(TLC), the reaction mixture was treated with water (10 mL)

and extracted with CH2Cl2 (2 � 10 mL), filtered and the sol-

vent evaporated in vacuo. Products were puried by silica gel

column chromatography using petroleum ether:chloroform

(2:3) as eluent.

13-Phenyl-indeno[1,2-b]naphtho[1,2-e]pyran-12(13H)-one
(4a). Yellow solid, mp 202–203�C. IR (KBr) m: 3080, 1660,
1236, 1006 cm�1. 1H NMR (400 MHz, CDCl3) d: 7.89–7.82
(m, 3H), 7.51 (d, J ¼ 8.8 Hz, 1H), 7.43–7.29 (m, 8H), 7.23 (t,

J ¼ 8.0 Hz, 2H), 7.12 (t, J ¼ 7.6 Hz, 1H), 5.64 (s, 1H) ppm.
13C NMR (100 MHz, CDCl3) d: 192.3, 167.3, 149.0, 143.7,

136.9, 132.4, 132.2, 131.9, 131.8, 130.1, 129.6, 128.5, 128.4,

128.1, 127.1, 126.6, 125.2, 124.4, 121.6, 118.3, 117.1, 116.6,

111.0, 35.7 ppm. MS (ESI): m/z 361 [M þ H]þ. Anal. calcd
for C26H16O2: C, 86.65; H, 4.47. found: C, 86.73; H, 4.38.

13-(4-Chlorophenyl)-indeno[1,2-b]naphtho[1,2-e]pyran-12
(13H)-one (4b). Yellow solid, mp 225–226�C. IR (KBr) m:
3042, 1667, 1235, 1015 cm�1. 1H NMR (400 MHz, CDCl3) d:
7.88–7.84 (m, 2H), 7.75 (t, J ¼ 9.2 Hz, 1H), 7.51 (d, J ¼ 8.8

Hz, 1H), 7.45–7.25 (m, 8H), 7.18 (d, J ¼ 8.4 Hz, 2H), 5.63 (s,

1H) ppm. 13C NMR (100 MHz, CDCl3) d: 192.3, 167.3, 149.0,
142.1, 136.7, 132.3, 132.2, 131.9, 131.6, 130.2, 129.9, 129.5,

128.7, 128.6, 127.3, 125.4, 124.2, 121.7, 118.4, 117.7, 116.0,

110.4, 35.1 ppm. MS (ESI): m/z 395 [M þ H]þ. Anal. calcd for

C26H15ClO2: C, 79.09; H, 3.83. found: C, 79.29; H, 3.75.

13-(3-Nitrophenyl)-indeno[1,2-b]naphtho[1,2-e]pyran-12
(13H)-one (4c). Yellow solid, mp 240–241�C. IR (KBr) m:
3075, 1665, 1232, 1005 cm�1. 1H NMR (400 MHz, CDCl3) d:
8.07 (s, 1H), 7.99 (d, J ¼ 8.4 Hz, 1H), 7.93 (d, J ¼ 8.8 Hz, 1H),

7.89–7.87 (m, 1H), 7.79 (d, J ¼ 7.6 Hz, 1H), 7.68 (d, J ¼ 8.8

Hz, 1H), 7.55 (d, J ¼ 9.2 Hz, 1H), 7.47–7.41 (m, 6H), 7.35–7.31

(m, 1H), 5.77 (s, 1H) ppm. 13C NMR (100 MHz, CDCl3) d:
192.1, 167.7, 149.2, 148.5, 145.7, 136.5, 134.4, 132.5, 132.1,

132.0, 131.3, 130.5, 130.4, 129.4, 128.8, 127.5, 125.5, 125.5,

123.9, 123.0, 121.9, 118.7, 117.9, 115.0, 109.5, 35.6 ppm. MS

(ESI): m/z 406 [M þ H]þ. Anal. calcd for C26H15NO4: C, 77.03;

H, 3.73; N, 3.46. found: C, 76.85; H, 3.70; N, 3.58.

13-(2-Fluoro-5-(trifluoromethyl)phenyl)-indeno[1,2-b]naph-
tho[1,2-e]pyran-12(13H)-one (4d). Yellow solid, mp 216–
217�C. IR (KBr) m: 3042, 1659, 1230, 1007 cm�1. 1H NMR

(400 MHz, CDCl3) d: 7.91–7.81 (m, 3H), 7.54–7.32 (m, 9H),

7.17 (t, J ¼ 8.8 Hz, 1H), 5.92 (s, 1H) ppm. 13C NMR (100 MHz,

CDCl3) d: 191.7, 168.1, 149.0, 136.6, 132.4, 132.1, 131.9,

131.8, 131.4, 130.5, 130.2, 128.7, 127.6, 127.3, 126.1, 125.5,

124.8, 123.1, 122.1, 121.8, 118.7, 117.8, 116.5, 116.2, 115.2,

109.1, 28.8 ppm. MS (ESI): m/z 447 [M þ H]þ. Anal. calcd for

C27H14F4O2: C, 72.65; H, 3.16. found: C, 72.48; H, 3.12.

13-(4-Methylphenyl)-indeno[1,2-b]naphtho[1,2-e]pyran-12
(13H)-one (4e). Yellow solid, mp 192–193�C. IR (KBr) m:
2980, 1675, 1237, 1010 cm�1. 1H NMR (400 MHz, CDCl3) d:
7.88–7.82 (m, 3H), 7.50 (d, J ¼ 9.2 Hz, 1H), 7.43–7.28 (m,
6H), 7.21 (d, J ¼ 8.0 Hz, 2H), 7.02 (d, J ¼ 8.0 Hz, 2H), 5.61
(s, 1H), 2.24 (s, 3H) ppm. 13C NMR (100 MHz, CDCl3) d:
192.4, 167.2, 149.0, 140.8, 136.9, 136.1, 132.4, 132.2, 131.9,
130.0, 129.5, 129.2, 128.4, 128.0, 127.1, 125.2, 124.4, 121.6,

118.2, 117.7, 116.8, 111.2, 35.3, 21.0 ppm. MS (ESI): m/z 375

[M þ H]þ. Anal. calcd for C27H18O2: C, 86.61; H, 4.85.
found: C, 86.49; H, 4.92.

13-(2,4-Dichlorophenyl)-indeno[1,2-b]naphtho[1,2-e]pyran-
12(13H)-one (4f). Yellow solid, mp 252–253�C. IR (KBr) m:
3052, 1677, 1232, 1025 cm�1. 1H NMR (400 MHz, CDCl3) d:
7.89–7.81 (m, 3H), 7.51–7.41 (m, 7H), 7.35–7.31 (m, 1H),
7.02–6.97 (m, 2H), 6.01 (s, 1H) ppm. 13C NMR (100 MHz,
CDCl3) d: 191.6, 167.5, 148.8, 140.1, 136.7, 133.5, 132.9,
132.3, 132.2, 131.9, 131.7, 131.6, 130.4, 130.0,129.4, 128.6,
127.8, 127.5, 125.5, 123.8, 121.7, 118.5, 117.7, 116.5, 110.0,

32.4 ppm. MS (ESI): m/z 429 [M þ H]þ. Anal. calcd for
C26H14Cl2O2: C, 72.74; H, 3.29. found: C, 72.85; H,3.18.

13-(2-Chlorophenyl)-indeno[1,2-b]naphtho[1,2-e]pyran-12
(13H)-one (4g). Yellow solid, mp 240–241�C. IR (KBr) m:
3048, 1671, 1230, 1018 cm�1. 1H NMR (400 MHz, CDCl3) d:
7.91–7.81 (m, 3H), 7.51–7.30 (m, 8H), 7.06–7.02 (m, 3H), 6.05
(s, 1H) ppm. 13C NMR (100MHz, CDCl3) d: 191.7, 167.4, 148.8,
136.8, 132.8, 132.3, 132.2, 131.9, 131.8, 130.8, 130.2, 129.8,
129.7, 128.5, 127.9, 127.4, 127.3, 125.3, 124.1, 121.6, 118.3,

117.7, 117.1, 32.7 ppm.MS (ESI):m/z 395 [MþH]þ. Anal. calcd
for C26H15ClO2: C, 79.09; H, 3.83. found: C, 79.25; H, 3.92.

13-(4-Methoxylphenyl)-indeno[1,2-b]naphtho[1,2-e]pyran-12
(13H)-one (4h). Yellow solid, mp 225–226�C. IR (KBr) m:
2945, 1676, 1232, 1004 cm�1. 1H NMR (400 MHz, CDCl3) d:
7.87–7.82 (m, 3H), 7.49 (d, J ¼ 9.2 Hz, 1H), 7.43–7.27 (m,
6H), 7.23 (d, J ¼ 8.8 Hz, 2H), 6.75 (d, J ¼ 8.8 Hz, 2H), 5.58
(s, 1H), 3.71(s, 3H) ppm. 13C NMR (100 MHz, CDCl3) d:
192.5, 167.0, 158.1, 148.9, 136.9, 136.1, 132.4, 132.2, 131.9,
131.8, 130.0, 129.5, 129.1, 128.4, 127.1, 125.2, 124.4, 121.6,

118.2, 117.7, 116.8, 113.9, 111.2, 55.1, 34.8 ppm. MS (ESI):
m/z 391 [M þ H]þ. Anal. calcd for C27H18O3: C, 83.06; H,
4.65. found: C, 82.96; H, 4.75.

13-(4-Fluorophenyl)-indeno[1,2-b]naphtho[1,2-e]pyran-12
(13H)-one (4i). Yellow solid, mp 208–209�C. IR (KBr) m:
3052, 1668, 1230, 1016 cm�1. 1H NMR (400 MHz, CDCl3) d:
7.90–7.76 (m, 3H), 7.50 (d, J ¼ 8.8 Hz, 1H), 7.43–7.28 (m,
8H), 6.91 (t, J ¼ 8.4 Hz, 2H), 5.63 (s, 1H) ppm. 13C NMR
(100 MHz, CDCl3) d: 192.3, 167.2, 149.0, 139.4, 136.8, 132.3,
131.9, 131.7, 130.2, 129.8, 129.7, 129.6, 128.5, 127.2, 125.3,
124.3, 121.7, 118.3, 117.7, 116.3, 115.5, 115.3, 35.0 ppm. MS
(ESI): m/z 379 [M þ H]þ. Anal. calcd for C26H15FO2: C,
82.53; H, 4.00. found: C, 82.44; H, 4.17.

13-(3,4-Dichlorophenyl)-indeno[1,2-b]naphtho[1,2-e]pyran-
12(13H)-ones (4j). Yellow solid, mp 245–246�C. IR (KBr) m:
3050, 16728, 1238, 1023 cm�1. 1H NMR (400 MHz, CDCl3)
d: 7.93–7.86 (m, 2H), 7.73–7.71 (m, 1H), 7.52 (d, J ¼ 9.2 Hz,
1H), 7.48–7.22 (m, 9H), 5.61 (s, 1H) ppm. 13C NMR (100
MHz, CDCl3) d: 192.1, 167.5, 149.1, 143.8, 136.6, 132.6,

132.4, 132.2, 131.9, 131.5, 130.7, 130.4, 130.2, 130.0, 128.7,
127.6, 127.5, 125.5, 124.0, 121.8, 118.5, 117.8, 115.3, 35.0
ppm. MS (ESI): m/z 429 [M þ H]þ. Anal. calcd for
C26H14Cl2O2: C, 72.74; H, 3.29. found: C, 72.60; H,3.40.
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A novel series of pyrazolo [1,5-a] pyrimidines were synthesized by the condensation of substituted
chalcones with 5-amino pyrazole in presence of dimethyl formamide. All the synthesized products were

characterized by the spectral analysis. Further, all newly synthesized compounds were screened for their
antimicrobial activity. Most of the compounds showed potent activity.

J. Heterocyclic Chem., 47, 1250 (2010).

INTRODUCTION

Pyrazole nucleus has wide applications in medicinal

chemistry. The ring system plays an important role in

many biological processes, and many therapeutic agents

contain pyrazole moiety. Several pyrazoles with antimi-

crobial, antiviral, and anticancer properties have been

reported [1]. Certain alkyl pyrazoles have shown signi-

ficant antiallergic, anti-inflammatory, and antiarthritic

properties [2,3]. Many pyrazole-fused heterocyclic com-

pounds have been to exhibit biological activity and

widely used studied in pesticide and medicine [4–6].

Pyrazolopyrimidines are of considerable chemical and

pharmacological importance as purine analogues [7,8],

and have antitumor, antileukemic activities. Pyrazolo

[1,5-a] pyrimidines useful properties, as antimetabolites

in purine biochemical reactions [9–11]. These interesting

biological activities reported for pyrazolopyrimidines

have stimulated chemists to develop new class of these

compounds.

RESULTS AND DISCUSSION

In continuation of our work on the synthesis of some

new bioactive heterocyclic compounds [12–15], herein

we report a new series of pyrazolo [1,5-a] pyrimidines

by the condensation of chalcones with the 5-amino pyr-

azole in dimethyl formamide (DMF).

The starting 5-amino pyrazole was prepared in two

steps from the corresponding amine by the diazotization

and then treatment with malononitrile followed by reac-

tion with hydrazine hydrate [16] (Scheme 1), while the

novel a,b-unsaturated carbonyl compounds 2(a–h) were

prepared in the presence of base by conventional

Claisen–Schmidt condensation of substituted acetophe-

nones and 5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-
carbaldehyde (Scheme 2). Finally, the synthesis of pyra-

zolo [1,5-a] pyrimidines 3(a–h) were attempted by the

reacting 5-amino pyrazole with a,b-unsaturated carbonyl

compounds (chalcones) using NaOH in presence of

DMF as reaction solvent (Scheme 3).

The formation of products were assumed to proceed

through the Micheal-type addition of the ring nitrogen

in 5-amino pyrazole (which is more active) to the acti-

vated double bond followed by intramolecular cycliza-

tion [17,18] with the elimination of water and dehydro-

genation. The structures of compounds were appropri-

ately established by the spectroscopic and analytical

methods.

The results of the antimicrobial screening data are

given in Table 1. In comparison with reference drugs,

compounds 3a, 3b, and 3c showed effective activity

against all the tested microbes. Compounds 3a and 3b

showed near to par activity against Bacillus subtilis.
Only the compound 3a was showed potent activity

against Escherichia coli than standard penicillin drug.

VC 2010 HeteroCorporation
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Compound 3b showed stronger activity against Aspergil-
lus flavus than reference Nystatin drug. On the other

hand, compounds 3(d–h) displayed moderate antimicro-

bial activity.

As far as the antimicrobial results are concerned only

the three compounds displayed very good activity. Pyra-

zolo [1,5-a] pyrimidines carrying p-chloro phenyl, p-
hydroxy phenyl, and p-methoxy phenyl at C5-position

emerged as active in both antibacterial and antifungal

screening. The substitution of o-hydroxy phenyl may

increase the antimicrobial activity against various patho-

gens. When we compared the activity of substituted

compounds with a nonsubstituted compound (3g), the

substituted compounds showed higher activity.

CONCLUSIONS

In summary, we have designed and synthesized some

novel pyrazolo [1,5-a] pyrimidines by the condensation

of substituted chalcones with 5-amino pyrazole in pres-

ence of a base (solid sodium hydroxide) in dimethylfor-

mamide. The preliminary in vitro antimicrobial screen-

ing of this series revealed that compounds 3a, 3b, and

3c showed potent activity when compared with standard

drug. Therefore, the present study is useful drugs in

Scheme 1. Synthesis of 5-amino pyrazole.

Scheme 2. Synthesis of chalcones.

Scheme 3. Synthesis of pyrazolo [1,5-a] pyrimidines.

Table 1

Antimicrobial activity of synthesized compounds 3(a–h).

Product A B C D

3a 25 27 17 15

3b 22 26 16 18

3c 22 27 16 15

3d 18 15 14 12

3e 20 18 11 10

3f 18 21 12 11

3g 14 16 10 8

3h 16 20 12 15

Reference1 24 28 NA NA

Reference2 NA NA 18 16

Zone of inhibitions are expressed in mm.

A ¼ Escherichia coli, B ¼ Bacillus subtilis, C ¼ Fusarium monilifor-
mae, D ¼ Aspergillus flavus, Reference 1 ¼ Penicillin, Reference 2 ¼
Nystatin, NA ¼ Not Applicable.
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medicinal investigation against bacterial and fungal

diseases.

EXPERIMENTAL

Melting points were uncorrected and determined in an open

capillary tube. IR spectra were recorded on FTIR Shimadzu
spectrometer. 1H NMR spectra were recorded in DMSO-d6 on
Avance 300 MHz spectrometer using TMS as an internal
standard. The mass spectra were recorded on EI-Shimadzu-
GC-MS spectrometer. Elemental analyses were performed on a

Carlo Erba 106 Perkin-Elmer model 240 analyzer.
General procedure for the synthesis of chalcone deriva-

tives 2(a–h). A mixture of substituted acetophenone 1 (1
mmol), 5-chloro-3-methyl-1-phenyl-1H-pyrazole-4-carbalde-
hyde (1 mmol) and NaOH (2 mmol) were dissolved in ethanol

(20 mL) solution. The reaction mixture was heated for 2 h. The
progress of the reaction was monitored by TLC. After comple-
tion of the reaction, the contents were poured in ice cold water
and then acidified by dil. HCl. The solid obtained was filtered

and washed with cold water. Then crude product was crystal-
lized from acetic acid to give the corresponding product 2.

1-(4-chloro-phenyl)-3-(5-chloro-3-methyl-1-phenyl-1H-pyr-
azol-4yl)-propenone (2a). Color, Dark yellow; Yield, 81%; IR
(KBr): 1648 (>C¼¼O), 1598 (AC¼¼N); 1H NMR (DMSO-d6): d
2.36 (s, 3H, CH3), d 7.05–8.22 (m, 11H, Ar-H þ CH¼¼CH)
ppm; M.S. (m/z): 357 (Mþ), 359 (Mþ2), 361 (Mþ4); Anal.
Calcd for C19H14N2OCl2: C, 63.88; H, 3.95; N, 7.84%. Found:
C, 63.96; H, 3.83; N, 7.98%.

1-(4-hydroxy-phenyl)-3-(5-chloro-3-methyl-1-phenyl-1H-pyr-
azol-4yl)-propenone (2b). Color, Yellow; Yield, 78%; IR
(KBr): 1652 (>C¼¼O), 1608 (AC¼¼N); 1H NMR (DMSO-d6): d
2.31 (s, 3H, CH3), d 5.58 (s, 1H, OH), d 7.11–8.29 (m, 11H,
Ar-H þ CH¼¼CH) ppm; M.S. (m/z): 338 (Mþ), 340 (Mþ2);
Anal. Calcd for C19H15N2O2Cl: C, 67.36; H, 4.46; N, 8.27%.

Found: C, 67.48; H, 4.35; N, 8.36%.
1-(4-methoxy-phenyl)-3-(5-chloro-3-methyl-1-phenyl-1H-pyr-

azol-4yl)-propenone (2c). Color, Yellow; Yield, 80%; IR
(KBr): 1651 (>C¼¼O), 1602 (AC¼¼N); 1H NMR (DMSO-d6): d
2.34 (s, 3H, CH3), d 3.32 (s, 3H, OCH3), d 7.08–8.21 (m,
11H, Ar-H þ CH¼¼CH) ppm; M.S. (m/z): 352 (Mþ), 354
(Mþ2); Anal. Calcd for C20H17N2O2Cl: C, 68.09; H, 4.86; N,
7.94%. Found: C, 68.02; H, 4.97; N, 7.82%.

1-(4-fluoro-phenyl)-3-(5-chloro-3-methyl-1-phenyl-1H-pyra-
zol-4yl)-propenone (2d). Color, Yellow; Yield, 76%; IR
(KBr): 1648 (>C¼¼O), 1615 (AC¼¼N); 1H NMR (DMSO-d6): d
2.36 (s, 3H, CH3), d 7.12–8.26 (m, 11H, Ar-H þ CH¼¼CH)
ppm; M.S. (m/z): 340 (Mþ), 342 (Mþ2); Anal. Calcd for
C19H14N2OFCl: C, 69.97; H, 4.14; N, 8.22%. Found: C, 66.91;

H, 4.27; N, 8.35%.
1-(4-nitro-phenyl)-3-(5-chloro-3-methyl-1-phenyl-1H-pyra-

zol-4yl)-propenone (2e). Color, Reddish yellow; Yield, 75%;
IR (KBr): 1646 (>C¼¼O), 1599 (AC¼¼N); 1H NMR (DMSO-
d6): d 2.31 (s, 3H, CH3), d 7.06–8.21 (m, 11H, Ar-H þ
CH¼¼CH) ppm; M.S. (m/z): 368 (Mþ), 370 (Mþ2); Anal.
Calcd for C19H14N3O3Cl: C, 61.71; H, 4.38; N, 11.63%.
Found: C, 61.84; H, 4.31; N, 11.72%.

1-(4-bromo-phenyl)-3-(5-chloro-3-methyl-1-phenyl-1H-pyr-
azol-4yl)-propenone (2f). Color, Yellow; Yield, 78%; IR
(KBr): 1652 (>C¼¼O), 1605 (AC¼¼N); 1H NMR (DMSO-d6): d

2.36 (s, 3H, CH3), d 7.10–8.29 (m, 11H, Ar-H þ CH¼¼CH)
ppm; M.S. (m/z): 400 (Mþ), 402 (Mþ2), 404 (Mþ4); Anal.

Calcd for C19H14N2OClBr: C, 56.81; H, 3.51; N, 6.97%.
Found: C, 56.72; H, 3.62; N, 6.91%.

1-(phenyl)-3-(5-chloro-3-methyl-1-phenyl-1H-pyrazol-4yl)-
propenone (2g). Color, Pale yellow; Yield, 76%; IR (KBr):

1650 (>C¼¼O), 1595 (AC¼¼N); 1H NMR (DMSO-d6): d 2.32
(s, 3H, CH3), d 7.06–8.28 (m, 12H, Ar-H þ CH¼¼CH) ppm;
M.S. (m/z): 322 (Mþ), 324 (Mþ2); Anal. Calcd for
C19H15N2OCl: C, 70.72; H, 4.68; N, 8.68%. Found: C, 70.84;
H, 4.56; N, 8.75%.

1-(2-hydroxy-phenyl)-3-(5-chloro-3-methyl-1-phenyl-1H-pyr-
azol-4yl)-propenone (2h). Color, Yellow; Yield, 78%; IR
(KBr): 1652 (>C¼¼O), 1606 (AC¼¼N); 1H NMR (DMSO-d6): d
2.36 (s, 3H, CH3), d 7.05–8.22 (m, 11H, Ar-H þ CH¼¼CH), d
10.82 (s, 1H, OH) ppm; M.S. (m/z): 338 (Mþ), 340 (Mþ2);

Anal. Calcd for C19H15N2O2Cl: C, 67.36; H, 4.46; N, 8.27%.
Found: C, 67.48; H, 4.52; N, 8.18%.

Typical procedure for the synthesis of pyrazolo [1,5-a]

pyrimidines 3(a–h). A mixture of 2a (1 mmol), 5-amino pyr-
azole (1 mmol), and 1–2 pallets of NaOH were dissolved in

DMF (15 mL). The reaction mixture was refluxed for the pe-
riod as shown in Table 2. The progress of the reaction was
monitored by TLC. After completion, the reaction mixture was
extracted with diethyl ether (2 � 20 mL). The combined or-

ganic layers were dried over anhydrous Na2SO4, and the sol-
vent was evaporated under reduced pressure. The crude prod-
uct was recrystallized from aqueous acetic acid to give the
product 3a. Similarly, other analogues of this were synthesized
by using the same procedure.

2-Amino-3-(4-chloro-phenylazo)-5-(4-chloro-phenyl)-7-(5-
chloro-3-methyl-1-phenyl-1H-pyrazol-4yl)-pyrazolo [1,5-a]
pyrimidine (3a). Color, Brown; IR (KBr): 3256 (ANH2),
1616 (AC¼¼N); 1H NMR (DMSO-d6): d 2.26 (s, 3H, CH3), d
5.21 (bs, 2H, NH2), d 7.12–8.28 (m, 13H, Ar-H), d 8.34 (s,

1H, 6H-of pyrimidine) ppm; 13C NMR (DMSO-d6): d 10, 101,
112, 118 (2 � C), 120, 121 (2 � C), 124, 126, 127 (2 � C),
128 (2 � C), 129 (2 � C), 130 (2 � C), 131, 132, 133, 135,
136, 138, 151, 158, 163, 166 ppm; M.S. (m/z): 573 (Mþ), 575
(Mþ2), 577 (Mþ4), 579 (Mþ6); Anal. Calcd for

C28H19N8Cl3: C, 58.60; H, 3.34; N, 19.53%. Found: C, 58.56;
H, 3.42; N, 19.64%.

2-Amino-3-(4-chloro-phenylazo)-5-(4-hydroxy-phenyl)-7-(5-
chloro-3-methyl-1-phenyl-1H-pyrazol-4yl)-pyrazolo [1,5-a]
pyrimidine (3b). Color, Brown; IR (KBr): 3251 (ANH2), 1618
(AC¼¼N); 1H NMR (DMSO-d6): d 2.29 (s, 3H, CH3), d 5.25

Table 2

Yields and physical data of synthesized products 3(a–h).

Entry Product R1 R2

Time

(h)

Yield

(%)

M.P.

(�C)

1 3a H Cl 4 72 173–175

2 3b H OH 4 68 210–212

3 3c H OCH3 4 70 188–190

4 3d H F 5 68 166–168

5 3e H NO2 5 65 225–227

6 3f H Br 4 60 194–196

7 3g H H 5 65 152–154

8 3h OH H 5 66 178–180
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(bs, 2H, NH2), d 5.68 (s, 1H, OH), d 7.08–8.21 (m, 13H, Ar-
H), d 8.32 (s, 1H, 6H-of pyrimidine) ppm; M.S. (m/z): 555
(Mþ), 557 (Mþ2), 559 (Mþ4); Anal. Calcd for
C28H20N8OCl2: C, 60.55; H, 3.63; N, 20.17%. Found: C,
60.42; H, 3.71; N, 20.11%.

2-Amino-3-(4-chloro-phenylazo)-5-(4-methoxy-phenyl)-7-(5-
chloro-3-methyl-1-phenyl-1H-pyrazol-4yl)-pyrazolo [1,5-a] py-
rimidine (3c). Color, Dark brown; IR (KBr): 3322 (ANH2),
1616 (AC¼¼N); 1H NMR (DMSO-d6): d 2.26 (s, 3H, CH3), d
5.28 (bs, 2H, NH2), d 3.38 (s, 1H, OH), d 7.05–8.25 (m, 13H,

Ar-H), d 8.38 (s, 1H, 6H-of pyrimidine) ppm; M.S. (m/z): 569
(Mþ), 571 (Mþ2), 573 (Mþ4); Anal. Calcd for
C29H22N8OCl2: C, 61.17; H, 3.89; N, 19.68%. Found: C,
61.31; H, 3.76; N, 19.76%.

2-Amino-3-(4-chloro-phenylazo)-5-(4-fluoro-phenyl)-7-(5-
chloro-3-methyl-1-phenyl-1H-pyrazol-4yl)-pyrazolo [1,5-a]
pyrimidine (3d). Color, Brown; IR (KBr): 3286 (ANH2),
1618 (AC¼¼N); 1H NMR (DMSO-d6): d 2.21 (s, 3H, CH3),
d 5.32 (bs, 2H, NH2), d 7.11–8.28 (m, 13H, Ar-H), d 8.32

(s, 1H, 6H-of pyrimidine) ppm; M.S. (m/z): 557 (Mþ),
559 (Mþ2), 561 (Mþ4); Anal. Calcd for C28H19N8FCl2: C,
60.33; H, 3.44; N, 20.10%. Found: C, 60.42; H, 3.38; N,
20.24%.

2-Amino-3-(4-chloro-phenylazo)-5-(4-nitro-phenyl)-7-(5-
chloro-3-methyl-1-phenyl-1H-pyrazol-4yl)-pyrazolo [1,5-a] py-
rimidine (3e). Color, Brown; IR (KBr): 3318 (ANH2), 1617
(AC¼¼N); 1H NMR (DMSO-d6): d 2.26 (s, 3H, CH3), d 5.25
(bs, 2H, NH2), d 7.15–8.31 (m, 13H, Ar-H), d 8.41 (s, 1H,
6H-of pyrimidine) ppm; M.S. (m/z): 584 (Mþ), 586 (Mþ2),

588 (Mþ4); Anal. Calcd for C28H19N9O2Cl2: C, 56.16; H,
3.25; N, 21.57%. Found: C, 56.28; H, 3.18; N, 21.66%.

2-Amino-3-(4-chloro-phenylazo)-5-(4-bromo-phenyl)-7-(5-
chloro-3-methyl-1-phenyl-1H-pyrazol-4yl)-pyrazolo [1,5-a] py-
rimidine (3f). Color, Reddish brown; IR (KBr): 3338 (ANH2),

1615 (AC¼¼N); 1H NMR (DMSO-d6): d 2.24 (s, 3H, CH3), d
5.18 (bs, 2H, NH2), d 7.11–8.26 (m, 13H, Ar-H), d 8.35 (s,
1H, 6H-of pyrimidine) ppm; M.S. (m/z): 618 (Mþ), 620
(Mþ2), 622 (Mþ4), 624 (Mþ6); Anal. Calcd for

C28H19N8Cl2Br: C, 54.39; H, 3.10; N, 18.12%. Found: C,
54.32; H, 3.21; N, 18.23%.

2-Amino-3-(4-chloro-phenylazo)-5-(phenyl)-7-(5-chloro-3-
methyl-1-phenyl-1H-pyrazol-4yl)-pyrazolo [1,5-a] pyrimi-
dine (3g). Color, Brown; IR (KBr): 3352 (ANH2), 1618

(AC¼¼N); 1H NMR (DMSO-d6): d 2.28 (s, 3H, CH3), d 5.28
(bs, 2H, NH2), d 7.05–8.21 (m, 14H, Ar-H), d 8.31 (s, 1H,
6H-of pyrimidine) ppm; M.S. (m/z): 539 (Mþ), 541 (Mþ2),
543 (Mþ4); Anal. Calcd for C28H20N8Cl2: C, 62.35; H, 3.74;
N, 20.77%. Found: C, 62.46; H, 3.68; N, 20.66%.

2-Amino-3-(4-chloro-phenylazo)-5-(4-hydroxy-phenyl)-7-(5-
chloro-3-methyl-1-phenyl-1H-pyrazol-4yl)-pyrazolo [1,5-a] py-
rimidine (3h). Color, Brown; IR (KBr): 3238 (ANH2), 1616
(AC¼¼N); 1H NMR (DMSO-d6): d 2.21 (s, 3H, CH3), d 5.22
(bs, 2H, NH2), d 7.11–8.28 (m, 13H, Ar-H), d 8.38 (s, 1H,

6H-of pyrimidine), d 11.56 (s, 1H, OH) ppm; M.S. (m/z): 555
(Mþ), 557 (Mþ2), 559 (Mþ4); Anal. Calcd for
C28H20N8OCl2: C, 60.55; H, 3.63; N, 20.17%. Found: C,
60.62; H, 3.68; N, 20.24%.

Antimicrobial activity. The antimicrobial activities of the
synthesized compounds 3(a–h) were determined by agar well
diffusion method [19]. The compounds were evaluated for
antibacterial activity against Escherichia coli (MTCC 2939)

and Bacillus subtilis (MTCC 1789). The antifungal activity
was evaluated against Fusarium moniliformae (MTCC 156)
and Aspergillus flavus (MTCC 2501) were procured from Insti-
tute of Microbial technology (IMTech), Chandigarh, India. The
antibiotic penicillin (25 lg/mL) and nystatin (25 lg/mL) was

used as reference drug for antibacterial and antifungal activity,
respectively. Dimethyl sulphoxide (1%, DMSO) was used a
control with out compound.

The culture strains of bacteria were maintained on nutrient
agar slant at 37 6 0.5�C for 24 h. The antibacterial activity

was evaluated using nutrient agar plate seeded with 0.1 mL of
respective bacterial culture strain suspension prepared in sterile
saline (0.85%) of 105 CFU/mL dilutions. The wells of 6 mm
diameter were filled with 0.1 mL of compound solution at
fixed concentration 25 lg/mL separately for each bacterial

strain. All the plates were incubated at 37 6 0.5�C for 24 h.
Zone of inhibition of compounds in mm were noted.

For antifungal activity, all the culture strains of fungi
maintained on potato dextrose agar (PDA) slant at 27 6 0.2�C
for 24–48 h, until sporulation. Spore of strains were transferred
into 5 mL of sterile distilled water containing 1% Tween-80 (to
suspend the spore properly). The spores were counted
by haemocytometer (106 CFU/mL). Sterile PDA plate was
prepared containing 2% agar; 0.1 mL of each fungal spore

suspension was spread on each plate and incubated at 27 6
0.2�C for 12 h. After incubation well prepared using sterile cork
borer and each agar well was filled with 0.1 mL of compound
solution at fixed concentration 25 lg/mL. The plates were kept
in refrigerator for 20 min for diffusion and then incubated at 27

6 0.2�C for 24–28 h. After incubation, zone of inhibition of
compounds were measured in mm along with standard.
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Addition of methyllithium to the 3-position of 4,5-dihydro-3,4,4,5,5-pentasubstituted-N-tosyl-1H-pyra-
zoles [1a 4,4,5,5-tetramethyl-3-phenyl; 1b 4,4,5-trimethyl-3,5-diphenyl; 1c 4,4-dimethyl-3,5,5-triphenyl]

produced the corresponding hexasubstituted pyrazolines, 2a-c, as the only isolable products. For 2b, the
3,5-phenyl groups were found to be exclusively cis, indicative of facial specificity for the addition reac-
tion. The reaction of phenyllithium with 1b yielded 2c as the minor product. For phenyllithium addition,
direct attack on sulfur of the tosyl group with subsequent loss of phenyl p-tolylsulfone was the major
pathway vs. the SN2i attack at carbon-3. Thermolysis of pyrazolines 2a-c, at 200�C, smoothly produced

the hexasubstituted cyclopropanes [3a 1,1,2,2,3-pentamethyl-3-phenylcyclopropane; 3b cis-1,1,2,3-tetra-
methyl-2,3-diphenylcyclopropane; 3c 1,1,2-trimethyl-2,3,3-triphenylcyclopropane] in excellent yield.

J. Heterocyclic Chem., 47, 1255 (2010).

INTRODUCTION

We have an ongoing interest in the development of gen-

eral methods for the synthesis of highly substituted cyclo-

propanes, particularly hexasubstituted systems. Historically,

preferred methods for cyclopropane synthesis include pyra-

zoline thermolysis [For a review and recent articles see ref

1] and carbene/carbenoid addition [2] to alkenes. However,

the latter method generally does not work well for the

preparation of hexasubstituted compounds. Our approach

has focused on synthesis and subsequent thermolysis of

highly substituted pyrazolines. We have developed a meth-

odology for the efficient synthesis of a series of 1-alkoxy

and 1-acetoxy-1,2,2,3,3-pentasubstituted cyclopropanes [3].

However, routes to hexa(alkyl/aryl) substituted cyclopro-

panes are scarce and often highly specialized. [For cyclo-

propanation with dimethylcarbene, From photolysis of

hexaalkylcyclohexane-1,3,5-trione, From reduction of a,c-
dibromides see ref. 4]. We report here a route to hexa(m-

ethyl/phenyl) substituted cyclopropanes via the synthesis

and subsequent thermolysis of hexasubstituted pyrazolines.

RESULTS AND DISCUSSION

Addition of methylithium to 4,5-dihydro-3,4,4,5,5-

pentasubstituted-N-tosyl-1H-pyrazoles, 1a-c, under ar-

gon (rxn 1) yielded the hexasubstituted pyrazolines, 2a-

c, respectively, as the only isolated products, in variable

yields. Recovered (unreacted) starting materials

accounted for the remaining product balance. The 3,5-

phenyl groups in

2b were found to be exclusively cis based on NMR

data, indicating preferential reaction of the methyl-

lithium with only one face of 1b. Compounds 2a-c were

characterized by spectra and physical data.

The synthesis of 2c was also accomplished in 25%

yield by the reaction of phenyllithium with 1b.

The remaining products were indicative of the formation

of 4,5-dihydro-4,4,5,5-tetramethyl-3-phenyl-1H-pyrazole

[with subsequent air oxidation and decomposition] and

phenyl tolylsulfone. Unlike the reaction with methyl-

lithium, that with phenyllithium yielded products

VC 2010 HeteroCorporation
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indicative of preferential attack of phenyllithium on the

tosyl group.

Thermolysis of pyrazolines 2a-c, neat, at 200�C, pro-
duced the hexasubstituted cyclopropanes in excellent

yield (rxn 2). The thermolysis of cis 2b yielded cis 3b

in

84% isolated yield. Analysis of the reaction mixture

indicated that the product was a 95%/5% mixture of the

cis/trans cyclopropane. Retention of configuration

occurred with 95% efficiency. The cyclopropanes were

characterized by spectra and physical data. The structure

of 3b, the major product, was confirmed by X-ray crys-

tallography (Fig. 1) to have the cis-2,3-diphenyl
configuration.

The addition of methyllithium to the 3-position of N-

tosylated 4,5-dihydro-1H-pyrazoles to yield a tetrasubsti-

tuted pyrazoline (4H-pyrazole) had been documented,

but there appear to be no additional reports since that

early work [5]. This is likely due to the inherent proper-

ties (air sensitivity, etc.) of selected 4,5-dihydro-1H-pyr-

azoles [6]. In addition, attempted N-tosylation of 4,5-

dihydro-1H-pyrazoles with tosyl chloride, surprisingly,

can yield unexpected products, 3-chloro pyrazolines [7]

rather than the expected N-tosylated compounds. Recent

development of synthetic methodology for the synthesis

of 4,5-dihydro, N-tosyl-1H-pyrazoles was the key for

the preparation of the required starting materials [8].

The addition of methyllithium to the N-tosyl 4,5-dihy-

dro-1H-pyrazoles proceeded smoothly to generate the

highly substituted pyrazolines. Interestingly, the results

for conversion of 1b to 2b indicate a facial specificity

of the attack of the methyllithium by an SN2i mecha-

nism as shown in Scheme 1 below.

For methyllithium, this route appears to be the

favored mode of attack. Results with phenyllithium

showed this route to be the minor pathway with direct

reaction of phenyllithium with the sulfur of the tosyl

group being the major pathway that appears to limit the

scope of reaction 1.

Thermolysis of pyrazolines to cyclopropanes, in high

yield, is a well established route [1]. Thermal decompo-

sition of pyrazolines to cyclopropanes generally is

thought to occur via a diradical mechanism that favors

retention of configuration [1,9]. The present results are

consistent with the diradical mechanism shown below in

Scheme 2 for thermolysis of 2b.

In conclusion, the addition of methyllithium to N-
tosyl-4,5-dihydro-1H-pyrazoles and subsequent thermo-

lysis of the pyrazolines is a useful method for the syn-

thesis of highly substituted cyclopropanes. The method

has obvious limitations in that the substituents must be

stable to organolithium reagents but appears to provide

a more general route to this type of highly substituted

strained ring compound. Work is in progress to explore

the scope of this route.

EXPERIMENTAL

The N-tosylated-4,5-dihydro-1H-pyrazoles, 1a-c, were pre-
pared according to published results [8]. Methyllithium (1.6M)

Figure 1. X-ray structure of 3b.

Scheme 1. Proposed pathway for methyl addition to position-3 for 1b.

Scheme 2. Proposed mechanism for the thermolysis of 2b.
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in diethyl ether and phenyl lithium (1.8M) in cyclohexane-
ether were purchased from Sigma–Aldrich Company and used
without further purification. All solvents were commercially
available. Anhydrous toluene, anhydrous ether, and methanol
were purchased from Aldrich Company and used without fur-

ther purification. Tetrahydrofuran (Aldrich) was distilled from
sodium and benzophenone before use. Acetone, ethanol, and
hexane were purchased from Fisher Scientific Company. All
1H and 13C NMR spectra were obtained from a Varian Unity
Plus 300 MHz instrument. Mass spectra were obtained from a

Shimadzu GP-5000 Mass Spectrometer. Elemental analyses
were performed at the Department of Chemistry at Georgia
State University and at Atlantic Microlab, Atlanta, Georgia.
Melting points were recorded in a calibrated Thomas Hoover
Unimelt apparatus. Exact mass analyses were performed at the

Georgia Institute of Technology. X-ray crystallography was
performed at Emory University.

Synthesis of 3,3,4,4,5-pentamethyl-5-phenyl-4,5-dihydro-

3H-pyrazole (2a). 4,4,5,5-Tetramethyl-3-phenyl-1-(toluene-4-

sulfonyl)-4,5-dihydro-1H-pyrazole (1a) (0.30 g, 0.8415 mmol)
was dissolved in anhydrous toluene (25 mL) under argon
atmosphere. The solution was cooled to 0�C with an ice bath.
Then, methyllithium (2 mL, 3.2 mmol, 3.8 mole equiv) was
added to the solution using a dried glass syringe. The solu-

tion was stirred for 30 min at 0�C and 24 h at room tempera-
ture. Then, the reaction was quenched with 10 mL of satu-
rated, degassed ammonium chloride solution. Diethyl ether
(20 mL) was added to the mixture before washing with satu-
rated sodium bicarbonate (2 � 20 mL) solution and deion-

ized water (30 mL). The organic layer was dried over mag-
nesium sulfate. The solvent was removed under reduced
pressure. The crude product was purified by flash chromatog-
raphy (hexane/ethyl acetate [95:5]) to give 2a in an isolated
yield of 87% (0.158 g, 0.732 mmol) as a clear and viscous

liquid; 1H NMR (CDCl3) 300 MHz: d 0.34 (s, 3H), d 1.07
(s, 3H), d 1.30 (s, 3H), d 1.35 (s, 3H), d 1.60 (s, 3H), d
7.25–7.36 (m, 5H); 13C NMR (CDCl3) 300 MHz: 20.5, 23.9,
23.9, 24.1, 25.1, 41.8, 91.7, 96.0, 125.5, 126.8, 128.0, 143.8;

Exact Mass Anal. Calcd. for C14H21N2 ¼ 217.17047. Found:
217.17060.

Synthesis of cis-3,4,4,5-tetramethyl-3,5-diphenyl-4,5-dihy-

dro-3H-pyrazole (2b). 4,4,5-Trimethyl-3,5-diphenyl-1(tolu-

ene-4-sulfonyl)-4,5-dihydro-1H-pyrazole (1b) (1.0 g, 2.389

mmol) was dissolved in 50 mL of anhydrous THF under ar-

gon atmosphere. The solution was cooled to 0�C with an ice

bath. Then, methyllithium (4.48 mL, 7.17 mmol, 3 equiv)

was added to the solution using a dried glass syringe. The

solution was stirred for 30 min at 0�C and 24 additional

hours at room temperature. The mixture was quenched with

10 mL of saturated, degassed ammonium chloride solution.

Diethyl ether (20 mL) was added to the mixture before

washing with saturated sodium bicarbonate (2 � 20 mL) so-

lution and deionized water (40 mL). The organic layer was

dried over magnesium sulfate. The solvent was removed

under reduced pressure. The crude product was purified by

flash chromatography (hexane/ethyl acetate [97:3]) to give

2b in an isolated yield of 59% (0.391 g, 1.409 mmol) mp ¼
144–145�C; 1H NMR (CDCl3) 300 MHz: d 0.26 (s, 3H), d
1.34 (s, 3H), d 1.68 (s, 6H), d 7.25–7.36 (m, 10H); 13C

NMR (CDCl3) 300 MHz: 20.2, 23.9, 28.5, 42.9, 96.7, 125.3,

126.9, 128.1, 143.6; IR peaks: 3064 cm�1, 2990 cm�1, 1599

cm�1, 703 cm�1; Anal. Calcd. for C19H22N2 ¼ C, 81.97, H,

7.97, N, 10.06% Found: C, 81.79, H, 8.19, N, 9.66%.

Synthesis of 3,4,4-trimethyl-3,5,5-triphenyl-4,5-dihydro-

3H-pyrazole (2c). 4,4-Dimethyl-3,5,5-triphenyl-1-(toluene-4-

sulfonyl)-4,5-dihydro-1H-pyrazole (1c) (0.5 g, 1.040 mmol)

was dissolved in anhydrous THF (50 mL) under argon atmos-

phere. The solution was cooled to 0�C with an ice bath. Then,

methyllithium (2.6 mL, 4.16 mmol, 4 Eq.) was added to the

solution using a dried glass syringe. The solution was stirred

for 30 min at 0�C and 36 additional hours at room tempera-

ture. The mixture was quenched with 10 mL of saturated,

degassed ammonium chloride solution. Diethyl ether (20 mL)

was added to the reaction before washing with saturated so-

dium bicarbonate (2 � 40 mL) solution and deionized water

(40 mL). The organic layer was dried over magnesium sulfate.

The solvent was removed under reduced pressure. The crude

product was purified by chromatatron (hexane/ethyl acetate) to

give 2c in an isolated yield of 55% (0.19 g, 0.558 mmol) mp

¼ 117–118�C; 1H NMR CDCl3) 300 MHz: d 0.15 (s, 3H), d
1.16 (s, 3H), d 1.56 (s, 3H), d 7.16–7.97 (m, 15H); 13C NMR

(CDCl3) 300 MHz: 20.7, 21.8, 27.3, 46.6, 96.6, 97.6, 125.7,

126.5, 126.7, 127.0, 127.2, 128.0, 128.1, 142.6, 143.5, 143.9;

Anal. Calcd. for C24H24N2: C, 84.67, H, 7.11, N, 8.23%

Found: C, 84.73, H, 7.19, N, 8.26%.

Synthesis of 1,1,2,2,3-pentamethyl-3-phenylcyclopropane

(3a). 3,3,4,4,5-Pentamethyl-5-phenyl-4,5-dihydro-3H-pyrazole
(2a) (0.100 g, 0.462 mmol) was placed in an NMR tube and
purged with argon gas. The tube was then heated in a silicon
oil bath at 200�C 6 2 for 4 h. When the viscous liquid was
heated, evolution of gas (nitrogen) was observed. The NMR

tube was removed from the oil bath after 4 h of heating and
hexane was added to dissolve the products. The crude product
was purified by chromatatron (hexanes) to yield 93% of 3a

(0.081 g, 0.429 mmol) as a clear viscous liquid. 1H NMR

(CDCl3) 300 MHz: d 0.92 (s, 6H), d 1.16 (s, 6H), d 1.23 (s,
3H), d 7.1–7.3 (m, 5H); lit. 1H NMR d 0.91 (s, 6H), d 1.15 (s,
6H), d 1.23 (s, 3H), d 7.12 (m, 5H) (Gloss et al., 1966; 13C
NMR (CDCl3) 300 MHz: 18.5, 21.70, 21.74, 23.9, 29.7, 33.6,
125.0, 127.9, 130.7, 146.0.

Synthesis of cis-1,1,2,3-tetramethyl-2,3-diphenylcyclopro-

pane (3b). 3,4,4,5-Tetramethyl-3,5-diphenyl-3H-pyrazole (2b)
(0.1 g, 0.359 mmol) was placed in an NMR tube and purged
with argon gas. The tube was then heated in a silicon oil bath
at 200�C 6 2 for 4 h. When heated, the crystals melted and

evolution of nitrogen gas was observed. The NMR tube was
removed from the oil bath after 4 h of heating and hexane was
added to dissolve the product. The crude product was purified
by chromatatron (hexanes) and recrystallized from methanol to
give 2b in 84% yield (0.075 g, 0.301 mmol) as colorless crys-

tals, mp ¼ 79–81�C. 1H NMR (CDCl3) 300 MHz: d 1.12 (s,
3H), d 1.37 (s, 3H), d 1.47 (s, 6H), d 7–7.4 (m, 10H); 13C
NMR (CDCl3) 300 MHz: 18.7, 23.2, 25.4, 27.0, 35.5, 125.3,
127.4, 131.1, 145.6; X-ray structure was obtained at Emory

University; IR peaks: 3083–2927 cm�1, 1599 cm�1, 1577
cm�1, 699 cm�1. Anal. Calcd. for C19H22: C, 91.14, H, 8.86;
found: C, 90.93, H, 9.04%.

Synthesis of 1,1,2-trimethyl-2,2,3-triphenylcyclopropane

(3c). 3,4,4-Trimethyl-3,5,5-triphenyl-4,5-dihydro-3H-pyrazole

(2c) (0.1 g, 0.2937 mmol) was placed in an NMR tube and
purged with argon gas. The tube was then heated in a silicon
oil bath at 200�C 6 2 for 4 h. When heated, the crystals
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melted and evolution of nitrogen gas was observed. The
NMR tube was removed from the oil bath after 4 h of heat-
ing, and hexane was added to dissolve the products. The
crude product was purified by chromatatron (hexanes) to give
2c in 91% yield (0.83 g, 0.267 mmol) as a colorless viscous

liquid. 1H NMR (CDCl3) 300 MHz: d 1.32 (s, 3H), d 1.33 (s,
3H), d 1.38 (s, 3H), d 6.9–7.6 (m, 15H); 13C NMR (CDCl3)
300 MHz: 22.2, 26.8, 27.2, 28.1, 37.9, 46.2, 125.0, 125.3,
125.5, 127.5, 127.9, 128.1, 131.0, 131.3, 143.9, 144.3, 144.4.
MS Molecular Ion – 312. Anal. Calcd. for C24H24: C, 92.24,

H, 7.74%; Found: C, 92.39, H, 7.60%.
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Six pyrazolo[1,5-a]pyrimidines bearing a 7-trifluoromethyl (three compounds), a 7-trichloromethyl

(two compounds), and a 7-ethoxycarbonyl (one compound) have been structurally characterized. The
new X-ray structures of 2-methyl-5-(p-bromophenyl)-7-trifluoromethylpyrazolo[1,5-a]pyrimidine (3) and
2-methyl-7-trichloromethylpyrazolo[1,5-a]pyrimidine (4) are reported. The combined use of GIAO/
B3LYP/6-311þþG(d,p) calculations with NMR spectroscopy in solution and in the solid state allows to
establish some general rules that can be useful for characterizing related compounds. Compounds 3 and

4 present in the solid-state interesting intra- and intermolecular halogen bonds.

J. Heterocyclic Chem., 47, 1259 (2010).

INTRODUCTION

Pyrazolo[1,5-a]pyrimidines are purine analogues and as

such have useful properties as antimetabolites in purine bio-

chemical reactions. Compounds of this class have attracted

wide pharmaceutical interest because their activity as inhib-

itors of HMG-CoA reductase [1], COX-2 [2], AMP phos-

phodiesterase [3], KDR kinase [4], and as selective periph-

eral benzodiazepine receptor ligands [5] as well as antianxi-

ety agents [6]. Recently, other pharmaceutical activities

have been reported, for example, as compounds for the

treatment of sleep disorders [7], as oncological agents [8],

and estrogen receptor ligands [9]. Other activities include

hypnotic [10] inhibitors of human cyclin-dependent kinase

2 [11] and high affinity for GABAA receptors [12].

These examples explain the high interest in variously

substituted pyrazolo[1,5-a]pyrimidines. As a conse-

quence, the synthesis of these compounds has been

approached by different methods [13]. In the literature,

there is a large number and variety of such type of fused

heterocycles bearing a CF3 substituent at position 7 [14]

but 7-trichloromethyl substituted pyrazolo[1,5-a]pyrimi-

dines are much less frequent [15].

Because most studies on these compounds are related

to their synthesis or to their biological properties, we

decided to devote one paper to a structural study to es-

tablish the general patterns for their characterization. The

six compounds 1–6 that we have analyzed are reported in

Scheme 1 together with their atom numbering.

VC 2010 HeteroCorporation
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RESULTS AND DISCUSSION

The synthesis of the following compounds was al-

ready described: 2-methyl-5-phenyl-7-trifluoromethyl-

pyrazolo[1,5-a]pyrimidine (1) [14], 2-methyl-5-(p-tolyl)-
7-trifluoromethylpyrazolo [1,5-a]pyrimidine (2) [16], 2-

methyl-7-trichloromethylpyrazolo[1,5-a]pyrimidine (4)

[17], and 2,5-dimethyl-7-trichloromethylpyrazolo[1,5-

a]pyrimidine (5) [17,18].

Even if 2-methyl-5-(p-bromophenyl)-7-trifluorome-

thylpyrazolo[1,5-a]pyrimidine (3) is commercially avail-

able (from Asinex), it was never described before and

our preparation has been included here. Ethyl 2,5-di-

methylpyrazolo[1,5-a]pyrimidine-7-carboxylate (6) is a

new compound.

Some of us already reported the X-ray molecular

structures of derivatives 2 and 5 [16,18] and those of

compounds 7 (a 3-bromo derivative of 1) and 8 had also

been published [14a,17].

Crystallography. In the molecule of the title com-

pounds (Scheme 1 and Fig. 1), the bond lengths are

within the related range (Table 1) [19–22]. In particular,

the formally single C(3a)-N(4) and C(7)-N(7a) bonds

are only slightly longer than the formally double C(2)-

N(1) bond, although each of these single bonds is signif-

icantly shorter than the formally single C(3a)-N(7a)

bond. Similarly, the lengths of the C(2)-C(3) and C(3)-

C(3a) bonds, formally single and double bonds, respec-

tively, differ by less than 0.02 Å. These observations,

together with the planarity at atom N1, suggest that this

heterocyclic system exhibits a degree of naphthalene-

type delocalization, involving a peripheral system of 10

p electrons with only modest participation by the cross-

Scheme 1

Figure 1. The X-ray molecular structures of compounds 3 and 4 (ORTEP plot, 50% probability for the ellipsoids. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]
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ring bond (C3a-N7a) [23]. Five-membered pyrazole ring

is planar with r.m.s. deviations from the plane of 0.0015

and 0.0025 Å in compounds 3 and 4, respectively. The

six-membered pyrimidine ring is also planar with r.m.s.

deviations from the plane of 0.0062 and 0.0131 Å in com-

pounds 3 and 4, respectively. The angle torsion N(1)-

N(7a)-C(3a)-N(4) for compounds 3 and 4 is –179.4(5)

and 178.1(17)�, showing that the pyrazole and pyrimidine

rings are in the same plane. The geometry of the pyrazo-

lopyrimidine system is similar to that reported in the

literature [16].

The molecular structure of compounds 3 and 4

reveals that the intermolecular interactions are related to

the nature of substituent. Compound 4 that is not substi-

tuted in position 5 of the pyrazolopyrimidine ring shows

intra- and intermolecular interactions similar to those

found in a related compound with a 5-methyl group

[18]: it shows two intramolecular interactions between

Cl(2)���N(1) and Cl(3)���N(1) with interatomic distances

of 3.097(6) and 3.093(6) Å, respectively. In this mole-

cule, the crystal packing forms an infinite chain along

plane ab through the intermolecular interaction

Cl(1)���N(4) with interatomic distances of 3.115(3) Å

(xþ1/2, �yþ1, z) (Fig. 2).

The crystal structure of compound 3 shows that the

pyrazolopyrimidine and phenyl rings are almost in the

same plane with a C(6)-C(5)-C(51)-C(52) torsion angle

of 11.2(8)�. This finding indicates that there is a small

p-resonance between the pyrazolopyrimidine system and

the aryl ring [18,24,25]. In addition, interesting inter-

molecular interactions between the halogens atoms as

F(1) atom of the trifluoromethyl group of one molecule

and the F(3) atom of the trifluoro methyl group of

another molecule, with an interatomic distance of

2.899(6) Å (xþ1,y,z) are observed.

The fluorine atom as halogen bonding has been

related to noncovalent interactions, however, while, the

Ar-ArF stacking motif formed between nonfluorinated

and perfluorinated aromatic rings is rated an important

supramolecular synthon [26], the contacts of C-F���H
[27,28], C-F���F [29] and C-F���pF [30] type are not yet

sufficiently clear [31,32]. On the other hand, the ability

of the fluorine–fluorine intermolecular interactions in

directing the supramolecular structure of synthons con-

cerning atoms of aliphatic systems is unknown. Thus,

Figure 2. A stereoview of part of the crystal structure of 3 and 4

showing the packing along the ab plane. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]

Table 1

Selected bond lengths (Å) and bond angles (�).

3 4

N(7a)-N(1) 1.355(6) 1.351(3)

N(1)-C(2) 1.333(8) 1.343(4)

C(2)-C(3) 1.395(8) 1.386(5)

C(3)-C(3a) 1.376(8) 1.372(5)

C(3a)-N(4) 1.346(7) 1.341(5)

N(4)-C(5) 1.314(7) 1.320(7)

C(5)-C(6) 1.423(8) 1.393(6)

C(6)-C(7) 1.340(8) 1.349(6)

C(7)-N(7a) 1.361(7) 1.367(4)

N(7a)-C(3a) 1.400(8) 1.409(4)

N(7a)-N(1)-C(2) 103.7(5) 104.0(2)

N(1)-C(2)-C(3) 113.1(5) 113.1(3)

C(2)-C(3)-C(3a) 105.7(6) 105.6(3)

C(3)-C(3a)-N(4) 132.8(6) 132.9(3)

C(3a)-N(4)-C(5) 117.5(5) 115.7(3)

N(4)-C(5)-C(6) 122.2(5) 125.0(5)

C(5)-C(6)-C(7) 119.7(6) 119.9(4)

C(6)-C(7)-N(7a) 118.7(5) 116.4(3)

C(7)-N(7a)-N(1) 127.9(5) 126.8(2)

N(7a)-C(3a)-C(3) 104.9(5) 105.5(3)

N(7a)-C(3a)-N(4) 122.3(5) 121.5(3)

N(1)-N(7a)-C(3a) 112.6(5) 111.7(2)

C(7)-N(7a)-C(3a) 119.5(5) 121.4(3)
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we present here, for the first time, an intermolecular

noncovalent interaction between fluorine atoms of ali-

phatic systems that fix the supramolecular structure of a

pyrazolopyrimidine bearing a trifluoromethyl group. The

interatomic distance appeared to be less than the sum of

van der Waals radii of the atoms involved in the interac-

tion [33].

The bromine atoms are also involved in the molecular

packing of compound 3, which forms an infinite chain

along plane ab through the intermolecular interaction

Br(31)���Br(31) with an interatomic distance of

3.6584(9) Å (xþ1/2,�yþ3/2,�zþ2) (Fig. 2). In case of

bromine–bromine intermolecular interaction, the intera-

tomic distance also appeared to be less than the sum of

van der Waals radii of the atoms involved in the interac-

tion [33]. Recently, we have reported intermolecular

Br���Br contacts of about 3.9 Å in crystals of bromopyr-

azoles [34]. Moreover, pyrazolopyrimidines are inter-

linked by noncovalent p-p stacking interactions between

aromatic rings. As a result, the molecules of 3 and 4

form chains by means of F���F, Br���Br, and Cl���N inter-

actions, respectively, and these chains are themselves

linked into sheets by p-p stacking interaction.

In 3, the weak p-p stacking interactions involve the py-

rimidine rings of two adjacent molecules at (x, y, z) and
(1þx, y, z), where the ring-centroid separation with the

pyrazole ring is 3.738 Å; the ring-centroid separation

between the pyrimidine and the phenyl is 3.918 Å (Fig.

3). In 4, the p-p stacking interaction involves the fused

heterocyclic rings of the molecules at (x, y, z) and (1.5 �
x, �y, �0.5 þ z), with a ring-centroid separation of 3.813

Å between the pyrimidines and of 3.631 Å between the

pyrazoles (Fig. 4). These values are similar to those

reported in the literature for similar compounds [35].

NMR. We have reported in Tables 2–4 the NMR

results concerning compounds 1–6.

The CPMAS chemical shifts, although less precise

(some signals overlap) than those in solution, are line-

arly related to the DMSO-d6 values: CPMAS (ppm) ¼
(0.993 6 0.002) DMSO (ppm), n ¼ 79, R2 ¼
0.9997.This means that the structures in solution (mainly

the torsion angles) are similar to those in the solid-state

determined by X-ray crystallography.

Computational studies. Initially, we optimized the

geometries of pyrazolo[1,5-a]pyrimidines 1-6 at the

B3LYP/6-31G(d) level verifying that they correspond to

the minima (frequency calculations). A further optimiza-

tion was carried out at the B3LYP/6-311þþG(d,p) level

and represented the result in Figure 5.

The calculated geometries are very similar (bond distan-

ces and bond angles) to those determined experimentally

for compounds 2, 3, 4, and 5; even the sensitive torsion

angles are much alike. On these geometries, we calculated

[GIAO/B3LYP/6-311þþG(d,p)//B3LYP/6-311þþ G(d,p)]

the absolute shieldings (r, ppm) and transformed them into

chemical shifts (d, ppm) by means of the following three

equations: d1H ¼ 31.0 – 0.970 r1H; d13C ¼ 175.7 – 0.963

r13C; d15N¼ –152.0 – 0.946 r15N that we have previously

devised based on a statistic analysis of many data [36].

In these works, we established that the absolute

shieldings corresponding to carbon atoms bearing halo-

gen atoms systematically deviate. In this article and

based on the previous reports[36], we have corrected the

C-Br atom in para position of compound 3 by –20.1

Figure 3. A 3D-view of part of the crystal structure of compound 3

showing p-p interactions between pyrazole���pyrimidine and pyrimidi-

ne���phenyl ring-centroid. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]

Figure 4. A 3D-view of part of the crystal structure of compound 4

showing p-p interactions between pyrazole���pyrazole and pyrimidine���
pyrimidine ring-centroid. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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Table 2

1H NMR data in DMSO-d6 of compounds 1–6 (chemical shifts d in ppm and coupling constants J in Hz).

Nuclei 1 2 3 4 5 6

Me-2 2.47 (s) 2.47 (s) 2.48 (s) 2.52 (s) 2.47(s) 2.40

H-3 6.78 (s) 6.74 (s) 6.80 (s) 6.84 (s) 6.64 (s) 6.49

H-6 8.00 (s) 7.96 (s) 8.04 (s) 7.67 (d) 7.55 (s) 7.20

R-5 7.56 (m, 3H, H30,
H40, H50)

8.26 (m, 2H, H20, H60)

2.37 (CH3); 7.34 (m,

2H, H30,H50)
8.16 (m, 2H, H20, H60)

7.74

(m, 2H,H30,H50)
8.70 (d),

3J5,6 ¼ 4.5

2.63 (s,CH3) 2.53 (s, CH3)

8.22 (m, 2H, H20, H60)
R-7 – – – – – 1.35 (t, CH3);

4.44 (q,CH2O)

Table 3

13C and 15N NMR data in DMSO-d6 of compounds 1–6 (chemical shifts d in ppm and coupling constants J in Hz).

Nuclei 1 2 3 4 5 6

N1a �105.1 �105.4 �105.0 �99.8 �101.6 �104.0

C2 156.0 155.9 156.1 154.4 154.1 154.6

C3 97.3 97.1 97.5 97.1 95.9 95.2

C3a 149.5 149.5 149.4 150.4 150.2 149.3

N4a �101.7 �103.4 �101.4 �90.7 �96.2 �96.3

C5 154.6 154.6 153.5 149.0 158.7 158.3

C6 103.6
3JCF ¼ 3.8

103.4
3JCF ¼ 4.2

103.5
3JCF ¼ 3.8

104.7 105.5 108.5

C7 132.4
2JCF ¼ 37.7

132.4
2JCF ¼ 36.4

132.4
2JCF ¼ 36.4

141.1 140.7 134.9

N7aa �172.4 �172.7 �171.9 �171.2 �172.9 �169.5

Me-2 14.3
1J¼ 125.4b

14.3
1J¼ 129.9b

14.3
1J¼ 128.3b

14.5
1J¼ 125.9b

14.5
1J ¼ 126.8b

14.3
1J ¼ 129.0b

R-5 135.7 (C10) 133.0 (C10) 134.9 (C10) – 24.5
1J ¼ 129.7b

24.1
1J ¼ 125.8b127.4 (C20) 127.3 (C20) 129.3 (C20)

129.0 (C30) 129.6 (C30) 131.9 (C30)
131.0 (C40) 141.1 (C40) 124.9 (C40)

20.9 (CH3)

R-7 119. 6
1JCF ¼ 273.9

119. 6
1JCF ¼ 275.0

119.5
1JCF ¼ 273.8

88.7b 88.7b 160.1 (CO)

62.6 (CH2)

13.8 (CH3)

a Observed in the (1H-15N) gs-HMBC spectra.
b Observed in the (1H-13C) gs-HMBC spectra.

Table 4

13C and 15N CPMAS NMR data of compounds 1–6 (chemical shifts d in ppm).

Nuclei 1 2 3 4 5 6

N1 �99.7 �100.3 �103.3 �92.5 �99.5 �94.5

C2 157.2 155.4 156.3 153.0 153.4 153.9

C3 92.2 99.2 97.8 95.7 93.6 93.7

C3a 148.2 150.1 149.2 149.1 148.2 151.1

N4 �99.7 �100.3 �103.3 �92.5 �99.5 �94.5

C5 152.0 152.5 153.6 (br) 145.4 156.2 157.6

C6 102.3 99.2 101.0 (br) 104.4 104.9 112.3

C7 131.7 131.8 133.6 141.2 139.0 131.7

N7a �171.0 �171.7 �170.3 �168.3 �173.3 �166.2

Me-2 13.2 12.9 14.0/13.0 17.4 14.8 14.7

R-5 136.2 (C10) 131.8 (C10) 133.6 (C10, C30) – 26.4 24.6

128.6 (C20, C30, C40) 127.5/124.9 (C20) 128.5 (C20, C40)
131.8/128.7 (C30)

141.7 (C40)
20.8 (CH3)

R-7 119.9 (br) 120 (vbr) 120.4 (br) a a 161.8 (CO)

63.8 (CH2)

14.0 (CH3)

a Not observed.
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ppm, the CF3 atoms of compounds 1, 2, and 3 by þ2.8

ppm and the CCl3 atoms of compounds 4 and 5 by –

33.3 ppm. With these corrections, we obtained the plot

of Figure 6. The trendline corresponds to Exp. DMSO-

d6 (ppm) ¼ (0.999 6 0.001) Calc. (ppm), n ¼ 114, R2

¼ 0.9998. The very good quality of this regression veri-

fies the signals assignment.

In solution, the ortho and meta signals correspond to

averaged values (the same for the H atoms of the methyl

groups) but in the solid state the splittings present in

compound 2 probably correspond to the absence of free

rotation of the p-tolyl group at position 5 (Scheme 2).

CONCLUSIONS

The main conclusions of our investigations are:

1. In the gas-phase, theoretical calculations [B3LYP/6-

311þþG(d,p) optimized geometries and GIAO/

B3LYP/6-311þþG(d,p)//B3LYP/6-311þþG(d,p) abso-

Figure 5. The six optimized structures. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 6. Plot of experimental vs. calculated chemical shifts.
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lute shieldings] of each monomer account well for the

properties in condensed phases: solution (NMR) and

solid state (NMR and crystallography).

2. In DMSO-d6 solution, NMR results are consistent with

the proposed structures providing chemical shifts (in

brackets mean values in ppm) useful for characterizing

new series of pyrazolo[1,5-a]pyrimidines: dN7a(�172)

< dN1(�103.5) < dN4(�98); dC2-Me(155) � dC5-
Ar(154) > dC7(135) > dC6(105); dC2-Me(155) >
dC5-H(149) > dC7(135) > dC6(105); dC5-Me(158) >
dC2-Me(155) > dC7(135) > dC6(105). The CPMAS

data show similar trends, meaning that the structures in

solution are close to those in the solid state.

3. X-Ray crystallographic studies show interesting halo-

gen interactions (X. . .X, X. . .N), both the F���F at

2.90 Å and the Br. . .Br at 3.66 Å for 3 and the

Cl. . .N at 3.115 Å for 4, of great importance in crys-

tal engineering [37,38].

EXPERIMENTAL

General. 3-Amino-5-methyl-1H-pyrazole was obtained
commercially from Aldrich (ACS grade) and used without fur-
ther purification. The heterocyclic precursors were synthesized

in accordance with methodologies developed in our laboratory
[37]. The crystals used for the data collection were obtained
by crystallization of compounds from hexane followed by
slow evaporation at room temperature. All solvents (Merck)
were dried in accordance with procedures carried out in our

laboratory [38]. Melting points were determined on a Micro-
quimica MQAPF–302 melting point apparatus.

2-Methyl-7-trifluoromethyl-5-(p-bromophenyl)pyrazolo[1,5-

a]pyrimidine (3). A solution of 3-amino-5-methyl-1H-pyrazole
(1.0 mmol) in acetic acid (5 mL) was added to a stirred solu-

tion of 4-(p-bromophenyl)-1,1,1-trifluoro-4-methoxy-3-buten-2-
one (1.0 mmol) in acetic acid (5 mL). The mixture was stirred
for 16 h and after the reaction time the product was extracted
with chloroform (3 � 10 mL), washed with distilled water (3

� 10 mL), and dried on magnesium sulfate. The solvent was
removed in a rotary evaporator and compound 3 was purified

by recrystallization from hexane, and was obtained in 86%
yield. M.p. 171–173�C.

Ethyl 2,5-dimethylpyrazolo[1,5-a]pyrimidine-7-carboxy-

late (6). A solution of 3-amino-5-methyl-1H-pyrazole (1.0
mmol) in acetic acid (5 mL) was added to a stirred solution of
ethyl 4-methoxy-2-oxo-3-pentenoate (1.0 mmol) in acetic acid

(5 mL). The mixture was stirred for 16 h and after the reaction
time, the product was extracted with chloroform (3 � 10 mL),
washed with distilled water (3 � 10 mL), and dried on magne-
sium sulfate. The solvent was removed in a rotary evaporator
and the product was purified by crystallization from hexane,

and was obtained in 91% yield. M.p. 74–76�C.
Crystallography. The diffraction measurements were car-

ried out by graphite-monochromated Mo Ka radiation with k
¼ 0.71073 Å on a Bruker SMART CCD diffractometer [39].
The structures were solved with direct methods using the

SHELXS-97 program and refined on F2 by full-matrix least-
squares with the SHELXL97 package [40]. Absorption correc-
tion was performed by the Gaussian method [41]. Anisotropic
displacement parameters for nonhydrogen atoms were applied.
The hydrogen atoms were placed at calculated positions with

0.96 Å (methyl CH3), 0.97 Å (methylene CH2), 0.98 Å
(methyne CH), 0.93 Å (aromatic CH) and 0.82 Å (OH) using
a riding model. Hydrogen isotropic thermal parameters were
kept equal to Uiso(H) ¼ xUeq (carrier C atom), with x ¼ 1.5

for methyl groups and x ¼ 1.2 otherwise. The valence angles
CACAH and HACAH of methyl groups were set to 109.5�

and H atoms were allowed to rotate around the CAC bond.
Molecular graphics were prepared using ORTEP for Windows
[42]. The crystal data and details concerning data collection

and structure refinement are given in Table 5.
Crystallographic data for structures have been deposited

with the Cambridge Crystallographic Data Center (2-methyl-7-
trichloromethylpyrazolo[1,5-a]pyrimidine CCDC 734995; 2-
methyl-5-(p-bromophenyl)-7-trifluoromethylpyrazolo[1,5-a]py-
rimidine CCDC 734998). Copies of the data can be obtained,
free of charge, on application to CCDC 12 Union Road, Cam-
bridge CB2 1EZ, UK (Fax: þ44-1223-336033 or e-mail:
deposit@ccdc.cam.ac.uk).

NMR measurements. 1H (400.13 MHz), 13C (100.61

MHz), and 15N (40.56 MHz) spectra in solution were obtained
with a Bruker DRX-400 instrument, with a 5-mm inverse-
detection H-X probe equipped with a gradient coil, at 300 K.
Chemical shifts (d in ppm) are given from solvent DMSO-d6
2.49 for 1H and 39.5 for 13C, external nitromethane (0.00) for
15N NMR. Coupling constants (J in Hz) are accurate to 6 0.2

Scheme 2
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Hz for 1H and 6 0.6 Hz for 13C and 15N. 2D-inverse-proton-

detected heteronuclear-shift-correlation spectra (1H-13C) gs-
HMQC, (1H-13C) gs-HMBC and (1H-15N) gs-HMBC were
acquired and processed using standard pulse sequences [43].
Solid-state 13C (100.73 MHz) and 15N (40.60 MHz) CPMAS-
NMR spectra have been obtained with a Bruker WB-400 spec-

trometer at 300 K with a wide-bore 4-mm DVT probehead.
Samples were carefully packed in ZrO2 rotors. 13C spectra
were originally referenced to a glycine sample and then the
chemical shifts were recalculated to the Me4Si [for the car-
bonyl atom d (glycine) ¼ 176.1 ppm] and 15N spectra to
15NH4Cl and then converted to nitromethane scale using the
relationship: d 15N (MeNO2) ¼ d 15N(NH4Cl)-338.1 ppm.
Typical acquisition parameters for 13C CPMAS were: spectral
width, 40 kHz; recycle delay, 5–60 s; acquisition time, 30 ms;
contact time, 2–4 ms; and spin rate, 12 kHz. In order to distin-

guish protonated and unprotonated carbon atoms, the NQS
(Non-Quaternary Suppression) experiment by conventional
cross-polarization was recorded; before the acquisition the
decoupler is switched off for a very short time of 25 (s. Typi-

cal acquisition parameters for 15N CPMAS were: spectral

width, 40 kHz; recycle delay, 5–60 s; acquisition time, 35 ms;

contact time, 7 ms; and spin rate, 6 kHz [44].
Computational details. The optimization of the geometries

of the structures were first carried out at the B3LYP/6-
31G(d) and afterwards reoptimized at the B3LYP/6-
311þþG(d,p) computational level [45–50] within the Gaus-

sian-03 package [51]. Frequency calculations at the first
level were carried out to confirm that the obtained structures
correspond to energy minima. GIAO absolute shieldings
[52,53] were calculated on the B3LYP/6-311þþG(d,p) opti-
mized geometries.
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Table 5

Crystal data and structure refinement for compounds 4 and 3.

3 4

Formula C14 H9 Br F3 N3 C8 H6 Cl3 N3

Mr 356.15 250.51

CCDC 734,998 734,995

Temperature (K) 293 (2) 296 (2)

Wavelength (Å) 0.71073 0.71073

Crystal system Orthorhombic Orthorhombic

Space Group P212121 Pca21
Unit cell parameters

a (Å) 4.7574 (7) 15.307 (2)

b (Å) 11.0476 (17) 9.4510 (14)

c (Å) 26.177 (5) 6.9446 (10)

a (�) 90 90

b (�) 90 90

c (�) 90 90

V (Å3) 1375.8 (4) 1004.7 (3)

Z 4 4

Density (calculated) (g/cm3) 1.719 1.656

Absorption coefficient (mm�1) 3.018 0.871

F (000) 704 504

Crystal size (mm) 0.758 � 0.088 � 0.05 0.35 � 0.25 � 0.13

y range for data collection (�) 2.00 to 27.36 2.15 to 28.33

h,k,l range �6 � h � 6 �20 � h � 20

�14 � k � 14 �12 � k � 11

�33 � l � 33 �5 � l � 9

Tmax/Tmin 0.9330/0.5595 0.8951/0.7502

Reflections collected 13211 9557

Independent reflections 3093 [R(int) ¼ 0.0623] 2091 [R(int) ¼ 0.0396]

Data/restraints/parameters 3093/0/190 2091/1/127

Absorption correction Gaussian Gaussian

Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2

Final R indices [I>2r(I)] R1 ¼ 0.0441, wR2 ¼ 0.0991 R1 ¼ 0.0459, wR2 ¼ 0.1196

R indices (all data) R1 ¼ 0.0905, wR2 ¼ 0.1262 R1 ¼ 0.0682, wR2 ¼ 0.1342

Goodness of fit on F2 1.008 1.052

Largest diff. peak and hole (eÅ�3) 0.280 and –0.391 0.466 and –0.291
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A novel class of coumarin-thiazole conjugated systems (1–31) were synthesized by Hantzsch conden-
sation between a-bromo-3-acetyl coumarin and several thiosemicarbazone intermediates. This scaffold
was also evaluated for selective antibacterial activity against 20 isolates of H. pylori clinical strains,
including four metronidazole resistant ones.

J. Heterocyclic Chem., 47, 1269 (2010).

INTRODUCTION

Helicobacter pylori are spiral-shaped Gram-negative

bacteria with polar flagella that live near the surface of

the human gastric mucosa. They have evolved specific

mechanisms to avoid the bactericidal acid environment

in the gastric lumen to survive near, to attach to, and to

communicate with the human gastric epithelium and host

immune system. This interaction sometimes results in

severe gastric pathology. In fact, H. pylori infection is

indeed the most known risk factor for the development

of gastroduodenal ulcers, gastric adenocarcinoma, and

gastric mucosa-associated lymphoid tissue lymphoma.

H. pylori infections are difficult to cure and success-

ful treatment generally requires the simultaneous som-

ministration of several antibacterial agents. Antibiotic

resistance has resulted in unsatisfactory eradication

with dual and now triple therapy in many countries.

Newer antibiotics and changes in dosing and duration

of therapy may overcome resistant strains but may only

provide limited improvement in eradication rates [1–3].

In our previous works [4,5] and from the analysis of

the structure of natural coumarins reported as potent

anti-H. pylori agents [6], we have pointed out that the

coumarin ring might play an important role in determin-
ing activity and seemed to be crucial for the selective
antimicrobial activity of such compounds. Recently, we

have synthesized and chemically and biologically char-
acterized some new conjugated coumarin-thiazole sys-
tems, which were endowed with interesting industrial

properties and especially antimicrobial activity on H.
pylori clinical strains [7].

Furthermore, interest in these structures has renewed

due to the recent discovery of their promising antibacte-

rial, antifungal, and antimycobacterial activity [8–11].

Moving from these indications, in this report we

described the synthesis and selective antimicrobial evalu-

ation of a new series of 4-(coumarin-3-yl)thiazol-2-ylhy-

drazone derivatives which differ for the electronic and

steric characteristics on the hydrazone nitrogen (aliphatic

chains, cycloaliphatic moiety, and heterocyclic rings).

RESULTS AND DISCUSSION

The coumarin-thiazole derivatives (1–30) were pre-

pared in high yields (69–99%) according to a protocol

VC 2010 HeteroCorporation
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used in our laboratory (Table 1). Different carbonyl

compounds reacted directly with thiosemicarbazide in

ethanol with catalytic amounts of acetic acid, and the

obtained thiosemicarbazones were subsequently con-

verted into 4-(coumarin-3-yl)-2-thiazolylhydrazones by

reaction with a-bromo-3-acetyl coumarin in the same

solvent at room temperature (Hantzsch condensation). a-
Bromo-3-acetyl coumarin has been synthesized by direct

halogenation of 3-acetyl coumarin with bromine in chlo-

roform. Moreover, knowing that all reported structures

possess an imine bond, which could be hydrolyzed in

the acidic environment of the stomach (reproduced in

the biological assay), we also synthesized and assayed

their common intermediate (31) by direct reaction

between thiosemicabazide and a-bromo-3-acetyl couma-

rin in ethanol at room temperature.

All synthesized products were purified with petroleum

ether and diethyl ether and, if requested, by chromatog-

raphy before characterization by spectroscopic methods

(IR and 1H NMR) and elemental analysis. The com-

pounds, correctly analyzed for their molecular formula,

showed in the IR spectrum strong bands at 1710 and

1600 cm�1 due to the presence of a d-lactone C¼¼O and

C¼¼N group, respectively.

Moreover, the presence of a C¼¼N double bond can

give rise to isomeric geometry E/Z. The 1H NMR (in

CDCl3) spectra analysis revealed that the E isomer was

more favored and stable than the Z-configuration. The

amounts of both conformers were measured by area

integration of the signal relative to the CH3 (R
1) protons

(area ratio of proton signals E:Z was generally 6:1). The

low-field signal was assigned to the E isomer, as it is

widely accepted in thiosemicarbazone derivatives [17].

Our choice, as reaction medium, of a polar alcoholic

solvent appeared to be preferred to obtain the E-configu-

ration and limit the interconversion according to the

results of our previous theoretical and chromatographic

study for similar compounds [18].

Then, all compounds were evaluated, as mixture of E/

Z conformers, against 20 clinical strains of H. pylori,
which are more resistant to conventional therapy. Metro-

nidazole was used as standard antibacterial drug (Table

2).

Most of the assayed compounds showed no anti-H.
pylori activity or comparable activity with respect to

Metronidazole (MIC � 16 lg/mL). Only some com-

pounds (14, 21, and 26), bearing a specific heterocyclic

ring (furan, pyridine, and naphthalene) on the hydrazone

nitrogen, possessed MIC values slightly inferior to the

reference drug (MIC ¼ 8 lg/mL) against some clinical

H. pylori strains. Unfortunately, it was not possible to

correlate this biological activity with lipophilicity

(ClogP).

EXPERIMENTAL

The chemicals, solvents for synthesis and spectral grade sol-

vents were purchased from Aldrich (Italy) and used without
further purification. Melting points are uncorrected and were
determined automatically on an FP62 apparatus (Mettler-Tol-
edo). 1H NMR spectra were recorded at 400 MHz on a Bruker
spectrometer. Chemical shifts are expressed as d units (parts

per millions) relative to the solvent peak. Coupling constants J
are valued in Hertz (Hz). IR spectra were registered on a Per-
kin Elmer FTIR Spectrometer Spectrum 1000 in KBr. Elemen-
tal analysis for C, H, and N were recorded on a Perkin-Elmer
240 B microanalyzer and the analytical results were within

60.4% of the theoretical values for all compounds. All reac-
tions were monitored by TLC performed on 0.2-mm-thick
silica gel plates (60 F254 Merck). Lipophilicity parameter,
ClogP, has been calculated for each molecule by using Chem-
Draw ultra 8.0. The synthesis of some compounds has been

described in previous references (Table 1) and was performed
with slight changes. Their analytical and spectral data were in
full agreement with those reported in the literature.

Typical procedure for the thiosemicarbazones

synthesis. The appropriate carbonylic compound (50 mmol)
was dissolved in 100 mL of ethanol and stirred vigorously at

Table 1

Structure of derivatives 1–31.

Comp R R1

1 [ref. 12] CH3 CH3

2 CH2CH3 CH3

3 CH(CH3)2 CH3

4 (CH2)2CH3 CH3

5 CH2CH3 CH2CH3

6 (CH2)2CH¼¼CH2 CH3

7 (CH2)4CH3 CH3

8 (CH2)3CH3 CH2CH3

9 (CH2)5CH3 CH3

10 2-CH3-Cyclopentyliden

11 3-CH3-Cyclopentyliden

12 Cyclooctyliden

13 Cyclohexyl CH3

14[ref. 11] Fur-2-yl H

15 Fur-2-yl CH3

16 Tiophen-2-yl H

17 Tiophen-2-yl CH3

18[ref. 13] Phenyl CH3

19 Pyridin-2-yl CH3

20 Pyridin-3-yl H

21 Pyridin-3-yl CH3

22 Pyridin-4-yl H

23 Pyridin-4-yl CH3

24 1H-indol-3-yl H

25[ref. 14] 3,4-Methylendioxophenyl H

26 Naphtalen-1-yl H

27 Naphtalen-2-yl CH3

28[ref. 15] Coumarin-3-yl CH3

29 2-COOH-9H-fluoren-5-yliden
30 Thiazol-2-yl CH3

31[ref. 16] H H
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room temperature with an equimolar amount of thiosemicarba-
zide for 24 h with catalytic amount of acetic acid. The desired
thiosemicarbazone precipitated from reaction mixture was fil-

tered and crystallized from suitable solvent and dried.
Typical procedure for the Hantzsch protocol for the

preparation of derivatives 1–30. Equimolar amounts of the
prepared thiosemicarbazones (50 mmol) and freshly synthe-
sized 3-a-bromo-acetyl coumarin (50 mmol), both dissolved in

ethanol, were reacted at room temperature under magnetic stir-
ring for 4 h. The precipitate was filtered and dried to give
compounds 1–30 in 69–99% yield.

3-(2-(2-Butylidenehydrazynyl)thiazol-4-yl)-2H-chromen-2-
one (2). Light brown crystals, 96% yield, mp 205–210�C; 1H

NMR (CDCl3): d 1.15–1.18 (t, 3H, J ¼ 7.2, CH3), 2.20 (s, 3H,
CH3), 2.42–2.47 (q, 2H, J ¼ 7.2, CH2), 7.35–7.39 (m, 1H, J7-6
¼ J7-8 ¼ 7.8 Hz, J7-5 ¼ 2.3 Hz, C7H-chrom), 7.41–7.43 (dd,
1H, J5-6 ¼7.9, J5-7 ¼ 2.4 Hz, C5H-chrom), 7.62–7.65 (m, 1H,

J6-5 ¼ J6-7 ¼ 7.8 Hz, J6-8 ¼ 2.3 Hz, C6H-chrom), 7.68 (s, 1H,
C5H-thiaz.), 7.77–7.83 (dd, 1H, J8-7 ¼ 7.8 Hz, J8-6 ¼ 2.2 Hz,
C8H-chrom.), 10.75 (bs, 1H, NH, D2O exch.); Anal. Calcd. for
C15H13N3O2S: C, 60.18; H, 4.38; N, 14.04. Found: C, 60.13;
H, 4.37; N, 14.06.

3-(2-(2-(3-Methyl-2-butylidene)hydrazynyl)thiazol-4-yl)-2H-
chromen-2-one (3). Yellow crystals, 99% yield, mp 170–

173�C; 1H NMR (CDCl3): d 0.95–0.97 (d, J ¼ 6.6 Hz, 6H, 2
� CH3), 1.98–2.11 (m, J ¼ 6.6 Hz, 1H, CH), 2.17 (s, 3H,
CH3), 7.35–7.38 (m, J7-6 ¼ J7-8 ¼ 7.3 Hz, J7-5 ¼ 1.8 Hz, 1H,
C7H-chrom.), 7.39–7.41 (dd, J5-6 ¼ 7.3 Hz, J5-7 ¼ 1.8 Hz, 1H,
C5H-chrom.), 7.61–7.65 (m, J6-5 ¼ J6-7 ¼ 7.3 Hz, J6-8 ¼ 1.8

Hz, 1H, C6H-chrom.), 7.79–7.82 (dd, J8-7 ¼ 7.3 Hz, J8-6 ¼ 1.9
Hz, 1H, C8H-chrom.), 7.84 (s, 1H, C5H-thiaz.), 8.54 (s, 1H,
C4H-chrom.), 12.00 (br s, 1H, NH, D2O exch.); Anal. Calcd.
for C17H17N3O2S: C, 62.36; H, 5.23; N, 12.83. Found: C,
62.41; H, 5.24; N, 12.82.

3-(2-(2-(2-Pentanylidene)hydrazynyl)thiazol-4-yl)-2H-chro-
men-2-one (4). Orange crystals, 82% yield, mp 186–187�C;
1H NMR (CDCl3): d 0.97–1.03 (t, J ¼ 7.4 Hz, 3H, CH3),

1.59–1.65 (m, J ¼ 7.4 Hz, J ¼ 5.6 Hz, 2H, CH2), 2.18 (s, 3H,

CH3), 2.33–2.38 (t, J ¼ 5.6 Hz, 2H, CH2), 7.34–7.37 (m, J7-6
¼ J7-8 ¼ 7.6 Hz, J7-5 ¼ 2.1 Hz, 1H, C7H-chrom.), 7.62–7.65

(dd, J5-6 ¼ 7.6 Hz, J5-7 ¼ 2.2 Hz, 1H, C5H-chrom.), 7.68–7.75

(m, J6-5 ¼ J6-7 ¼ 7.7 Hz, J6-8 ¼ 2.1 Hz, 1H, C6H-chrom.),

7.77–7.81 (dd, J8-7 ¼ 7.8 Hz, J8-6 ¼ 2.1 Hz, 1H, C8H-chrom.),

7.85 (s, 1H, C5H-thiaz.), 8.62 (s, 1H, C4H-chrom.), 11.90 (br

s, 1H, NH, D2O exch.); Anal. Calcd. for C17H17N3O2S: C,

62.36; H, 5.23; N, 12.83. Found: C, 62.39; H, 5.22; N, 12.83.
3-(2-(2-(3-Pentanylidene)hydrazynyl)thiazol-4-yl)-2H-chro-

men-2-one (5). Yellow crystals, 82% yield, mp 180–183�C;
1H NMR (CDCl3): d 1.16–1.19 (t, J ¼ 7.3 Hz, 6H, 2 � CH3),
2.40–2.46 (m, 4H, 2 � CH2), 7.35–7.37 (m, J7-6 ¼ J7-8 ¼ 6.8
Hz, J7-5 ¼ 1.4 Hz, 1H, C7H-chrom.), 7.38–7.41 (dd, J5-6 ¼ 6.8
Hz, J5-7 ¼ 1.4 Hz, 1H, C5H-chrom.), 7.59–7.63 (m, J6-5 ¼ J6-
7¼ 6.8 Hz, J6-8 ¼ 1.4 Hz, 1H, C6H-chrom.), 7.78–7.80 (dd, J8-
7 ¼ 6.8 Hz, J8-6 ¼ 1.4 Hz, 1H, C8H-chrom.), 7.84 (s, 1H,
C5H-thiaz.), 8.61 (s, 1H, C4H-chrom.), 12.01 (br s, 1H, NH,
D2O exch.); Anal. Calcd. for C17H17N3O2S: C, 62.36; H, 5.23;
N, 12.83. Found: C, 62.38; H, 5.24; N, 12.82.

3-(2-(2-(5-Hexen-2-ylidene)hydrazynyl)thiazol-4-yl)-2H-
chromen-2-one (6). Light yellow crystals, 73% yield, mp

195–197�C; 1H NMR (CDCl3): d 2.19 (s, 3H, CH3), 2.38–2.45

(t, J ¼ 6.5 Hz, 2H, CH2), 2.48–2.53 (m, J ¼ 6.5 Hz, J ¼ 7.2

Hz, 2H, CH2), 5.05–5.08 (dd, Jcis ¼ 8.8 Hz, Jgem ¼ 1.7 Hz,

1H, CH¼¼), 5.09–5.13 (dd, Jtrans ¼ 17.7 Hz, Jgem ¼ 1.7 Hz,

1H, CH¼¼), 5.78–5.85 (m, Jcis ¼ 8.8 Hz, Jtrans ¼ 17.8 Hz, J ¼
7.2 Hz 1H, CH¼¼), 7.36–7.40 (m, J7-6 ¼ J7-8 ¼ 7.5, J7-5 ¼
1.5, 1H, C7H-chrom.), 7.41–7.43 (dd, J5-6 ¼ 7.5, J5-7 ¼ 1.5,

1H, C5H-chrom.), 7.62–7.64 (m, J6-5 ¼ J6-7 ¼ 7.5, J6-8 ¼ 1.4,

1H, C6H-chrom.), 7.79–7.81 (dd, J8-7 ¼ 7.6, J8-6 ¼ 1.4, 1H,

C8H-chrom.), 7.86 (s, 1H, C5H-thiaz.), 8.61 (s, 1H, C4H-

chrom.), 12.00 (br s, 1H, NH, D2O exch.); Anal. Calcd. for
C18H17N3O2S: C, 63.70; H, 5.05; N, 12.38. Found: C, 63.75;

H, 5.04; N, 12.38.

3-(2-(2-(2-Heptanylidene)hydrazynyl)thiazol-4-yl)-2H-chro-
men-2-one (7). Yellow crystals, 99% yield, mp 198–201�C;
1H NMR (DMSO-d6): d 0.93–0.95 (m, 3H, CH3), 1.22–1.30

(m, 2H, CH2), 1.32–1.38 (m, 2H, CH2), 1.55–1.61 (m, 2H,

CH2), 2.18 (s, 3H, CH3), 2.36–2.40 (m, 2H, CH2), 7.37–7.39

(m, J7-6 ¼ J7-8 ¼ 7.1 Hz, J7-5 ¼ 3.7 Hz, 1H, C7H-chrom.),

7.40–7.42 (dd, J5-6 ¼ 7.16, J5-7 ¼ 3.8, 1H, C5H-chrom.),

7.61–7.66 (m, J6-5 ¼ J6-7 ¼ 7.2 Hz, J6-8 ¼ 3.8 Hz, 1H, C6H-

chrom.), 7.79–7.81 (dd, J8-7 ¼ 7.1, J8-6 ¼ 3.7, 1H, C8H-

chrom.), 7.84 (s, 1H, C5H-thiaz.), 8.61 (s, 1H, C4H-chrom.),

12.06 (br s, 1H, NH, D2O exch.); Anal. Calcd. for

C19H21N3O2S: C, 64.20; H, 5.95; N, 11.82. Found: C, 64.15;

H, 5.93; N, 11.84.

Table 2

MIC values (lg/mL) of derivatives 1–31 and M (metronidazole)

against 20 H. pylori strains.

Compound

Metronidazole sensitive

strains (16 strains)

Metronidazole resistant

strains (4 strains)

1 �16 >16

2 �16 >16

3 �16 >16

4 �16 >16

5 �16 >16

6 �16 �16

7 �16 �16

8 �16 �16

9 �16 �16

10 �16 �16

11 �16 �16

12 �16 �16

13 �16 >16

14 8–�16 8–�16

15 �16 �16

16 >16 �16

17 �16 �16

18 �16 >16

19 �16 �16

20 �16 �16

21 8–�16 �16

22 �16 �16

23 �16 �16

24 >16 �16

25 �16 �16

26 8–�16 �16

27 �16 �16

28 >16 >16

29 �16 >16

30 >16 >16

31 �16 >16

M 0.5–16 >16
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3-(2-(2-(3-Heptanylidene)hydrazynyl)thiazol-4-yl)-2H-chro-
men-2-one (8). Yellow crystals, 77% yield, mp 175–180�C;
1H NMR (CDCl3): d 0.95–0.98 (m, 3H, CH3), 1.13–1.19 (m,

2H, CH2), 1.34–1.40 (m, 2H, CH2), 1.55–1.62 (m, 3H, CH3),

2.39–2.42 (m, 2H, CH2), 2.45–2.51 (m, 2H, CH2), 7.36–7.38

(m, 1H, C7H-chrom.), 7.39–7.41 (m, 1H, C5H-chrom.), 7.60–

7.64 (m, 1H, C6H-chrom.), 7.79–7.82 (m, 1H, C8H-chrom.),

7.83 (s, 1H, C5H-thiaz.), 8.61 (s, 1H, C4H-chrom.), 12.14 (br

s, 1H, NH, D2O exch.); Anal. Calcd. for C19H21N3O2S: C,

64.20; H, 5.95; N, 11.82. Found: C, 64.25; H, 5.95; N,

11.81.

3-(2-(2-(2-Octanylidene)hydrazynyl)thiazol-4-yl)-2H-chro-
men-2-one (9). Yellow crystals, 74% yield, mp 149–150�C;
1H NMR (DMSO-d6): d 0.84–0.88 (m, 3H, CH3), 1.25–1.32
(m, 6H, 3 � CH2), 1.47–1.51 (m, 2H, CH2), 1.88–1.91 (m,

3H, CH3), 2.19–2.23 (m, 2H, CH2), 7.37–7.39 (m, 1H, C7H-
chrom.), 7.42–7.44 (m 1H, C5H-chrom.), 7.60–7.64 (m, C6H-
chrom.), 7.68 (s, 1H, C5H-thiaz.), 7.77–7.80 (m, 1H, C8H-
chrom.), 8.53 (s, 1H, C4H-chrom.), 10.71 (br s, 1H, NH, D2O

exch.); Anal. Calcd. for C20H23N3O2S: C, 65.01; H, 6.27; N,
11.37. Found: C, 65.06; H, 6.28; N, 11.35.

3-(2-(2-(2-Methylcyclopentylidene)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (10). Yellow crystals, 79% yield, mp 143–
145�C; 1H NMR (CDCl3): d 1.21–1.23 (m, 3H, CH3), 1.31–

1.39 (m, 1H, cyclopentyl), 1.71–1.77 (m, 1H, cyclopentyl),
1.95–2.02 (m, 1H, cyclopentyl), 2.05–2.12 (m, 1H, cyclopen-
tyl), 2.25–2.33 (m, 1H, cyclopentyl), 2.37–2.46 (m, 1H, cyclo-
pentyl), 2.58–2.64 (m, 1H, cyclopentyl), 7.27–7.33 (m, J7-6 ¼
J7-8 ¼ 7.7 Hz, J7-5 ¼ 3.63 Hz, 1H, C7H-chrom.), 7.34–7.37

(dd, J5-6 ¼ 7.8, J5-7 ¼ 3.6, 1H, C5H-chrom.), 7.50–7.54 (m,
J6-5 ¼ J6-7 ¼ 7.7 Hz, J6-8 ¼ 3.7 Hz, 1H, C6H-chrom.), 7.57–
7.60 (dd, J8-7 ¼ 7.7, J8-6 ¼ 3.6, 1H, C8H-chrom.), 7.88 (s, 1H,
C5H-thiaz.), 8.49 (s, 1H, C4H-chrom.), 12.00 (br s, 1H, NH,
D2O exch.); Anal. Calcd. for C18H17N3O2S: C, 63.70; H, 5.05;

N, 12.38. Found: C, 63.75; H, 5.04; N, 12.39.
3-(2-(2-(3-Methylcyclopentylidene)hydrazynyl)thiazol-4-yl)-

2H-chromen-2-one (11). Light yellow crystals, 99% yield, mp

214–216�C; 1H NMR (CDCl3): d 1.10–1.12 (m, 3H, CH3),

1.49–1.56 (m, 1H, cyclopentyl), 2.10–2.12 (m, 1H, cyclopen-

tyl), 2.14–2.17 (m, 1H, cyclopentyl), 2.19–2.22 (m, 1H, cyclo-

pentyl), 2.54–2.62 (m, 1H, cyclopentyl), 2.64–2.73 (m, 1H,

cyclopentyl), 2.75–2.81 (m, 1H, cyclopentyl), 7.35–7.38 (m,

J7-6 ¼ J7-8 ¼ 7.9 Hz, J7-5 ¼ 3.3 Hz, 1H, C7H-chrom.), 7.38–

7.40 (dd, J5-6 ¼ 8.0, J5-7 ¼ 3.2, 1H, C5H-chrom.), 7.63–7.67

(m, J6-5 ¼ J6-7 ¼ 7.9 Hz, J6-8 ¼ 3.3 Hz, 1H, C6H-chrom.),

7.77–7.79 (dd, J8-7 ¼ 7.9, J8-6 ¼ 3.4, 1H, C8H-chrom.), 7.84

(s, 1H, C5H-thiaz.), 8.59 (s, 1H, C4H-chrom.), 11.80 (br s, 1H,

NH, D2O exch.); Anal. Calcd. for C18H17N3O2S: C, 63.70; H,

5.05; N, 12.38. Found: C, 63.65; H, 5.06; N, 12.38.

3-(2-(2-(Cyclooctylidene)hydrazynyl)thiazol-4-yl)-2H-chro-
men-2-one (12). Yellow crystals, 69% yield, mp 143–145�C;
1H NMR (CDCl3): d 1.47–1.50 (m, 2H, cyclooctyl), 1.52–1.58

(m, 4H, cyclooctyl), 1.79–1.84 (m, 4H, cyclooctyl), 2.43–2.46

(m, 4H, cyclooctyl), 7.27–7.30 (m, J7-6 ¼ J7-8 ¼ 7.5 Hz, J7-5
¼ 1.6 Hz, 1H, C7H-chrom.), 7.38–7.40 (dd, J5-6 ¼ 7.4, J5-7 ¼
1.7, 1H, C5H-chrom.), 7.50–7.54 (m, J6-5 ¼ J6-7 ¼ 7.4 Hz, J6-8
¼ 1.7 Hz, 1H, C6H-chrom.), 7.69–7.71 (dd, J8-7 ¼ 7.4, J8-6¼
1.7, 1H, C8H-chrom.), 7.87 (s, 1H, C5H-thiaz.), 8.51 (s, 1H,

C4H-chrom.), 11.97 (br s, 1H, NH, D2O exch.); Anal. Calcd.

for C20H21N3O2S: C, 65.37; H, 5.76; N, 11.44. Found: C,

65.33; H, 5.76; N, 11.45.

3-(2-(2-(1-(Cyclohexyl)ethyliden)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (13). Yellow crystals, 69% yield, mp
195–200�C; 1H NMR (DMSO-d6): d 1.48–1.52 (m, 2H, cyclo-

hexyl), 1.75–1.79 (m, 4H, cyclohexyl), 2.41–2.45 (m, 4H,
cyclohexyl), 7.37–7.41 (m, J7-6 ¼ J7-8 ¼ 7.5 Hz, J7-5 ¼ 1.8
Hz, 1H, C7H-chrom.), 7.41–7.43 (dd, J5-6 ¼ 7.6, J5-7 ¼ 1.9,
1H, C5H-chrom.), 7.53–7.57 (m, J6-5 ¼ J6-7 ¼ 7.5 Hz, J6-8 ¼
1.8 Hz, 1H, C6H-chrom.), 7.68–7.70 (dd, J8-7 ¼ 7.9, J8-6 ¼
1.7, 1H, C8H-chrom.), 7.85 (s, 1H, C5H-thiaz.), 8.54 (s, 1H,
C4H-chrom.), 11.75 (br s, 1H, NH, D2O exch.); Anal. Calcd.
for C20H21N3O2S: C, 65.37; H, 5.76; N, 11.44. Found: C,
65.33; H, 5.77; N, 11.45.

3-(2-(2-(1-(Furan-2-yl)ethyliden)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (15). Light green crystals, 77% yield, mp
218–220�C; 1H NMR (DMSO-d6): d 2.25 (s, 3H, CH3), 6.57–
6.58 (d, J3-4 ¼ 1.7 Hz, 1H, C3H-furan), 6.84–6.86 (dd, J4-5 ¼
3.3 Hz, J4-3 ¼ 1.7 Hz, 1H, C4H-furan), 7.37–7.41 (m, J7-6 ¼
J7-8 ¼ 7.6 Hz, J7-5 ¼ 2.9 Hz, 1H, C7H-chrom.), 7.44–7.47 (dd,

J5-6 ¼ 7.6 Hz, J5-7 ¼ 2.6 Hz, 1H, C5H-chrom.), 7.61–7.63 (m,
J6-5 ¼ J6-7 ¼ 7.2 Hz, J6-8 ¼ 2.9 Hz, 1H, C6H-chrom.), 7.73–
7.75 (d, J5-4 ¼ 3.3 Hz, 1H, C5H-furan), 7.76 (s, 1H, C5H-
thiaz.), 7.80–7.83 (dd, J8-7 ¼ 7.6 Hz, J8-6 ¼ 2.9 Hz, 1H, C8H-

chrom.), 8.56 (s, 1H, C4H-chrom.), 11.25 (br s, 1H, NH, D2O
exch.); Anal. Calcd. for C18H13N3O3S: C, 61.53; H, 3.73; N,
11.96. Found: C, 61.56; H, 3.72; N, 11.98.

3-(2-(2-(Thiophen-2-ylmethylen)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (16). Yellow crystals, 99% yield, mp

230–235�C; 1H NMR (DMSO-d6): d 7.08–7.12 (m, 1H, thio-

phene), 7.37–7.40 (m, 1H, thiophene), 7.41 (s, 1H, C5H-thiaz.),

7.43–7.48 (m, J7-6 ¼ J7-8 ¼ 6.8 Hz, J7-5 ¼ 3.4 Hz, 1H, C7H-

chrom.), 7.58–7.62 (dd, J5-6 ¼ 6.3 Hz, J5-7 ¼ 3.3 Hz, 1H,

C5H-chrom.), 7.63–7.68 (m, 1H, thiophene), 7.75–7.78 (m, 1H,

C8H-chrom.), 7.82–7.87 (m, J6-5 ¼ J6-7 ¼ 6.3 Hz, J6-8 ¼ 3.4

Hz, 1H, C6H-chrom.), 8.24 (s, 1H, CH¼¼N), 8.53 (s, 1H, C4H-

chrom.), 12.10 (br s, 1H, NH, D2O exch.); Anal. Calcd. for

C17H11N3O2S2: C, 57.77; H, 3.14; N, 11.89. Found: C, 57.72;

H, 3.15; N, 11.90.

3-(2-(2-(1-(Thiophen-2-yl)ethyliden)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (17). Yellow crystals, 92% yield, mp 221–

223�C; 1H NMR (DMSO-d6): d 2.31 (s, 3H, CH3), 7.03–7.06

(m, 1H, thiophene), 7.37–7.40 (m, 1H, C7H-chrom.), 7.45–7.47

(dd, J5-6 ¼ 7.4 Hz, J5-7 ¼ 2.1 Hz, 1H, C5H-chrom.), 7.52–7.55

(m, 1H, thiophene), 7.57–7.60 (m, 1H, thiophene), 7.61–7.64

(m, 1H, C6H-chrom.), 7.77 (s, 1H, C5H-thiaz.), 7.81–7.84 (dd,

J8-7 ¼ 7.4, J8-6 ¼ 2.5, 1H, C8H-chrom.), 8.57 (s, 1H, C4H-

chrom.), 11.20 (br s, 1H, NH, D2O exch.); Anal. Calcd. for

C17H11N3O2S2: C, 57.61; H, 3.41; N, 11.86. Found: C, 57.60;

H, 3.42; N, 11.86.

3-(2-(2-(1-(Pyridin-2-yl)ethyliden)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (19). Orange crystals, 99% yield, mp

258–262�C; 1H NMR (DMSO-d6): d 2.41 (s, 3H, CH3),

7.37–7.40 (m, 1H, C7H-chrom.), 7.42–7.47 (dd, J5-6 ¼ 7.5

Hz, J5-7 ¼ 1.9 Hz, 1H, C5H-chrom.), 7.50–7.54 (m, J6-5 ¼
J6-7 ¼ 7.3 Hz, J6-8 ¼ 1.2 Hz, 1H, C6H-chrom.), 7.55–7.61

(m, 1H, C5H-pyridine), 7.81 (s, 1H, C5H-thiaz.), 7.82–7.84

(dd, J8-7 ¼ 7.3 Hz, J8-6 ¼ 1.3 Hz, 1H, C8H-chrom.), 8.05–

8.10 (m, 1H, C4H-pyridine), 8.11–8.13 (m, 1H, C3H-pyri-

dine), 8.58 (s, 1H, C4H-chrom.), 8.63–8.65 (m, 1H, C6H-pyri-

dine), 11.77 (br s, 1H, NH, D2O exch.); Anal. Calcd. for

C19H14N4O2S: C, 62.97; H, 3.89; N, 15.46. Found: C, 62.95;

H, 3.88; N, 15.45.
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3-(2-(2-(1-(Pyridin-3-yl)methylen)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (20). Yellow crystals, 99% yield, mp
257–258�C; 1H NMR (DMSO-d6): 7.32–7.35 (m, 1H, C7H-

chrom.), 7.38–7.41 (dd, J5-6 ¼ 7.5 Hz, J5-7 ¼ 1.3 Hz, 1H,
C5H-chrom.), 7.60–7.64 (m, 1H, C6H-chrom.), 7.80–7.83 (dd,
J8-7 ¼ 7.6 Hz, J8-6 ¼ 1.4 Hz, 1H, C8H-chrom.), 7.84 (s, 1H,
C5H-thiaz.), 7.85–7.88 (m, 1H, C5H-pyridine), 8.17 (s, 1H,
CH¼¼N), 8.48–8.52 (m, 1H, C4H-pyridine), 8.56 (s, 1H, C4H-

chrom.), 8.73–8.75 (m, 1H, C6H-pyridine), 9.01 (s, 1H, C2H-
pyridine), 12.75 (br s, 1H, NH, D2O exch.); Anal. Calcd. for
C18H12N4O2S: C, 62.06; H, 3.47; N, 16.08. Found: C, 62.07;
H, 3.48; N, 16.10.

3-(2-(2-(1-(Pyridin-3-yl)ethyliden)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (21). Yellow crystals, 99% yield, mp

269–270�C; 1H NMR (DMSO-d6): d 2.41 (s, 3H, CH3), 7.40–

7.44 (m, 1H, C7H-chrom.), 7.48–7.50 (dd, J5-6 ¼ 7.8 Hz, J5-7
¼ 1.7 Hz, 1H, C5H-chrom.), 7.58–7.62 (m, 1H, C6H-chrom.),

7.80–7.83 (dd, J8-7 ¼ 7.7 Hz, J8-6 ¼ 1.7 Hz, 1H, C8H-chrom.),

7.84 (s, 1H, C5H-thiaz.), 7.87–7.90 (m, 1H, C5H-pyridine),

8.52 (s, 1H, C4H-chrom.), 8.55–8.58 (m, 1H, C4H-pyridine),

8.72–8.74 (m, 1H, C6H-pyridine), 9.07 (s, 1H, C2H-pyridine),

11.75 (br s, 1H, NH, D2O exch.); Anal. Calcd. for

C19H14N4O2S: C, 62.97; H, 3.89; N, 15.46. Found: C, 62.98;

H, 3.90; N, 15.46.

3-(2-(2-(1-(Pyridin-4-yl)methylen)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (22). Orange crystals, 99% yield, mp >
300�C; 1H NMR (DMSO-d6): 7.40–7.43 (m, 1H, C7H-chrom.),
7.48–7.50 (dd, J5-6 ¼ 7.9 Hz, J5-7 ¼ 1.4 Hz, 1H, C5H-chrom.),
7.59–7.63 (m, 1H, C6H-chrom.), 7.85–7.88 (dd, J8-7 ¼ 7.6 Hz,
J8-6 ¼ 1.5 Hz, 1H, C8H-chrom.), 7.91 (s, 1H, C5H-thiaz.),
8.07–8.10 (d, J ¼ 4.1 Hz, 2H, pyridine), 8.16 (s, 1H, CH¼¼N),

8.55 (s, 1H, C4H-chrom.), 8.81–8.83 (d, J ¼ 4.5 Hz, 2H, pyri-
dine), 13.00 (br s, 1H, NH, D2O exch.); Anal. Calcd. for
C18H12N4O2S: C, 62.06; H, 3.47; N, 16.08. Found: C, 62.05;
H, 3.46; N, 16.08.

3-(2-(2-(1-(Pyridin-4-yl)ethyliden)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (23). Yellow crystals, 98% yield, mp

215–220�C; 1H NMR (DMSO-d6): d 2.41 (s, 3H, CH3), 7.42–

7.46 (m, 1H, C7H-chrom.), 7.48–7.50 (dd, J5-6 ¼ 7.4 Hz, J5-7
¼ 1.6 Hz, 1H, C5H-chrom.), 7.64–7.68 (m, 1H, C6H-chrom.),

7.76–7.78 (dd, J8-7 ¼ 7.5 Hz, J8-6 ¼ 1.9 Hz, 1H, C8H-chrom.),

7.85 (s, 1H, C5H-thiaz.), 8.45–8.48 (d, J ¼ 5.8 Hz, 2H, pyri-

dine), 8.67 (s, 1H, C4H-chrom.), 8.78–8.81 (d, J ¼ 5.8 Hz,

2H, pyridine), 10.75 (br s, 1H, NH, D2O exch.); Anal. Calcd.

for C19H14N4O2S: C, 62.97; H, 3.89; N, 15.46. Found: C,

62.95; H, 3.98; N, 15.45.

3-(2-(2-(1-(1H-indol-4-yl)methylen)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (24). Yellow crystals, 90% yield, mp 248–

250�C; 1H NMR (DMSO-d6): 6.95–6.98 (t, J ¼ 3.5, 1H, C5H-

indole), 7.12–7.15 (t, J¼ 3.7, 1H, C6H-indole), 7.32 (s, 1H, C2H-

indole), 7.39–7.43 (m, J7-6 ¼ J7-8 ¼ 7.3 Hz, J7-5 ¼ 1.7 Hz, 1H,

C7H-chrom.), 7.44–7.46 (d, J ¼ 3.7, 1H, C7H-indole), 7.48–7.50

(dd, J5-6 ¼ 7.3 Hz, J5-7 ¼ 1.7 Hz, 1H, C5H-chrom.), 7.49–7.53

(m, 1H, C6H-chrom.), 7.55 (s, 1H, C5H-thiaz.), 7.58–7.60 (dd, J8-
7 ¼ 7.3 Hz, J8-6 ¼ 1.3 Hz, 1H, C8H-chrom.), 7.62–7.64 (d, J ¼
3.5, 1H, C4H-indole), 8.16 (s, 1H, CH¼¼N), 8.57 (s, 1H, C4H-

chrom.), 10.79 (br s, 1H, NH, D2O exch.), 11.51 (br s, 1H, NH,

D2O exch.); Anal. Calcd. for C21H14N4O2S: C, 65.27; H, 3.65; N,

14.50. Found: C, 65.25; H, 3.64; N, 14.51.

3-(2-(2-(1-(Naphthalen-1-yl)methylen)hydrazynyl)thiazol-4-
yl)-2H-chromen-2-one (26). Yellow crystals, 70% yield, mp

240–242�C; 1H NMR (DMSO-d6): 7.40–7.44 (m, 1H, C7H-
chrom.), 7.49–7.51 (dd, J5-6 ¼ 7.8 Hz, J5-7 ¼ 1.5 Hz, 1H,
C5H-chrom.), 7.53–7.55 (m, 1H, C6H-chrom.), 7.56 (s, 1H,
C5H-thiaz.), 7.57–7.60 (dd, J8-7 ¼ 7.8 Hz, J8-6 ¼ 1.3 Hz, 1H,
C8H-chrom.), 7.77–7.81 (m, 2H, naphtalene), 7.82–7.85 (m,

1H, naphtalene), 7.97–8.02 (m, 2H, naphtalene), 8.08–8.10 (m,
1H, naphtalene), 8.12 (s, 1H, CH¼¼N), 8.22–8.24 (m, 1H,
naphtalene), 8.60 (s, 1H, C4H-chrom.), 11.54 (br s, 1H, NH,
D2O exch.); Anal. Calcd. for C24H17N3O2S: C, 70.05; H, 4.16;
N, 10.21. Found: C, 70.00; H, 4.15; N, 10.22.

3-(2-(2-(1-(Naphthalen-2-yl)ethyliden)hydrazynyl)thiazol-4-
yl)-2H-chromen-2-one (27). Yellow crystals, 91% yield, mp

244–245�C; 1H NMR (DMSO-d6): 7.38–7.42 (m, 1H, C7H-

chrom.), 7.46–7.48 (dd, J5-6 ¼ 7.4 Hz, J5-7 ¼ 1.8 Hz, 1H,

C5H-chrom.), 7.49–7.53 (m, 1H, C6H-chrom.), 7.54 (s, 1H,

C5H-thiaz.), 7.58–7.60 (dd, J8-7 ¼ 7.3 Hz, J8-6 ¼ 1.4 Hz, 1H,

C8H-chrom.), 7.77–7.82 (m, 2H, naphtalene), 7.90–7.94 (m,

2H, naphtalene), 7.98–8.01 (m, 1H, naphtalene), 8.08–8.10 (m,

1H, naphtalene), 8.21–8.23 (m, 1H, naphtalene), 8.59 (s, 1H,

C4H-chrom.), 11.50 (br s, 1H, NH, D2O exch.); Anal. Calcd.

for C24H17N3O2S: C, 70.05; H, 4.16; N, 10.21. Found: C,

70.00; H, 4.15; N, 10.22.

9-(2-(4-(2H-2-oxo-chromen-3-yl)thiazol-2-yl)hydrazono)-9H-
fluorene-2-carboxylic acid (29). Yellow crystals, 99% yield,

mp 190–192�C; 1H NMR (DMSO-d6): 7.28–7.30 (m, 1H, fluo-

rene), 7.38–7.42 (m, 1H, C7H-chrom.), 7.45–7.47 (dd, J5-6 ¼
7.7 Hz, J5-7 ¼ 1.3 Hz, 1H, C5H-chrom.), 7.49–7.53 (m, 1H,

C6H-chrom.), 7.56 (s, 1H, C5H-thiaz.), 7.57–7.61 (m, 2H, fluo-

rene), 7.62–7.64 (dd, J8-7 ¼ 7.4 Hz, J8-6 ¼ 1.4 Hz, 1H, C8H-

chrom.), 7.78–7.82 (m, 2H, fluorene), 8.33–8.38 (m, 2H, fluo-

rene), 8.57 (s, 1H, C4H-chrom.), 11.77 (br s, 1H, COOH, D2O

exch.), 12.50 (br s, 1H, NH, D2O exch.); Anal. Calcd. for

C26H15N3O4S: C, 67.09; H, 3.25; N, 9.03. Found: C, 67.13; H,

3.25; N, 9.04.

3-(2-(2-(1-(Thiazol-2-yl)ethyliden)hydrazynyl)thiazol-4-yl)-
2H-chromen-2-one (30). Light brown crystals, 99% yield, mp

256–260�C; 1H NMR (DMSO-d6): d 2.43 (s, 3H, CH3), 7.39–

7.43 (m, 1H, C7H-chrom.), 7.46–7.48 (dd, J5-6 ¼ 8.0 Hz, J5-7
¼ 1.6 Hz, 1H, C5H-chrom.), 7.63–7.67 (m, 1H, C6H-chrom.),

7.79 (s, 1H, C5H-thiaz.), 7.83–7.85 (dd, J8-7 ¼ 7.9 Hz, J8-6 ¼
1.8 Hz, 1H, C8H-chrom.), 7.86–7.89 (m, 2H, thiazole), 8.72 (s,

1H, C4H-chrom.), 11.75 (br s, 1H, NH, D2O exch.); Anal.

Calcd. for C17H12N4O2S2: C, 55.42; H, 3.28; N, 15.21. Found:

C, 55.47; H, 3.28; N, 15.24.

Procedure for the synthesis of derivative 31. 3-a-Bromo-

acetyl coumarin (50 mmol) was dissolved in 2-propanol and

reacted with an equimolar amount of thiosemicarbazide at

room temperature under magnetic stirring for 4 h. The precipi-

tate was filtered and dried to give intermediate 31.

H. pylori culture. The H. pylori strains used in this study

were maintained at �80�C in Wilkins Chalgren broth with
10% (v/v) horse serum (Seromed) and 20% (v/v) glycerol
(Merck) until required for the experiments. Before being used
the bacteria were subcultured twice on Columbia agar base
(Difco Laboratories) supplemented with 10% horse serum and

0.25% Bacto yeast extract (Difco). Plates were incubated for
72 h at 37�C in an atmosphere of 10% CO2 in a gas incubator.

Anti-Helicobacter pylori activity. Antimicrobial activity
against H. pylori was determined by the agar dilution standard
method [19]. The strains were inoculated onto Columbia agar

base (Difco) supplemented with 10% horse serum and 0.25%
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bacto yeast extract (Difco) and were incubated for 72 h at
37�C in an atmosphere of 10% CO2 in a gas incubator. Colo-
nies were suspended in Wilkins Chalgren broth to achieve a
turbidity equivalent to 0.5 Mc Farland. Columbia agar plates
with 10% horse serum were prepared by using twofold dilu-

tions of the antimicrobial agents (128–0.0039 lg/mL). The
inoculum was delivered to the surface of the agar plates with a
Steer’s replicator to obtain �5 � 105 CFU per spot. Growth
control plates without antibiotics were inoculated in each se-
ries of tests. All plates were incubated at 37�C for 72 h under

conditions (10% CO2 in a gas incubator). The minimal inhibi-
tory concentration was defined as the lowest concentration of
drug inhibiting visible bacterial growth.
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Novel arylamino alcohols were synthesized and these alcohols were used to prepare 12 novel N-(2-
hydroxy-ethyl)-2,3-didehydroazapodophyllotoxins, in one step, by simple reflux in ethanol. Isolated
yields in the range of 50–70% were obtained.

J. Heterocyclic Chem., 47, 1275 (2010).

INTRODUCTION

Podophyllotoxin (Fig. 1) is the starting material for

the semi-synthesis of the anticancer drugs etoposide,

etopophos and tenoposide. These antineoplastic pharma-

ceuticals block DNA topoisomerase II and have been

used for the treatment of small and large cell lung, re-

fractory testicular, stomach and pancreatic cancers, as

well as myeloid leukemias [1a]. The podophyllotoxin

core structure possesses a dual mode of action, i.e., inhi-

bition of DNA topoisomerase II and of microtubule as-

sembly through binding to tubulin, both of which are

considered to be responsible for its antitumor activity.

Podophyllotoxin is the precursor to a new derivative,

CPH-82 or Reumacon
VR
, which is being used to treat

active rheumatoid or psoriatic arthritis in Europe. It is

used to reduce inflammation. Podophyllotoxin is also

the precursor of other derivatives used for the drug de-

velopment of psoriasis and malaria [1b]. Several podo-

phyllotoxin preparations are in the market for dermato-

logical use to treat genital warts, e.g., imiquimod. Sev-

eral new members of the podophyllotoxin derivatives

have emerged as potentially superior chemotherapeutics,

displaying improved water solubility and bioavailability,

such as Nippon-Kayaku’s NK-611 [2], GL-331 and Tai-

ho’s TOP-53 [3,4]. Podophyllotoxin derivatives also dis-

play anti-HIV-1 [5,6] and antibacterial [7] activities.

Currently, the commercial sources of podophyllotoxin

are the rhizomes and roots of plants, such as Podophyl-
lum peltatum, Podophyllum emodi, and American

mayapple. Podophyllum emodi is an endangered species

from the Himalayas [8]. Synthesis of podophyllotoxin is

a multistep process, involving multicomponents and ex-

pensive reagents. The latest reported method for the syn-

thesis of podophyllotoxin involves 5 steps and 20

reagents with 7.6% overall yield [9]. This tedious syn-

thesis limits the new derivatives research of podophyllo-

toxin core. Podophyllotoxin contains 5 rings denoted as

A, B, C, D, and E (Fig. 1). The basic structure of podo-

phyllotoxin with rings A, B, C, D, and E was modified

in different but limited ways since decades, in search of

new chemical entities for drug discovery [10,11]. Deriv-

atives of 4-aza-2,3-didehydropodophyllotoxin derivatives

have also been synthesized as a strategy to develop

podophyllotoxin analogs aimed at improving biological

activity (Fig. 2) [12–14]. Some of those derivatives

showed twice the cytotoxicity against P-388 leukemia

cells as compared with podophyllotoxin [13].
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Many cytotoxic drugs have been conjugated to car-

riers for the selective targeting of organs and tissues

[15]. To our best knowledge, no podophyllotoxin deriva-

tive has been conjugated to carriers for selective tissue

targeting. In this work we report a facile and high-yield-

ing synthetic procedure for the preparation of N-(2-
hydroxy-ethyl)-2,3-didehydroazapodophyllotoxin deriva-

tives with the potential to be conjugated to tissue-target-

ing carriers.

RESULTS AND DISCUSSION

Although there is an NAH bond at position 4 in the

‘‘C’’ ring of 4-aza-2,3-didehydropodophyllotoxin deriva-

tives, nucleophilic substitution to electrophiles, such as

acetic anhydride or an acyl chloride to form amides was

not successful in our laboratory. Furthermore, attempts

to use a strong base such as NaH or LDA to abstract the

proton of the amine was not effective. Therefore, for the

synthesis and biological activity studies of OH-function-

alized derivatives of 4-aza-2,3-didehydropodophyllo-

toxin at the N atom in ring ‘‘C,’’ we synthesized some

new arylamino alcohols (AP-100 to AP-300, Scheme 1)

to prepare N-(2-hydroxy-ethyl)-2,3-didehydroazapodo-

phyllotoxins in one step, by simple refluxing in ethanol

as reported previously [14]. The novelty in our work is

the preparation of hydroxy-functionalized 2,3-didehy-

droazapodophyllotoxin derivatives, in two simple steps,

which have a functional group which is available for

further modifications. The novel arylamino alcohols

were prepared by reacting commercially-available sub-

stituted anilines with 2-chloroethylchloroformate in dry

dichloromethane in the presence of pyridine followed by

reacting with KOH in ethanol (Scheme 1). These aryla-

mino alcohols are not stable for long periods of time at

room temperature and, thus, were synthesized freshly

before used. Compounds AP-101 to AP-304 were pre-

pared following the procedure reported by Tratrat et. al.

[14] by reacting novel arylamino alcohol with tetronic

acid and substituted aldehyde in ethanol (Fig. 3). Iso-

lated yields were in the order of 60%. This is a straight-

forward one-step multicomponent synthesis, which

involves simple isolation of the products by filtration

and recrystallization. Isolated yields were in the 50–70%

range.

Structures were corroborated with the help of 1H,

COSY, 13C, DEPT45, DEPT90, DEPT135, HETCOR

NMR, as well as 1H-NMR coupled with deuterium

exchange experiments, FTIR spectroscopy, HRMS and

elemental analyses.

Figure 1. Structures of podophyllotoxin and etoposide.

Figure 2. Structures of 4-aza-2,3-didehydropodo-phyllotoxin deriva-

tives [13].

Scheme 1. Synthesis of arylamino alcohols. Structures of three exam-

ples of N-(2-hydroxy-ethyl)-2,3-didehydroazapodophyllotoxins are

shown to indicate the structural variation of the arylamino alcohol pre-

cursor used.
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Compounds AP-101 to AP-304 were prepared follow-

ing the procedure reported by Tratrat et al. [14] by

reacting novel arylamino alcohol with tetronic acid and

substituted aldehyde in ethanol (Fig. 3). The mechanism

for the formation of AP-101 is shown in Scheme 2.

When the final ring closure is completed, the carbon

atom, here assigned as 9, has a unique 13C-NMR chemi-

cal shift of ca. 39 ppm (Fig. 5). The proton attached to

this carbon also has a unique chemical shift (s, 1H, 4.8

ppm, Fig. 4). Both types of chemical shifts for this car-

bon and proton were found uniform in the entire azapo-

dophyllotoxin derivatives synthesized in this work.

Some other specific carbons also corroborate the struc-

ture of the cyclisized scaffold, i.e. 8a at 95 ppm and 5a

at 160 ppm. These chemical shifts were also uniformly

found in the entire series of the azapodophyllotoxins

synthesized in this work.

HETCOR NMR studies reveal other interesting find-

ings (Fig. 5). Protons at carbon 200 of all the azapodo-

phyllotoxin derivatives are expected to be equivalent but

these are not. One of them appears at �3.6 ppm and the

other at �3.8 ppm and the latter may be interacting

with protons at carbons 6 (Fig. 5). In fact, protons at

position 6 are showing a broad peak probably due to

that interaction. Also, protons at carbon 100 are expected

to be splitted into a triplet by two equal protons. How-

ever, these are unusually shaped as a doublet of doublets

with J values of �22 Hz and �15 Hz, as protons at 200

are not equivalent.

Itokawa and Takeya [12] have previously shown that

(-)-4-aza-4-deoxypodophyllotoxin, which possess exactly

the same enantiomeric form like podophyllotoxin,

showed the same IC50 value of 0.0050 lg/mL against

P388 leukemia cells. But interestingly, when strain

between ring ‘‘C’’ and ‘‘D’’ was eliminated in 4-aza-

2,3-didehydropodophyllotoxin analogue by dehydration

at the 2,3 positions, the enhanced IC50 against P388 leu-

kemia cells was observed, i.e., 0.0018 lg/mL as com-

pare to 0.0043 lg/mL for podophyllotoxin [13]. There-

fore, the synthesis of 4-aza-2,3-didehydro podophyllo-

toxin analogues with hydroxyl functionality, as in podo-

phyllotoxin, has an excellent potential for the develop-

ment of new drug entities not only as anti-tumor drugs

but also for the treatment of psoriatic arthritis, HIV-1,

genital warts, malaria, and bacterial infections as well.

In this work we have further modified the 4-aza-2,3-

didehydropodophyllotoxin core by functionalizing posi-

tion 4 at the ‘‘C’’ ring in a similar fashion as that occur-

ring in podophyllotoxin derivatives. Libraries of these

new heterocyclic compounds should be accessible by

this straightforward one-step multicomponent synthesis,

which involves simple isolation of the products by filtra-

tion and recrystallization and requires no further purifi-

cation steps. Although the new compounds are racemic,

we hope that the separation and testing of individual

enantiomers may lead to more potent compounds.

This work will open a new area of 4-aza-2,3-didehy-

dropodophyllotoxin analogues having almost similar

structural functionalities to podophyllotoxin and will

help to develop a library of new bioactive chemical enti-

ties which could be conjugated to carriers for tissue

targeting. Whether these compounds may exert their

Figure 3. Structures of 4-aza-2,3-didehydropodo-phyllotoxin derivatives prepared in this work.
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cytotoxic effect through podophyllotoxin-like antitubulin

mechanism, target topoisomerase II, or have a totally in-

dependent mode of action, constitutes the subject of fur-

ther investigation, which will be reported in due course.

EXPERIMENTAL

Melting points were determined on a MEL-TEMP instru-
ment and are uncorrected. IR spectra were recorded on a Per-

kin Elmer Spectrum 100 FTIR Spectrometer on ATS mode.
1H, COSY, 13C, DEPT45, DEPT90, DEPT135 and HETCOR
NMR spectra were measured on a Bruker 400 Ultra shield
Spectrometer using DMSO-d6 as solvent. All chemical shifts
are reported in parts per million relative to tetramethylsilane.

Coupling constants (J) are reported in Hz. HRMS analyses
were performed at the University of Florida (Gainesville)
Mass Spectrometry facility. Absorption spectra were obtained
in DMSO, using DMSO as blank, with an Agilent 8453
absorption spectrometer. Elemental analysis were performed at

Atlanta Microlab GA.
Synthetic procedure for compounds AP-100 to AP-300.

2-[(3,4-Methylenedioxy)anilino]ethanol (AP-100). To a solu-
tion of 3,4-(-methylenedioxy)-aniline (5 g, 35.37 mmol) in dry

dichloromethane (100 mL) and pyridine (3.6 mL, 44.57 mmol)
at room temperature 2-chloroethylchloroformate (3.8 mL,

35.37 mmol) was slowly added. The mixture was stirred at

room temperature (25�C) for 2.5 h and washed with water (5.0

mL � 4), dried over anhydrous magnesium sulphate and con-

centrated under vacuum. The residue was dissolved in ethanol

(100 mL), treated with potassium hydroxide (8.6 g, 141.48

mmol) and heated at 90�C for 4 h. The mixture was dried

under vacuum and the residue was dissolved in dichlorome-

thane (150 mL), the precipitate was washed with dichlorome-

thane twice (25 mL each). The combined organic phases were

washed with water (5� mL) and brine. The organic phase was

dried over anhydrous magnesium sulphate and concentrated

under vacuum. The solid was purified by silica gel (120 g)

flash chromatography with hexane-ethylacetate gradient to give

compound AP-100 (3.89 g, 61%) as brown needles. MP: 53–

54�C, IR (cm�1); 3283, 3162, 2869, 16360, 1496, 1232, 1190,

1122, 1073, 1031, 931, 883, 847, 782, 720, 692; 1H-NMR

(DMSO-d6, 400 MHz): d (ppm) 3.01 (q, J ¼ 11.84 Hz and

5.9 Hz, 2H), 3.54 (q, J ¼ 11.64 Hz and 5.78 Hz, 2H), 4.64

(t, J ¼ 5.71 Hz, 1H), 5.17 (t, J ¼ 5.76 Hz, 1H), 5.82 (s, 2H),

6.00 (dd, J ¼ 8.58 Hz and 2.16 Hz, 1H), 6.30 (d, J ¼ 2Hz,

1H), 6.65 (d, J ¼ 8.58 Hz, 1H); 13C-NMR (DMSO-d6, 100
MHz): d 59.42, 94.85, 99.65, 102.88, 108.18, 137.63, 144.66,

147.51; HRMS m/z: 182.0818 found (Calculated for

C9H11NO3, [MþH]þ requires 182.0812).

2-(Indan-5-ylamino)-ethanol (AP-200). 2-(Indan-5-ylamino)-
ethanol (AP-200) was synthesized from a similar reaction

Scheme 2. Synthesis of AP-101.
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between 5-aminoindan (9.04 gm, 64.50 mmol) and 2-chloroe-
thylchloroformate (6.86 mL, 64.50 mmol). After flash chroma-
tography, AP-200 was obtained (6.79 g, 59% yield) as a dark
brown oil showing: IR (cm�1); 3345, 2940, 2837, 1615, 1494,
1456, 1329, 1290, 1260, 1212, 1157, 1119, 1058, 949, 840,

802, 703; 1H-NMR (CDCl3, 400 MHz),: d (ppm) 2.01 (m,
2H), 2.78 (q, J ¼ 15.43 Hz, and 7.72 Hz, 4H), 3.20 (t, J ¼
5.20 Hz, 2H), 3.27 (s, 2H), 3.74 (t, J ¼ 5.22 Hz, 2H), 6.42
(dd, J ¼ 8.03 Hz and 2.27 Hz, 1H), 6.53 (s, 1H), and 6.99 (d,

J ¼ 8.11 Hz, 1H); 13C-NMR (CDCl3, 100 MHz): d 25.44,
31.69, 32.87, 46.56, 60.91, 109.43, 111.65, 124.53, 133.56,
145.22, 146.58; HRMS m/z: 178.1229 found (Calculated for
C11H15NO, [MþH]þ requires 178.1226).

2-(2,3-Dihydro-benzo[1,4]dioxin-6-ylamino)-ethanol (AP-
300). 2-(2,3-Dihydro-benzo[1,4]dioxin-6-ylamino)-ethanol
(AP-300) was synthesized from a similar reaction between
1,4-benzodioxan-6-amine (9.33 gm, 61.11 mmol) and 2-chlor-
oethylchloroformate (6.5 mL, 61.11 mmol). The solid crude
product was purified by silica gel (200 g) flash chromatogra-

phy with hexane-ethyl acetate gradient to give the title com-
pound (7.68 g, 64%) as a dark brown oil showing IR (cm�1);
3373, 2928, 2876, 1625, 1595, 1502, 1460, 1325, 1276, 1205,
1171, 1062, 961, 919, 883, 828, 794, 745; 1H-NMR (CDCl3,

400 MHz): d (ppm) 3.10 (t, J ¼ 5.19 Hz, 2H), 2.80 (m, 4H),
3.20 (t, 2H), 3.27 (br, 2H), 3.74 (t, J ¼ 5.18 Hz, 2H), 6.43 (d,
J ¼ 2.0 Hz), 6.65 (d, J ¼ 8.58 Hz, 1H); 13C-NMR (CDCl3,
100 MHz): d 47.00, 61.09, 64.21, 64.76, 102.21, 107.37,
117.69, 136.03, 143.15, 144.06; HRMS m/z: 196.0968 found

(calculated for C10H13NO3, [MþH]þ requires 196.0980).
General synthesis of 4-aza-2,3-didehydropodophyllotoxin

derivatives. An equimolar mixture of tetronic acid, a substi-
tuted aniline and an aromatic aldehyde dissolved in the mini-

mum volume of ethanol was refluxed for 30 to 90 min. After
cooling, the precipitate was filtered off, washed with minimal
cold ethanol and then recrystallized from ethanol.

5-(2-Hydroxyethyl)-9-(3,4,5-trimethoxyphenyl)-6,9-dihy-
dro-[1,3]dioxolo[4,5-g]furo[3,4-b]quinolin-8(5H)-one (AP-
101). Reaction time: 30 min. The product was washed with
cold ethanol and dried under high vacuum, recrystallization
from ethanol yielded 70% as a white crystalline powder, MP:
241–243�C; UV–Vis kmax (nm): 261, 322; IR (mmax, cm�1);
3498, 2936, 1727, 1652, 1589, 1504, 1476, 1320, 1232,

1192, 1117, 1033, 1011, 931, 787, 760, 686; 1 H-NMR
(DMSO-d6, 400 MHz): d 3.59 (s, 3H, 40CAOCH3), 3.64 (m,
3H, 6CAH and 200CAH), 3.70 (s, 6H, 30-OCH3 and 50-OCH3)
3.92 (m,1H, 200CAH), 4.81 (s, 1H, 9CAH), 4.95 (t, 1H, OH),

Figure 4.
1H-NMR spectrum of AP-101 in DMSO-d6.

November 2010 1279Synthesis of Novel Functionalized 4-Aza-2,3-didehydropodophyllotoxin

Derivatives with Potential Antitumor Activity

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



5.07 (d, J ¼ 15.89 Hz, 1H, 100CAH), 5.13 (d, J ¼ 15.89 Hz,
1H, 100CAH), 5.99 (d, J ¼ 22.75 Hz, 2H, 2CAH), 6.519 (s,

2H, 20CAH and 60-H), 6.77 (s, 1H, 10CAH), 6.97(s, 1H,
4CAH); 13C-NMR (DMSO-d6, 100 MHz): d 40.34, 48.44,
56.17, 56.29, 58.47, 60.22, 66.15, 95.23, 96.59, 101.73,
104.95, 104.95, 110.37, 119.80, 131.13, 136.38, 143.40,
143.62, 147.29, 153.19, 160.99, 172.67;HRMS m/z: 442.1491

found (calculated for C23H23NO8, [MþH]þ requires
442.1496); Anal. Calcd. For [C23H23NO8]; C, 62.58; H, 5.25;
N, 3.17; O, 29.00. Found C, 62.55; H, 5.26; N, 3.20; O,
29.03

9-(3,4-Dimethoxyphenyl)-5-(2-hydroxyethyl)-6,9-dihydro-[1,3]
dioxolo[4,5-g]furo[3,4-b]quinolin-8(5H)-one (AP-102). Reaction
time: 30 min. The crude product was washed with cold ethanol
and dried under high vacuum. Recrystallization from ethanol
yielded 63% as a white crystalline powder; MP: 204–205�C;
UV–Vis kmax (nm): 261, 322; IR (mmax, cm

�1); 3418, 2929,

1742, 1654, 1593, 1508, 1473, 1425, 1363, 1327, 1230, 1209,
1122, 1040, 1014, 989, 876, 847, 808, 759, 680; 1H-NMR
(DMSO-d6, 400 MHz),: d 3.68 (m, 9H, 20,30CAOCH3, 1

00CAH
and 200CAH), 3.85 (m,1H, 200CAH), 4.81 (s, 1H, 9CAH), 4.99

(t, 1H, OH), 5.07 (d, J ¼ 15.68 Hz, 1H, 100CAH), 5.14 (d, J ¼
15.68 Hz, 1H, 100CAH), 5.92 (s, 1H, 2CAH), 5.98 (s, 1H,
2CAH), 6.68 (s, 1H, 10CAH), 6.69 (dd, 1H J ¼ 8.37 Hz and 2.4
Hz, 60CAH), 6.79 (d, J ¼ 8.15 Hz, 1H, 50CAH ) 6.86 (d, J ¼
7.5Hz, 1H, 20CAH), 6.95 (s, 1H,4CAH); 13C-NMR (DMSO- d6,
100 MHz): d 39.10, 47.86, 55.17, 55.27, 57.80, 65.48, 94.85,

95.89, 101.09, 109.85, 111.14, 111.60, 119.04, 119.39, 130.62,
139.88, 146.58, 147.10, 148.40, 160.04, 172.07; HRMS m/z:
412.1383 found (calculated for C22H21NO7, [MþH]þ requires
412.1391). Anal. Calcd. For [C22H21NO7]; C, 63.23; H, 5.14; N,

3.40. Found C, 64.19; H, 5.04; N, 3.38.

5-(2-Hydroxyethyl)-9-(3-methoxyphenyl)-6,9-dihydro-[1,3]
dioxolo[4,5-g]furo[3,4-b]quinolin-8(5H)-one (AP-103). Reaction
time: 30 min. The crude product was washed with cold ethanol

and dried under high vacuum. A white crystalline powder was

obtained, which was purified by recrystallization from ethanol;

yield 54%, MP: 140–141�C; UV–Vis kmax (nm): 261, 322; IR

(mmax, cm�1); 3422, 2924, 1743, 1654, 1593, 1507, 1473,

1425, 1327, 1230, 1209, 1121, 1041, 1014, 988, 876, 848,

808, 759, 680; 1H-NMR (DMSO-d6, 400 MHz),: d 3.68 (m,

6H, 30CAOCH3, 1
00CAH and 200CAH), 3.85 (m,1H, 200CAH),

4.87 (s, 1H, 9CAH), 5.01 (t, J ¼ 4.85 Hz, 1H, OH), 5.03 (d, J
¼ 15.48 Hz, 1H, 100CAH), 5.10 (d, J ¼ 15.48 Hz, 1H,

100CAH), 5.92 (s, 1H, 2CAH), 5.98 (s, 1H, 2CAH), 6.65 (s,

1H, 20CAH), 6.71 (br, 1H, 10CAH), 6.78 (d, J ¼ 8.26Hz, 1H,

40CAH), 6.78 (d, J ¼ 8.15 Hz, 1H, 50CAH ) 6.80 (s, 1H,

60CAH), 6.95 (s, 1H,4CAH), 7.15(t, J ¼ 8.08Hz, 1H); 13C-

NMR (DMSO-d6, 100 MHz): d 39.95, 48.12, 54.85, 57.96,

65.72, 94.77, 96.18, 101.33, 110.04, 111.30, 113.49, 119.04,

119.76, 129.30, 130.99, 143.16, 146.88, 148.66, 159.23,

160.39, 172.18; HRMS m/z: 382.1288 found (calculated for

C21H19NO6, [MþH]þ requires 382.1285). Anal. Calcd. For

Figure 5. HETCOR spectrum of AP-101.
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[C21H19NO6]; C, 66.13; H, 5.02; N, 3.67. Found C, 66.09; H,

5.00; N, 3.81.

5-(2-Hydroxyethyl)-9-phenyl-6,9-dihydro-[1,3]dioxolo[4,5-
g]furo[3,4-b]quinolin-8(5H)-one (AP-104). Reaction time:

30 min. The crude product was washed with cold ethanol and

dried under high vacuum yielding a white crystalline powder

which was purified by recrystallization from ethanol; yield 62

%, MP: 180–181�C; UV–Vis kmax (nm): 261, 322; IR (mmax,

cm�1); 3278, 2880, 1709, 1641, 1480, 1438, 1369, 1339, 1242,

1198, 1020, 936, 876, 742, 700; 1H-NMR (DMSO-d6, 400

MHz),: d 3.64 (m, 3H, 100CAH and 200CAH), 3.79 (m,1H,

200CAH), 4.88 (s, 1H, 9CAH), 5.01 (t, J ¼ 4.84 Hz, 1H, OH),

5.05 (br 2H, 100CAH), 5.90 (s, 1H, 2CAH), 5.96 (s, 1H,

2CAH), 6.59 (s, 1H, 10CAH), 6.94 (s, 1H, 4CAH) 7.14 (br,

1H, 40CAH), 7.21(br, 4H, 20CAH, 30CAH, 50CAH and

60CAH); 13C-NMR (DMSO- d6, 100 MHz): d 40.43, 48.62,

58.43, 66.24, 95.35, 96.71, 101.83, 110.60, 119.65, 126.75,

127.99, 128.77, 131.54, 143.67, 147.36, 147.60, 160.88,

172.69; HRMS m/z: 352.1178 found (calculated for

C20H17NO5, [MþH]þ requires 352.1179).
9-(4-Hydroxy-3,5-dimethoxyphenyl)-5-(2-hydroxyethyl)-6,9-

dihydro-[1,3]dioxolo[4,5-g]furo[3,4-b]quinolin-8(5H)-one (AP-
105). Reaction time: 30 min. The crude product was washed

with cold ethanol and dried under high vacuum yielding a

white crystalline powder which was purified by recrystalliza-

tion from ethanol; yield 69%, MP: 237–238�C; UV–Vis kmax

(nm): 261, 322; IR (mmax, cm�1); 3551, 3345, 2940, 1708,

1638, 1605, 1509, 1481, 1456, 1367, 1322, 1242, 1198, 1108,

1068, 1016, 919, 860, 818, 763, 687; 1H-NMR (DMSO-d6,
400 MHz),: d 3.66 (m, 9H, 50and 30CAOCH3, 100CAH and

200CAH), 3.92 (m, 1H, 200CAH), 4.75 (s, 1H, 9CAH), 4.95 (t,

J ¼ 4.85 Hz, 1H, OH), 5.02 (d, J ¼ 15.43 Hz, 1H, 100CAH),

5.12 (d, J ¼ 15.43 Hz, 1H, 100CAH), 5.92 (s, 1H, 2CAH),

5.98 (s, 1H, 2CAH), 6.48 (s, 2H, 20and 60 CAH), 6.74 (s, 1H,

10CAH), 6.95 (s, 1H,4CAH), 8.10(s, 1H, 40CAOH); 13C-

NMR (DMSO-d6, 100 MHz): d 40.16, 48.50, 56.40, 58.53,

66.15, 95.50, 96.56, 101.75, 105.27, 110.47, 120.35, 131.13,

134.58, 138.19, 143.60, 147.21, 148.32, 160.86, 172.79;

HRMS m/z: 428.1345 found (calculated for C22H21NO8,

[MþH]þ requires 428.1340).; Anal. Calcd. For [C22H21NO8];

C, 61.82; H, 4.95; N, 3.28. Found C, 61.74; H, 4.84; N, 3.24.

4-(2-Hydroxyethyl)-10-(3,4,5-trimethoxyphenyl)-3,4,6,7,8,10-
hexahydro-1H-cyclopenta[g]furo[3,4-b]quinolin-1-one (AP-
201). Reaction time: 30 min. The crude product was washed

with 1:1 ethylacetate-hexane (V/V) and dried under high vac-

uum yielding a white crystalline powder which was purified

by recrystallization from ethanol: ethylacetate mixture 1:1;

yield 49%, MP: 153–154�C; UV–Vis kmax (nm): 261, 322; IR

(mmax, cm�1); 3422, 2929, 1743, 1655, 1620, 1593, 1508,

1473, 1426, 1363, 1328, 1293, 1231, 1210, 1123, 1066, 1043,

1015, 989, 876, 848, 823, 808, 791, 759, 744, 681; 1H-NMR

(DMSO-d6, 400 MHz),: d 1.96 (m, 2H, 7CAH), 2.71 (m, 2H,

6CAH), 2.81 (m, 2H, 8CAH), 3.58 (s, 3H, 40-OCH3), 3.66 (m,

9H, 30and 50, CAOCH3, 1
00CAH and 200CAH), 3.98 (m, 1H,

200CH), 4.86 (s, 1H, 10CAH), 4.98 (t, J ¼ 4.85 Hz, 1H, OH),

5.05 (d, J ¼ 15.98 Hz, 1H, 100CAH), 5.15 (d, J ¼ 15.98 Hz,

1H, 100CAH), 6.53 (s, 2H, 20 and 60 CAH), 7.06 (s, 1H,

9CAH), 7.10 (s, 1H, 5CAH); 13C-NMR (DMSO-d6, 100

MHz): d 25.17, 31.52, 32.32, 39.94, 47.68, 55.74, 55.74,

57.83, 59.77, 65.73, 95.29, 104.53, 109.92, 124.76, 126.33,

134.48, 135.85, 138.83, 143.32, 143.33, 152.73, 160.81,

172.27; HRMS m/z: 438.1903 found (calculated for

C25H27NO6, [MþH]þ requires 438.1911). Anal. Calcd. For

[C25H27NO6]; C, 68.63; H, 6.22; N, 3.20. Found C, 68.51; H,

6.31; N, 3.16.

4-(2-Hydroxyethyl)-10-(3-methoxyphenyl)-3,4,6,7,8,10-hex-
ahydro-1H-cyclopenta[g]furo[3,4-b]quinolin-1-one (AP-
203). Reaction time: 30 min. The crude product was washed

with 1:1 ethylacetate-hexane (V/V) and dried under high vac-

uum yielding a white crystalline powder which was purified

by recrystallization from ethanol: ethylacetate mixture 1:1;

yield 51%, MP: 158–159�C; UV–Vis kmax (nm): 261, 322; IR

(mmax, cm�1); 3378, 2933, 1718, 1643, 1597, 1476, 1431,

1366, 1347, 1321, 1262, 1243, 1202, 1172, 1161, 1095, 1020,

1001, 877, 845, 813, 780, 765, 746, 699, 671; 1H-NMR

(DMSO-d6, 400 MHz),: d 1.95 (m, 2H, 7CAH), 2.68 (m, 2H,

6CAH), 2.81 (m, 2H, 8CAH), 3.66 (m, 6H, 30CAOCH3,

100CAH and 200CAH one), 3.84 (m, 1H, 200CAH one), 4.90 (s,

1H, 10CAH), 5.01 (t, J ¼ 4.85 Hz, 1H, OH), 5.04 (d, J ¼
13.32 Hz, 1H, 100CAH), 5.12 (d, J ¼ 13.32 Hz, 1H, 100CAH),

6.69 (m, 1H, 40CAH), 6.78 (m, 2H, 20and 60CAH), 6.95 (s,

1H, 9CAH), 7.08 (s, 1H, 5CAH), 7.12(t, 1H, 50CAH); 13C-

NMR (DMSO-d6, 100 MHz): d 25.66, 31.98, 32.82, 40.23,

48.32, 55.33, 58.25, 66.22, 95.77, 110.42, 111.57, 114.15,

120.35, 124.96, 126.99, 129.79, 135.26, 139.28, 143.89,

149.46, 159.68, 161.08, 172.69; HRMS m/z: 378.1700 found

(calculated for C23H23NO4, [MþH]þ requires 378.1700). Anal.
Calcd. For [C23H23NO4]; C, 73.19; H, 6.14; N, 3.71. Found C,

72.88; H, 6.14; N, 3.76.

4-(2-Hydroxyethyl)-10-phenyl-3,4,6,7,8,10-hexahydro-1H-
cyclopenta[g]furo[3,4-b]quinolin-1-one (AP-204). Reaction
time: 30 min. The crude product was washed with 1:1 ethyla-

cetate-hexane (V/V) and dried under high vacuum yielding a

white crystalline powder which was purified by recrystalliza-

tion from ethanol: ethylacetate mixture 1:1; yield 52%, MP:

191–192�C;); UV–Vis kmax (nm): 261, 322; IR (mmax, cm
�1);

3386, 2952, 2857, 1730, 1637, 1477, 1444, 1413, 1355, 1323,

1203, 1059, 1034, 1015, 994, 880, 852, 812, 754, 737, 701;
1H-NMR (DMSO-d6, 400 MHz),: d 1.95 (m, 2H, 7CAH), 2.68

(m, 2H, 6CAH), 2.81 (m, 2H, 8CAH), 3.69 (m, 3H, 100CAH

and 200-H), 3.86 (m, 1H, 200CAH), 4.94 (s, 1H, 10CAH), 5.04

(t, J ¼ 4.85 Hz, 1H, OH), 5.09 (d, J ¼ 15.55 Hz, 1H,

100CAH), 5.15 (d, J ¼ 15.55 Hz, 1H, 100CAH), 6.92 (s, 1H,

9CAH), 7.09 (s, 1H, 5CAH), 7.15(m, 4H, 20,30,40and 60CAH);
13C-NMR (DMSO- d6, 100 MHz): d 25.65, 31.96, 32.82,

40.31, 48.33, 58.25, 66.23, 95.77, 110.44, 125.09, 126.63,

127.07, 128.06, 128.74, 135.35, 139.31, 143.88, 147.92,

161.08, 172.69; HRMS m/z: 348.1597 found (calculated for

C22H21NO3, [MþH]þ requires 348.1594). Anal. Calcd. For

[C22H21NO3]; C, 76.06; H, 6.09; N, 4.03. Found C, 75.73; H,

6.06; N, 4.06.

6-(2-Hydroxyethyl)-10-(3,4,5-trimethoxyphenyl)-2,3,7,10-
tetrahydro-[1,4]dioxino[2,3-g]furo[3,4-b]quinolin-9(6H)-one (AP-
301). Reaction time: 60 min. The crude product was washed

with cold ethanol and dried under high vacuum yielding a

white crystalline powder which was purified by recrystalliza-

tion from ethanol; yield 61%, MP: 256–257�C; UV–Vis kmax

(nm): 261, 322; IR (mmax, cm�1); 3506, 2936, 1733, 1650,

1591, 1506, 1474, 1367, 1295, 1203, 1120, 1065, 993, 894,

755, 686; 1H-NMR (DMSO- d6, 400 MHz): d 3.59 (s, 3H,

40CAOCH3), 3.70 (m, 9H, 30and 50, CAOCH3, 100CAH and

200CAH), 3.89 (m, 1H, 200CAH), 4.16 (m, 4H, 2and3CAH)
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4.80 (t, J ¼ 4.85 Hz, 1H, OH), 4.96 (s, 1H, 10CAH), 5.07

(d, J ¼ 15.29 Hz, 1H, 100CAH), 5.13 (d, J ¼ 15.29 Hz, 1H,

100CAH), 6.53 (s, 20and60CAH), 6.71 (s, 1H, 11CAH), 6.75 (s,

1H, 5CAH); 13C-NMR (DMSO-d6, 100 MHz): d 39.67, 48.32,

56.24, 58.32, 60.29, 64.42, 64.72, 66.23, 95.14, 103.38,

104.95, 119.07, 120.33, 130.49, 136.36, 139.87, 142.89,

143.52, 153.24, 161.12, 172.79; HRMS m/z: 456.1647 found

(calculated for C24H25NO8, [MþH]þ requires 356.1653). Anal.
Calcd. For [C24H25NO8]; C, 63.29; H, 5.53; N, 3.08. Found

C, 63.04; H, 5.44; N, 3.04.

10-(3,4-Dimethoxyphenyl)-6-(2-hydroxyethyl)-2,3,7,10-tetra-
hydro-[1,4]dioxino[2,3-g]furo[3,4-b]quinolin-9(6H)-one (AP-
302). Reaction time: 90 min. The crude product was washed
with cold ethanol and dried under high vacuum yielding a
white crystalline powder which was purified by recrystalliza-
tion from ethanol; yield 65%, MP: 210–211�C; UV–Vis kmax

(nm): 261, 322; IR (mmax, cm�1); 3497, 2932, 1726, 1647,

1504, 1474, 1440, 1347, 1268, 1206, 1133, 1067, 1025, 1004,
892, 812, 758, 706; 1H-NMR (DMSO- d6, 400 MHz): d 3.68
(m, 9H, 30and 40, CAOCH3, 1

00CAH and 200CAH), 3.82 (m,
1H, 200CAH), 4.16 (m, 4H, 2and3CAH), 4.99 (t, J ¼ 4.85 Hz,
1H, OH), 4.80 (s, 1H, 10CAH), 5.06 (d, J ¼ 15.07 Hz, 1H,

100CAH), 5.10 (d, J ¼ 15.07 Hz, 1H, 100CAH), 6.61 (s, 1H,
11CAH), 6.66 (dd, J ¼ 7.99 Hz and 1.91 Hz, 1H, 60CAH),
6.73 (s, 1H, 5CAH), 6.79 (t, J ¼ 8.38 Hz, 1H, 50CAH), 6.84
(d, J ¼ 1.91 Hz, 1H, 20CAH); 13C-NMR (DMSO-d6, 100

MHz): d 39.05, 48.38, 55.90, 55.99, 58.28, 64.43, 64.73,
66.15, 95.39, 103.27, 111.86, 112.34, 119.20, 119.72, 120.55,
130.65, 139.82, 140.57, 142.80, 147.74, 149.05, 160.75,
172.78; HRMS m/z: 426.1553 found (calculated for
C23H23NO7, [MþH]þ requires 426.1547). Anal. Calcd. For

[C23H23NO7]; C, 64.93; H, 5.45; N, 3.29. Found C, 64.92; H,
5.34; N, 3.32.

6-(2-Hydroxyethyl)-10-(3-methoxyphenyl)-2,3,7,10-tetrahy-
dro-[1,4]dioxino[2,3-g]furo[3,4-b]quinolin-9(6H)-one (AP-
303). Reaction time: 90 min. The crude product was washed

with cold ethanol and dried under high vacuum yielding a
white crystalline powder which was purified by recrystalliza-
tion from ethanol; yield 60%, MP: 175–176�C; UV–Vis kmax

(nm): 261, 322; IR (mmax, cm�1); 3424, 2936, 1720, 1641,
1581, 1483, 1442, 1367, 1296, 1274, 1250, 1206, 1155, 1060,

1036, 1004, 907, 868, 806, 772, 753, 713, 695; 1H-NMR
(DMSO- d6, 400 MHz): d 3.68 (m, 6H, 30CAOCH3, 1

00CAH
and 200CAH), 3.78 (m, 1H, 200CAH), 4.16 (m, 4H, 2 and 3
CAH), 4.85 (s, 1H, 10CAH), 5.01 (t, J ¼ 4.82 Hz, 1H, OH),
5.07 (d, J ¼ 15.63 Hz, 1H, 100CAH), 5.14 (d, J ¼ 15.63 Hz,

1H, 100CAH), 6.59 (s, 1H, 11CAH), 6.71 (br, 1H, 60CAH),
6.74 (s, 1H, 5CAH), 6.76 (s, 1H, 20CAH), 6.78 (br, 1H,
40CAH), 7.15 (t, J ¼ 8.09 Hz, 1H, 50CAH ); 13C-NMR
(DMSO- d6, 100 MHz): d 39.48, 48.45, 55.35, 58.25, 64.43,

64.73, 66.21, 95.13, 103.37, 111.65, 114.05, 119.22, 120.03,
120.26, 129.79, 130.77, 139.83, 142.91, 149.17, 159.71,
160.89, 172.72; HRMS m/z: 396.1452 found (calculated for
C22H21NO6, [MþH]þ requires 396.1442). Anal. Calcd. For
[C22H21NO6]; C, 66.83; H, 5.35; N, 3.54. Found C, 66.68; H,

5.27; N, 3.52.
6-(2-Hydroxyethyl)-10-phenyl-2,3,7,10-tetrahydro-[1,4]diox-

ino[2,3-g]furo[3,4-b]quinolin-9(6H)-one (AP-304). Reaction
time: 90 min. The crude product was washed with cold ethanol
and dried under high vacuum yielding a white crystalline pow-

der which was purified by recrystallization from ethanol; yield
68%, MP: 229–230�C; UV–Vis kmax (nm): 261, 322; IR (mmax,
cm�1); 2956, 2876, 1719, 1637, 1581, 1475, 1437, 1363, 1292,
1250, 1203, 1149, 1065, 1007, 923, 893, 832, 806, 753, 734,
695; 1H-NMR (DMSO-d6, 400 MHz): d 3.66 (m, 3H, 100CAH

and 200CAH), 3.79 (m, 1H, 200CAH), 4.14 (m, 4H,
2and3CAH), 4.88 (s, 1H, 10CAH), 5.04 (br, 1H, OH), 5.08 (d,
J ¼ 15.48 Hz, 1H, 1"CAH), 5.13 (d, J ¼ 15.48 Hz, 1H,
1"CAH), 6.59 (s, 1H, 11CAH), 6.74 (s, 1H, 5CAH), 7.21 (br,
2H, 20and60CAH), 7.24 (br, 2H, 30 and 50CAH), 7.14 (t, J ¼
6.87 Hz, 1H, 40CAH); 13C-NMR (DMSO-d6, 100 MHz): d
39.57, 48.46, 58.25, 64.43, 64.72, 66.21, 95.25, 103.39,
119.30, 120.16, 126.67, 127.99, 128.75, 130.85, 139.86,
142.72, 147.60, 160.86, 172.71; HRMS m/z: 366.1338 found
(calculated for C21H19NO5, [MþH]þ requires 366.1336). Anal.
Calcd. For [C21H29NO5]; C, 69.03; H, 5.24; N, 3.83. Found
C, 68.64; H, 5.29; N, 3.84.
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A series of new indeno[1,2-b]pyrazolo[4,3-e]pyridin-5(1H)-one derivatives were synthesized by three-

component reactions of 1,3-indandione, 3-methyl-1H-pyrazol-5-amine, and aldehyde in water under
microwave irradiation without any catalyst.

J. Heterocyclic Chem., 47, 1283 (2010).

INTRODUCTION

Many recent efforts were made to make organic syn-

thesis eco-friendlier. In this way, usual but hazardous vol-

atile organic solvents were replaced with water and/or

conventional heating was substituted by microwave irra-

diation (MW). Green chemistry is brewing which protects

the environment, not by cleaning it up, but by inventing

new chemistry and new chemical processes that prevent

pollution [1]. In essence, it prompts the chemical and

pharmaceutical manufacturer to consider how human life

is impacted after these chemicals are generated and intro-

duced into their society [2]. Thus, it has become clear

that the combined approach of microwave heating and

aqueous medium offers a nearly synergistic strategy in

the sense that the combination in itself offers greater

potential than the two parts in isolation [3].

Now, with growing concern over the environmental

impact of chemicals, cleaner green reaction conditions

in organic reaction have been advocated. Multicompo-

nent reactions, an important class of organic tandem

reactions, are one-pot processes with at least three com-

ponents to form a single product, which incorporates

most or even all of atoms of the starting materials [4].

Such reactions offer a wide range of possibilities for the

efficient construction of highly complex molecules in a

single procedural step, thus avoiding complicated purifi-

cation operations and allowing savings both of solvents

and of reagents.

Six-membered nitrogen-containing heterocycles, espe-

cially onychine derivatives (Fig. 1) are abundant in nature

and exhibit diverse and important biological properties

[5]. Indenopyridines [6], as a member of this family ex-

hibit cytotoxic [7], phosphodiesterase inhibitory [8], aden-

osine A2a receptor antagonistic [9], antiinflammatory/anti-

allergic [10], coronary dilating [11], and calcium modulat-

ing activities [12]. The synthesis of these molecules has

attracted considerable attention [13]. Shi et al. [14]

reported the reaction of 5-amino-3-methyl-1-phenylpyra-

zole with arylaldehyde and 1,3-indandione to give

indeno[2,1-e]pyrazolo derivatives in ionic liquid with the

disadvantage of long time and pollution to the environ-

ment. Considering the significance of this kind of organic

molecules, a more efficient and environmental friendly

approach would be established to synthesis the set of ony-

chine derivatives so as to provide candidate compounds

for bioassay and enrich compound libraries. As the contin-

uation of our research devoted to the development of

green organic chemistry by performing reactions under

using water conditions [15], we describe the synthesis of

indeno[1,2-b]pyrazolo[4,3-e]pyridin-5(1H)-ones in water

under microwave irradiation without catalyst (Scheme 1).

RESULTS AND DISCUSSION

Choosing an appropriate solvent is of crucial impor-

tance for successful microwave-promoted synthesis in
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view of a rapid rise of temperature in the reaction mix-

ture. To search for the optimal solvent, the reaction of

1,3-indandione 1, 3-methyl-1H-pyrazol-5-amine 2 and

p-chlorobenzaldehyde 3a were examined by using sol-

vents of ethanol, DMF, ethylene glycol, acetic acid, and

water, respectively. All the reactions were carried out at

120�C with the maximum power of 250 W and the

results are summarized in Table 1. As shown in Table

1, the reaction in water resulted in higher yields and

shorter reaction time than others. So water was chosen

as the appropriate solvent.

Moreover, to further optimize the reaction tempera-

ture, the synthesis of 4a was performed in water at the

temperatures ranging from 100 to 140�C in the incre-

ment of 10�C each time at the maximum power of

250 W. As illustrated in Table 2, when the temperature

was increased from 100 to 130�C, the yield of 4a was

obviously improved from 50 to 83%. However, no sig-

nificant increase in the yield of 4a was observed as the

reaction temperature was further raised to 140�C. There-
fore, the temperature of 130�C was chosen for all fur-

ther microwave-assisted reactions.

Based on these optimized conditions [water, 130�C],
the reactions proceeded smoothly. A series of com-

pounds 4 were synthesized with this simple procedure.

The results were summarized in Table 3 and the results

indicated that aromatic aldehydes bearing either electron

withdrawing or electron donating functional groups,

such as chloro, nitro, bromo, or methyl are suitable for

the reaction.

A tentative mechanism for the formation of products

4 is outlined in Scheme 2, which proceeded via a reac-

tion sequence of condensation, addition, cyclization,

dehydration, and aromatization. First, the condensation

of 1,3-indandione 1 and aldehyde 3 gave the intermedi-

ate product 5. The addition of 2 to 5 then furnished the

intermediate product 7, which cylices to dihydropyrine 9

and subsequently dehydrogenated to afford the fully

aromatized compound 4.

All the products were characterized by IR, 1H NMR,

and HRMS (ESI).

In summary, we demonstrated an efficient and clean

route for the one-pot, three-component synthesis of

highly functionalized indeno[1,2-b]pyrazolo[4,3-e]pyri-
din-5(1H)-one derivatives in good yields. This method

has the obvious advantages on short reaction time, high

yield, operational simplicity, and environmental friendli-

ness. Besides, this method may provide a shortcut for

further investigations on the pharmacological activities

of this type of compounds as important and novel ony-

chine analogues.

EXPERIMENTAL

Microwave irradiation was carried out in a monomodal
EmrysTM Creator from Personal Chemistry, Uppsala, Sweden.
Melting points were determined in XT5 apparatus and are
uncorrected. IR spectra were recorded on a FTIR-Tensor 27
spectrometer. 1H NMR spectra were measured on a DPX 400

spectrometer operating at 400 MHz, using DMSO-d6 as sol-
vent and TMS as internal standard. HRMS (ESI) was deter-
mined by using micrOTOF-QII HRMS/MS instrument
(BRUKER).

General procedure for the synthesis of compounds 4

with microwave irradiation. Typically, a mixture of aromatic
1,3-indandione 1 (1.0 mmol), 3-methyl-1H-pyrazol-5-amine 2

(1.0 mmol), aldehyde 3 (1.0 mmol), and water (2.0 mL) was
added to the reaction vessel of the monomodal EmrysTM Crea-

tor microwave synthesizer and allowed to react under MW at
250 W power (initial power 100 W) and 130�C for several
minutes. Upon completion, monitored by TLC, the reaction
vessel was cooled to room temperature. The solid compound
was collected by filtration and recrystallized from EtOH (95%)

to give pure azapodophyllotoxin derivatives 4.

Figure 1. Structure of oychine.

Scheme 1

Table 1

Solvent optimization for the synthesis of 4a.

Entry Solvent Time (min) Yield (%)

1 EtOH 13 40

2 DMF 18 trace

3 Glycol 12 50

4 HOAc 10 70

5 Water 10 77

Table 2

Temperature optimization for the synthesis of 4a.

Entry T (�C) Time (min) Yield (%)

1 100 12 50

2 110 12 55

3 120 10 77

4 130 8 83

5 140 8 81

1284 Vol 47S. Wang, N. Ma, G. Zhang, F. Shi, B. Jiang, H. Lu, Y. Gao, and S. Tu
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4-(4-chlorophenyl)-3-methylindeno[1,2-b]pyrazolo[4,3-e]pyri-
din-5(1H)-one (4a). 1H NMR (400 MHz, DMSO-d6) (d, ppm):
13.78 (s, 1H, NH), 7.65 (d, 2H, J ¼ 6.8 Hz, ArH), 7.40 (t, 1H,
J ¼ 7.6 Hz, ArH), 7.34–7.28 (m, 3H, ArH), 7.23 (t, 2H, J ¼
8.4 Hz, ArH), 7.19 (d, 1H, J ¼ 6.8 Hz, ArH), 1.87 (s, 3H,

CH3). IR (KBr, m, cm�1): 3197, 3056, 2882, 1717, 1698, 1559,
1542, 1491, 1436, 1363, 1340, 1290, 1245, 1185, 1130, 1082,
989, 811, 777, 709. HRMS (ESI) m/z: calc. for C20H13ClN3O:
346.0742 [MþH]þ, found: 346.0793 [MþH]þ.

4-(4-bromophenyl)-3-methylindeno[1,2-b]pyrazolo[4,3-e]pyri-
din-5(1H)-one (4b). 1H NMR (400 MHz, DMSO-d6) (d, ppm):
13.80 (s, 1H, NH), 7.91 (d, 1H, J ¼ 7.2 Hz, ArH), 7.73, (d,
4H, J ¼ 8.4 Hz, ArH), 7.61–7.54 (m, 3H, ArH), 7.49 (d, 3H,
J ¼ 8.0 Hz, ArH), 1.94 (s, 3H, CH3). IR (KBr, m, cm�1):

3198, 3056, 2994, 1712, 1684, 1594, 1536, 1491, 1432, 1338,
1302, 1256, 1208, 1183, 1115, 1071, 995, 811, 762, 730.
HRMS (ESI) m/z: calc. for C20H13BrN3O: 390.0237 [MþH]þ,
found: 390.0212 [MþH]þ.

3-methyl-4-p-tolylindeno[1,2-b]pyrazolo[4,3-e]pyridin-5(1H)-
one (4c). 1H NMR (400 MHz, DMSO-d6) (d, ppm): 13.74 (s,
1H, NH), 7.88 (d, 1H, J ¼ 7.2 Hz, ArH), 7.71, (t, 1H, J ¼ 7.2
Hz, ArH), 7.58–7.51 (m, 2H, ArH), 7.39 (d, 2H, J ¼ 8.0 Hz,
ArH), 7.33 (d, 2H, J ¼ 8.0 Hz, ArH), 2.44 (s, 3H, CH3), 1.92
(s, 3H, CH3). IR (KBr, m, cm�1): 3190, 3048, 2962, 1710,

1612,1562, 1511, 1475, 1449, 1338, 1300,1255, 1207, 1179,
1116, 1072, 987, 809, 786, 733. HRMS (ESI) m/z: calc. for
C21H16N3O: 326.1288 [MþH]þ, found: 326.1317 [MþH]þ.

4-(2-chlorophenyl)-3-methylindeno[1,2-b]pyrazolo[4,3-e]pyri-
din-5(1H)-one (4d). 1H NMR (400 MHz, DMSO-d6) (d, ppm):

13.87 (s, 1H, NH), 7.94 (d, 1H, J ¼ 7.6 Hz, ArH), 7.76, (t,
1H, J ¼ 7.6 Hz, ArH), 7.67 (d, 1H, J ¼ 7.6 Hz, ArH), 7.62–

7.57 (m, 3H, ArH), 1.86 (s, 3H, CH3). IR (KBr, m, cm�1):
3153, 3109, 2997, 1714, 1602, 1572, 1550, 1473, 1439, 1340,
1303, 1280, 1251, 1183, 1155, 1060, 991, 807, 752, 711.
HRMS (ESI) m/z: calc. for C20H13ClN3O: 346.0742 [MþH]þ,
found: 346.0744 [MþH]þ.

3-methyl-4-(3-nitrophenyl)indeno[1,2-b]pyrazolo[4,3-e]pyri-
din-5(1H)-one (4e). 1H NMR (400 MHz, DMSO-d6) (d, ppm):
13.87 (s, 1H, NH), 8.43 (d, 2H, J ¼ 9.2 Hz, ArH), 8.04
(d, 1H, J ¼ 7.6 Hz, ArH), 7.93 (d, 1H, J ¼ 7.2 Hz, ArH),

7.85 (t, 1H, J ¼ 7.6 Hz, ArH), 7.77–7.73 (m, 1H, ArH), 7.62–
7.55 (m, 2H, ArH), 1.94 (s, 3H, CH3). IR (KBr, m, cm�1):
3190, 3117, 2990, 1754, 1634, 1599, 1504, 1488, 1457, 1385,
1300, 1294, 1236, 1177, 1120, 1070, 985, 800, 765, 713.
HRMS (ESI) m/z: calc. for C20H13N4O3: 357.0979 [MþH]þ,
found: 357.1005 [MþH]þ.

4-(3,4-dimethoxyphenyl)-3-methylindeno[1,2-b]pyrazolo[4,3-
e]pyridin-5(1H)-one (4f). 1H NMR (400 MHz, DMSO-d6) (d,
ppm): 13.73 (s, 1H, NH), 7.90 (d, 1H, J ¼ 7.2 Hz, ArH), 7.72,
(t, 1H, J ¼ 7.2 Hz, ArH), 7.61 (d, 1H, J ¼ 7.2 Hz, ArH), 7.55

(t, 1H, J ¼ 7.6 Hz, ArH), 7.15 (d, 1H, J ¼ 1.2 Hz, ArH),
7.10–7.04 (m, 2H, ArH), 3.86 (s, 3H, CH3), 3.77 (s, 3H, CH3),
2.01 (s, 3H, CH3). IR (KBr, m, cm�1): 3054, 3001, 2934, 1699,
1608, 1559, 1542, 1490, 1437, 1338, 1309, 1285, 1263, 1169,

1139, 1086, 1025, 801, 766, 726. HRMS (ESI) m/z: calc. for
C22H18N3O3: 372.1343 [MþH]þ, found: 372.1333 [MþH]þ.

3-methyl-4-phenylindeno[1,2-b]pyrazolo[4,3-e]pyridin-5(1H)-
one (4g). 1H NMR (400 MHz, DMSO-d6) (d, ppm): 13.77 (s,
1H, NH), 7.91 (d, 1H, J ¼ 7.2 Hz, ArH), 7.73 (t, 1H, J ¼ 7.2,

ArH), 7.61–7.48 (m, 8H, ArH), 1.90 (s, 3H, CH3). IR (KBr, m,
cm�1): 3102, 2994, 1708, 1671, 1592, 1562, 1541, 1498, 1446,
1339, 1305, 1256, 1240, 1189, 1140, 1094, 978, 805, 760,
705. HRMS (ESI) m/z: calc. for C20H14N3O: 312.1132
[MþH]þ, found: 313.1148 [MþH]þ.

3-methyl-4-(3,4,5-trimethoxyphenyl)indeno[1,2-b]pyrazolo[4,3-
e]pyridin-5(1H)-one (4h). 1H NMR (400 MHz, DMSO-d6) (d,
ppm): 13.76 (s, 1H, NH), 7.91 (d, 1H, J ¼ 7.2 Hz, ArH), 7.73, (t,
1H, J ¼ 7.6 Hz, ArH), 7.62 (d, 1H, J ¼ 6.8 Hz, ArH), 7.56 (t, 1H,
J ¼ 7.2 Hz, ArH), 6.83 (s, 2H, ArH), 3.78 (d, 9H, J ¼ 3.2 Hz,

CH3), 1.86 (s, 3H, CH3). IR (KBr, m, cm�1): 3193, 3107, 2967,
1709, 1583, 1562, 1504, 1464, 1433, 1344, 1318, 1296, 1250,
1163, 1126, 1005, 967, 809, 777, 729. HRMS (ESI) m/z: calc. for
C23H20N3O4: 402.1444 [MþH]þ, found: 402.1434 [MþH]þ.

3-methyl-4-(thiophen-2-yl)indeno[1,2-b]pyrazolo[4,3-e]pyridin-
5(1H)-one (4i). 1H NMR (400 MHz, DMSO-d6) (d, ppm):

Table 3

Synthesis of products 4.

Entry 4 Ar Time (min) Yield (%) Mp (�C)

1 4a 4-ClC6H4 8 83 >300

2 4b 4-BrC6H4 10 80 >300

3 4c 4-CH3C6H4 8 77 >300

4 4d 2-ClC6H4 10 79 209–210

5 4e 3-NO2C6H4 7 80 243–244

6 4f 3,4-(CH3O)2C6H3 8 77 245–246

7 4g C6H5 10 78 258–259

8 4h 3,4,5-(CH3O)3C6H2 10 76 240–242

9 4i Thien-2-yl 13 77 263–264

Scheme 2
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13.81 (s, 1H, NH), 7.91–7.86 (m, 2H, ArH), 7.73 (t, 1H, J ¼
7.6 Hz, ArH), 7.62 (d, 1H, J ¼ 7.2 Hz, ArH), 7.56 (t, 1H, J ¼
7.2 Hz, ArH), 7.36 (d, 1H, J ¼ 3.6 Hz, ArH), 7.28–7.25 (m,
1H, ArH), 2.04 (s, 3H, CH3). IR (KBr, m, cm�1): 3096, 3053,
2983, 1707, 1684, 1590, 1559, 1473, 1435, 1334, 1302, 1252,

1225, 1178, 1130, 1078, 972, 808, 771, 730. HRMS (ESI) m/z:
calc. for C18H12N3OS: 318.0696 [MþH]þ, found: 318.0696
[MþH]þ.
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A novel method for the preparation of 2,3-dihydroimidazo[2,1-b]thiazole 9 by iodination and subse-
quent cyclization of the easily available N-allylimidazoline-2-thiones 5, is described. Selected transfor-
mations of the iodomethyl derivatives 9, leading to methylidene compounds 10 or the sulfide 11 (Nu ¼
RS), via elimination with a base or via substitution with an enolizable imidazoline-2-thione (the term
‘‘1,3-dihydroimidazole-2-thione’’ will be used alternatively), respectively, are presented.

J. Heterocyclic Chem., 47, 1287 (2010).

INTRODUCTION

In a series of recent articles, a convenient approach to

2-unsubstituted imidazole N-oxides 1, including opti-

cally active derivatives, has been reported [2]. In gen-

eral, the applied method is based on the condensation of

a-(hydroxyimino)ketones 2 with a primary aliphatic

amine and formaldehyde. Alternatively, the correspond-

ing hexahydro-1,3,5-triazines 3, being trimers of formal-

dehyde imines, can be used (Scheme 1).

Irrespective of the substitution pattern, the reaction of

1 with 2,2,4,4-tetramethylcyclobutane-1,3-dithione (4)

resulted in the ‘‘sulfur transfer reaction’’ leading to 1,3-

dihydroimidazole-2-thiones 5 in high-yield [2b,2d,3]. In

addition to N-alkyl and N-cycloalkyl substituted imidaz-

ole N-oxides 1, some of the corresponding N-allyl deriv-
atives were also obtained in good yields [2a]. However,

the latter have not been explored for further conversions

yet.

In spite of the fact that N-allyl-1,3-dihydroimidazole-

2-thiones seem to be attractive starting materials for

diverse cyclization reactions involving the allyl group,

there are only few reports on their synthesis available to

date. The first approach, reported already in 1895, was

the condensation of N-allylthiourea with 2-hydroxy-1,2-

diphenylethanone (benzoine) [4]. The second synthesis

described the condensation of isothiocyanic acid and

acetals of N-allyl a-aminoacetaldehyde [5]. In addition,

the reaction of allylisothiocyanate with glucosamine is

reported to yield the desired product [6], and the analo-

gous condensation with 1-amino-3-methylbutan-2-one

gave N-allyl-5-isopropylimidazoline-2-thione [7].

The goal of this study was the preparation of a series

of less known N-allyl-1,3-dihydroimidazole-2-thiones

and their subsequent cyclization to corresponding fused

N,S-heterocycles. Heterocyclic thiones with an allyl-sub-

stituted N-atom attached to the C¼¼S group are known

VC 2010 HeteroCorporation
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to undergo an intramolecular 1,5-cyclization to yield

fused thiazoles. Thus, treatment of the N-allyltriazole-
thione 6 with iodine in ethanol at room temperature

gave the thiazolo[2,3-c][1,2,4]triazole hydroiodide 7 [8]

(Scheme 2). The analogous bromide was obtained from

the reaction with bromine in chloroform.

To the best of our knowledge, there are no analogous

reactions with imidazoline thiones, described so far.

However, in the case of benzimidazoline-2-thiones, a

similar cyclization has been observed [9].

RESULTS AND DISCUSSION

In accordance with the known procedure [2], heating

of 1,3,5-triallylhexahydro-1,3,5-triazine (3a, R3 ¼ allyl)

and 3-(hydroxyimino)butan-2-one (2a, R1 ¼ R2 ¼ Me)

in ethanol gave the expected 1-allyl-4,5-dimethylimida-

zole N-oxide (1a) in 78% yield (Scheme 1, Table 1).

The imidazoline-2-thione 5a was prepared from 1a by

treatment with 0.5 mol equivalents of 4 in dichlorome-

thane at room temperature. The same procedures were

applied for the synthesis of 5b–5f.

Solutions of the purified imidazoline-2-thiones 5 in

ethanol were treated with iodine at room temperature,

and the corresponding hydroiodides 8 precipitated

directly from the reaction mixture. The subsequent neu-

tralization with aqueous sodium acetate solution gave

2,3-dihydroimidazo[2,1-b]thiazoles 9 as crystalline prod-

ucts, with the exception of 9e (Scheme 3, Table 1).

The structure of products 9 was proved by means of

spectroscopic methods. For example, the 13C-NMR

spectrum of 9b showed the signals for three imidazole

C-atoms at 145.3, 141.7, and 133.6 ppm as well as two

triplets for CH2 groups at 49.3 and 7.3 ppm (assigned to

CH2N and CH2I, resp.), and a doublet for a CH group at

52.2 ppm.

The presence of the iodomethyl group in compounds

9 enables further transformation with basic and nucleo-

philic agents. In fact, treatment of 9a with triethylamine

in ethanol afforded, after elimination of HI, the exo-

methylidene derivative 10a. Furthermore, the attempted

substitution of iodide with potassium cyanide, carried

out either in acetone or in ethanol, led to the same elim-

ination product 10a. On the other hand, the reaction of

9f with the enolizable 1,4,5-trimethylimidazoline-2-thi-

one (5g) in ethanol, led successfully to the sulfide 11 in

good yield (Scheme 4).

Scheme 1

Scheme 2

Table 1

Synthesis of 1-allylimidazole N-oxides 1,1-allyl-1,3-dihydroimidazole-

2-thiones 5, and 2,3-dihydro-2-(iodomethyl)imidazo[2,1-b]thiazoles 9.

R1 R2 R3

Yield [%]

1 5 9

a Me Me Alla 78 84 36

b MeCO Me All 54 71 65

c EtO2C Me All 36 52 61

d PhNHCO Me All 77 89 74

e Me Ph All b 39c 39

f Ph Ph All 73 [2a] 76 52

aAll ¼ allyl.
b Not isolated in pure form.
c Overall yield starting from 3a via 1e.
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CONCLUSIONS

The presented study shows that treatment of the easily

available N-allyl-1,3-dihydroimidazole-2-thiones 5 with

iodine results in the cyclization leading to imidazo[2,1-

b]thiazole derivatives 9, bearing an iodomethyl group as

an additional reaction center. As selected transforma-

tions of these products, the elimination of HI and the

substitution with 1,4,5-trimethylimidazoline-2-thione, as

an example of an S-nucleophile, are presented.

The importance of imidazo[2,1-b]thiazoles is well

documented, as many derivatives of them display

diverse biological activities [10] (see also [11]). The

presented synthetic approach supplements the already

reported methods for the preparation of 2,3-dihydroimi-

dazo[2,1-b]thiazoles, which are based on reactions either

of appropriate imidazole or thiazole derivatives. In the

case of imidazole derivatives, the bis-alkylation of imid-

azoline-2-thiones with 1,2-dibromoethane was most fre-

quently applied [12]. Another approach is the thermal

cyclization of N-vinylimidazoline-2-thiones, which leads

to the aromatized fused system [13]. The non-aromat-

ized parent system was obtained via a formal vinyl

transfer reaction of the parent imidazoline-2-thione with

S-vinyl-S-(4-methylphenyl)-N-tosylimine [14]. The reac-

tions starting with 1,3-thiazole derivatives are described

to a comparable extent. As a typical example, the cyclo-

condensation of an a-bromoacetophenone with 2-amino-

1,3-thiazoles can be mentioned [11a]. A very recent

report deals with a multistep procedure, in which the

alkylation of 2-amino-1,3-thiazole with propargyl bro-

mide and subsequent cyclization are the key steps [11c].

In the light of the already reported approaches, our

method, presented in this article, enlarges the number of

synthetic tools for the preparation of new, diversely sub-

stituted imidazo[2,1-b]thiazoles. Of special importance

is the availability of differently substituted a-(hydroxy-
imino)ketones 2, which are key starting materials for the

presented multi-step procedure.

EXPERIMENTAL

Melting points were determined in capillaries using a Melt-

Temp II apparatus (Aldrich) and are uncorrected. IR Spectra
were recorded on a NEXUS FT-IR spectrophotometer as KBr
pellets; absorptions in cm–1. 1H- and 13C-NMR spectra were
measured on a Tesla BS567A (80 MHz) or Varian Gemini 200

(200 and 50 MHz, resp.) instrument or a Bruker AC 400
instrument (400 and 100 MHz, resp.) in a suitable solvent
(CDCl3, CD3OD or DMSO-d6); chemical shifts (d) were given
in ppm (TMS ¼ 0 ppm), coupling constants J in Hz. The mul-
tiplicity of the 13C signals was deduced from DEPT spectra.

The HRMS spectra were registered on a Finnigan MAT-95
instrument.

Synthesis of 4,5-disubstituted 1-allyl-1H-imidazole 3-

oxides (1a–f). In the cases of 1a, 1d, 1e, and 1f, the solution
of 1,3,5-triallylhexahydro-1,3,5-triazine (3a, 0.69g, 3.3 mmol)

and the corresponding a-(hydroxyimino)ketone of type 2 (10
mmol) in ethanol (15 mL) was refluxed for the required time
(ca. 3 h, TLC monitoring, silica gel, MeOH). The solvent was
removed under reduced pressure and the crude product was

Scheme 4

Scheme 3
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washed several times with Et2O and purified thereby. In the
cases of 1b and 1c, a solution of 3a (0.94g, 4.5 mmol) in Et2O
(2 mL) was added to the magnetically stirred and cooled solu-
tion (water/ice external bath) of the corresponding a-(hydrox-
yimino)ketone 2 (10 mmol) in 5 mL Et2O. When the addition

was complete, the cooling bath was removed and the stirring
was continued for 24 h at room temperature. Then, the color-
less precipitate was filtered off and purified by flash chroma-
tography (SiO2). Acetone was used first as an eluent to remove
the remaining 2, followed by a mixture of ethyl acetate and

MeOH (1:1). Next, the same reaction was repeated using
recovered 2. The combined fractions of the crude product 1

were purified by recrystallization from an appropriate solvent.
The 1-allyl-4-methyl-5-phenyl-1H-imidazole 3-oxide (1e)
could not be obtained in pure form and, therefore, the crude

product was converted immediately into the corresponding im-
idazole-2-thione 5e. The protocol for the synthesis of thiones
of type 5, as well as spectroscopic and analytical data for 1-
allyl-4,5-diphenyl-1H-imidazole 3-oxide (1f), were already

reported [2a].
1-Allyl-4,5-dimethyl-1H-imidazole 3-oxide (1a). The crude

product was purified by flash chromatography on silica using

AcOEt with increasing amounts of MeOH (up to 1:1 ratio) to

give 1a in 78% yield (1.19 g). Light yellow semi-solid, hygro-

scopic. IR (KBr): m 3100–2900vs (br.), 1627m, 1443m, 1393s,

1378s, 1335s, 1187m, 1148m, 1004m, 926m. 1H-NMR (200

MHz, CDCl3): d 8.18 (s, 1H, HAC(2)); 5.91–5.72 (m, 1H,

ACH¼¼); 5.26–4.95 (m, 2H, ¼¼CH2); 4.37–4.34 (m, 2H,

ACH2A); 2.13, 2.06 (2s, 6H, 2Me). 13C-NMR (50 MHz,

CDCl3): d 131.3 (d, ACH¼¼); 126.3, 125.2 (2s, C(4), C(5));

121.3 (d, C(2)); 118,5 (t, ¼¼CH2); 47.8 (t, ACH2A); 8.3, 7.0

(2q, 2 Me). EI-HRMS: 152.0975 (Mþ, C8H12N2O
þ; calcd.

152.0950).

4-Acetyl-1-allyl-5-methyl-1H-imidazole 3-oxide (1b). Yield
0.97 g (54%). Colorless crystals, mp 39–40�C (CH2Cl2/Et2O).

IR (KBr): m 3117s, 1660vs, 1557s, 1420m, 1407m, 1333m,
1274m, 1145m, 950m, 731m. 1H-NMR (200 MHz, CDCl3): d
7.93 (s, 1H, HAC(2)); 6.15–5.68 (m, 1H, ACH¼¼); 5.46–5.04
(m, 2H, ¼¼CH2); 4.54–4.44 (m, 2H, ACH2A); 2.82 (s, 3H,
MeCO); 2.48 (s, 3H, Me). 13C-NMR (50 MHz, CDCl3): d
191.3 (s, C¼¼O); 132.0, 129.6 (2s, C(4), C(5)); 130.2 (d,
ACH¼¼); 125.6 (d, C(2)); 119.6 (t, ¼¼CH2); 47.6 (t, ACH2A);
30.6 (q, MeCO); 9.9 (q, Me). EI-HRMS: 180.0905 (Mþ,
C9H12N2O2

þ; calcd. 180.0899).
Ethyl 1-allyl-5-methyl-3-oxido-1H-imidazole-4-carboxylate

(1c). The crude product was purified by flash chromatography
on silica using AcOEt with increasing amounts of MeOH (up
to 1:1 ratio) to give 1c in 36% yield (0.76 g). Colorless semi-
solid. IR (KBr): m 3150–2950s, 1706vs, 1458m, 1326m,
1285m, 1180m, 1091m, 742m. 1H-NMR (200 MHz, CDCl3): d
8.27 (s, 1H, HAC(2)); 6.03–5.84 (m, 1H, ACH¼¼); 5.36–5.06
(m, 2H, ¼¼CH2); 4.61–4.58 (m, 2H, ACH2A); 4.40 (q, J ¼
7.1, 2H, MeCH2O); 2.46 (s, 3H, Me); 1.39 (t, J ¼ 7.1, 3H,
MeCH2O).

13C-NMR (50 MHz, CDCl3): d 158.8 (s, C¼¼O);

131.8, 121.6 (2s, C(4), C(5)); 130.4 (d, ACH¼¼); 126.8 (d,
C(2)); 118.7 (t, ¼¼CH2); 60.5 (t, MeCH2O); 47.6 (t, CH2N);
13.8 (q, MeCH2O); 9.5 (q, Me). EI-HRMS: 210.1017 (Mþ,
C10H14N2O3

þ; calcd. 210.1004).
1-Allyl-5-methyl-3-oxido-N-phenyl-1H-imidazole-4-carbox-

amide (1d). Yield 1.98 g (77%). Yellow solid, mp 115–117�C
(CH2Cl2/Et2O). IR (KBr): m 3119m, 1664m, 1621s, 1598s,

1565s, 1498m, 1447m, 1418m, 1309m, 1277m, 759m. 1H-
NMR (80 MHz, CDCl3): d 12.90 (s, 1H, NH); 7.88 (s, 1H,
HAC(2)); 7.77–7.61 (m, 2 arom. H); 7.44–6.99 (m, 3 arom.
H); 6.07–5.67 (m, 1H, ACH¼¼); 5.46–5.03 (m, 2H, ¼¼CH2);
4.52–4.42 (m, 2H, ACH2A); 2.63 (s, 3H, Me). 13C-NMR (50

MHz, CDCl3): d 157.2 (s, C¼¼O); 138.0, 131.7, 121.9 (3s, 1
C(Ph), C(4), C(5)); 130.2 (d, ACH¼¼); 128.9, 125.2, 124.1,
120.5 (4d, 5 CH(Ph), C(2)); 119.9 (t, ¼¼CH2); 47.8 (t,
ACH2A); 9.55 (q, Me). EI-HRMS: 257.1173 (Mþ,
C14H15N3O2

þ; calcd. 257.1164).
Synthesis of 1,3,5-triallylhexahydro-1,3,5-triazine (3a). The

allylamine (50 mL, 38 g, 0.67 mol) was carefully dissolved in
methanol (80 mL) and cooled to 0�C. Then, solid paraformal-
dehyde (21 g, 0.7 mol) was added in small portions, the
obtained suspension was allowed to reach r.t. and was stirred

overnight. Next day, the solvent was removed in vacuo and
the oil was short-path distilled at 95–100�C/2 mm Hg to give
3a in 84% yield. All spectra of 3a corresponded with literature
data [15].

Synthesis of 4,5-disubstituted 1-allyl-2,3-dihydroimida-

zole-2-thiones (5a–f). To the magnetically stirred solution of
N-oxide 1 (10 mmol) in CH2Cl2 (30 mL), the solution of
2,2,4,4-tetramethylcyclobutane-1,3-dithione (4, 0.95 g, 5.5
mmol) in dichloromethane (8 mL) was added at 0�C. After the
ice-bath was removed, stirring was continued overnight. The
solvent was removed to dryness, the residue was washed with
two portions of ether (10 mL each), and the crude product was
recrystallized from an appropriate solvent.

1-Allyl-2,3-dihydro-4,5-dimethylimidazole-2-thione (5a). Yield
1.40 g (84%). Light yellow crystals, mp 147–149�C (CHCl3/

Et2O). IR (KBr): m 3166m, 3088s, 2949m, 2923m, 1661w,

1497m, 1431m, 1412m, 1397m, 1236m. 1H-NMR (200 MHz,

CDCl3): d 12.17 (br. s, 1H, NH); 6.16–5.69 (m, 1H, ACH¼¼);

5.30–4.92 (m, 2H, ¼¼CH2); 4.71–4.61 (m, 2H, ACH2A); 2.08,

2.04 (2s, 6H, 2 Me). 13C-NMR (50 MHz, CDCl3): d 157.5 (s,

C¼¼S); 131.7 (d, ACH¼¼); 121.3, 119.9 (2s, C(4), C(5)); 116.7

(t, ¼¼CH2); 46.3 (t, ACH2A); 8.7, 8.6 (2q, 2Me). EI-HRMS:

168.0726 (Mþ, C8H12N2S
þ; calcd. 168.0721).

4-Acetyl-1-allyl-2,3-dihydro-5-methylimidazole-2-thione
(5b). Yield 1.39 g (71%). Pale yellow crystals, mp 145–148�C
(MeOH). IR (KBr): m 3150–2900vs, 1641vs, 1596m, 1492m,

1414s, 1385m, 1375m, 1353m, 1262m, 1177m. 1H-NMR (200

MHz, CDCl3): d 11.74 (br. s, 1H, NH); 5.90–5.71 (m, 1H,

ACH¼¼); 5.18–4.94 (m, 2H, ¼¼CH2); 4.79–4.29 (m, 2H,

ACH2A); 2.42, 2.40 (2s, 6H, 2 Me). 13C-NMR (50 MHz,

CDCl3): d 186.1 (s, C¼¼O); 162.2 (s, C¼¼S); 134.2, 124.2 (2s,

C(4), C(5)); 130.4 (d, ACH¼¼); 117.6 (t, ¼¼CH2); 46.3 (t,

ACH2A); 28.5 (q, MeCO); 10.9 (q, Me). EI-HRMS: 196.0681

(Mþ, C9H12N2OS
þ; calcd. 196.0670).

Ethyl 1-allyl-2,3-dihydro-5-methyl-2-thioxoimidazole-4-car-
boxylate (5c). The crude product was purified by flash chro-
matography on silica using AcOEt to give 5c in 52% yield

(1.17 g). Colorless crystals, mp 146–148�C (CHCl3/petroleum
ether). IR (KBr): m 3150–2900s (br.), 1698 vs, 1497m, 1462m,
1417s, 1372m, 1359m, 1267m, 1173m, 1158m, 1088m. 1H-
NMR (200 MHz, CDCl3): d 11.10 (br. s, 1H, NH); 6.01–5.82

(m, 1H, ACH¼¼); 5.28–5.04 (m, 2H, ¼¼CH2); 4.81–4.74 (m,
2H, ACH2A); 4.34 (q, J ¼ 7.1, 2H, MeCH2O); 2.47 (s, 3H,
Me); 1.38 (t, J ¼ 7.1, 3H, MeCH2O).

13C-NMR (50 MHz,
CDCl3): d 162.4 (s, C¼¼S); 158.6 (s, C¼¼O); 134.8, 115.5 (2s,
C(4), C(5)); 130.7 (d, ACH¼¼); 117.4 (t, ¼¼CH2); 60.8 (t,
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MeCH2O); 46.3 (t, CH2N); 13.9 (q, MeCH2O); 9.9 (q, Me).
EI-HRMS: 226.0777 (Mþ, C10H14N2O2S

þ; calcd. 226.0776).
1-Allyl-2,3-dihydro-5-methyl-N-phenyl-2-thioxoimidazole-4-

carboxamide (5d). Yield 2.43 g (89%). Colorless solid, mp
259–262�C (decomp.) (EtOH). IR (KBr): m 3252m, 3200–

2900s (br.), 1640vs, 1599m, 1533m, 1497m, 1447s, 1403m,
1362m, 761m. 1H-NMR (200 MHz, DMSO-d6): d 12.53, 9.56
(2br.s, 2H, 2 NH); 7.60–7.56 (m, 2 arom. H); 7.32–7.24 (m, 2
arom. H); 7.07–6.99 (m, 1 arom. H); 5.92–5.76 (m, 1H,
ACH¼¼); 5.12 (dd, J ¼ 10.4, 1.2, 1H); 4.92 (dd, J ¼ 17.2, 1.4,

1H); 4.66–4.64 (m, 2H, ACH2A); 2.38 (s, 3H, Me). 13C-NMR
(50 MHz, DMSO-d6): d 161.6, 156.5 (2s, C¼¼O, C¼¼S); 138.4,
133.4, 117.7 (3s, 1 C(Ph), C(4), C(5)); 131.9 (d, ACH¼¼);
128.8, 123.8, 119.7 (3d, 5 CH(Ph)); 116.8 (t, ¼¼CH2); 45.6 (t,
ACH2A); 9.9 (q, Me). EI-HRMS: 273.0940 (Mþ,
C14H15N3OS

þ; calcd. 273.0936).
1-Allyl-2,3-dihydro-4-methyl-5-phenylimidazole-2-thione

(5e). The crude N-oxide 1e prepared according to the general
protocol was subsequently transformed into 5e by treatment

with 4 in CH2Cl2 solution [3]. Pure product was obtained by
flash chromatography on silica using acetone, then MeOH, in
39% overall yield (0.83 g). Colorless needles, mp 164–165�C
(EtOH). IR (KBr): m 3150–2900vs (br.), 1599m, 1506s,
1485m, 1424m, 1388m, 1243m, 1198m, 763m, 700m. 1H-

NMR (200 MHz, CDCl3): d 12.39 (br. s, 1H, NH); 7.46–7.40
(m, 3 arom. H); 7.32–7.27 (m, 2 arom. H); 5.95–5.76 (m, 1H,
ACH¼¼); 5.20–4.88 (m, 2H, ¼¼CH2); 4.62–4.58 (m, 2H,
ACH2A); 2.16 (s, 3H, Me). 13C-NMR (50 MHz, CDCl3): d
158.8 (s, C¼¼S); 132.1 (d, ACH¼¼); 130.2, 128.8, 128.7 (3d, 5

CH(Ph)); 128.3, 127.4, 122.2 (3s, 1 C(Ph), C(4), C(5)); 117.3
(t, ¼¼CH2); 46.9 (t, ACH2A); 9.3 (q, Me). EI-HRMS:
230.0882 (Mþ, C13H14N2S

þ; calcd. 230.0878).
1-Allyl-2,3-dihydro-4,5-diphenylimidazole-2-thione (5f). Yield

2.22 g (76%). Colorless crystals, mp 293–296�C (EtOH). IR

(KBr): m 3100–2900vs (br.), 1508m, 1493s, 1482s, 1425m,
1397m, 1388m, 1238m, 1199m, 918m, 773s, 702s. 1H-NMR
(200 MHz, CDCl3): d 11.36 (br. s, 1H, NH); 7.48–7.43 (m, 3
arom. H); 7.35–7.31 (m, 2 arom. H); 7.24 (s, 5 arom. H);

5.93–5.77 (m, 1H, ACH¼¼); 5.18–4.89 (m, 2H, ¼¼CH2); 4.62–
4.57 (m, 2H, ACH2A). 13C-NMR (50 MHz, CDCl3): d 160.7
(s, C¼¼S); 131.9 (d, ACH¼¼); 134.2, 128.5, 127.4, 125.4 (4s, 2
C(Ph), C(4), C(5)); 131.1, 129.6, 129.1, 128.8, 128.0, 126.4
(6d, 10 CH(Ph)); 117.8 (t, ¼¼CH2); 47.1 (t, ACH2A). EI-

HRMS: 292.1047 (Mþ, C18H16N2S
þ; calcd. 292.1034).

Synthesis of 5,6-disubstituted 2,3-dihydro-2-(iodomethyl)-

imidazo[2,1-b]thiazoles (9a–f). To a solution (or suspension)

of the corresponding imidazoline-2-thione 5 (10 mmol) in dry

ethanol (ca. 20 mL), an equimolar amount of nicely powdered

iodine (2.54 g) was added in small portions, and vigorous stir-

ring was continued for 24 h at room temperature. The resulting

mixture was cooled and the yellow precipitate of crude 8 was

filtered off. After evaporation of the solvent, the residue was

washed with few portions of ether, filtered off and combined.

If necessary, the crude hydroiodide 8 was recrystallized from

hot EtOH. The obtained salt was suspended in ethanol (ca. 10
mL), an aqueous solution (5%) of AcONa (1.64 g, 20 mmol)

was added, and stirring was continued for 1 h at room temper-

ature. The resulting product 9 was filtered off and crystallized

from an appropriate solvent.

2,3-Dihydro-2-iodomethyl-5,6-dimethylimidazo[2,1-b]thiazole
(9a). The isolated hydroiodide 8a was dissolved in ethanol

(ca. 5 mL), an aqueous solution (5%) of AcONa (20 mmol)
was added, and the solution was stirred for 30 min at room
temperature. The mixture was extracted with chloroform, the
combined organic phases were washed with an aqueous solu-
tion (10%) of Na2S2O3, dried (CaCl2), and after filtration the

solvent was evaporated. The crude product was purified by
flash chromatography on silica (CHCl3) to give 1.06 g (36%)
of 9a as a colorless solid; mp 83–86�C (decomp., CHCl3). IR
(KBr): m 3010–2870vs (br.), 1585m, 1483s, 1452m, 1421m,
1382m, 1367m, 1314m, 1227m, 1187m, 807m. 1H-NMR (200

MHz, CDCl3): d 4.42–4.29 (m, 1H); 4.00–3.85 (m, 2H); 3.45
(dd, J ¼ 10.2, 4.7, 1H); 3.31 (t, J ¼ 10.5, 1H); 2.02, 1.99 (2s,
6H, 2 Me). 13C-NMR (50 MHz, CDCl3): d 143.2, 137.8, 121.3
(3s, 3 C(imidazole)); 51.9 (d, CH); 49.4 (t, CH2N); 12.8, 8.8
(2q, 2 Me); 8.1 (t, CH2I). EI-HRMS: 293.9689 (Mþ,
C8H11IN2S

þ; calcd. 293.9688).
Selected Data for 8a. Yellow crystals. mp 146–149�C

(decomp., EtOH). IR (KBr): 3054vs (br.), 2960–2870vs,
1646m, 1498m, 1442m, 1176m. 1H-NMR (80 MHz, CD3OD):

d 5.18–4.93 (m, 1H); 4.54 (dd, J ¼ 12.0, 7.7, 1H); 4.35 (dd, J
¼ 12.0, 4.0, 1H); 3.78 (s, 1H); 3.74 (d, J ¼ 5.8, 1H); 2.25 (s,
6H, 2 Me).

6-Acetyl-2,3-dihydro-2-iodomethyl-5-methylimidazo[2,1-b]thia-
zole (9b). Yield 2.09 g (65%). Yellow crystals, mp 152–153�C
(EtOH). IR (KBr): m 1655vs, 1547s, 1492m, 1464m, 1411w,
1370s (br.), 1282m, 1212m, 1178m, 1158s, 951m, 548m. 1H-
NMR (400 MHz, CDCl3): d 4.52–4.45 (m, 1H); 4.13–4.04 (m,
2H); 3.54 (dd, J ¼ 10.4, J ¼ 4.0, 1H); 3.36 (t, J ¼ 10.8, 1H);
2.48, 2.42 (2s, 6H, 2 Me). 13C-NMR (100 MHz, CDCl3): d
195.0 (s, C¼¼O); 145.3, 141.7, 133.6 (3s, 3 C(imidazole)); 52.2
(d, CH); 49.3 (t, CH2N); 27.3 (q, MeCO); 11.2 (q, Me); 7.3 (t,
CH2I). EI-HRMS: 321.9648 (Mþ, C9H11IN2OS

þ; calcd.
321.9637).

Selected data for 8b. Yellow needles, mp 178–180�C
(EtOH). IR (KBr): m 3040–2750vs (br.), 1664vs, 1590m,
1525m, 1483m, 1412s, 1340m, 1303m, 1239m, 1179m. 1H-
NMR (400 MHz, DMSO-d6): d 5.01–4.94 (m, 1H); 4.50 (dd, J
¼ 12.0, 7.6, 1H); 4.25 (dd, J ¼ 12.0, 4.0, 1H); 3.79–3.71 (m,

2H); 2.53, 2.44 (2s, 6H, 2 Me).
Ethyl 2,3-dihydro-2-iodomethyl-5-methylimidazo[2,1-b]thia-

zole-6-carboxylate (9c). The crude 8c was suspended in etha-

nol (5 mL), an aqueous solution (5%) of AcONa (20 mmol)

was added, and the solution was stirred for 30 min at room

temperature. The mixture was extracted with few portions of

chloroform, the combined organic phases were washed with an

aqueous solution (10%) of Na2S2O3 and dried (CaCl2), and the

solvent was evaporated to give 9c in 61% overall yield (2.14

g). Colorless solid, mp 130–134�C (decomp., CHCl3). IR

(KBr): m 1694vs, 1497s, 1459m, 1396m, 1376m, 1345m,

1195m, 1173s, 1157s, 1089m, 782m. 1H-NMR (400 MHz,

CDCl3): d 4.53–4.48 (m, 1H); 4.27 (q, J ¼ 7.2; MeCH2O);

4.15 (dd, J ¼ 11.6, 7.2, 1H); 4.05 (dd, J ¼ 11.6, 4.0, 1H);

3.53 (dd, J ¼ 10.4, 4.8, 1H); 3.38 (t, J ¼ 10.4, 1H); 2.46 (s,

3H, Me); 1.31 (t, J ¼ 7.0, MeCH2O).
13C-NMR (100 MHz,

CDCl3): d 163.1 (s, C¼¼O); 146.6, 135.0, 132.8 (3s, 3 C(imid-

azole)); 60.4 (t, MeCH2O); 52.2 (d, CH); 49.7 (t, CH2N); 14.4,

10.9 (2q, 2 Me); 7.8 (t, CH2I). EI-HRMS: 351.9779 (Mþ,
C10H13IN2O2S

þ; calcd. 351.9742).
2,3-Dihydro-2-iodomethyl-5-methyl-N-phenylimidazo[2,1-b]

thiazole-6-carboxamide (9d). Yield 2.97 g (74%). Colorless

crystals, mp 195–203�C (decomp., EtOH). IR (KBr): m 3281m,
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1656s, 1593s, 1569m, 1523s, 1490s, 1440s, 1385m, 1301m,
1235m, 1189m, 1173m, 756m. 1H-NMR (200 MHz, DMSO-
d6): d 9.68 (br s, 1H, NH); 7.84–7.80 (m, 2 arom. H); 7.34–
7.26 (m, 2 arom. H); 7.07–7.00 (m, 1 arom. H); 4.86–4.80 (m,
1H); 4.36 (dd, J ¼ 11.6, 7.6, 1H); 4.05 (dd, J ¼ 11.6, 4.8,

1H); 3.75–3.65 (m, 2H); 2.53 (s, 3H, Me). 13C-NMR (50
MHz, CDCl3): d 161.1 (s, C¼¼O); 144.5, 139.0, 134.3, 132.6
(4s, 1 C(Ph), 3 C(imidazole)); 128.5, 122.9, 119.7 (3d, 5
CH(Ph)); 53.2 (d, CH); 49.1 (t, CH2N); 10.4 (t, CH2I); 10.2
(q, Me). EI-HRMS: 398.9917 (Mþ, C14H14IN3OS

þ; calcd.

398.9902).
2,3-Dihydro-2-iodomethyl-6-methyl-5-phenylimidazo[2,1-b]

thiazole (9e). Workup analogous to that described for 9a gave
1.39 g (39%) of 9e as a colorless semi-solid after column
chromatography (silica, CHCl3/AcOEt 9:1). IR (KBr): m
1603m, 1492m, 1474m, 1457s, 1423m, 1376m, 764m, 700m.
1H-NMR (200 MHz, CDCl3): d 7.49–7.42 (m, 2 arom. H);
7.36–7.29 (m, 3 arom. H); 4.54–4.41 (m, 1H); 4.18 (d, J ¼
5.2, 2H); 3.61–3.41 (m, 2H); 2.28 (s, 3H, Me). 13C-NMR (50

MHz, CDCl3): d 146.2, 140.1, 130.7, 129.7 (4s, C(Ph), 3
C(imidazole)); 128.8, 127.7, 127.3 (3d, 5 CH(Ph)); 52.2 (d,
CH); 51.2 (t, CH2N); 14.0 (q, Me); 7.7 (t, CH2I). EI-HRMS:
355.9851 (Mþ, C13H13IN2S

þ; calcd. 355.9844).
Selected data for 8e. Pale yellow solid, mp 108–109�C

(decomp., CHCl3). IR (KBr): m 3000–2450vs (br.), 1624m,
1598m, 1504m, 1515m, 1200m, 766m, 749m, 701m. 1H-NMR
(80 MHz, CDCl3): d 7.51 (s, 5 arom. H); 5.37–5.04 (m, 1H);
4.69 (dd, J ¼ 12.0, 7.2, 1H); 4.28 (dd, J ¼ 12.0, 4.0, 1H);
4.01–3.75 (m, 2H); 2.43 (s, 3H, Me).

2,3-Dihydro-2-iodomethyl-5,6-diphenylimidazo[2,1-b]thiazole
(9f). Yield 2.17 g (52%). Colorless solid, mp 173–176�C
(decomp., EtOH). IR (KBr): m 1600m, 1504m, 1475s, 1456m,
1441m, 1336m, 1123w, 965w, 772s, 700s. 1H-NMR (400
MHz, CDCl3): d 7.52–7.33 (m, 7 arom. H); 7.28–7.17 (m, 3

arom. H); 4.57–4.50 (m, 1H); 4.20 (dd, J ¼ 11.6, 6.8, 1H);
4.13 (dd, J ¼ 11.6, 4.0, 1H); 3.61 (dd, J ¼ 10.4, 4.8, 1H);
3.53 (t, J ¼ 10.6, 1H). 13C-NMR (100 MHz, CDCl3): d 147.2,
142.2, 134.0, 130.2, 127.0 (5s, 2 C(Ph), 3 C(imidazole));

130.8, 129.2, 129.1, 128.5, 128.3, 126.9 (6d, 10 CH(Ph)); 52.4
(d, CH); 51.2 (t, CH2N); 7.7 (t, CH2I). EI-HRMS: 418.0009
(Mþ, C18H11IN2OS

þ; calcd. 418.0002).
Selected data for 8f. Pale yellow solid, mp 212–218�C

(decomp., EtOH). IR (KBr): m 3050–2700vs (br.), 1514s,

1443m, 1173m, 1100m, 769s, 733m, 698s. 1H-NMR (80 MHz,
CDCl3): d 7.52, 7.38 (2s, 10 arom. H); 5.19–4.94 (m, 1H);
4.65 (dd, J ¼ 12.0, 7.4, 1H); 4.32 (dd, J ¼ 12.0, 4.5, 1H);
3.83 (d, J ¼ 6.4, 2H).

Synthesis of 5,6-disubstituted 2,3-dihydro-2-methyliden-

imidazo[2,1-b]thiazoles (10). To a solution of 9 (1.0 mmol) in
ethanol (5 mL), freshly distilled Et3N (3.0 mmol, 0.30 g) was
added and the resulting solution was refluxed for 3 h. The
mixture was cooled to room temperature, filtered through a
Celite plug, and the solvents were evaporated. Purification by

flash chromatography (silica, CHCl3) gave pure substance.
2,3-Dihydro-5,6-dimethyl-2-methylidenimidazo[2,1-b]thiazole

(10a). Yield 53 mg (32%). Mp 107–110�C (CHCl3). Decom-
poses during the storage at room temperature. IR (KBr): m
2922s (br.), 1624m, 1482s, 1443s, 1374m, 1304m, 1266m,
1170m, 862m. 1H-NMR (200 MHz, CDCl3): d 5.39 (q-like, J
� 2.3, 1H); 5.29 (q-like, J � 2.5, 1H); 4.67 (t, J ¼ 2.5, 2H);
2.11 (s, 6H, 2 Me). 13C-NMR (50 MHz, CDCl3): d 142.9,

142.5, 137.3, 121.4 (4s, 4 C); 107.9 (t, ¼¼CH2); 49.8 (t, CH2);
12.9, 8.9 (2q, 2 Me).

6-Acetyl-2,3-dihydro-5-methyl-2-methylidenimidazo[2,1-b]
thiazole (10b). Yield 0.12 g (62%). Mp 82–85�C (CH2Cl2/
hexane). IR (KBr): m 1656vs, 1631m, 1550s, 1499m, 1460m,

1379s, 1356m, 1187m, 1166m, 951m, 891m. 1H-NMR (400
MHz, CDCl3): d 5.40 (q-like, J � 2.3, 1H); 5.31 (q-like, J �
2.7, 1H); 4.70 (t, J ¼ 2.4, 2H); 2.44, 2.41 (2s, 6H, 2 Me). 13C-
NMR (100 MHz, CDCl3): d 195.0 (s, C¼¼O); 144.9, 141.0,
140.5, 137.2 (4s, 4 C); 109.5 (t, ¼¼CH2); 49.2 (t, CH2); 27.3

(q, MeCO); 11.0 (q, Me). EI-HRMS: 194.0529 (Mþ,
C9H10IN2OS

þ; calcd. 194.0515).
Synthesis of 2,3-dihydro-5,6-diphenyl-2-{[(1,4,5-trimethyl-1H-

imidazol-2-yl)sulfanyl]methyl}imidazo[2,1-b]thiazole (11). A
mixture of equimolar amounts of 9f (0.8 g, 1.9 mmol) and

1,4,5-trimethyl-2,3-dihydroimidazole-2-thione (5g, 0.27 g, 1.9
mmol) in ethanol (10 mL) was heated to reflux for 48 h. Then,
half of the solvent was evaporated, the resulting solution
treated with AcONa (0.35g, 5% aqueous solution), vigorously

stirred, and extracted with CHCl3 (3 � 10 mL). The combined
organic phases were dried (CaCl2), filtered, and the solvent
was evaporated to dryness. The resulting solid was purified by
column chromatography (silica, CHCl3/AcOEt 1:1) to give
0.26 g (32%) of 11 as a colorless solid. Mp 155–157�C (ace-

tone). IR (KBr): m 2920m, 1602m, 1504m, 1477m, 1458s,
1441s, 1394m, 1335m, 1123m, 769m, 697s. 1H-NMR (400
MHz, CDCl3): d 7.41–7.07 (m, 10 arom. H); 4.55–4.50 (m,
1H); 4.22 (dd, J ¼ 11.6, 6.8, 1H); 4.07 (dd, J ¼ 11.6, 4.8,
1H); 3.70–3.62 (m, 1H); 3.45 (s, 3H, MeN); 3.36 (dd, J ¼
14.0, 7.2, 1H); 2.13, 2.07 (2s, 6H, 2 Me). 13C-NMR (100
MHz, CDCl3): d 147.4, 142.4, 136.1, 134.4, 132.3, 130.4,
127.6, 126.4 (8s, 8 C); 129.1, 129.0, 128.3, 128.2, 126.9,
126.7 (6d, 10 CH(Ph)); 52.0 (d, CH); 49.9, 39.4 (2t, 2 CH2);
31.6, 11.5, 9.1 (3q, 3 Me). EI-HRMS: 432.1453 (Mþ,
C24H24N4S2

þ; calcd. 432.1442).
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Reaction of 6-aryl-5-cyano-2-mercapto-3,4-dihydropyrimidin-4-ones with formaldehyde and primary

amines in suitable solvent via a double Mannich reaction gave the corresponding 8-aryl-7-cyano-3-N-
substituted-pyrimido[2,1-b]-1,3,5-thiadiazin-6-ones rather than the isomeric products 6-aryl-7-cyano-3-
N-substituted-pyrimido[2,1-b]-1,3,5-thiadiazin-8-ones. The cyclization method was found to be the most
favored for the formation of the linear products rather than the angular isomers. This was confirmed not
only by using spectral analysis and molecular mechanical calculations but also by X-ray single crystal

structure determination.

J. Heterocyclic Chem., 47, 1294 (2010).

INTRODUCTION

Although a few publications have been appeared since

last 12 years describing the synthesis of 1,3,5-thiadia-

zines but literature survey on this class of heterocyclic

system showed that 1,3,5-thiadiazines and its fused het-

erocycles possess a broad spectrum of biological interest

[1]. It was found that functionalized thiadiazines have

insecticidal [2], antibacterial [3], herbicidal [4], and fun-

gicidal [5] effects. The broad biological activities of py-

rimidine [6–12] and fused pyrimidine derivatives,

prompted us to synthesize new derivative of pyrimidines

fused heterocycles. During last decade, we were investi-

gating the behavior of Mannich reaction toward the mul-

tifunctional heterocyclic compounds such as 5-mer-

capto-3-aryl-1,2,4-triazole (Fig. 1). We investigated this

reaction in acidic, basic, and neutral mediums, and we

concluded that in all cases only one isomeric product 1

was isolated, rather than the other isomeric products 2

[13–15].

Those findings encouraged us to investigate continu-

ally the use of functionality factor and the reaction me-

dium. One of the advantages of this reaction is a wide

variety to synthesize a number of varieties of poly heter-

ocyclic compounds in one pot reaction which is difficult

to obtain by another procedure. Pyrazolothiadiazines

[13], Triazolothiadiazines [13,15], and thiadiazinobenzi-

midazoles [14] were also obtained in high-yields using

double or triple Mannich reaction in one pot reaction.

We have recently described that similar compounds

could be synthesized via modification of Mannich reac-

tion using di-functional compounds [13–15]. We found

that the cyclization reactions to form the corresponding

thiadiazines 1 are different from that reported by Wang

and co-workers [16]. They suggested that the thiadiazine

derivatives 2 were formed rather than the isomeric

derivatives 1.

In our laboratory, we investigated the Mannich reac-

tion of polyfunctional heterocyclic compounds like

5-mercaptotriazoles, 5-aminopyrazoles, and 2-mercapto-

benzimidazoles, which gave the corresponding 1,2,4-tri-

azolo[3,2-b]-1,3,5-thiadiazines 1, pyrazolo[3,4-d]pyrimi-

dines 3, and 1,3,5-thiadiazino[3,2-a]benzimidazoles 4,

respectively in high-yield [13–15] (Fig. 2).

RESULTS AND DISCUSSION

In this study, we focused on the susceptibility and se-

lectivity of the cyclization of 6-aryl-5-cyano-2-thioxo-

1,2,3,4-tetrahydropyrimidin-4-one (5a–d) towards the

double Mannich reaction. On treatment of the poly
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functional compounds 5a–d with one equivalent of vari-

ant primary aliphatic and aromatic amines with excess

of formaldehyde (37%) in ethanol, ethanol/dioxane and

ethanol/acetic acid at room temperature the reaction

might proceed to afforded the corresponding 8-aryl-7-

cyano-3-N-substituted-pyrimido[2,1-b]-1,3,5-thiadiazin-

6-ones (6–9) or the other isomeric products 6-aryl-7-

cyano-3-N-substituted-pyrimido[2,1-b]-1,3,5-thiadiazin-

8-ones (10–13) or possible a mixture of both isomeric

products. However, based on TLC the reaction gave

only single isolable products 6–9 in high-yields,

(Scheme 1).

The IR spectra of the products lacked the NH absorp-

tion peaks and showed the CBN and C¼¼O peaks at

2220–2240 and 1650–1700 cm�1, respectively, whereas

the 1H-NMR spectra of the reaction products were char-

acterized by the appearance of two signals at d 5.9–4.8

and 6.1–5.0 attributed to the two methylene groups

SCH2N and NCH2N respectively in addition to the other

protons at the expected chemical shifts. The Mass spec-

tra of the synthesized compounds showed the expected

molecular ion peaks and its CHNS analysis were found

to be in agreement with the calculated ones. All these

data presented here can’t confirm which one of these

isomers, 6–9 and 10–13 is formed.

We need a solid argument to prove whether the iso-

meric products formed 6–9 or 10–13. This directed us to

think about the tautomerism of compound 5a–d, whether

their structure existed in the form A or B. For example

compound 5a (R ¼ Ph) is in equilibrium with the two

forms A and B as shown in Figure 3.

Based on resonance effect, the tautomer A is more

favorable than B as both the CN and CO groups are

conjugated with the diene system. Further, this assump-

tion was supported by the molecular mechanics calcula-

tions–MMXE, which showed that tautomer A is more

stable than B. If double Mannich reaction occurred with

tautomer A the product will be the isomeric compounds

6–9, whereas, the isomeric products 10–13 could be

obtained in case of the existence of the tautomer B in

the reaction medium (Figure 3).

Mechanistically, the formation of the cyclized com-

pounds could be explained either by the addition of SH

(route a) or NH (route b) group to the formed imines,

which resulted from the condensation of formaldehyde

with primary amine, (Scheme 2; Table 1). Based on

both molecular modeling study and X-ray analysis of 6h

(Figures 4 and 5), the structure of the reaction product

was assigned as the isomeric products 6–9 of lower

energy rather than the isomeric products 10–13. The for-

mation of single product only indicates that the reaction

is proceeded regioselectively. Recently, similar results

were obtained by Dotsenko et al [17].

X-ray analysis of compound 6h (Ar ¼ C6H5, R ¼
C6H4CH3-p) C20H16N4OS VA/01/890 P21/c 150K IPDS,

Bond Distances (Ångstroms) (see Table 2–4).

BIOLOGICAL ACTIVITY

The antimicrobial activity of some synthesized com-

pounds were determined by the usual disk assay [18] at

Figure 1. 1,2,4-Triazolo[3,2-b]-1,3,5-thiadiazines 1 and 2.

Figure 2. Pyrazolo[3,4-d]pyrimidines 3 and 1,3,5-thiadiazino[3,2-

a]benzimidazoles 4.

Scheme 1. Synthesis of pyrimido[2,1-b]-1,3,5-thiadiazines 6–9.

Figure 3. Tautomerism of the thiouracil derivative.
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a concentration of (10�3 mol) per disk Inhibition zones

in (cm) around filter paper disks (3 mm in diameter)

were measured and the average of these reading was

considered. From the antimicrobial used such as: a, Ba-
cillus cereus; b, E. coli.

The antimicrobial activity study revealed that all com-

pounds screened showed moderate to weak antimicrobial

activity, except compounds 6f, 8b, and 8d have good

effect.

EXPERIMENTAL

Melting points were determined using Gallen Camp melting
point apparatus and are uncorrected. The IR-spectra were
measured on a Shimatzu-470 spectrometer using KBr tech-
nique (m cm�1). The 1H-NMR spectra were measured on a

Varian EM-390,90MHz spectrometer (Spectral Unit, Assuit
University, Egypt) and dx 500.13 MHz spectrometer (Depart-
ment of Physical Chemistry, Geneva) using CDCl3, DMSO- d6
as a solvent and TMS was used as internal standard, d ppm.

The 13C-NMR spectra were measured on dx 125.77 MHz spec-
trometer. The mass spectra were recorded on Jeol-Jms-600H
spectrometer using the direct inlet system. The elemental anal-
yses were performed using Perkin-Elmer elemental analyzer
240-C and the X-ray diffraction analysis from faculty of sci-

ence, Geneva University.
General procedures for synthesis of 8-Arylpyrimido[2,1-

b]-1,3,5-thiadiazine derivatives. A mixture of 5-Cyano-4-
oxo-6-aryl-2-thioxo-1,2,3,4-tetrahydropyrimidine (1.0 mmole),
primary amines (1.1 mmole) and formaldehyde (2 mL) was

stirred in appropriate solvent (20 mL) at room temperature for
2–3 h. The resulting precipitate was collected by filtration,
washed with water several times and dried well. The crude
product was crystallized from the proper solvent to give the
corresponding 8-phenyl-pyrimido[2,1-b]-1,3,5-thiadiazine

derivatives.
8-phenylpyrimido [2,1-b]-1,3,5-thiadiazine derivatives (6a-

k). These compounds were obtained according to general
method using ethanol as solvent.

7-Cyano-3-ethyl-8-phenyl-3,4-dihydro-2H-pyrimido[2,1-b]-
1,3,5-thiadiazin-6-one (6a). This compound was obtained as

Scheme 2. The suggested mechanism of formation of the isomers 6–9.

Compound

no.

þVe

bacterial

Bacillus

Diameter of

inhibitor

(cm)

�Ve

bacterial

E. Coli

Diameter of

inhibitor

(cm)

6a þ 0.6 þ 1.5

6f þ 1 þ 2

6h þ 0.2 þ 0.9

7c þ 0.7 þ 1

7i þ 0.3 þ 1

7k � � þ 0.8

8b þ 0.7 þ 2

8d þ 0.5 þ 2.2

9e � � þ 1

9g � � þ 0.9

DMSO � � � �
CHL þ 4 þ 3.2

CHL, chloramphenicol as standard.
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colorless crystals from ethanol, yield (0.25 g, 84 %). Mp 148–
150�C. IR (KBr): 3050, 2995, 2200, 1660, 1520, 1470 cm�1.
1H-NMR (90 MHz, CDCl3): d ¼ 1.1 (t, J ¼ 2.7 Hz, 3H,

NCH2CH3), 2.7 (q, J ¼ 2.7 Hz, 2H, NCH2CH3), 4.6 (s, 2H,
SCH2N), 4.9 (s, 2H, NCH2N), 7.0–8.1 ppm (m, 5H, arom-H).

Anal. Calcd for C15H14N4OS: C, 60.38; H, 4.73; N, 18.78;
S, 10.75. Found: C, 60.12; H, 4.60; N, 18.77; S, 10.76.

3-Butyl-7-cyano-8-phenyl-3,4-dihydro-2H-pyrimido[2,1-b]-
1,3,5-thiadiazin-6-one (6b). This compound was obtained as
colorless crystals from ethanol, yield (0.23 g, 71%). Mp 155–
156�C. IR (KBr): 3080, 2995–2850, 2200, 1670, 1530, 1460
cm�1. 1H-NMR (90 MHz, CDCl3): d ¼ 0.9 (t, J ¼ 1.8 Hz,

3H, CH2CH3), 1.4 (m, 2H, CH2CH3), 2.3 (m, 2H, NCH2CH2),
2.7 (t, J ¼ 2.25 Hz, 2H, NCH2CH2), 4.7 (s, 2H, SCH2N), 5.0
(s, NCH2N), 7.7–8.1 ppm (m, 5H, arom-H).

Anal. Calcd for C17H18N4OS: C, 62.55; H, 5.56; N, 17.16;
S, 9.82. Found: C, 62.45; H, 5.50; N, 17.12; S, 9.72.

7-Cyano-3-isobutyl-8-phenyl-3,4-dihydro-2H-pyrimido[2,1-b]-
1,3,5-thiadiazin-6-one (6c). This compound was obtained as
colorless crystals from ethanol, yield (0.15 g, 64%). Mp 156–
158�C. IR (KBr): 3080, 2995–2800, 2200, 1680, 1590, 1520
cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 0.9 (d, J ¼ 2.4 Hz,
6H, CH (CH3)2), 1.8 (m, 1H, NCH2CH(CH3)2), 2.5 (d, J ¼
2.45 Hz, 2H, NCH2CH), 4.9 (s, 2H, SCH2N), 5.15 (s, NCH2N)
7.5–8.1 ppm (m, 4H, arom-H). Anal. Calcd for C17H18N4OS:
C, 62.55; H, 5.56; N, 17.16; S, 9.82. Found: C, 62.42; H, 5.49;
N, 17.10; S, 9.78.

3-Benzyl-7-cyano-8-phenyl-3,4-dihydro-2H-pyrimido[2,1-b]-
1,3,5-thiadiazin-6-one (6d). This compound was obtained as

Figure 4. Single crystal X-ray of compound 6h (Ar ¼ C6H5, R ¼
C6H4CH3-p).

Figure 5. Crystal structure of compound 6h (Ar ¼ C6H5, R ¼
C6H4CH3-p).

Table 1

Heat of formations based on the molecular mechanics calculation (MMXE) of compounds 6–13.

No. HF No. HF No. HF No. HF

6a 87.700 10a 94.335 7i 80.360 11i 90.103

6b 71.456 10b 80.758 7j 110.106 11j 120.492

6c 124.489 10c 134.379 7k 136.573 11k 147.192

6d 117.719 10d 127.728 8a 89.755 12a 100.910

6e 129.488 10e 139.751 8b 76.137 12b 87.456

6f 116.817 10f 126.548 8c 79.074 12c 89.953

6g 87.322 10g 96.342 8d 121.659 12d 138.179

6h 116.841 10h 126.789 8e 129.529 12e 140.051

6i 143.271 10i 152.725 9a 69.418 13a 77.689

7a 78.220 11a 88.028 9b 55.812 13b 64.038

7b 64.609 11b 74.510 9c 56.745 13c 67.415

7c 67.551 11c 77.080 9d 102.831 13d 113.416

7d 111.687 11d 124.945 9e 108.786 13e 119.086

7e 117.747 11e 127.917 9f 102.033 13f 110.748

7f 110.986 11f 121.719 9g 113.843 13g 122.864

7g 122.764 11g 133.586 9h 101.168 13h 110.01

7h 110.371 11h 120.005

HF, heat of formation (kcal/mol).
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colorless crystals from ethanol, yield (0.28 g, 77%). Mp 162–

164�C. IR (KBr): 3080, 2985, 2200, 1685, 1590, 1520 cm�1.
1H-NMR (90 MHz, DMSO-d6): d ¼ 3.9 (s, 2H, NCH2Ph), 4.9
(s, 2H, SCH2N), 5.15 (s, 2H, NCH2N) 7.1–8.1 ppm (m, 10H,
arom-H).

Anal. Calcd for C20H16N4OS: C, 66.65; H, 4.47; N, 15.54;

S, 8.90. Found: C, 66.53; H, 4.41; N, 15.50; S, 8.80.
7-Cyano-3,8-diphenyl-3,4-dihydro-2H-pyrimido[2,1-b]-1,3,5-

thiadiazin-6-one (6e). This compound was obtained as color-

less crystals from ethanol, yield (0.27 g, 80%). Mp 214–

216�C. IR (KBr): 3050, 2910, 2200, 1660, 1525, 1475 cm�1.
1H-NMR (90 MHz, DMSO-d6): d ¼ 5.0 (s, 2H, SCH2N), 5.2

Table 4

Dihedral angles (degrees).

Angle Degree Angle Degree

C6ASAC1AN1 �176.1(1) C6ASAC1AN2 0.7(2)

C1ASAC6AN3 23.5(2) C2AN1AC1AS 175.7(1)

C2AN1AC1AN2 �1.0(3) C1AN1AC2AC3 �4.4(3)

C1AN1AC2AC7 175.5(2) C4AN2AC1AS �170.7(1)

C4AN2AC1AN1 5.7(3) C5AN2AC1AS 10.1(2)

C5AN2AC1AN1 �173.5(2) C1AN2AC4AO 175.1(2)

C1AN2AC4AC3 �4.7(2) C5AN2AC4AO �5.6(3)

C5AN2AC4AC3 174.6(2) C1AN2AC5AN3 �45.6(2)

C4AN2AC5AN3 135.1(2) C6AN3AC5AN2 72.5(2)

C14AN3AC5AN2 �70.1(2) C5AN3AC6AS �60.4(2)

C14AN3AC6AS 80.9(2) C5AN3AC14AC15 �41.7(2)

C5AN3AC14AC19 141.0(2) C6AN3AC14AC15 179.2(2)

C6AN3AC14AC19 1.9(3) N1AC2AC3AC4 5.0(3)

N1AC2AC3AC13 �175.1(2) C7AC2AC3AC4 �174.9(2)

C7AC2AC3AC13 4.9(3) N1AC2AC7AC8 �18.9(2)

N1AC2AC7AC12 161.2(2) C3AC2AC7AC8 161.0(2)

C3AC2AC7AC12 �18.9(3) C2AC3AC4AO 179.8(2)

C2AC3AC4AN2 �0.4(3) C13AC3AC4AO �0.1(3)

C13AC3AC4AN2 179.7(2) C2AC7AC8AC9 �177.8(2)

C12AC7AC8AC9 2.1(3) C2AC7AC12AC11 177.8(2)

C8AC7AC12AC11 �2.1(3) C7AC8AC9AC10 �0.6(3)

C8AC9AC10AC11 �0.9(3) C9AC10AC11AC12 1.0(3)

C10AC11AC12AC7 0.5(3) N3AC14AC15AC16 �176.5(2)

C19AC14AC15AC16 0.9(3) N3AC14AC19AC18 175.5(2)

C15AC14AC19AC18 �1.8(3) C14AC15AC16AC17 0.8(3)

C15AC16AC17AC18 �1.7(3) C15AC16AC17AC20 178.9(2)

C16AC17AC18AC19 0.8(3) C20AC17AC18AC19 �179.8(2)

C17AC18AC19AC14 0.9(3)

Table 2

Bond distances (Å) of compound 6h.

Bond Distance (Å) Bond Distance (Å)

SAC6 1.871(2) SAC1 1.745(2)

N1AC1 1.313(2) OAC4 1.228(2)

N2AC1 1.369(2) N1AC2 1.357(2)

N2AC5 1.505(2) N2AC4 1.405(2)

N3AC6 1.429(2) N3AC5 1.438(2)

N4AC13 1.159(3) N3AC14 1.433(3)

C2AC7 1.495(2) C2AC3 1.398(2)

C3AC13 1.425(3) C3AC4 1.460(2)

C7AC12 1.393(3) C7AC8 1.403(2)

C9AC10 1.381(3) C8AC9 1.392(3)

C11AC12 1.401(3) C10AC11 1.383(3)

C14AC19 1.402(2) C14AC15 1.396(3)

C16AC17 1.403(2) C15AC16 1.384(3)

C17AC20 1.511(3) C17AC18 1.378(3)

C18AC19 1.396(3)

Table 3

Bond angles (degrees) of compound 6h.

Bond

Angle

(degree) Bond

Angle

(degree)

C1ASAC6 102.49(8) C1AN1AC2 119.8(1)

C1AN2AC4 120.7(1) C1AN2AC5 121.2(2)

C4AN2AC5 118.1(1) C5AN3AC6 110.9(1)

C5AN3AC14 117.0(2) C6AN3AC14 119.9(1)

SAC1AN1 113.1(1) SAC1AN2 122.9(1)

N1AC1AN2 123.9(2) N1AC2AC3 120.4(2)

N1AC2AC7 114.5(1) C3AC2AC7 125.1(2)

C2AC3AC4 120.3(2) C2AC3AC13 126.0(2)

C4AC3AC13 113.7(1) OAC4AN2 121.2(2)

OAC4AC3 124.2(2) N2AC4AC3 114.6(1)

N2AC5AN3 111.1(1) SAC6AN3 113.3(1)

C2AC7AC8 117.0(2) C2AC7AC12 124.1(2)

C8AC7AC12 118.9(2) C7AC8AC9 120.5(2)

C8AC9AC10 120.0(2) C9AC10AC11 120.2(2)

C10AC11AC12 120.3(2) C7AC12AC11 120.0(2)

N4AC13AC3 176.4(2) N3AC14AC15 119.8(1)

N3AC14AC19 122.2(2) C15AC14AC19 117.9(2)

C14AC15AC16 121.1(2) C15AC16AC17 121.5(2)

C16AC17AC18 116.9(2) C16AC17AC20 121.0(2)

C18AC17AC20 122.1(2) C17AC18AC19 122.7(2)

C14AC19AC18 119.8(2)

1298 Vol 47H. A. H. El-Sherief, Z. A. Hozien, A. F. M. El-Mahdy, and A. A. O. Sarhan

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



(s, 2H, NCH2N), 6.6–7.3 ppm (m, 10H, arom-H). MS (EI,
70Ev): m/z ¼ (%) 345.98 [Mþ] (19.5), 285.9 (0.9), 212.91
(3.8), 211.05 (8.6), 180.02 (2.8), 178.0 (2.5), 176.0 (1.2),
169.0 (0.9), 165.0 (2.3), 158.0 (0.7), 154.93 (1.6), 153.93
(1.2), 152.98 (1.1), 149.94 (5.1), 145.94 (1.6), 145.02 (1.0),

142.03 (0.5), 140.99 (10.07), 134.06 (2.6), 133.01 (1.8),
129.06 (8.7), 128.0 (0.4), 127.0 (8.7), 122.0 (5.3), 199.0 (2.5),
118.05 (2.1), 117.04 (4.4), 107.03(2.7), 106 (42.9), 105 (100),
104.02 (93.6), 103 (2.7), 102.08 (0.5), 95.01 (2.1), 93.93 (0.7),
93.01 (4.2), 92.0 (5.3), 90.76 (16.8), 90.02 (3.9), 89.05 (6.0),

88.08 (2.6), 87 (2.2), 85.93 (15.8), 85.04 (1.2), 83.09 (1.8),
82.06 (2.1), 81.06 (1.0), 79.92 (1.1), 79.04 (6.9), 78.02 (13.1),
77.02 (46.2), 76.01 (3.8), 75.00 (4.9).

Anal. Calcd for C19H14N4OS: C, 65.88; H, 4.07; N, 16.17;
S, 9.26. Found: C, 65.80; H, 4.00; N, 16.13; S, 9.15.

3-(4-Chlorophenyl)-7-cyano-8-phenyl-3,4-dihydro-2H-pyri-
mido[2,1-b]-1,3,5-thiadiazin-6-one (6f). This compound was
obtained as yellow crystals from ethanol, yield (0.34 g, 90%).
Mp 230–232�C. IR (KBr): 3060, 2940, 2200, 1680, 1540, 1470

cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 5.5 (s, 2H, SCH2N),
5.75 (s, 2H, NCH2N), 7.3–7.95 ppm (m, 9H, arom-H).

Anal. Calcd for C19H13ClN4OS: C, 59.92; H, 3.44; N,
14.71; S, 8.42. Found: C, 59.80; H, 3.41; N, 14.65; S, 8.40.

3-(4-Bromophenyl)-7-cyano-8-phenyl-3,4-dihydro-2H-pyri-
mido[2,1-b]-1,3,5-thiadiazin-6-one (6g). This compound was

obtained as green crystals from ethanol, yield (0.4 g, 95%).

Mp 242-244�C. IR (KBr): 3010, 3000, 2200, 1640, 1520, 1490

cm�1. 1H-NMR (500 MHz, DMSO-d6): d ¼ 5.5 (s, 2H,

SCH2N), 5.7 (s, NCH2N), 7.1 (d, J ¼ 10 Hz, 2H, arom-H), 7.5

(m, 5H, arom-H), 7.7 ppm (d, J ¼ 5 Hz, 2H, arom-H). 13C-

NMR (125 MHz, DMSO-d6) d ¼ 166.0, 164.5, 159.5, 143.0,

134.5, 132.0, 131.5, 128.5, 118.5, 115.0, 114.0, 92.0, 60.0,

53.0.

Anal. Calcd for C19H13BrN4OS: C, 53.66; H, 3.08; N,

13.17; S, 7.54. Found: C, 53.55; H, 2.98; N, 13.12; S, 7.45.
7-Cyano-3-(4-tolyl)-8-phenyl-3,4-dihydro-2H-pyrimido[2,1-b]-

1,3,5-thiadiazin-6-one (6h). This compound was obtained as
colorless crystals from benzene, yield (0.31 g, 87 %). Mp
210–212�C. IR (KBr): 3050, 2995, 2200, 1650, 1500, 1480

cm�1. 1H-NMR (90 MHz, CDCl3): d ¼ 2.3 (s, 3H, CH3), 5.3
(s, 2H, SCH2N), 5.7 (s, 2H, NCH2N), 7.1–7.9 ppm (m, 9H,
arom-H).

Anal. Calcd for C20H16N4OS: C, 66.65; H, 4.47; N, 15.54;

S, 8.90. Found: C, 66.45; H, 4.35; N, 15.50; S, 8.84.
7-Cyano-3-(4-methoxyphenyl)-8-phenyl-3,4-dihydro-2H-pyri-

mido[2,1-b]-1,3,5–thiadiazin-6-one (6i). This compound was

obtained as yellow crystals from (benzene/ cyclohexane), yield

(0.35 g, 94 %). Mp 174–176�C. IR (KBr): 3080, 2995, 2200,

1600, 1530, 1480 cm�1. 1H-NMR (500 MHz, CDCl3): d ¼
3.74 (s, 3H, OCH3), 5.19 (s, 2H, SCH2N), 5.60 (s, 2H,

NCH2N), 6.85 (d, J ¼ 5.1 Hz, 2H, arom-H), 7.00 (d, J ¼ 7

Hz, 2H, arom-H), 7.44–7.52 (m, 3H, arom-H), 7.95 ppm (d, J
¼ 9 MHz 2H, arom-H). 13C-NMR (125 MHz, DMSO-d6): d ¼
166.36, 163.26, 159.66, 155.99, 136.51, 134.32, 132.06,

128.93, 119.10, 115.16, 115.06, 93.01, 61.80, 55.59, 52.26.

Anal. Calcd for C20H16N4O2S: C, 63.81; H, 4.28; N, 14.88;
S, 8.52. Found: C, 63.71; H, 4.14; N, 14.69; S, 8.49.

7-Cyano-3-(3-tolyl)-8-phenyl-3,4-dihydro-2H-pyrimido[2,1-b]-
1,3,5-thiadiazin-6-one (6j). This compound was obtained as
yellow crystals from ethanol, yield (0.32 g, 89 %). Mp 220–
222�C. IR (KBr): 3000, 2990, 2200, 1650, 1520, 1470 cm�1.

1H-NMR (90 MHz, DMSO-d6): d ¼ 2.1 (s, 3H, CH3), 5.3 (s,
2H, SCH2N), 5.5 (s, 2H, NCH2N), 7.0–7.8 ppm (m, 9H, arom-
H).

Anal. Calcd for C20H16N4OS: C, 66.65; H, 4.47; N, 15.54;
S, 8.90. Found: C, 66.50; H, 4.41; N, 15.50; S, 8.88.

7-Cyano-3-(2-naphthyl)-8-phenyl-3,4-dihydro-2H-pyrimido
[2,1-b]-1,3,5-thiadiazin-6-one (6k). This compound was
obtained as colorless crystals from ethanol, yield (0.38 g, 95
%). Mp 238–240�C. IR (KBr): 3050, 2920, 2200, 1620, 1520,
1480 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 5.7 (s, 2H,

SCH2N), 5.9 (s, 2H, NCH2N), 7.1–8.15 ppm (m, 12H, arom-
H).

Anal. Calcd for C23H16N4OS: C, 69.68; H, 4.07; N, 14.13;
S, 8.09. Found: C, 69.58; H, 4.39; N, 14.08; S, 8.00.

8-(4-Chlorophenyl)-Pyrimido[2,1-b]-1,3,5-thiadiazine deriv-
atives (7a-k). These compounds were obtained according to
the general method using ethanol/dioxane in a ratio of 1:1
mixture as solvent.

8-(4-Chlorophenyl)-7-cyano-3-ethyl-3,4-dihydro-2H-pyrimido
[2,1-b]-1,3,5-thiadiazin-6-one (7a). This compound was

obtained as colorless crystals from ethanol, yield (0.32 g, 96

%). Mp 160–162�C. IR (KBr): 3100, 2990, 2200, 1680, 1590,

1520 cm�1. 1H-NMR (90 MHz, CDCl3): d ¼ 1.3 (t, J ¼ 2.7

Hz, 3H, NCH2CH3), 2.9 (q, J ¼ 2.7 Hz, 2H, NCH2CH3), 4.9

(s, 2H, SCH2N), 5.2 (s, 2H, NCH2N), 7.55–8.1 ppm (m, 4H,

arom-H). MS (EI, 70 eV): m/z (%) ¼ 344.97 [Mþ þ2] (41.4),

332.97 [Mþ] (98.4), 33.98 (30.1), 332.01 (9.8), 330.96 (17.1),

318.05 (5.5), 316.04 (1.8), 299.01 (15.8), 277.93 (27.1),

276.95 (18.7), 275.93 (46.1), 265.92(16.8), 263.93 (27.0),

262.95 (10.4), 260.98 (10.6), 248.97 (17.8), 247.97 (12.8),

246.95 (25.9), 232.02 (11.6), 230.01 (10.5), 219.04 (14.1),

218.04 (10.8), 217.02 (24.5), 215.05 (10.1), 207.03 (10.0),

205.0 (14.4), 194.06 (11.9), 190.03 (12.4), 189.01(11.8),

187.03 (11.1), 185.06 (33.6), 183.04 (10.7), 176.05 (10.9),

130.05 (13.05), 129.05 (19.6), 128.06 (13.0), 127.03 (13.7),

125.2 (14.9), 117.98 (9.48), 116.99 (23.7), 112.99 (15.6),

110.98 (12.2), 110.01 (8.2), 108.98 (5.7), 107.98 (6.6), 106.98

(6.6).

Anal. Calcd for C15H13ClN4OS: C, 54.13; H, 3.94; N,
16.83; S, 9.63. Found: C, 54.02; H, 3.90; N, 16.82; S, 9.58.

3-Butyl-8-(4-chlorophenyl)-7-cyano-3,4-dihydro-2H-pyrimido
[2,1-b]-1,3,5-thiadiazin-6-one (7b). This compound was
obtained as colorless crystals from ethanol, yield (0.33 g,
94%). Mp 186–188�C. IR (KBr): 3050, 2990–2850, 2200,
1680, 1590, 1520 cm�1. 1H-NMR (90 MHz, CDCl3): d ¼ 1.0

(t, J ¼ 1.8 Hz, 3H, CH2CH3), 1.5 (m, 2H, CH2CH3), 1.7 (m,
2H, NCH2CH2), 2.9 (t, J ¼ 1.5 Hz, 2H, NCH2CH2), 4.8 (s,
2H, SCH2N), 5.2 (s, 2H, NCH2N), 7.5–8.1 ppm (m, 4H, arom-
H).

Anal. Calcd for C17H17ClN4OS: C, 56.58; H, 4.75; N,
15.53; S, 8.89. Found: C, 56.57; H, 4.70; N, 15.51; S, 8.86.

8-(4-Chlorophenyl)-7-cyano-3-isobutyl-3,4-dihydro-2H-pyri-
mido[2,1-b]-1,3,5–thiadiazin-6-one (7c). This compound was
obtained as colorless crystals from ethanol, yield (0.23 g,

64%). Mp 198–200�C. IR (KBr): 3060, 2985–2800, 2200,
1680, 1590, 1520 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼
1.0 (d, J ¼ 1.7 Hz, 6H, CH(CH3)2), 1.9 (m, 1H,
NCH2CH(CH3)2), 2.55 (d, J ¼ 2.4 Hz, 2H, NCH2CH), 5.0 (s,
2H, SCH2N), 5.2 (s, NCH2N), 7.7–8.05 ppm (m, 4H, arom-H).

Anal. Calcd for C17H17ClN4OS: C, 56.58; H, 4.75; N,
15.53; S, 8.89. Found: C, 56.49; H, 4.70; N, 15.50; S, 8.80.

November 2010 1299Intramolecular Cyclization of Mannich Reaction for Synthesis of

Pyrimido[2,1-b]-1,3,5-thiadiazines

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



3-Benzyl-8-(4-chlorophenyl)-7-cyano-3,4-dihydro-2H-pyri-
mido[2,1-b]-1,3,5-thiadiazin-6-one (7d). This compound was
obtained as colorless crystals from ethanol, yield (0.3 g, 77%).

Mp 162–164�C. IR (KBr): 3150, 2985, 2200, 1685, 1590,
1520 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 4.0 (s, 2H,
NCH2Ph), 4.8 (s, 2H, SCH2N), 5.2 (s, NCH2N) 7.6–8.15 ppm
(m, 9H, arom-H).

Anal. Calcd for C20H15ClN4OS: C, 60.83; H, 3.83; N,

14.19; S, 8.12. Found: C, 60.70; H, 3.74; N, 14.17; S, 8.10.
8-(4-Chlorophenyl)-7-cyano-3-phenyl-3,4-dihydro-2H-pyri-

mido[2,1-b]-1,3,5- thiadiazin-6-one (7e). This compound was
obtained as yellow crystals from ethanol, yield (0.22 g, 60%).
Mp 168–170�C. IR (KBr): 3020, 2950, 2200, 1680, 1590,

1520 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 5.5 (s, 2H,
SCH2N), 5.8 (s, 2H, NCH2N), 7.3–7.9 ppm (m, 9H, arom-H).

Anal. Calcd for C19H13ClN4OS: C, 59.92; H, 3.44; N,
14.71; S, 8.42. Found: C, 59.82; H, 3.41; N, 14.69; S, 8.36.

3,8-Di(4-chlorophenyl)-7-cyano-3,4-dihydro-2H-pyrimido
[2,1-b]-1,3,5-thiadiazin-6-one (7f). This compound was
obtained as yellow crystals from ethanol, yield (0.3 g, 73%).
Mp 222–224�C. IR (KBr): 3020, 2970,2200, 1660, 1590, 1520
cm�1. 1H-NMR (500 MHz, DMSO-d6): d ¼ 5.7 (s, 2H,

SCH2N), 5.9 (s, 2H, NCH2N), 7.1–8.0 ppm (m, 8H, arom-H).
13C-NMR (125 MHz, DMSO-d6): d ¼ 165, 164.0, 159.0, 142.0,
137.0, 133.0, 131.0, 130.0, 128.5, 126.0, 118, 115.0, 92.0, 60.0,
53.5. MS (EI, 70Ev): m/z (%) ¼ 418 [Mþ þ4] (17.5), 416 [Mþ

þ2] (36.3), 414 [Mþ] (54.8), 383.21 (16.8), 381.21 (21.3),

379.33(2.2), 379.17 (9.8), 280.17 (9.1), 278.14 (13.4), 277.28
(2.9), 277.14 (16.6), 276.15 (8.6), 263.15 (4.0), 262.12 (5.6),
249.11 (5.8), 248.17 (2.5), 247.15 (10.4), 245.115 (10.3),
240.17 (5.4), 217.19 (6.1), 197.16 (2.1), 195.17 (8.5), 193.09
(6.0), 187.12 (3.7), 175.08 (9.1), 169.10 (4.7), 167.06 (5.4),

163.05 (7.0), 162.10 (5.8), 161.08 (29.3), 155.14 (4.3), 153.12
(3.9), 151.09 (6.4), 142.08 (11.6), 141.08 (35.4), 140.08 (44.3),
139.08 (100), 138.22 (2.2), 138.06 (30.4), 137.03 (3.4), 129.07
(5.6), 127.08 (8.1), 126.12 (3.1), 125.08 (12.5), 114.11 (6.2),
113.08 (8.6), 112.09 (2.8), 111.10 (20.3), 105.14 (2.8), 99.07

(4.6), 88.10 (5.1), 86.02 (12.8), 85.06 (2.1), 84.99 (1.2), 80.98
(2.9), 77.07 (6.9), 76.6 (5.9), 75.05 (10.1), 74.05 (1.0).

Anal. Calcd for C19H12Cl2N4OS: C, 54.95; H, 2.91; N,
13.49; S, 7.72. Found: C, 54.89; H, 2.86; N, 13.40; S, 7.68.

3-(4-Bromophenyl)-8-(4-chlorophenyl)-7-cyano-3,4-dihydro-
2H-pyrimido[2,1-b]-1,3,5-thiadiazin-6-one (7g). This com-

pound was obtained as green crystals from benzene, yield

(0.21 g, 47%). Mp 224–226�C. IR (KBr): 3020, 2975, 2200,

1660, 1590, 1520 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼
5.56 (s, 2H, SCH2N), 5.8 (s, 2H, NCH2N), 7.2–8.0 ppm (m,

8H, arom-H).

Anal. Calcd for C19H12BrClN4OS: C, 49.64; H, 2.63; N,

12.19; S, 6.97. Found: C, 49.56; H, 2.59; N, 12.17; S, 6.92.
8-(4-Chlorophenyl)-7-cyano-3-(4-tolyl)-3,4-dihydro-2H-pyri-

mido[2,1-b]-1,3,5-thiadiazin-6-one (7h). This compound was
obtained as colorless crystals from benzene, yield (0.12 g,
30%). Mp 210–212�C. IR (KBr): 3020, 2990, 2200, 1680,

1590, 1520 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 2.2 (s,
3H, CH3), 5.7 (s, 2H, SCH2N), 5.8 (s, 2H, NCH2N), 7.2–8.0
ppm (m, 8H, arom-H).

Anal. Calcd for C20H15ClN4OS: C, 60.83; H, 3.83; N,
14.19; S, 8.12. Found: C, 60.56; H, 3.76; N, 14.16; S, 8.09.

8-(4-Chlorophenyl)-7-cyano-3-(4-methoxyphenyl)-3,4-dihydro-
2H-pyrimido-[2,1-b]-1,3,5-thiadiazin-6-one (7i). This compound

was obtained as colorless crystals from benzene, yield (0.123
g, 30%). Mp 214–216�C. IR (KBr): 3020, 2990, 2200, 1640,
1590, 1520 cm�1. 1H-NMR (90 MHz, DMSO-d6) d ¼ 3.9 (s,
3H, OCH3), 5.6 (s, 2H, SCH2N), 5.8 (s, 2H, NCH2N), 7.2–8.0
ppm (m, 8H, arom-H).

Anal. Calcd for C20H15ClN4O2S: C, 58.46; H, 3.68; N,
13.64; S, 7.80. Found: C, 58.36; H, 3.60; N, 13.61; S, 7.78.

8-(4-Chlorophenyl)-7-cyano-3-(3-tolyl)-3,4-dihydro-2H-pyri-
mido[2,1-b]-1,3,5-thiadiazin-6-one (7j). This compound was
obtained as colorless crystals from ethanol, yield (0.386 g,

98%). Mp 180–182�C. IR (KBr): 3020, 2990, 2200, 1680,
1590, 1520 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 2.2 (s,
3H, CH3), 5.4 (s, 2H, SCH2N), 5.8 (s, NCH2N), 7.1–8.1 ppm
(m, 8H, arom-H).

Anal. Calcd for C20H15ClN4OS: C, 60.83; H, 3.83; N,

14.19; S, 8.12. Found: C, 60.75; H, 3.81; N, 14.09; S, 8.09.
8-(4-Chlorophenyl)-7-cyano-3-(2-naphthyl)-3,4-dihydro-2H-

pyrimido[2,1-b]-1,3,5-thiadiazin-6-one (7k). This compound
was obtained as green crystals from ethanol, yield (0.344 g,

80%). Mp 216–218�C. IR (KBr): 3050, 2950, 2200, 1620,
1590, 1520 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 5.7 (s,
2H, SCH2N), 6.0 (s, 2H, NCH2N), 7.5–8.0 ppm (m, 11H,
arom-H).

Anal. Calcd for C23H15ClN4OS: C, 64.11; H, 3.51; N,

13.00; S, 7.44. Found: C, 64.05; H, 3.48; N, 12.97; S, 7.38.
8-(4-Nitrophenyl)-pyrimido[2, 1-b]-1,3,5-thiadiazine deriva-

tives (8a-e). These compounds were obtained according to the
general method using ethanol/acetic acid in a ratio of 2:1 as
solvent.

7-Cyano-3-ethyl-8-(4-nitrophenyl)-3,4-dihydro-2H-pyrimido
[2,1-b]-1,3,5-thiadiazin-6-one(8a). This compound was obtained

as colorless crystals from (benzene/cyclohexane), yield (0.137

g, 40 %). Mp 162–164�C. IR (KBr): 3100, 2995, 2200, 1685,

1600, 1520 cm�1. 1H-NMR (90 MHz, CDCl3): d ¼ 1.3 (t, J ¼
2.8 Hz, 3H, NCH2CH3), 2.9 (q, J ¼ 2.8 Hz, 2H, NCH2CH3),

4.9 (s, 2H, SCH2N), 5.25 (s, 2H, NCH2N), 8.1–8.3 ppm (m,

4H, arom-H).

Anal. Calcd for C15H13N5O3S: C, 52.47; H, 3.82; N, 20.40;
S, 9.34. Found: C, 52.30; H, 3.79; N, 20.36; S, 9.28.

3-Butyl-7-cyano-8-(4-nitrophenyl)-3,4-dihydro-2H-pyrimido
[2,1-b]-1,3,5-thiadiazin-6-one (8b). This compound was ob-
tained as colorless crystals from (benzene/cyclohexane), yield
(0.163 g, 44%). Mp 180–182�C. IR (KBr): 3080, 2995-2800,
2200, 1685, 1600, 1520 cm�1. 1H-NMR (90 MHz, CDCl3): d
¼ 1.0 (t, J ¼ 3.4 Hz, 3H, CH2CH3), 1.4 (m, 2H, CH2CH3),

2.1 (m, 2H, NCH2CH2), 2.8 (t, J ¼ 3.3 Hz, 2H, NCH2CH2),
4.85 (s, 2H, SCH2N), 5.2 (s, 2H, NCH2N) 8.0–8.2 ppm (m,
4H, arom-H).

Anal. Calcd for C17H17N5O3S: C, 54.97; H, 4.61; N, 18.86;
S, 8.63. Found: C, 54.90; H, 4.51; N, 18.77; S, 8.56.

7-Cyano-3-isobutyl-8-(4-nitrophenyl)-3,4-dihydro-2H-pyrimido
[2,1-b]-1,3,5-thiadiazin-6-one (8c). This compound was ob-
tained as colorless crystals from ethanol, yield (0.237 g, 64%).
Mp 314–316�C. IR (KBr): 3060, 2985-2800, 2200, 1670, 1550,
1510 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 1.0 (d, J ¼
2.4 Hz, 6H, CH(CH3)2), 1.6 (m, 1H, NCH2CH(CH3)2), 2.4 (d,
J ¼ 2.3 Hz, 2H, NCH2CH), 4.9 (s, 2H, SCH2N), 5.2 (s, 2H,
NCH2N) 7.9–8.1 ppm (m, 4H, arom-H).

Anal. Calcd for C17H17N5O3S: C, 54.97; H, 4.61; N, 18.86;

S, 8.63. Found: C, 54.90; H, 4.58; N, 18.82; S, 8.60.
3-Benzyl-7-cyano-8-(4-nitrophenyl)-3,4-dihydro-2H-pyrimido
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[2,1-b]-1,3,5-thiadiazin-6-one (8d). This compound was
obtained as colorless crystals from (benzene/cyclohexane),
yield (0.31 g, 77%). Mp 172–174�C. IR (KBr): 3110, 2975,

2200, 1680, 1590, 1550 cm�1. 1H-NMR (500 MHz, DMSO-
d6): d ¼ 4.0 (s, 2H, NCH2Ph), 5.0 (s, 2H, SCH2N), 5.2 (s, 2H,
NCH2N), 7.4 (m, 6H, arom-H), 8.1 (d, 2H, arom-H), 8.4 ppm
(d, 2H, arom-H). 13C-NMR (125 MHz, DMSO-d6): d ¼ 166,
164.0, 159.0, 149.0, 140.5, 136.0, 130.0, 128.0, 127.8, 124.0,

115.0, 92, 63.5, 56.5, 53.5. MS (EI, 70Ev): m/z (%) ¼ 405.85
[Mþ] (2.2), 375.99 (1.2), 369.11 (1.1), 364.09 (1.1), 348.22
(1.0), 377.15 (1.2), 334.3 (1.3), 298.13 (1.4), 293.12 (1.7),
289.99 (1.2), 280.06 (1.4), 277.02 (1.2), 275.11 (1.7), 271.09
(1.6), 256.11 (6.1), 251.97 (1.5), 244.07 (1.1), 242.13 (1.4),

237.05 (1.1), 228.99 (1.0), 227.10 (1.4), 224.11 (7.8), 221.12
(1.5), 215.18 (1.8), 207.05 (1.8), 207.05 (1.8), 200.11 (19.4),
192.03 (2.0), 191.07 (1.3), 185.09 (45.2), 178.12 (3.0), 173.08
(1.0), 168.08 (1.5), 167.08 (1.5), 166.06 (3.4), 159.10 (1.5),
149.07 (20.9), 145.042 (2.0), 136.10 (2.2), 133.07 (2.9),

127.04 (1.2), 123.06 (2.9), 117.01 (11.0), 113.99 (1.4), 109.02
(11.4), 108.01 (96.3), 106.99 (5.7), 102.99 (3.6), 100.97 (1.2),
98.99 (2.6), 93.01 (100.0), 91.01 (58.0).

Anal. Calcd for C20H15N5O3S: C, 59.25; H, 3.73; N, 17.27;

S, 7.91. Found: C, 59.15; H, 3.68; N, 17.19; S, 7.88.
7-Cyano-8-(4-nitrophenyl)-3-phenyl-3,4-dihydro-2H-pyrimido

[2,1-b]-1,3,5-thiadiazin-6-one (8e). This compound was
obtained as yellow crystals from (benzene/cyclohexane), yield
(0.226 g, 58%). Mp 154–156�C. IR (KBr): 3070, 2920, 2200,

1660, 1530, 1500 cm�1. 1H-NMR (90MHz, DMSO-d6): d ¼
5.6 (s, 2H, SCH2N), 5.8 (s, 2H, NCH2N), 7.3–8.3 ppm (m, 9H,
arom-H).

Anal. Calcd for C19H13N5O3S: C, 58.30; H, 3.35; N, 17.89;
S, 8.19.Found: C, 58.42; H, 3.23; N, 17.72; S, 8.06.

8-(2-Furyl)-pyrimido[2,1-b]-1,3,5-thiadiazine derivatives
(9a-h). These compounds were obtained according to general
method using ethanol as solvent.

7-Cyano-3-ethyl-8-(2-furyl)-3,4-dihydro-2H-pyrimido
[2,1-b]-1,3,5-thiadiazin-6-one (9a). This compound was

obtained as pale yellow crystals from (benzene/cyclohexane),
yield (0.17 g, 60 %). Mp 176–178�C. IR (KBr): 3200, 2995,
2200, 1660, 1600, 1520 cm�1. 1H-NMR (500 MHz, CDCl3): d
¼ 1.18 (t, J ¼ 1.62 Hz, 3H, NCH2CH3), 2.77 (q, J ¼ 1.62 Hz,
2H, NCH2CH3), 4.74 (s, 2H, SCH2N), 5.10 (s, 2H, NCH2N),

6.60 (q, J ¼ 3.01 Hz, 1H, furan-H), 7.56 (d, J ¼ 3.0 Hz, 1H,
furan-H), 7.71 ppm (d, J ¼ 1.0 Hz, 1H, furan-H). 13C-NMR
(125 MHz, CDCl3): d ¼ 159.8, 153.8, 147.2, 118.9, 114.5,
112.9, 77.3, 77.05, 76.7, 63.4, 56.3, 44.46, 12.7. MS (EI,

70Ev): m/z (%) ¼ 288.93 [Mþ] (100.0), 287.96 (10.5), 272.97
(2.2), 270.04 (2.1), 264.92 (2.1), 260.89 (1.9), 256.95 (1.7),
246.98 (2.2), 240.97 (5.5), 236.99 (2.7), 231.93 (52.4), 223.04
(2.1), 215.96 (3.1), 214.04 (1.5), 205.99 (1.7), 204.95 (4.3),
202.92 (21.6), 190.98 (2.2), 185.01 (51.4), 183.01 (2.3),

176.01 (5.2), 172.98 (23.1), 171.02 (5.8), 161.98 (8.1), 159.02
(4.6), 153.02 (2.4), 149.01 (13.2), 147.01 (6.7), 144.03 (6.0),
138.05 (9.0), 134.02 (4.1), 129.02 (15.5), 123.01 (4.1), 116.98
(14.4), 114.96 (7.0), 110.98 (4.1), 103.94 (10.2), 101.95 (12.8),
92.97 (76.6), 85.94 (12.2), 78.97 (13.9), 74.99 (30.4), 72.00

(35.2), 70.02 (7.9), 67.01 (1.9).
Anal. Calcd for C13H12N4O2S: C, 54.15; H, 4.20; N, 19.43;

S, 11.12. Found: C, 54.10; H, 4.14; N, 19.39; S, 11.10.
3-Butyl-7-cyano-8-(2-furyl)-3,4-dihydro-2H-pyrimido

[2,1-b]- 1,3,5-thiadiazin-6-one (9b). This compound was

obtained as colorless crystals from (benzene/cyclohexane),
yield (0.129 g, 41 %). Mp 160–162�C. IR (KBr): 3200, 2995,
2200, 1660, 1580, 1520 cm�1. 1H-NMR (90 MHz, CDCl3): d
1.0 (t, J ¼ 1.8 Hz, 3H, CH2CH3), 1.4 (m, 2H, CH2CH3), 2.1
(m, 2H, NCH2CH2), 2.8 (t, J ¼ 1.8 Hz, 2H, NCH2CH2), 4.8

(s, 2H, SCH2N), 5.05 (s, 2H, NCH2N), 6.5 (s, 1H, furan-H),
7.4 (s, 1H, furan-H), 7.6 ppm (s, 1H, furan-H).

Anal. Calcd for C15H16N4O2S: C, 56.94; H, 5.10; N, 17.71;
S, 10.14. Found: C, 56.89; H, 5.08; N, 17.69; S, 10.12.

7-Cyano-8-(2-furyl)-3-isobutyl-3,4-dihydro-2H-pyrimido
[2,1-b]-1,3,5-thiadiazin-6-one (9c). This compound was
obtained as colorless crystals from (benzene/cyclohexane),
yield (0.158 g, 50 %). Mp 176–178�C. IR(KBr): 3200, 2995,
2200, 1660, 1600, 1520 cm�1. 1H-NMR (90 MHz, CDCl3): d
¼ 1.0 (d, J ¼ 3.16 Hz, 6H, CH(CH3)2), 1.8 (m, 1H,

NCH2CH(CH3)2), 2.5 (d, J ¼ 3.2 Hz, 2H, NCH2CH), 4.7 (s,
2H, SCH2N), 5.1 (s, 2H, NCH2N), 6.5 (s, 1H, furan-H), 7.5 (s,
1H, furan-H), 7.7 ppm (s, 1H, furan-H).

Anal. Calcd for C15H16N4O2S: C, 56.94; H, 5.10; N, 17.71;

S, 10.14. Found: C, 56.88; H, 5.05; N, 17.66; S, 10.10.
3-Benzyl-7-cyano-8-(2-furyl)-3,4-dihydro-2H-pyrimido

[2,1-b]-1,3,5-thiadiazin-6-one (9d). This compound was
obtained as colorless crystals from ethanol, yield (0.28 g, 80
%). Mp 194–196�C. IR (KBr) 3200, 3030, 2900, 2200, 1650,

1560, 1520 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 3.9 (s,
2H, NCH2Ph), 4.95 (s, 2H, SCH2N), 5.1 (s, 2H, NCH2N), 6.9
(s, 1H, furan-H), 7.3 (m, 1H, furan-H), 7.4 (m, 5H, arom-H),
8.15 ppm (s, 1H, furan-H).

Anal. Calcd for C18H14N4O2S: C, 61.70; H, 4.03; N, 15.99;

S, 9.15. Found: C, 61.69; H, 4.01; N, 15.90; S, 9.12.
7-Cyano-8-(2-furyl)-3-phenyl-3,4-dihydro-2H-pyrimido

[2,1-b]-1,3,5-thiadiazin-6-one (9e). This compound was
obtained as yellow crystals from ethanol, yield (0.289 g, 86
%). Mp 210–212�C. IR (KBr): 3200, 3030, 2940, 2200, 1640,

1580, 1520 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 5.3 (s,
2H, SCH2N), 5.4 (s, 2H, NCH2N), 6.6 (s, 1H, furan-H), 7.1 (s,
1H, furan-H), 7.2 (m, 5H, arom-H), 7.9 ppm (s, 1H, furan-H).

Anal. Calcd for C17H12N4O2S: C, 60.70; H, 3.60; N, 16.66;

S, 9.53. Found: C, 60.60; H, 3.55; N, 16.65; S, 9.51.
3-(4-Chlorophenyl)-7-cyano-8-(2-furyl)-3,4-dihydro-2H-

pyrimido[2,1-b]-1,3,5-thiadiazin-6-one (9f). This compound
was obtained as yellow crystals from ethanol, yield (0.318 g,
86 %). Mp 298–300�C. IR (KBr): 3200, 3030, 2970, 2200,

1640, 1580, 1520 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼
5.5 (s, 2H, SCH2N), 5.7 (s, 2H, NCH2N), 6.9 (s, 1H, furan-H),
7.3 (s, 1H, furan-H), 7.35 (m, 4H, arom-H), 8.15 ppm (s, 1H,
furan-H).

Anal. Calcd for C17H11ClN4O2S: C, 55.06; H, 2.99; N,

15.11; S, 8.65. Found: C, 54.99; H, 2.90; N, 15.07; S, 8.55.
3-(4-Bromophenyl)-7-cyano-8-(2-furyl)-3,4-dihydro-2H-pyr-

imido[2,1-b]-1,3,5-thia-diazin-6-one (9g). This compound was
obtained as yellow crystals from benzene, yield (0.249 g, 60
%). Mp 270–272�C. IR (KBr): 3200, 3030, 2950, 2200, 1650,

1580, 1520 cm�1. 1H-NMR (500 MHz, DMSO-d6): d ¼ 5.45
(s, 2H, SCH2N), 5.66 (s, 2H, NCH2N), 6.76 (q, J ¼ 1.0 Hz,
1H, furan-H), 7.09 (d, J ¼ 9.0 Hz, 2H, arom-H.), 7.42 (d, J ¼
4.0 Hz, 1H, furan-H ), 7.46 (d, J ¼ 9.0 Hz, 2H, arom-H), 8.08

ppm (d, J ¼ 1.0 Hz, 1H, furan-H). 13C-NMR (125 MHz,
DMSO-d6): d ¼ 159.6, 153.4, 448.7, 143.2, 142.5, 134.5,
132.7, 119.3, 119.0, 115.2, 114.6, 113.9, 62.1, 60.2, 53.8. MS
(EI, 70Ev): m/z (%) ¼ 416 [Mþþ2] (100.0), 414 [Mþ]
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(97.72), 383.2 (27.34), 381.3 (23.49), 371.3 (1.2), 369.2 (1.46),
330.3 (1.72), 328.3 (1.74), 2.33.4 (5.87), 227.3 (2.67), 219.3
(3.45), 203.2 (13.47), 201.3 (8.38), 197.2 (2.85), 185.2 (18.92),
171.2 (3.94), 119.2 (2.38).

Anal. Calcd for C17H11BrN4O2S: C, 49.17; H, 2.67; N,

13.49; S, 7.72. Found: C, 49.10; H, 2.61; N, 13.48; S, 7.69.
7-Cyano-8-(2-furyl)-3-(4-tolyl)-3,4-dihydro-2H-pyrimido

[2,1-b]-1,3,5-thiadiazin-6-one (9h). This compound was
obtained as colorless crystals from ethanol, yield (0.269 g, 77
%). Mp 280–282�C. IR (KBr): 3200, 3030, 2900, 2200, 1650,

1560, 1520 cm�1. 1H-NMR (90 MHz, DMSO-d6): d ¼ 2.1 (s,
3H, CH3), 5.4 (s, 2H, SCH2N), 5.5 (s, 2H, NCH2N), 7.1 (s,
1H, furan-H), 7.3 (s, 1H, furan-H), 7.36 (m, 4H, arom-H), 8.1
ppm (s, 1H, furan-H).

Anal. Calcd for C18H14N4O2S: C, 61.70; H, 4.03; N, 15.99;

S, 9.15. Found: C, 61.60; H, 3.89; N, 15.91; S, 9.11.
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A series of novel methylene-bis-fused pyrazoles 12a–e and methylene-bis-2-(4-methylsulfonyl)-phe-
nyl substituted fused pyrazoles 15a–d have been synthesized by the reaction of methylene-bis-aryl-6-
hydroxymethylene-2-cyclohexenones 10 with hydrazine hydrate or (4-methylsulfonyl)-phenyl hydrazine

13. Chemical structures of all the newly synthesized compounds were elucidated by their IR, 1H NMR,
13C NMR, and MS spectral data. The compounds 15a–d were evaluated for their cyclooxygenase-2
(COX-2) inhibitory activity, and the compound 15b showed appreciable COX-2 inhibition and selectiv-
ity. Further, all the new compounds were screened for their antimicrobial activity against Gram-positive,
Gram-negative bacteria, and fungi. Amongst the screened compounds, 12c, 15a, and 15b were found to

be the most active against almost all the test bacteria. The compound 15b displayed notable antibacte-
rial activity against Bacillus subtilis (ATCC 6633), Staphylococcus aureus (ATCC 6538p), Micrococcus
luteus (IFC 12708), Proteus vulgaris (ATCC 3851), and Salmonella typhimurium (ATCC 14028), equal
to that of ampicillin. Similarly, these compounds also showed potent antifungal activity against Candida
albicans (ATCC 10231), Aspergillus fumigatus (HIC 6094), Trichophyton rubrum (IFO 9185), and Tri-
chophyton mentagrophytes (IFO 40996).

J. Heterocyclic Chem., 47, 1303 (2010).

INTRODUCTION

Pyrazole and its derivatives could be considered as

possible antimicrobial agents [1,2]. The other activities

include antidepressant [3], inhibitors of protein kinases

[4], antiagreegating [5], antiarthritic [6], and cerebro-

protectors [7]. Recently some aryl pyrazoles were

reported to have non-nucleoside HIV-1 reverse tran-

scriptase inhibitors [8], cyclooxygenase-2 (COX-2)

inhibitors [9], potent activator of the nitric oxide recep-

tor, and soluble guanylate cyclase [10] activity. Besides,

great interest in the pyrazole molecule has been stimu-

lated by some promising pharmacological, agrochemical,

and analytical applications of its derivatives [11].

The role of COX-2 isoform in inflammation and the

attractiveness of COX-2 as a therapeutic target for the

development of anti-inflammatory drugs are very well

recognized [12]. The traditional nonsteroidal anti-inflam-

matory drugs (NSAIDs) are nonselectively inhibit both

COX-1 and COX-2, and hence, downregulate prosta-

glandin formation in almost all cells and tissues, which

may induce gastrointestinal side effect, adversely affect

the mucus-bicarbonate secretion, acid secretion, and mu-

cosal blood flow. COX-1 inhibition may also elicit an
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increase in 5-lipoxygenase (5-LO) activity that would

potentiate production of leukotriene-B4 (LTB4) and va-

soconstrictor peptide-leukotrienes (p-LTs) by the lipoxy-

genase pathway, and this may also contribute to the vas-

cular and other mucosal damage by NSAIDs [13].

Hence, it was proposed that a selective inhibitor of

COX-2 would be an attractive approach to the treatment

of inflammatory conditions, without concomitant gastric

and renal side effects. There are four COX-2 selective

inhibitors, such as celecoxib (1), rofecoxib (2), valde-

coxib (3), and etoricoxib (4) (Scheme 1), which are cur-

rently prescribed for the treatment of arthritis and

inflammatory diseases. They show anti-inflammatory ac-

tivity with reduced gastro intestinal side effects to tradi-

tional NSAIDs. However, the long term use of both tra-

ditional NSAIDs and coxibs has been reported to cause

significant cardiovascular side effects [14].

Following the successful introduction of antimicrobial

agents and COX-2 inhibitors, in continuation of our

research on biologically active heterocycles [15–18] it

was considered worthwhile to design and synthesize

more selective COX-2 analogs, incorporating two active

pharmacophores would enhance further the activity and

selectivity towards the COX-2 enzyme. In this article,

we explored fused pyrazoles 12a–e and 2-substituted

fused pyrazoles 15a–d in which central five-membered

scaffold is similar to that of celecosib 1, and 4-(methyl-

sulfonyl) benzene, used as a COX-2 pharmacophore,

and evaluated their in vitro antimicrobial and COX-2 in-

hibitory activity.

RESULTS AND DISCUSSION

Synthesis. The key intermediate, 10 required for the

synthesis of title compounds was prepared according to

the procedure outlined in the Scheme 2. Condensation

of commercially available salicylaldehyde 5 and triox-

ane in the presence of a mixture of conc. sulfuric acid

and acetic acid gave methylene-bis-salicylaldehyde 6 in

good yield [19]. Compound 6 was then reacted with the

corresponding acetophenone in presence of alc. KOH at

room temperature to give methylene-bis-chalcones 7a–e

(yield over 90%) [20]. Knoevenagel condensation of

compounds 7a–e with ethyl acetoacetate gave methyl-

ene-bis-aryl-6-carbethoxycyclohexenones 8a–e (yield

over 80%). Decarboxylation of 8a–e in the presence of

HCl/AcOH at reflux temperature resulted methylene-bis-

aryl-cyclohexenones 9a–e (yield over 80%), which on

Claisen-like condensation with ethylformate in the

Scheme 1. COX-2 selective inhibitors.

Scheme 2. Reagents and conditions: (i) trioxane, H2SO4/AcOH, reflux, 81%; (ii) RCOCH3, KOH/EtOH, rt, 82–95%; (iii) EAA, NaOEt/EtOH,

reflux, 78–86%; (iv) HCl/AcOH, reflux, 74–82%; (v) HCOOEt, NaOMe/C6H6, rt, 79–88%.
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presence of sodium methoxide at room temperature

afforded methylene-bis-aryl-6-hydroxy-methylene-2-cyclo-

hexenones 10a–e in good yields.

The compounds 10a–e on cyclocondensation with the

hydrazine hydrate in refluxing acetic acid resulted dihy-

dropyrazole derivatives 11a–e in good to excellent

yields (yield over 80%). Subsequent aromatization of

11a–e, with dichlorodicyanoparabenzoquinone (DDQ)

under N2-atmosphere at reflux temperature gave fused

pyrazoles 12a–e in good yields (Scheme 3). The chemi-

cal structure of the compounds was elucidated by their

IR, 1H NMR, 13C NMR, and MS spectral data. In the

IR spectra of compounds 12a–e, C¼¼N and NAH bands

were observed in the regions 1560–1585, 3390–3410

cm�1 respectively. According to the IR spectral data,

the compounds 12a–e have pyrazole structure. In the 1H

NMR spectra of 12a–e, the absence of signals corre-

sponding to methine and methylene protons of cyclohex-

adiene ring indicates that aromatization has indeed taken

place. The ANH proton of the pyrazole ring was

observed as a broad singlet at about 8.87–8.80 ppm. The

signal because of the methylene bridge proton, present

in all compounds, appeared at 4.06–4.00 ppm as singlet.

The N¼¼CH proton of compounds 12a–e appeared at

7.95–7.90 ppm as singlet. All the other aromatic and ali-

phatic protons of compounds 12a–e were observed at

the expected regions. In the 13C NMR spectra of com-

pounds 12a–e, the prominent signals corresponding to

C-3, C-3a, C-4, and C-7a, for all the compounds,

observed nearly at 137.2, 137.4, 155.6, 145.3 ppm,

respectively.

Further, the intermediate 10 when treated with the

commercially available 4-(methylsulfonyl)-phenylhydra-

zine 13 in refluxing ethanol gave methylsulfonyl deriva-

tive of pyrazole 14a–d in good yield. This reaction is a

regioselective transformation and the 2-substituted pyr-

azole could be generated almost exclusively by carrying

out the condensation in the presence of hydrochloric

acid and one equivalent of 4-(methyl- sulfonyl)phenyl

hydrazine 13. The compounds 14a–d when aromatized

with DDQ under N2-atmosphere at reflux temperature

gave 4-(methylsulfonyl)-phenyl substituted fused pyra-

zoles 15a–d in good yields (Scheme 4). The chemical

structures of all the synthesized compounds were con-

firmed by their IR, 1H NMR, 13C NMR, and MS spec-

tral data. In the IR spectra of compounds 15a–d, C¼¼N

band was observed in the region 1560–1585 cm�1 and

SO2 group symmetric, asymmetric stretching bands at

about 1300–1328, 1155–1165 cm�1. In the 1H NMR

spectrum of compounds 15a–d, absence of the signal

corresponding to NH group proved that these com-

pounds have pyrazole nucleus with (4-methyl- sulfonyl)-

phenyl group at nitrogen. Further, the ACH3 proton sig-

nal was seen as singlet at about 2.96–2.90 ppm, and the

signal of N¼¼CH proton of compounds 15a–d appeared

at 6.68–6.65 ppm proved that these compounds have

pyrazole nucleus with (4-methylsulfonyl)phenyl group at

nitrogen. All the other aromatic and aliphatic protons of

Scheme 3. Reagents and conditions: (vi) hydrazinehydrate/AcOH, reflux, 80%; (vii) DDQ, N2-atm, reflux, 76–83%.

Scheme 4. Reagents and conditions: (viii) HCl/EtOH, reflux, 78–86%; (ix) DDQ/dry C6H6, N2-atm, reflux, 79–86%.
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compounds 15a–d were observed at the expected

regions. In the 13C NMR spectra of compounds 15a–d,

the prominent signals corresponding to C-3, C-3a, C-4,

and C-7a, for all the compounds, observed nearly at

125.4, 124.0, 136.0, 153.1 ppm, respectively, provide

further evidence for their structures. Mass spectra of all

the synthesized compounds showed Mþ/Mþ þ 1 peaks,

in agreement with their molecular formulae.

Antibacterial activity. The in vitro antibacterial ac-

tivity of the newly prepared compounds, 12a–e and

15a–d, was assayed against gram-positive bacteria viz.
Bacillus subtilis (ATCC 6633), Staphylococcus aureus
(ATCC 6538p), and Micrococcus luteus (IFC 12708),

Gram-negative bacteria viz. Proteus vulgaris (ATCC

3851), Salmonella typhimurium (ATCC 14028), and

Escherichia coli (ATCC 25922) by the broth dilution

method, recommended by National Committee for Clini-

cal Laboratory standards (NCCLS) [21]. Amphicillin

was used as a standard drug, the lowest concentration

(highest dilution) required to arrest the growth of bacte-

ria was regarded as minimum inhibitory concentration

(MIC, lg/mL), was determined and compared with the

controls, the MIC values of the compounds assayed are

presented in Table 1.

Investigation of the antibacterial screening data

revealed that all the tested compounds exhibit interest-

ing biological activity, however, with a degree of varia-

tion. Compound 15b is highly active against all the

microorganisms used (accept E. coli) at 1.56 lg/mL

concentration, and is almost equal to the standard. Com-

pound 12c is also highly active against M. luteus and P.
vulgaris only at the same concentration as 15b. The

compound 15a also showed good antibacterial activity

against B. subtilis, S. aureus, M. luteus, and P. vulgaris.
Compound 12a is almost inactive towards all the micro-

organisms used. Other compounds were also inactive

towards E. coli bacteria. The remaining compounds

showed moderate to good activity.

Antifungal activity. The newly prepared compounds

were screened for their antifungal activity against Can-
dida albicans (ATCC 10231), Aspergillus fumigatus
(HIC 6094), Trichophyton rubrum (IFO 9185), and Tri-
chophyton mentagrophytes (IFO 40996). The antifungal

activity of each compound was compared with standard

drug Amphotericin B. MIC (lg/mL) was determined

and compared with controls; the MIC values of the com-

pounds screened are given in Table 2. The antifungal

screening data showed only moderate activity of the test

compounds. Among the screened compounds, only 15b

showed the highest activity against all the microorgan-

isms used. Similarly compound 12c is also highly active

but only against T. rubrum and T. mentagrophytes. The
activities of these two compounds are almost equal to

Table 1

Antibacterial activity of compounds 12a–e and 15a–d.

Compound

Minimum inhibitory concentration (MIC, lg/mL)

B. subtilis S. aureus M. luteus P. vulgaris S. typhimurium E. coli

12a — — — — — —

12b 3.12 6.25 3.12 6.25 3.12 —

12c 3.12 3.12 1.56 1.56 3.12 25.0

12d 25.0 — 25.0 — — —

12e 12.5 12.5 12.5 12.5 12.5 —

15a 3.12 3.12 3.12 3.12 6.25 —

15b 1.56 1.56 1.56 1.56 1.56 25.0

15c 12.5 12.5 12.5 12.5 12.5 —

15d 12.5 6.25 6.25 6.25 6.25 —

Ampicillin 1.56 1.56 1.56 3.12 3.12 12.5

—, Indicates bacteria are resistant to the compound >50 lg/mL concentration.

Table 2

Antifungal activity of compounds 12a–e and 15a–d.

Compound

Minimum inhibitory concentration

(MIC, lg/mL)

C.
albicans

A.
fumigatus

T.
rubrum

T.
mentagrophytes

12a — — — 25.0

12b 12.5 25.0 12.5 25.0

12c 12.5 12.5 6.25 6.25

12d — — 50.0 25.0

12e 50.0 25.0 50.0 25.0

15a 12.5 12.5 12.5 12.5

15b 6.25 6.25 6.25 6.25

15c 50.0 50.0 25.0 25.0

15d 25.0 25.0 12.5 25.0

Amphotericin B 6.25 3.12 3.12 3.12

—, Indicates fungi are resistant to the compound >50 lg/mL

concentration.
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the standard, the remaining compounds showed moder-

ate to good activity.

COX-2 inhibitory activity. The compounds synthe-

sized 15a–d was evaluated as COX inhibitors in human

whole blood (HWB). Among the four compounds, 15b

showed good inhibition and selectivity. Some interesting

features can be deduced from the comparison of the

structure of compound 15b with that of celecoxib 1. (i)

The sulfonamide group present in celecoxib is replaced

by methyl sulfonyl group, believed to be crucial for

increasing the COX-2 selectivity. (ii) The 4-methyl-

phenyl and the trifluoromethyl groups on pyrazole ring

are replaced and is fused with 1,3-diarylbenzene. (iii)

Two similar pharmacophores were introduced in a single

molecular frame work, linked by a methylene bridge.

We evaluated the compound 15b for COX inhibition in

the HWB assay, performed essentially as described [22].

The 2-(4-methylsulfonyl)phenyl-substituted compound

15b showed 69.51% of COX-2 inhibition at 3 lM in

HWB assay, compared with 90.90% inhibition observed

for celecoxib 1 at the same concentration. The com-

pound 15b showed only moderate COX-1 inhibition at a

very high concentration (50 lM) for about 21.02%.

In conclusion, a series of novel methylene-bis-fused

pyrazoles 12a–e and methylene-bis-2(4-methylsulfonyl)-

phenyl substituted fused pyrazoles 15a–d have been

designed and synthesized. The antimicrobial activity of

these compounds was evaluated against various Gram-

positive, Gram-negative bacteria, and fungi. Among the

synthesized compounds, 12c, 15a, and 15b showed good

activity against bacteria and fungi and emerged as

potential molecules for further development. The com-

pounds were also evaluated for their COX-2 selective

inhibition, 15b showed an appreciable COX-2 inhibition

and selectivity. With this set of analogs, we are now in

a position to investigate the multiple biological activities

for these compounds.

EXPERIMENTAL

Research chemicals were either purchased from Aldrich
Company or Fluka or used without further purification in the
reactions, or were prepared according to procedures described
in the literature. Reactions were monitored by thin layer chro-
matography on silica gel plated (60 F254; Merck) visualizing

with ultraviolet light or iodine. Column chromatography was
performed on silica gel 60 (0.043–0.060 mm), Merck. The
reported yields of the products are unoptimized. Melting points
were determined with a Fisher-Johns apparatus and are uncor-
rected. IR spectra were recorded on a Perkin-Elmer FTIR 5000

spectrometer, using KBr pellet. 1H NMR, 13C NMR spectra
were recorded on a Varian Gemini spectrometer, operating at
300, 75 MHz, respectively. Chemical shifts (d) are reported as
parts per million downfield from tetramethyl silane. Mass spec-
tra were obtained on a VG micromass 7070H spectrometer.

Ethyl-6-(5-{3-[6-(ethoxycarbonyl)-5-oxo-3-phenyl-3-cyclo-

hexenyl]-4-hydroxybenzyl}-2-hydroxyphenyl)-2-oxo-4-phe-

nyl- 3-cyclohexene-1-carboxylate (8a). In a solution sodium

metal (2 g) in ethanol (30 mL), a mixture of freshly distilled
ethylacetoacetate (3.9 mL, 0.03 mol) and compound 7a (4.6 g,
0.01 mol) dissolved in ethanol (20 mL) was added. The result-
ing solution was refluxed on a water bath for 4 h. Allowing
the reaction mixture to cool and crystallization of the ppt.

from ethanol to give 8a as brown solid; Yield 82%; m.p. 150–
52�C; IR (KBr): m 3452, 3065, 1702, 1695, 1597, 1245 cm�1;
1H NMR (DMSO-d6): d 7.10–7.14 (m, 10 H, ArH), 6.80 (s,
2H, ArH), 6.79 (d, J ¼ 9.2 Hz, 2H, ArH), 6.62 (d, J ¼ 9.2
Hz, 2H, ArH), 6.10 (s, 2H, CH), 5.20 (s, 2H, OH), 4.06 (q,

4H, CH2), 3.87 (q, 2H, CH), 3.81 (d, 2H, CH), 3.72 (s, 2H,
CH2), 2.87 (d, 4H, CH2), 1.10 (t, 6H, CH3);

13C NMR
(DMSO-d6): d 190.1, 176.7, 154.6, 149.5, 142.3, 133.4, 130.0,
128.7, 128.2, 127.9, 125.5, 123.8, 121.9, 117.4, 61.2, 60.6,
42.1, 37.0, 30.7, 17.0. MS: m/z 685 (Mþ þ 1). The other com-

pounds 8b–e were prepared by the similar procedure.
5-{2-Hydroxy-5-[4-hydroxy-3-(5-oxo-3-phenyl-3-cyclohex-

enyl)benzyl]phenyl-3-phenyl}-2-cyclohexen-1-one (9a). To a
mixture of glacial acetic acid (100 mL) and conc. HCl (50

mL) was added compound 8a (6.5 g, 0.01 mol) in portions.
The mixture was heated to reflux for 10 h. After cooling to
room temperature, the reaction mixture was concentrated in
vacuo. The residue was taken up with ethyl acetate and
washed with water and brine, dried over MgSO4, filtered, and

evaporated in vacuo to give oil, which soon solidified; it was
purified by recrystallization from ethanol to give the com-
pound 9a as brown solid; Yield 79%; m.p. 132–34�C; IR
(KBr): m 3357, 3025, 2932, 1687, 1596 cm�1; 1H NMR
(DMSO-d6): d 7.10–7.14 (m, 10H, ArH), 7.00 (d, J ¼ 9.2 Hz,

2H, ArH), 6.82 (s, 2H, ArH), 6.62 (d, J ¼ 9.2 Hz, 2H, ArH),
6.10 (s, 2H, CH), 5.20 (s, 2H, OH), 3.83–3.87 (m, 2H, CH),
3.72 (s, 2H, CH2), 2.70 (d, 4H, CH2), 2.67 (d, 4H, CH2);

13C
NMR (DMSO-d6): d 190.0, 155.2, 150.1, 140.5, 132.3, 131.2,
128.5, 127.8, 127.4, 126.2, 124.5, 122.6, 116.1, 47.5, 42.0,

38.9, 31.0; MS: m/z 541 (Mþ þ 1). The other compounds 9b–
e were prepared by the similar procedure.

5-[2-Hydroxy-5-(4-hydroxy-3-{6-[(Z)-1-hydroxymethyli-

dene]-5-oxo-3-phenyl-3-cyclohexenyl}benzyl)phenyl]-6-[(Z)-1-
hydroxymethylidene]-3-phenyl-2-cyclohexen-1-one (10a). In

a solution of 10% sodium methoxide (10 mL) in benzene (25
mL), ethylformate (2.24 mL, 0.03 mol) was added and after-
ward over 30 min, compound 9a (5.4 g, 0.01 mol) dissolved in
benzene (10 mL) was added. The resulting solution was stirred

for 10 h at room temperature and allowed to stand over night,
then evaporated to dryness. The suspension obtained was
mixed with cold water and acidified with dil HCl (20 mL) and
extracted three times with ether (40 mL). The organic layer
was dried over MgSO4 and evaporated in vacuo to give solid,

was purified by crystallization in ethanol to afford pure 10a as
yellow solid; Yield 81%; m.p. 143–45�C; IR (KBr): m 3320,
3028, 2952, 1662, 1620, 1597 cm�1; 1H NMR (DMSO-d6): d
8.97 (s, 2H, OH), 7.92 (s, 2H, CH), 7.14–7.10 (m, 10H, ArH),
6.80 (s, 2H, ArH), 6.49–6.40 (m, 4H, ArH), 5.67 (s, 2H, CH),

4.12 (t, 2H, CH), 3.72 (s, 2H, CH2), 3.22 (d, 4H, CH2);
13C

NMR (DMSO-d6): d 191.3, 167.6, 156.1, 149.7, 142.0, 131.1,
130.6, 130.2, 128.9, 128.0, 127.9, 127.6, 126.2, 116.7, 115.5,
44.1, 42.0, 37.8; MS: m/z 596 (Mþ). The other compounds
10b–e were prepared by the similar procedure.
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4-[4-Hydroxy-3-(6-phenyl-4,5-dihydro-1H-4-indazolyl)ben-

zyl]-2-(6-phenyl-4,5-dihydro-1H-4-indazolyl)phenol (11a). To
a solution of 10a (5.9 g, 0.01 mol) in glacial acetic acid (50

mL), hydrazine hydrate (1.5 g, 0.03 mol) was added. After
stirring at 80�C for 10 h, the mixture was concentrated
in vacuo. To the residue was added water and twice extracted
with ether, washed the organic layer with saturated NaHCO3

solution, subsequently with water and brine, dried over

MgSO4, and evaporated to dryness. The residue could be
recrystallized from ethanol to afford 11a as brown solid; Yield
79%; m.p. 123–25�C; IR (KBr): m 3390, 3037, 2972, 1595,
1585 cm�1; 1H NMR (DMSO-d6): d 8.12 (bs, 2H, NH), 7.65
(s, 2H, ArH), 7.63 (s, 2H, ArH), 7.32 (d, J ¼ 9.2 Hz, 4H,

ArH), 7.21 (s, 2H, ArH), 6.99–7.05 (m, 6H, ArH), 6.84 (d,
J ¼ 9.1 Hz, 2H, ArH), 6.73 (d, J ¼ 9.0 Hz, ArH), 6.62 (s, 2H,
OH), 4.92 (t, 2H, CH), 3.72 (s, 2H, CH2), 2.92 (d, 4H, CH2);
13C NMR (DMSO-d6): d 156.2, 148.7, 143.4, 140.3, 132.8,
132.0, 130.9, 130.0, 128.9, 127.8, 126.9, 126.5, 125.4, 118.7,

117.2, 42.1, 39.3, 38.1; MS: m/z 589 (Mþ þ 1). The other
compounds 11b–e were prepared by the similar procedure.

4-[4-Hydroxy-3-(6-aryl-1H-4-indazolyl)benzyl]-2(6-aryl-

1H-4-indazolyl)phenol (12a–e). To a solution of correspond-

ing compound 11 (0.01 mol) in dry benzene (20 mL), DDQ
(0.03 mol) dissolved in dry benzene (20 mL) was added in
portions. The mixture was heated to reflux and stirred for 5 h
under a nitrogen atmosphere. The precipitated DDQ-H2 was
filtered off and the filtrate was subjected to column chromatog-

raphy on silica gel (60–120 mesh) to afford pure compounds.
4-[4-Hydroxy-3-(6-phenyl-1H-4-indazolyl)benzyl]-2(6-phe-

nyl-1H-4-indazolyl)phenol (12a). This was obtained as yellow
solid; Yield 83%; m.p. 137–39�C; IR (KBr): m 3392, 3062,
2985, 1584 cm�1. 1H NMR (DMSO-d6): d 8.87 (bs, 2H, NH),

7.47 (s, 2H, ArH), 7.32–7.26 (m, 8H, ArH) 6.94 (d, J ¼ 9.0
Hz, 2H, ArH) 4.05 (s, 2H, CH2);

13C NMR (DMSO-d6): d
159.0, 155.6, 147.9, 146.1, 145.3, 141.7, 139.0, 137.2, 136.5,
134.2, 128.8, 126.9, 126.5, 125.4, 123.8, 118.2, 112.7, 42.1;
MS: m/z 585 (Mþ þ 1).

2-[6-(4-Bromophenyl)-1H-4-indazolyl]-4-3-[6-(4-bromo-

phenyl)-1H-4-indazolyl]-4-hydroxybenzylphenol (12b). This
was obtained as brown solid; Yield 82%; m.p. 142–44�C; IR
(KBr): m 3400, 3037, 2962, 1585, 712 cm�1; 1H NMR (DMSO-
d6): d 8.86 (bs, 2H, NH), 8.15 (s, 2H, ArH), 8.10 (s, 2H, ArH),

7.94 (s, 2H, ArH), 7.47 (s, 2H, ArH), 7.41 (d, J ¼ 8.3 Hz, 4H,
ArH), 7.32–7.26 (m, 6H, ArH), 6.94 (d, J ¼ 9.0 Hz, 2H, ArH),
4.02 (s, 2H, CH2);

13C NMR (DMSO-d6): d 159.0, 155.6,
149.3, 146.1, 141.7, 139.1, 137.4, 137.1, 136.5, 134.3, 131.2,

129.4, 125.4, 123.9, 118.3, 112.7, 42.1; MS: m/z 743 (Mþ þ 1).
2-[6-(4-Aminophenyl)-1H-4-indazolyl]-4-3-[6-(4-aminophenyl)-

1H-4-indazolyl]-4-hydroxybenylphenol (12c). This was obtained
as orange solid; Yield 76%; m.p. 151–53�C; IR (KBr): m 3395,
3061, 2937, 1585 cm�1; 1H NMR (DMSO-d6): d 8.84 (bs, 2H,

NH), 8.15 (s, 2H, ArH), 8.10 (s, 2H, ArH), 7.94 (s, 2H, ArH),
7.62 (d, J ¼ 8.4 Hz, 4H, ArH), 7.47 (s, 2H, ArH), 7.28 (d,
J ¼ 9.0 Hz, 2H, ArH), 6.94 (d, J ¼ 9.0 Hz, 2H, ArH), 6.62
(d, J ¼ 8.4 Hz, 4H, ArH), 6.32 (bs, 4H, NH2), 4.02 (s, 2H,
CH2);

13C NMR (DMSO-d6): d 159.1, 155.6, 149.7, 146.1,

142.4, 141.6, 139.0, 137.2, 136.5, 134.9, 134.2, 130.2, 124.2,
123.8, 118.2, 113.1, 112.7, 42.2; MS: m/z 615 (Mþ þ 1).

2-[6-(4-Clorophenyl)-1H-4-indazolyl]-4-{3-[6-(4-chlorophenyl)-
1H-4-indazolyl]-4-hydroxy}benzylphenol (12d). This was
obtained as yellow solid; Yield 81%; m.p. 115–17�C; IR

(KBr): m 3387, 3042, 2932, 1585, 686 cm�1; 1H NMR
(DMSO-d6): d 8.86 (bs, 2H, NH), 8.15 (s, 2H, ArH), 8.10 (s,
2H, ArH), 7.94 (s, 2H, ArH), 7.82 (d, J ¼ 8.2 Hz, 4H, ArH),
7.41 (s, 2H, ArH), 7.32–7.26 (m, 6H, ArH), 7.00 (s, 2H, ArH)
6.94 (d, J ¼ 9.0 Hz, 2H, ArH) 4.02 (s, 2H, CH2);

13C NMR

(DMSO-d6): d 158.7, 155.6, 147.4, 146.1, 141.7, 139.0, 137.2,
136.5, 134.9, 134.2, 134.0, 128.7, 126.4, 125.4, 123.8, 118.3,
112.7, 42.2; MS: m/z 654 (Mþ).

4-{4-Hydroxy-3-[6-(4-methoxyphenyl)-1H-4-indazolyl]ben-

zyl}-2-[6-(4-methoxyphenyl)-1H-4-indazolyl]phenol (12e). This

was obtained as brown solid; Yield 80%; m.p. 122–24�C; IR
(KBr): m 3400, 3042, 2962, 1584, 1030 cm�1; 1H NMR
(DMSO-d6): d 8.87 (bs, 2H, NH), 8.14 (s, 2H, ArH), 8.10 (s,
2H, ArH), 7.94 (s, 2H, ArH), 7.47 (s, 2H, ArH), 7.39 (d, J ¼
8.4 Hz, 4H, ArH), 7.32 (d, J ¼ 9.0 Hz, 2H, ArH), 6.94 (d,

J ¼ 9.0 Hz, 2H, ArH), 6.84 (d, J ¼ 8.4 Hz, 4H, ArH), 4.02 (s,
2H, CH2), 3.84 (s, 6H, OCH3);

13C NMR (DMSO-d6): d
161.2, 159.0, 155.6, 149.5, 146.1, 141.7, 139.2, 137.4, 136.5,
134.2, 133.2, 129.4, 129.0, 125.7, 124.3, 123.8, 118.2, 112.7,

112.0, 54.7, 42.2; MS: m/z 645 (Mþ þ 1).
4-{6-(4-Bromophenyl)-4-[5-(3-{6-(4-bromophenyl)-2-[4-(meth-

ylsulfonyl)phenyl]-4,5-dihydro-2H-4-indazolyl}-4-hydroxy ben-

zyl)-2-hydroxyphenyl]-4,5-dihydro-2H-2-indazolyl}-1-benzene

sulfonic acid (14a). To a stirred solution of 10b (7.5 g, 0.01

mol) in ethanol (100 mL) and 6 N HCl (14.8 mL, 0.892 mol)
was added 4-(methylsulfonyl)phenyl hydrazine 13 (4.1 g,
0.022 mol). The mixture was heated to reflux and stirred for
10 h. After cooling to room temperature, the reaction mixture
was concentrated in vacuo. The residue was taken up with

ethyl acetate and washed with water and brine, dried over
MgSO4, filtered, and evaporated in vacuo to give a solid that
was crystallized from diisopropyl ether (100 mL) to give pyr-
azole 14a as brown solid; Yield 82%; m.p. 222–24�C; IR
(KBr): m 3400, 3062, 2937, 1585, 1328, 1165, 732 cm�1; 1H

NMR (DMSO-d6): d 7.91 (s, 2H, ArH), 7.67–7.62 (m, 6H,
ArH), 7.50–7.42 (m, 12H, ArH), 7.23 (s, 2H, ArH), 6.94 (s,
2H, OH), 6.84 (d, J ¼ 8.9 Hz, 2H, ArH), 6.77 (d, J ¼ 8.9 Hz,
2H, ArH), 4.87 (t, 2H, CH), 3.72 (s, 2H, CH2), 3.12 (d, 4H,

CH2), 2.94 (s, 6H, CH3);
13C NMR (DMSO-d6): d 156.1,

154.2, 153.5, 142.7, 138.8, 133.5, 132.3, 130.4, 129.9, 129.1,
128.0, 126.8, 126.4, 124.6, 124.2, 122.4, 120.7, 119.4, 118.2,
43.5, 42.3, 41.6, 38.7; MS: m/z 1056 (Mþ). The other com-
pounds 14c–d were also prepared by the similar procedure.

4-{6-(aryl)-4-[5-(3-{6-(aryl)-2-[4-(methylsulfonyl)phenyl]-2

H-4-indazolyl}-4-hydroxybenzyl)-2-hydroxyphenyl]-2H-2-in-

dazolyl}-1-benzenesulfonic acid (15a–d). To a solution of 14
(0.005 mol) in dry benzene (20 mL), DDQ (0.015 mol) in dry
benzene (20 mL) was added in portions. The mixture was

heated to reflux and stirred for 5 h under a nitrogen atmos-
phere. The precipitated DDQ-H2 was filtered off and the fil-
trate was subjected to column chromatography on silica gel
(60–120 mesh), to afford pure compounds.

4-{6-(4-Bromophenyl)-4-[5-(3-{6-(4-bromophenyl)-2-[4-(meth-

ylsulfonyl)phenyl]-2H-4-indazolyl}-4-hydroxybenzyl)-2-hydro

xyphenyl]-2H-2-indazolyl}-1-benzenesulfonic acid (15a). This
was obtained as brown solid; Yield 80%; m.p. 210–12�C; IR
(KBr): m 3400, 3062, 2937, 1585, 1328, 1165, 736 cm�1. 1H

NMR (DMSO-d6): d 8.14 (s, 2H, ArH), 7.80 (s, 2H, ArH),
7.72 (d, J ¼ 8.3 Hz, 4H, ArH), 7.53–7.48 (m, 8H, ArH), 7.32–
7.28 (m, 6H, ArH), 6.84–6.78 (m, 4H, ArH, OH), 6.72 (s, 2H,
ArH), 4.02 (s, 2H, CH2), 2.94 (s, 6H, CH3);

13C NMR
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(DMSO-d6): d 153.1, 152.0, 143.3, 142.9, 136.7, 136.2, 133.3,
130.7, 129.8, 129.0, 128.7, 127.9, 125.4, 124.0, 123.9, 122.3,
119.7, 117.6, 111.3, 110.4, 44.3, 42.4; MS: m/z 1050 (Mþ).

4-{6-(4-aminophenyl)-4-[5-(3-{6-(4-aminophenyl)-2-[4-(meth-

ylsulfonyl)phenyl]-2H-4-indazolyl}-4-hydroxybenzyl)-2-hydro

xyphenyl]-2H-2-indazolyl}-1-benzenesulfonic acid (15b). This
was obtained as orange solid; Yield 84%; m.p. 240–42�C; IR
(KBr): m 3400, 3065, 2932, 1589, 1328, 1162 cm�1; 1H NMR
(DMSO-d6): d 8.14 (s, 2H, ArH), 7.80 (s, 2H, ArH), 7.72 (d,
J ¼ 8.2 Hz, 4H, ArH), 7.67 (d, J ¼ 8.6 Hz, 4H, ArH), 7.53

(d, J ¼ 8.2 Hz, 4H, ArH), 7.32 (d, J ¼ 8.6 Hz, 2H, ArH),
6.94 (d, J ¼ 9.1 Hz, 2H, ArH), 6.72 (d, J ¼ 8.6 Hz, 4H,
ArH), 5.96 (s, 2H, OH), 4.96 (bs, 4H, NH2), 4.02 (s, 2H,
CH2), 2.94 (s, 6H, CH3);

13C NMR (DMSO-d6): d 153.1,
152.0, 147.3, 145.2, 143.3, 138.2, 136.7, 130.7, 129.7, 129.0,

126.2, 125.6, 124.0, 123.9, 122.3, 121.0, 119.7, 117.6, 111.9,
110.4, 44.3, 42.4; MS: m/z 924 (Mþ þ 1).

4-{6-(4-Chlorophenyl)-4-[5-(3-{6-(4-chlorophenyl)-2-[4-(meth-

ylsulfonyl)phenyl]-2H-4-indazolyl}-4-hydroxybenzyl)-2-hydro

xyphenyl]-2H-2-indazolyl}-1-benzenesulfonic acid (15c). This
was obtained as yellow solid; Yield 79%; m.p. 196–98�C; IR
(KBr): m 3410, 3065, 2932, 1586, 1328, 1162, 686 cm�1; 1H
NMR (DMSO-d6): d 8.14 (s, 2H, ArH), 7.95 (d, J ¼ 8.6 Hz,
4H, ArH), 7.80 (s, 2H, ArH), 7.68 (d, J ¼ 8.9 Hz, 4H, ArH),

7.59 (d, J ¼ 8.9 Hz, 4H, ArH), 7.47 (d, J ¼ 8.6 Hz, 4H,
ArH), 7.32 (d, J ¼ 9.0 Hz, 2H, ArH), 6.90 (d, J ¼ 9.0 Hz,
2H, ArH), 6.68 (s, 2H, ArH), 5.92 (s, 2H, OH), 4.02 (s, 2H,
CH2), 2.96 (s, 6H, CH3);

13C NMR (DMSO-d6): d 153.1,
152.0, 146.6, 143.3, 136.9, 136.0, 134.9, 133.3, 131.2, 130.0,

129.8, 129.0, 128.6, 125.6, 124.0, 123.9, 122.7, 122.0, 119.7,
117.6, 110.4, 109.7, 44.3, 42.2; MS: m/z 963 (Mþ þ 1).

4-[4-[2-Hydroxy-5-(4-hydroxy-3-{6-(4-methoxyphenyl)-2-

[4-(methylsulfonyl)phenyl]-2H-4-indazolyl}benzyl)phenyl]-6-

(4-methoxyphenyl)-2H-2-indazolyl]-1-benzene sulfonic acid

(15d). This was obtained as brown solid; Yield 86%; m.p.
209–11�C; IR (KBr): m 3400, 3065, 2937, 1589, 1328, 1162
cm�1; 1H NMR (DMSO-d6): d 8.14 (s, 2H, ArH), 7.68 (d, J ¼
8.1 Hz, 4H, ArH), 7.68 (d, J ¼ 8.9 Hz, 4H, ArH), 7.59 (d,

J ¼ 8.9 Hz, 4H, ArH), 7.47 (d, J ¼ 8.1 Hz, 4H, ArH), 7.32
(d, J ¼ 9.0 Hz, 2H, ArH), 6.90 (d, J ¼ 9.0 Hz, 2H, ArH),
6.89 (d, J ¼ 8.1 Hz, 4H, ArH), 6.68 (s, 2H, ArH), 5.96 (s, 2H,
OH), 4.02 (s, 2H, CH2), 3.89 (s, 6H, OCH3), 2.96 (s, 6H,
CH3);

13C NMR (DMSO-d6): d 159.6, 153.9, 153.4, 152.0,

143.3, 136.7, 133.8, 133.1, 130.7, 129.8, 129.0, 125.6, 124.7,
124.0, 123.8, 122.3, 119.7, 117.6, 113.0, 110.9, 110.4, 55.6,
44.3, 42.4; MS: m/z 955 (Mþ þ 1).
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The several novel 3-substituted phenyl isoxazole derivatives were prepared from substituted phenyl-

butan-1,3-dione. Their structures were confirmed by element analysis, IR, MS, and 1H NMR. X-ray
structure analysis indicated that the dihedral angles of the phenyl ring with the isoxazole ring in com-
pounds 4a and 4b were 19.46� and 49.18�, respectively. Preliminary bioassay showed that the title com-
pounds had good activity to various weeds, and 4a exhibited almost the same activity with 4b. This
was different from the former works, which showed that the big dihedral angle of the phenyl ring with

the heterocyclic moiety was necessary for high-herbicidal activity.

J. Heterocyclic Chem., 47, 1310 (2010).

INTRODUCTION

Herbicides inhibiting protoporphyrinogen oxidase

(Protox) are the ones of the most important class of her-

bicides. Targeting the porphyrin pathway, these herbi-

cides have shown high-activity and low-toxicity, and

thus have become a hot-point of novel pesticides

research [1]. Besides di-phenylether-type herbicides,

which have been commercialized for more than 30

years, many other chemical classes belong to this fam-

ily, such as azafenidin, oxadiazon, carfentrazone, etc.

Substituted phenyl heterocyclic compounds are thought

to be potent Protox-inhibitors, because they are similar

to one half of the protoporphyrinogen IX, which is the

target of Protox. Research on heterocyclic Protox inhibi-

tors has been actively pursued, and a large number of

compounds with high-bioactivity were reported [2–6].

Some samples of commercial Protox inhibitors are

shown in Figure 1. Substituted phenyl isoxazoline deriv-

atives have been reported, and some of them have high-

activities [7]. We have also reported several novel 3-

(substituted phenyl) isoxazole in a previous letter [8],

considering that some isoxazole derivatives have dis-

played good biological activity [9–12], and that isoxa-

zole moiety is more similar to the substructure of proto-

porphyrinogen IX than isoxazoline moiety. More impor-

tantly, a further study shows these isoxazole derivatives

exhibit different structure-activity relationship from

other phenyl heterocyclic compounds. Herein, details of

the study, including the synthesis, their X-ray structures

and the herbicidal activity of these isoxazole derivatives,

are reported.

RESULTS AND DISCUSSION

The title compounds were prepared from substituted

phenyl-butan-1,3-dione. At first, the isoxazole cycle was

built via a ring closure reaction of phenylbutan-1,3-

dione with hydroxylamine chloride [13]. In this reaction,

what we obtained were isoxazolines (2), which could be

changed into isoxazoles via a dehydration reaction in

hot concentrated sulfuric acid (98%). When 2c was

employed as the substrate, the CAO band of the

methoxy group was cleaved and 3c was obtained

(Scheme 1). From compounds 3a or 3b, different aimed

compounds can be obtained by derivation of the methyl

group on Position 5 of the phenyl cycle. It can be trans-

formed into an aldehyde through a diester, via an oxida-

tion reaction and a hydrolytic reaction. Otherwise, the

methyl group on Position 5 of the phenyl cycle can be

oxidized into a carboxyl group with chromium trioxide/

VC 2010 HeteroCorporation
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sulfuric acid, and further transformed to an ester or am-

ide via an acyl chloride intermediate. From compounds

3c, different aimed compounds can be obtained via an

alkylation reaction (Scheme 2).

To investigate further the structure-activity relation-

ship of the aimed compounds, the single crystals of com-

pounds 4a and 4b were prepared, and their structures

were determined. The details of crystals, data collections

and final refinement for compounds 4a and 4b are listed

in Table 1. The selected bond distances (Å), angles (�)
and torsion angles (�) of compounds 4a and 4b were

given in Table 2. Both of the compounds have two pla-

nar rings, that is, the phenyl ring and the isoxazole moi-

ety. However, the dihedral angle in 4a [shown as

C(2)AC(10)AC(4)AC(8)] is much different from that in

4b [shown as C(5)AC(11)AC(8)AC(4)]. In compound

4a (Fig. 2), it is 19.46�, whereas 49.18� in compound 4b

(Fig. 3). It indicated that the chlorine substitution could

increase the dihedral angle of the two rings for the steric

effect, which agreed with our former work [14].

Preliminary bioassay showed that compounds 4, 5, 7,

8 have good activity to various weeds. Compared with

fomesafen, which was a high-activity herbicide widely

used, the herbicidal activity of these compounds to dif-

ferent weeds by stem and leaf treatment at a dosage of

1.5 kg/hm2 and 150 g/hm2, were shown in Table 3.

Some of them have higher activity than fomesafen,

especially at a lower dosage.

Here, we noticed that both compounds with chlorine

substitution on isoxazole (4b, 5b, 7a�e) and those with-

out chlorine substitution on isoxazole (4a, 5a, 8a�f)

have high-activity.

It was reported that the ortho-position (to the phenyl

ring) substituted groups on the heterocyclic moiety was

necessary for high-activity to force the heterocyclic moi-

ety out of planarity with the attached phenyl ring and to

match closely the angle of the methylene bridge between

two pyrrole rings of the protoporphyrinogen structure

[15]. And it was reported recently that the dihalopyrrole

nucleus was important for biological activity in 3-arylpyr-

roles [16]. However, in this research, the result was differ-

ent from these former works. The tested isoxazole deriva-

tives had high-activity no matter that Y was hydrogen or

chlorine. Although the compounds with chlorine substi-

tuted had higher activity than those unsubstituted, the dif-

ference was quite little. Meanwhile, our former work indi-

cated that the dihedral angle of the phenyl ring and the iso-

xazole moiety in the compound with chlorine on isoxazole

ring was much bigger than those without chlorine substitu-

tion in solution [14]. These results suggest that the big di-

hedral angle of the phenyl ring and the isoxazole moiety

may be not a key point for high-activity. We think a mole-

cule may adjust the angle to fit closely the Protox in cells

in bio-assaying. However, it needs further research.

EXPERIMENTAL

1H NMR spectra were measured on a Varian VA400MHz
spectrometer with TMS as an internal standard. 13C NMR

spectra were obtained with broadband proton decoupling. MS
was performed on a HP1100 high-performance liquid chroma-
tography/mass selective detector. Melting points were deter-
mined using a YanacoMP-500 apparatus and were uncorrected.
IR spectra were run on Nicolet 20DBX FT-IR. Elemental anal-

ysis was measured on MOD.1106 elemental analysis
instrumentation.

Compounds 1a and 1c were synthesized by methods
described in [17]. Compounds 1b were prepared from 1a fol-
lowing the procedure given in [7].

General procedure for the preparation of compound

2. To a solution of 1 (34 mmol) in acetic acid (100 mL), hy-
droxylamine chloride (5 g, 72 mmol) was added. Then the

Figure 1. Samples of commercial Protox inhibitors.

Scheme 1. Building of isoxazole cycle.
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mixture was heated to 100�C for 30 min. After the solution
was cooled, it was poured into water, resulting in a white solid
precipitate.

3-(4-Chloro-2-fluoro-5-methyl)phenyl-5-hydroxy-5-trifluoro-
methylisoxazoline (2a). This compound was obtained as a
white solid, yield 92%. A sample suiting for analysis was
obtained by recrystallization with alcohol; mp 128.0�130.0�C;
1H NMR (400 MHz, CDCl3) d: 7.76 (d, 1H, J ¼ 8.0 Hz, Ph),

7.18 (d, 1H, J ¼ 10.4 Hz, Ph), 3.91 (br, 1H, OH), 3.77 (dd,
1H, J ¼ 18.6 Hz, 2.0 Hz, CH), 3.57 (d, 1H, J ¼ 18.6 Hz,
CH), 2.36 (s, 3H, CH3); MS (API-ES, negative), m/z: 296.0
([M-H]�).

Anal. Calcd. for C11H8O2NClF4 (297.6): C, 44.39; H, 2.71;

N, 4.71. Found: C, 44.51; H, 2.58; N, 4.52.
4-Chloro-3-(4-chloro-2-fluoro-5-methyl)phenyl-5-hydroxy-

5-trifluoromethylisoxazoline (2b). This compound was
obtained as a white solid, yield 86%. A sample suiting for
analysis was obtained by recrystallization with alcohol; mp

84.0�86.0�C; 1H NMR (400 MHz, CDCl3) d: 7.70 (d, 1H, J
¼ 7.6 Hz, Ph), 7.24 (d, 1H, J ¼ 10.8 Hz, Ph), 5.70 (s, CH),
4.2�4.4(br, 1H, OH), 2.38 (s, 3H, CH3);

13C NMR (100 MHz,
CDCl3) d: 157.9 (d, J ¼ 253.4 Hz), 153.9 (s, 138.0 (d, J ¼

10.1 Hz), 132.9 (s), 130.9 (s), 121.8 (q, J ¼ 286.1 Hz), 117.2
(d, J ¼ 24.9 Hz), 113.4 (d, J ¼ 11.9 Hz), 104.1 (q, J ¼ 33.1
Hz), 61.1 (d, J ¼ 4.8 Hz), 19.2(s); MS (API-ES, negative), m/
z: 330.0 ([M-H]�).

Anal. Calcd. for C11H7O2NCl2F4 (332.1): C, 39.79; H, 2.12;

N, 4.22. Found: C, 40.01; H, 2.15; N, 4.01.
3-(4-Chloro-2-fluoro-5-methoxy)phenyl-5-hydroxy-5-trifluor-

omethylisoxazoline (2c). This compound was obtained as a
white solid, yield 99%. A sample suiting for analysis was
obtained by recrystallization with alcohol; mp 149.0�151.0�C;
1H NMR (400 MHz, CDCl3) d: 8.05 (br, 1H, OH), 7.41 (d, 1H, J
¼ 6.0 Hz, Ph), 7.20 (d, 1H, J ¼ 10.4 Hz, Ph), 3.91 (s, 3H, CH3),
3.71 (d, 1H, J ¼ 18.4 Hz, 1/2CH2), 3.54 (d, 1H, J ¼ 18.4 Hz,
1/2CH2);

13C NMR (100 MHz, broadband proton decoupling,
CDCl3) d: 153.2 (d, J ¼ 248.0 Hz), 152.5(s), 151.5 (s), 125.9 (d,

J ¼ 10.7 Hz), 122.1 (q, J ¼ 283.8 Hz), 118.3 (d, J ¼ 27.1 Hz),
115.0 (d, J ¼ 12.7 Hz), 109.8 (d, J ¼ 3.1 Hz), 104.4 (q, J ¼ 33.6
Hz), 56.6 (s), 44.1 (d, J ¼ 8.3 Hz); MS (API-ES, negative), m/z:
312.0 ([M-H]�), 348.0 ([MþCl]-).

Anal. Calcd. for C11H8O3NClF4 (313.6): C, 42.12; H, 2.57;
N, 4.47. Found: C, 41.95; H, 2.51; N, 4.39.

General procedure for the preparation of compound

3. A solution of 2 (16 mmol) in concentrated sulfuric acid
(98%, 35 mL) was heated to 110, and maintained at that tem-

perature for 3 h. After the solution was cooled, it was poured
into ice-water, resulting in a white solid precipitate. The yields
of all compounds were about 100%.

3-(4-Chloro-2-fluoro-5-methyl)phenyl-5-trifluoromethylisox-
azole (3a). This compound was obtained as a white solid. A

sample suiting for analysis was obtained by recrystallization
with alcohol; mp 34.0�34.5; 1H NMR (400 MHz, CDCl3) d:
7.89 (d, 1H, J ¼ 7.6 Hz, Ph), 7.25 (d, J ¼ 10.4 Hz, Ph), 7.13
(d, J ¼ 3.2 Hz, 1H, isoxazole), 2.40 (s, 3H, CH3); MS (API-
ES, negative), m/z: 278.0 ([M-H]�).

Anal. Calcd. for C11H6ONClF4 (279.6): C, 47.25; H, 2.16;
N, 5.01. Found: C, 46.96; H, 2.07; N, 4.83.

4-Chloro-3-(4-chloro-2-fluoro-5-methyl)phenyl-5-trifluorome-
thylisoxazole (3b). This compound was obtained as an oily res-

idue; 1H NMR (400 MHz, CDCl3) d: 7.75 (d, 1H, J ¼ 7.2 Hz,
Ph), 7.27 (d, 1H, J ¼ 9.6 Hz, Ph), 2.35 (s, 3H, CH3); MS
(API-ES, negative), m/z: 312.0 ([M-H]�).

Figure 2. ORTEP (ellipsoids at 30% probability) diagram of com-

pound 4a. All hydrogen atoms are omitted for clarity.

Scheme 2. Synthesis of aimed compounds.
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Anal. Calcd. for C11H5ONCl2F4 (313.0): C, 42.07; H, 1.60;
N, 4.46. Found: C, 41.96; H, 1.67; N, 4.53.

3-(4-Chloro-2-fluoro-5-hydroxy)phenyl-5-trifluoromethyli-
soxazole (3c). This compound was obtained as a white solid.
A sample suiting for analysis was obtained by recrystallization
with a mixture of petroleum ether and ethyl acetate (3:1); mp
49.0�50.5; 1H NMR (400 MHz, CDCl3) d: 7.66 (d, 1H, J ¼
6.4 Hz, Ph), 7.26 (d, J ¼ 9.6 Hz, Ph), 7.13 (s, 1H, isoxazole),

5.4�6.0(br, 1H, OH); MS (API-ES, negative), m/z: 280.0 ([M-
H]-).

Anal. Calcd. for C10H4O2NClF4 (281.6): C, 42.65; H, 1.43;
N, 4.97. Found: C, 42.96; H, 1.37; N, 4.85.

General procedure for the preparation of compound

4. To a mixture of 2 (18 mmol), acetic acid (15 mL), acetic
anhydride (40 mL) and concentrated sulfuric acid (98%, 4.5
mL), was added chromium oxide (about 3 g, 30 mmol) in
small portion, maintaining the temperature under 25. The reac-

tion was monitored by TLC. After the reaction was completed,
it was poured into water, recrystallized from alcohol to give 4.

2-Chloro-4-fluoro-5-(5‘-trifluoromethyl)isoxazol-3-yl-benz-
aldehyde diacetate (4a). This compound was obtained as a
white solid, yield 57%, mp 87.0�88.5; IR (KBr): 1768 (C¼¼O)

cm�1; 1H NMR (400 MHz, CDCl3) d: 8.27 (d, 1H, J ¼ 8.0
Hz, Ph), 7.97 (s, 1H, CH), 7.34 (d, 1H, J ¼ 10.0 Hz, Ph), 7.15
(d, 1H, J ¼ 2.4 Hz, isoxazole), 2.16 (s, 6H, 2CH3); MS (API-
ES, positive), m/z: 417.7 ([MþNa]þ).

Anal. Calcd. for C15H10O5NClF4 (395.7): C, 45.53; H, 2.55;

N, 3.54. Found: C, 45.86; H, 2.67; N, 3.39.
2-Chloro-4-fluoro-5-(40-chloro-5‘-trifluoromethyl)isoxazol-

3-yl-benzaldehyde diacetate (4b). This compound was
obtained as a white solid, yield 68%, mp 97.0�98.5�C; IR

(KBr): 1773, 1759 (C¼¼O) cm�1; 1H NMR (400 MHz, CDCl3)
d: 7.97 (s, 1H, CH),7.81 (d, 1H, J ¼ 6.8 Hz, Ph), 7.37 (d, 1H,

J ¼ 9.2 Hz, Ph), 2.14 (s, 6H, CH3); MS (API-ES, positive), m/
z: 451.7 ([MþNa]þ).

Anal. Calcd. for C15H9O5NCl2F4 (430.1): C, 41.89; H, 2.11;
N, 3.26. Found: C, 42.03; H, 2.17; N, 3.31.

General procedure for the preparation of compound

5. A slurry of 4 (5 mmol), sodium bicarbonate (2 g, 24
mmol), alcohol (10 mL) and water (2 mL) was refluxed for 2
h. After the solution was cooled, it was poured into water,
resulting in 5 as a white solid precipitate.

2-Chloro-4-fluoro-5-(5‘-trifluoromethyl)isoxazol-3-yl-benz-
aldehyde (5a). This compound was obtained as a white solid,
yield 82%. A sample suiting for analysis was obtained by
recrystallization with alcohol; mp 78.5�80.0�C; IR (KBr):
1621 (C¼¼O) cm�1; 1H NMR (400 MHz, CDCl3) d: 10.42 (s,
1H, CHO), 8.56 (d, 1H, J ¼ 7.2 Hz, Ph), 7.40 (d, 1H, J ¼
10.0 Hz, Ph), 7.14 (s, 1H, isoxazole); MS (API-ES, negative),
m/z: 359.6 ([MþCH3OHþCl]�).

Anal. Calcd. for C11H4O2NClF4 (293.6): C, 45.00; H, 1.37;
N, 4.77. Found: C, 44.86; H, 1.31; N, 4.95.

2-Chloro-4-fluoro-5-(40-chloro-5‘-trifluoromethyl)isoxazol-3-
yl-benzaldehyde (5b). This compound was obtained as a white
solid, yield 78%. A sample suiting for analysis was obtained
by recrystallization with alcohol; mp 77.5�78.5�C; IR (KBr):
1694 (C¼¼O) cm�1; 1H NMR (400 MHz, CDCl3) d: 10.44 (s,

1H, CHO), 8.21 (d, 1H, J ¼ 7.2 Hz, Ph), 7.43 (d, 1H, J ¼ 8.8
Hz, Ph); MS (API-ES, negative), m/z: 393.6 ([MþCH3OH
þCl]�).

Anal. Calcd. for C11H3O2NCl2F4 (228.0): C, 40.28; H, 0.92;
N, 4.27. Found: C, 40.55; H, 0.97; N, 4.49.

Procedure for the Preparation of 2-chloro-4-fluoro-5-[(4-
chloro-5-trifluoromethyl)isoxazole-3-yl]benzoic acid (6). To a

Table 1

Crystallographic parameters of compounds 4a and 4b.

Complex 4a 4b

Empirical formula C15H10ClF4NO5 C15H9Cl2F4NO5

Formula weight 395.69 430.13

Crystal system Orthorhombic monoclinic

Space group Pbca C2/c

a, (Å) 13.8903(6) 26.3306(9)

b, (Å) 7.6624(3) 8.1761(3)

c, (Å) 31.3155(12) 19.8365(6)

b, (deg) 90 124.992(2)

V, (Å3) 3333.0(2) 3498.5

Z 8 8

Dcalcd, (g/cm
3) 1.577 1.633

T, (K) 273(2) 273(2)

l (mm�1), 0.299 0.440

F(000) 1600 1728

y, (deg) 1.96–27.58 2.10–29.12

limiting indices �17 � h � 14 �35 � h � 35
�9 � k � 9 �10 � k � 10

�38 � l � 40 �24 � l � 26

Reflns collected/unique 20813/3645 10565/4417

GOF(F2) 1.039 1.013

R1/wR2 [I > 2sigma(I)] 0.0548/0.1477 0.0485/0.1280

R1/wR2 (all data) 0.0996/0.1735 0.0829/0.1509

Largest diff. peak

and hole, e. Å�3
0.389, �0.268 0.350, �0.383

Table 2

Selected bond distances (Å), angles (deg) and torsion angles (deg) of

compounds 4a and 4b.

4a 4b

Cl(1)AC(7) 1.725(3) Cl(1)AC(3) 1.727(2)

F(4)AC(2) 1.349(3) C(5)AF(4) 1.350(3)

O(1)AN(1) 1.401(3) N(1)AO(1) 1.398(3)

O(1)AC(3) 1.325(4) O(1)AC(2) 1.339(3)

C(10)AC(4) 1.475(4) C(8)AC(11) 1.472(3)

C(4)AC(8) 1.401(4) C(4)AC(8) 1.415(3)

C(4)AN(1) 1.299(4) N(1)AC(8) 1.300(3)

C(8)AC(3) 1.320(4) C(2)AC(4) 1.327(3)

C(6)AC(5) 1.495(4) C(7)AC(10) 1.504(3)

C(3)AC(1) 1.483(4) C(1)AC(2) 1.488(4)

Cl(2)AC(4) 1.691(3)

O(2)AC(6)AO(3) 106.2(2) O(2)AC(7)AO(3) 105.40(16)

C(7)AC(5)AC(6) 122.7(2) C(3)AC(10)AC(7) 120.9(2)

F(4)AC(2)AC(10) 118.3(2) F(4)AC(5)AC(11) 118.5(2)

N(1)AC(4)AC(10) 118.1(3) N(1)AC(8)AC(11) 119.8(2)

C(4)AN(1)AO(1) 105.6(2) C(8)AN(1)AO(1) 106.2(2)

C(3)AO(1)AN(1) 107.6(2) C(2)AO(1)AN(1) 107.94(19)

C(8)AC(3)AO(1) 111.1(3) C(4)AC(2)AO(1) 110.4(2)

C(3)AC(8)AC(4) 104.5(3) C(2)AC(4)AC(8) 104.8(2)

C(8)AC(3)AC(1) 133.5(3) C(4)AC(2)AC(1) 133.6(3)

C(9)AC(7)ACl(1) 117.8(2) C(6)AC(3)ACl(1) 118.32(17)

C(2)AC(10)A
C(4)AC(8)

19.46 C(5)AC(11)AC(8)A
C(4)

49.18

C(11)AC(5)A
C(6)AO(2)

63.33 C(9)AC(10)AC(7)A
O(3)

27.12
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mixture of 4-chloro-3-(4-chloro-2-fluoro-5-methyl)phenyl-5-tri-
fluoromethylisoxazole (3b) (12 g, 38 mmol), acetic acid (150
mL) and concentrated sulfuric acid (98%, 15 mL), was added

chromium oxide (about 10 g, 0.1 mol) in small portion, main-
taining the temperature under 25. The reaction was monitored
by TLC. After the reaction was completed, it was poured into
water, recrystallized from alcohol, resulting in a white solid

precipitate 10 g (79%).
General procedure for the preparation of compound

7. To a solution of 2-chloro-4-fluoro-5-[(4-chloro-5-trifluoro-
methyl)isoxazole-3-yl]benzoic acid (6) (1.8 g, 5.2 mmol) in
toluene (10 mL), thionyl chloride (1 mL, 14 mmol) and N,N-
dimethyllformamide (3 drops) were added. Then, after the
mixture was refluxed for 2 h, the solvent was removed in vac-
uum. After the oil obtained was cooled, methanol (10 mL)
was added and refluxed for 2 h. After the solution was cooled,
it was poured into water, resulting in a white solid precipitate.

Methyl 2-chloro-4-fluoro-5-[(4-chloro-5-trifluoromethyl)i-
soxazole-3-yl]benzoate (7a). This compound was obtained as a
white solid, yield 89%. A sample suiting for analysis was
obtained by recrystallization with alcohol; mp 60.5�61.5�C; IR

(KBr): 1711 (C¼¼O) cm�1; 1H NMR (400 MHz, CDCl3) d: 8.17
(d, 1H, J ¼ 7.2 Hz, Ph), 7.42 (d, 1H, J ¼ 9.2 Hz, Ph), 3.95 (s,
3H, CH3); MS (API-ES, positive), m/z: 379.8 ([MþNa]þ).

Anal. Calcd. for C12H5O3NCl2F4 (358.1): C, 40.25; H, 1.41;
N, 3.91. Found: C, 40.01; H, 1.50; N, 4.13.

Ethyl 2-chloro-4-fluoro-5-[(4-chloro-5-trifluoromethyl)isox-
azole-3-yl]benzoate (7b). This compound was obtained as a
white solid, yield 83%. A sample suiting for analysis was
obtained by recrystallization with alcohol; mp 25.5�26.0�C;
IR (KBr): 1793 (C¼¼O) cm�1; 1H NMR (400 MHz, CDCl3) d:
8.15 (d, 1H, J ¼ 7.2 Hz, Ph), 7.41 (d, 1H, J ¼ 9.6 Hz, Ph),
4.42 (q, 2H, J ¼ 7.2 Hz, CH2), 1.41 (t, 3H, J ¼ 7.2 Hz, CH3);
MS (API-ES, positive), m/z: 393.7 ([MþNa]þ).

Anal. Calcd. for C13H7O3NCl2F4 (372.1): C, 41.96; H, 1.90;
N, 3.76. Found: C, 42.09; H, 1.98; N, 3.84.

Isopropyl 2-chloro-4-fluoro-5-[(4-chloro-5-trifluoromethyl)i-
soxazole-3-yl]benzoate (7c). This compound was obtained as a
white solid, yield 84%. A sample suiting for analysis was
obtained by recrystallization with alcohol; mp 40.0�40.5�C;
IR (KBr): 1735 (C¼¼O) cm�1; 1H NMR (400 MHz, CDCl3) d:
8.12 (d, 1H, J ¼ 7.6 Hz, Ph), 7.41 (d, 1H, J ¼ 9.6 Hz, Ph),
5.29 (sept, 1H, J ¼ 6.4 Hz, CH), 1.40 (d, 6H, J ¼ 6.4 Hz,
2CH3); MS (API-ES, positive), m/z: 407.7 ([MþNa]þ).

Anal. Calcd. for C14H9O3NCl2F4 (386.1): C, 43.55; H, 2.35;

N, 3.63. Found: C, 43.28; H, 2.27; N, 3.42.
N-phenyl 2-chloro-4-fluoro-5-[(4-chloro-5-trifluoromethyl)i-

soxazole-3-yl]benzamide (7d). This compound was obtained as a
yellow solid, yield 86%. A sample suiting for analysis was obtained
by recrystallization with alcohol; mp 173.0�175.0�C; IR (KBr):

1651 (C¼¼O) cm�1; 1H NMR (400 MHz, CDCl3) d: 7.0�8.1(m,
8H, PhþNH); MS (API-ES, positive), m/z: 440.8 ([MþNa]þ).

Anal. Calcd. for C17H8O2N2Cl2F4 (419.2): C, 48.71; H,
1.92; N, 6.68. Found: C, 48.53; H, 2.01; N, 6.86.

N,N-diethyl 2-chloro-4-fluoro-5-[(4-chloro-5-trifluorome-
thyl)isoxazole-3-yl]benzamide (7e). This compound was
obtained as a yellow solid, yield 80%. A sample suiting for
analysis was obtained by recrystallization with alcohol; mp
87.5�88.5�C; IR (KBr): 3272 (NAH), 1640 (C¼¼O) cm�1; 1H

Figure 3. ORTEP (ellipsoids at 30% probability) diagram of com-

pound 4b. All hydrogen atoms are omitted for clarity.

Table 3

Herbicidal activity of aimed compounds (% inhibition).

Compound

Echinochloa crusgalli/% Setaria viridis/% Abutilon theophrasti/% Acalypha australis/%

1.5 kg/hm2 150 g/hm2 1.5 kg/hm2 150 g/hm2 1.5 kg/hm2 150 g/hm2 1.5 kg/hm2 150 g/hm2

4a 95.17 76.22 94.56 86.21 87.09 87.09 61.90 35.90

4b 99.40 80.95 97.73 93.52 92.28 91.34 61.54 36.63

5a 79.41 74.82 96.89 49.62 92.04 87.39 33.70 19.80

5b 99.67 79.85 98.15 97.31 94.11 93.22 50.55 46.15

7a 98.50 68.21 98.64 91.91 89.51 54.15 98.06 96.98

7b 99.20 87.84 98.90 98.25 100.00 82.89 100.00 100.00

7c 99.04 68.25 98.03 95.43 92.42 45.69 100.00 90.21

7d 74.48 63.68 54.76 9.68 77.70 38.22 78.29 65.50

7e 99.27 76.70 98.44 73.25 77.13 64.69 100.00 97.54

8a 81.95 80.95 66.69 64.51 92.28 79.79 49.08 42.49

8b 80.85 80.08 77.38 68.04 97.58 91.22 40.66 26.37

8c 85.61 78.01 96.80 70.56 90.69 89.51 89.01 36.99

8d 91.77 81.51 92.77 77.04 95.05 83.97 64.21 52.01

8e 75.72 74.15 92.68 60.81 91.99 90.81 40.66 15.75

8f 82.31 80.78 81.16 49.62 93.75 82.38 51.28 17.95

fomesafen 96.39 56.96 95.85 48.29 79.06 71.98 100.00 64.55
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NMR (400 MHz, CDCl3) d: 7.50 (d, 1H, J ¼ 7.2 Hz, Ph),
7.36 (d, 1H, J ¼ 9.6 Hz, Ph), 3.3�3.9 (bd, 2H, CH2), 3.2 (br,
2H, CH2), 1.28 (m, 3H, CH3), 1.12 (m, 3H, CH3); MS (API-
ES, positive), m/z: 398.9 ([MþH]þ).

Anal. Calcd. for C15H12O2N2Cl2F4 (399.17): C, 45.14; H,

3.03; N, 7.02. Found: C, 45.13; H, 2.96; N, 6.91.
General procedure for the preparation of compound

8. To a slurry of 3-(4-chloro-2-fluoro-5-hydroxy)phenyl-5-tri-
fluoromethylisoxazole (3c) (1.5 g, 5 mmol), anhydrous potas-
sium carbonate (1.7 g, 25 mmol) in acetone (15 mL), was

added dimethyl sulfate (0.75 mL, 7.5 mmol) or corresponding
chlorides. The mixture reacted at room temperature or
refluxed, allowed to cool and poured into water, resulting in a
white solid precipitate.

3-(4-Chloro-2-fluoro-5-methoxy)phenyl-5-trifluoromethylisox-
azole (8a). This compound was obtained as a white solid
(reacted at room temperature for 3 h), yield 89%. A sample
suiting for analysis was obtained by recrystallization with alco-
hol; mp 80.0�80.5�C; 1H NMR (400 MHz, CDCl3) d: 7.54

(d, 1H, J ¼ 6.4 Hz, Ph), 7.28 (d, 1H, J ¼ 10.0 Hz, Ph), 7.15
(d, 1H, J ¼ 3.2 Hz, isoxazole), 3.96 (s, 3H, OCH3); MS (API-
ES, negative), m/z: 329.6 ([M þ Cl]�).

Anal. Calcd. for C11H6O2NClF4 (295.6): C, 44.69; H, 2.05;
N, 4.74. Found: C, 44.61; H, 2.00; N, 4.54.

Ethyl 2-chloro-4-fluoro-5-[(5-trifluoromethyl)isoxazole-3-
yl]phenyl carbonate (8b). This compound was obtained as a
white solid (refluxed for 2 h), yield 96%. A sample suiting for
analysis was obtained by recrystallization with alcohol; mp
97.0�98.0�C; IR (KBr): 1772 (C¼¼O) cm�1; 1H NMR (400

MHz, CDCl3) d: 7.94 (d, 1H, J ¼ 7.2 Hz, Ph), 7.37 (d, 1H, J
¼ 10.0 Hz, Ph), 7.15 (d, 1H, J ¼ 2.4 Hz, isoxazole), 4.37 (q,
2H, J ¼ 7.2 Hz, CH2), 1.42 (t, 1H, J ¼ 7.2 Hz, CH3); MS
(API-ES, positive), m/z: 375.8 ([MþNa]þ).

Anal. Calcd. for C13H8O4NClF4 (353.7): C, 44.15; H, 2.28;

N, 3.96. Found: C, 44.43; H, 2.31; N, 3.87.
Methyl 20-[2-chloro-4-fluoro-5-[(5-trifluoromethyl)isoxa-

zole-3-yl]phenoxy]acetate (8c). This compound was obtained
as a white solid (refluxed for 2 h), yield 88%. A sample suit-

ing for analysis was obtained by recrystallization with alcohol;
mp 92.0�94.0�C; IR (KBr): 1735 (C¼¼O) cm�1; 1H NMR
(400 MHz, CDCl3) d: 7.50 (d, 1H, J ¼ 6.0 Hz, Ph), 7.32 (d,
1H, J ¼ 10.0 Hz, Ph), 7.15 (d, 1H, J ¼ 2.4 Hz, isoxazole),
4.78 (s, 2H, OCH2COO), 3.83 (s, 3H, CH3); MS (API-ES, pos-

itive), m/z: 375.8 ([MþNa]þ).
Anal. Calcd. for C13H8O4NClF4 (353.7): C, 44.15; H, 2.28;

N, 3.96. Found: C, 44.39; H, 2.38; N, 4.07.
Ethyl 20-[2-chloro-4-fluoro-5-[(5-trifluoromethyl)isoxazole-

3-yl]phenoxy]acetate (8d). This compound was obtained as a

white solid (refluxed for 2 h), yield 91%. A sample suiting for
analysis was obtained by recrystallization with alcohol; mp
72.5�73.0�C; IR (KBr): 1729 (C¼¼O) cm�1; 1H NMR (400
MHz, CDCl3) d: 7.51(d, 1H, J ¼ 6.0 Hz, Ph), 7.32 (d, 1H, J
¼ 10.0 Hz, Ph), 7.15 (d, 1H, J ¼ 2.4 Hz, isoxazole), 4.76 (s,

2H, OCH2COO), 4.29 (q, 2H, J ¼ 7.2 Hz, Et-CH2), 1.32 (t,
3H, J ¼ 7.2 Hz, Et-CH3); MS (API-ES, positive), m/z: 368.0
([MþH]þ).

Anal. Calcd. for C14H10O4NClF4 (367.7): C, 45.73; H, 2.74;

N, 3.81. Found: C, 45.50; H, 2.66; N, 3.86.
N,N-diethyl 20-[2-chloro-4-fluoro-5-[(5-trifluoromethyl)isox-

azole-3-yl]phenoxy]acetamide (8e). This compound was ob-
tained as a white solid (refluxed for 2 h), yield 84%. A sample

suiting for analysis was obtained by recrystallization with alco-
hol; mp 78.5�80.0�C; IR (KBr): 1647 (C¼¼O) cm�1; 1H NMR
(400 MHz, CDCl3) d: 7.54 (d, 1H, J ¼ 6.0 Hz, Ph), 7.28 (d,
1H, J ¼ 9.6 Hz, Ph), 7.12 (d, 1H, J ¼ 2.8 Hz, isoxazole), 4.82
(s, 2H OCH2CO), 3.3�3.5 (m, 4H, 2EtACH2), 1.26 (t, 3H, J
¼ 7.2 Hz, EtACH3), 1.13 (t, 3H, J ¼ 7.2 Hz, EtACH3); MS
(API-ES, positive), m/z: 416.9 ([MþNa]þ).

Anal. Calcd. for C16H15O3N2ClF4 (394.7): C, 48.68; H,
3.83; N, 7.10. Found: C, 49.04; H, 3.59; N, 7.01.

3-[4-Chloro-2-fluoro-5-(20-methyl)allyl]phenyl-5-trifluorome-
thylisoxazole (8f). This compound was obtained as a white
solid (refluxed for 6 h), yield 88%. A sample suiting for analy-
sis was obtained by recrystallization with alcohol; mp
82.0�82.5�C; 1H NMR (400 MHz, CDCl3) d: 7.54 (d, 1H, J
¼ 6.4 Hz, Ph), 7.28 (d, 1H, J ¼ 10.0 Hz, Ph), 7.15 (d, 1H, J
¼ 3.6 Hz, isoxazole), 5.18 (s, 1H, ¼¼CH), 5.05 (s, 1H, ¼¼CH),
4.55(s, 2H, OCH2), 1.87 (s, 3H, CH3); MS (API-ES, negative),
m/z: 333.9 ([M-H]�).

Anal. Calcd. for C14H10O2NClF4 (335.7): C, 50.09; H, 3.00;

N, 4.17. Found: C, 49.89; H, 2.90; N, 3.98.
Crystal structure determination. Saturated solution of 4a

and 4b in EtOAc were covered with n-hexane, and stand in air
at room temperature to give single crystals. The data were
obtained on a Bruker SMART APEX CCD diffractometer with

graphite monochromated Mo Ka radiation (k ¼ 0.71073 Å).
Empirical absorption corrections were performed using the
SADABS program. Structures were solved by direct methods
and refined by full-matrix least-squares based on all data using
F2 using shelx97. All of the non-hydrogen atoms were refined

anisotropic ally. All of the hydrogen atoms were generated and
refined in ideal positions.

Post-emergence herbicidal activity test. Compounds were
formulated as 22 g/L emulsible concentrates, which were
diluted with water to the required concentration and applied to

pot-grown plants in a greenhouse.
Seeds of assayed weeds (Echinochloa crusgalli, Setaria viri-

dis, Abutilon theophrasti, and Acalypha australis) were germi-
nated in water at 30�C under dark conditions for 48 h. The

germinated seeds were placed in a pot (0.1 m2) as 10 seeds
per-pot. While Echinochloa crusgalli was in the third-leaf
stage, Setaria viridis was in the second-leaf stage, Abutilon
theophrasti and Acalypha australis had two or three leaves,
the diluted formulation was applied. Fifteen days after treat-

ment, the upper-soil parts of the plants were cut off, and their
weights were measured freshly (FW). The degree of weeds
control by the test compounds was calculated with the follow-
ing formulation:

Inhibition ¼ CK � FW

CK
� 100%

where CK is the fresh weight of untreated weed.
Each test was repeated three times.
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Reaction 2-(a-chloroalkyl)benzimidazoles 1 with aryl sulphinate sodium salt 2 under solvent-free con-

ditions in the presence of tetrabutylammonium bromide as surface catalyst, by simple physical grinding
using mortar and pestle, gives 1H-2-(a-arylsulfonylalkyl)benzimidazoles 3. The latter on treatment with
alkylating agents under solvent-free conditions results in 1-alkyl/aralkyl-2-(a-arylsulfonylalkyl)benzimi-
dazoles 4. Alternatively, 4 can also be prepared directly from 1-alkyl/aralkyl-2-(a-chloroalkyl)benzimi-

dazoles 5 by reaction with 2, which in turn could be prepared by reaction of 1 with alkylating agents
under solvent-free conditions and all these reactions are free from organic solvents including experimen-
tal procedures.

J. Heterocyclic Chem., 47, 1317 (2010).

BACKGROUND

Benzimidazoles are an important class of heterocyclic

compounds, several derivatives of which have been

found to be useful as intermediates/subunits for the de-

velopment of molecules of pharmaceutical or biological

interest. Substituted benzimidazole derivatives have

applications in diverse therapeutic areas including anti-

ulcers, antihypertensive, antiviral, antifungal, anticancer,

and antihistaminics to name just a few [1–3]. Sulphones

exhibit noteworthy antibacterial, antimalarial, antifungal,

and antitubercular properties [4–10]. In recent years,

considerable attention has been paid to the reactions

done under solvent-free conditions [11,12]. One of the

areas of central attention in this field includes reaction

between solids [13,14]. These reactions are not only of

interest from an economical point of view, in many

cases, but also they offer considerable synthetic advan-

tages in terms of yield, selectivity, and simplicity of the

reaction procedure. Another important goal in green

chemistry is represented by the elimination of volatile

organic solvents, in fact, solvent-free conditions that

makes synthesis simpler, saves energy, and prevents sol-

vent waste, hazards, and toxicity [15]. Tetrabutylammo-

nium bromide (TBAB) is widely used as phase transfer

catalyst (PTC) in many organic reactions [16–22], such

as coupling reactions, Heck reaction, Suzuki-coupling of

O, O-acetals to S, S-acetals and so forth. Quite a few or-

ganic reactions proceed well in solid state [23–27]. All

these merits are in accord with the ‘‘green’’ require-

ments of energy saving and high efficiency.

RESULTS

In continuation of our earlier work [28–31] on synthe-

sis of new benzimidazole derivatives with potential bio-

logical activity, we now wish to report the preparation

of the title compounds under solvent-free conditions,

that is, without using any organic solvent, in the pres-

ence of TBAB as surface catalyst (SC) at room tempera-

ture, followed by alkylations on various types of these

VC 2010 HeteroCorporation
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derivatives and the work up was carried out with water,

without using of any organic solvent, such as ethyl ace-

tate, CHCl3, DCM, and so forth. This is totally free

from organic solvent. Among alternatives, water is very

benign. The use of water for organic reactions offers

‘‘green’’ chemistry benefits [32]. The results of these

studies are presented in this communication.

RESULTS AND DISCUSSION

2-(a-Chloromethyl)benzimidazole 1a (i.e., 1, R ¼ H)

[33] (Scheme 1) on reaction with p-tolylsulphinate so-

dium salt 2a [i.e., 2, Ar ¼ C6H4ACH3(p)] in solid phase

by simple physical mixing/grinding in a mortar and pes-

tle in the presence of TBAB as SC yielded a neat prod-

uct on simple aqueous work up. The product has been

characterized as 1H-2-(p-tolylsulfonylmethyl)benzimida-

zole 3a [i.e., 3, R ¼ H, Ar ¼ C6H4ACH3(p)], based on

spectral and analytical data and also it was found to be

identical with product reported in solution phase [34].

Previously [34], alkylations were carried out under so-

lution phase, that is, using acetonitrile/acetone as sol-

vent, K2CO3 as base, and TEBAC as PTC. In this work,

reaction of 3a [R ¼ H, Ar ¼ C6H4ACH3(p)] with dime-

thylsulphate (DMS) as alkylating agent, K2CO3 as base

in the presence of TBAB as SC in solid phase, that is,

by simple grinding of reaction mixture in a mortar and

pestle, gave the corresponding N-methylated product 4a

(Scheme 2, Table 1).

The above reaction has been found to be a general

one and has been extended to other 1a and 2a and fol-

lowed by reaction of 3a with DMS was extended to

DES and benzyl chloride to obtain N-alkyl/aralkyl-sub-

stituted derivatives of 4, the products thus obtained were

assigned structure 3/4 based on spectral data and analyt-

ical data (Scheme 2, Table 1), and also that were found

to be identical with those reported earlier in literature

[34] from solution-phase reactions. Similarly, reaction of

1a (i.e., 1, R ¼ H) with DMS as alkylating agent using

K2CO3 as base in the presence of TBAB as catalyst in

solid-phase resulted in the formation of 5a (i.e., 5, R ¼
H, R1 ¼ CH3).

This reaction of 1a with DMS was extended to DES

and benzyl chloride to obtain N-alkyl/aralkyl-substituted

derivatives of 5. Alternatively, 4a could also be obtained

directly from reaction of 5a with 2a [i.e., 2, Ar ¼
C6H4ACH3(p)], under solvent-free conditions in the

presence of TBAB, as a catalyst in solid phase by sim-

ple physical mixing/grinding in a mortar and pestle,

yielded a neat product on simple aqueous work up. The

product has been characterized as 1H-2-(p-tolylsulfonyl-
methyl)benzimidazole 3a, which is identical with the

product obtained from 3a with DMS under solvent-free

conditions (Scheme 3) with all respects (i.e., TLC, M.P.,

mmp). Further, it has been extended to its other deriva-

tives in the similar manner; the structure of the com-

pound structure was assigned based on spectral and ana-

lytical data. (Scheme 3, Table 2).

It was found that above reactions between 1 and so-

dium benzenesulphinate did not occur in the absence of

TBAB even after grinding the mixture of solids for 2–

3 h (Scheme 4). Thus, it appears that TBAB acts like

SC and that is why the addition of sodium benzenesul-

phinate makes the reaction much faster, because TBAB

enhances the neucleophilicity of the sulphinate ion and

facilitating reaction between 1 and sodium benzenesul-

phinate (Scheme 5). Similarly in the alkylation reac-

tions, reaction between 1 and alkylating agent did not

occur in the absence of TBAB even after grinding the

mixture of solids for 2 h. But in the presence of TBAB

reaction completes smoothly in short times.

As per literature search, there are number of reports

for various organic transformations/methodologies under

solvent-free conditions, but they were using organic sol-

vents, such as ethyl acetate, dichloromethane, chloro-

form, ether, and so forth, in the work up procedure. But,

in our present method, we have not used any organic

solvents in the work up procedure; we have isolated the

Scheme 1

Scheme 2
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Scheme 3

Table 1

Physical characterization data for 3 and 4
a compounds.

SM R R1
Reagent (Ar)/

Alkylating agent Product

Solution phase Solvent-free M.P. (�C)

Time (h) Yield (%) Time (min) Yield (%)

1a H – AC6H4ACH3Ap 3a 3.5 79 4 90 202 (202) [34]

1b H – AC6H5 3b 3.5 78 5 88 198–200 (198–200) [34]

1c Me – AC6H4ACH3Ap 3c 4 85 5 94 154–56 (154–56) [34]

1d Me – AC6H5 3d 4 82 5 93 180–82 (180) [34]

3a H Me DMS 4a 3 74 4 90 206 (206) [34]

3a H Et DES 4b 3.5 69 5 89 168–70 (168) [34]

3a H Bn BnACl 4c 3.5 70 4 90 182–84 (182) [34]

3c Me Me DMS 4d 3 73 5 89 172

3c Me Et DES 4e 3 69 5 90 160–62

3c Me Bn BnACl 4f 3.5 71 5 92 170

3d Me Me DMS 4g 3 72 5 88 182–84

3d Me Bn BnACl 4h 4 69 5 90 130–32

aYields refers to products isolated from water without any purification.

Table 2

Physical characterization data for 5 and 4a compounds.

SM R R1 Reagent (Ar)/Alkylating agent Product

Solution phase Solvent-free M.P. (�C)

Time (h) Yield (%) Time (min) Yield (%)

1a H – DMS 5a 4.0 62 8 92 94–96 (94) [34]

1a H – BnACl 5b 4.0 64 8 90 100–02 (100) [34]

1c Me – DMS 5c 3.5 68 7 94 60 (60) [34]

1d Me – BnACl 5d 3.5 69 7 92 74–76 (72–76) [34]

5a H Me AC6H4ACH3Ap 4a 3 76 5 94 206

5b H Bn AC6H4ACH3Ap 4c 3.5 74 4 93 182–84

5c Me Me AC6H4ACH3Ap 4d 3 76 5 96 172

5d Me Bn AC6H4ACH3Ap 4f 3.5 74 5 96 170

5c Me Me AC6H5 4g 3 75 5 94 182–84

5d Me Bn AC6H5 4h 4 72 5 94 130–32

aYields refers to products isolated from water without any purification.

Scheme 4
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solid products by simple aqueous procedure using only

water, which is totally free from organic solvents.

CONCLUSIONS

In summary, we have developed a simple and effi-

cient method for the preparation of 1-alkyl/aralkyl-2-(a-
chloroalkyl)benzimidazole and 1-alkyl/aralkyl-2-(1-aryl-

sulfonylalkyl)benzimidazoles using TBAB as SC under

solvent-free conditions by simple physical grinding in

mortar and pestle at room temperature. The present pro-

tocol has several advantages, completely free from or-

ganic solvents, in work up procedure water was used,

which is free from organic solvent usage, fast reaction

times, high yields, eco-friendly operational and experi-

mental simplicity, readily available catalyst, and with

high generality.

EXPERIMENTAL

Melting points were determined in open glass capillaries

using Buchi melting point apparatus and are uncorrected. IR
spectra were recorded using potassium bromide pellets with a
Perkin IR spectrometer. All 1H NMR spectra were recorded on
a VARIAN 200-MHz instrument with an internal standard of
tetramethylsilane. Mass spectra were recorded on Agilent-LC-

MS instrument giving only Mþ values using (Mþ þ 1) mode.
Analytical TLC was performed with Silica gel GF-254 from
Merck (Germany) containing fluorescent indicator. Spots were
detected with UV-light or iodine. The following experimental
procedures are representative of the general procedures used to

synthesize all compounds.
Typical procedure for 3. A mixture of 1 (10 mmol), 2

(10.1 mmol), and TBAB catalytic amount (10 mol %) were
ground together in a mortar with pestle at RT till the reaction

was complete, as shown by TLC. The solid mixture was then
suspended in water to remove inorganic impurities and the in-

soluble product was filtered, washed with water, and dried,
gave pure product 3 (Table 1).

3a. IR (KBr) cm�1: 3000, 1308; 1H NMR (DMSO-d6): d
2.40 (s, 3H, ACH3), 4.95 (s, 2H, ACH2), 7.20–7.70 (m, 8H,

Ar-H), 12.60 (bs, 1H, ANH, D2O exchangeable); Mþ þ 1:
287; Anal. Calcd. for (C15H14N2O2S) requires: C, 62.92; H,
4.93; N, 9.78%; Found: C, 62.86; H, 4.87; N, 9.74%.

3b. IR (KBr) cm�1: 3000, 1300; 1H NMR (DMSO-d6): d
4.85 (s, 2H, ACH2), 7.15–7.80 (m, 9H, Ar-H), 12.65 (bs, 1H,

ANH, D2O exchangeable); Mþ þ 1: 273; Anal. Calcd. for
(C14H12N2O2S) requires: C, 61.75; H, 4.44; N, 10.29%; Found:
C, 61.70; H, 4.40; N, 10.26%.

3c. IR (KBr) cm�1: 3000, 1298; 1H NMR (DMSO-d6): d
1.84 (d, J ¼ 7.16 Hz, 3H, ACHACH3), 2.36 (s, 3H,
AC6H4ACH3A(p)), 4.68 (q, J ¼ 7.14 Hz, 1H, ACHACH3),
7.20–7.70 (m, 8H, Ar-H), 10.30 (bs, 1H, ANHA, D2O
exchangeable); Mþ þ 1: 301; Anal. Calcd. for (C16H16N2O2S)
requires: C, 63.98; H, 5.37; N, 9.33%; Found: C, 63.94; H,

5.35; N, 9.30%.
3d. IR (KBr) cm�1: 3000, 1308; 1H NMR (DMSO-d6): d

1.90 (d, J ¼ 7.16 Hz, 3H, ACHACH3), 4.70 (q, J ¼ 7.12Hz,
1H, ACHACH3), 7.20–7.70 (m, 9H, Ar-H), 10.30 (bs, 1H,
ANH, D2O exchangeable); Mþþ1: 287; Anal. Calcd. for

(C15H14N2O2S) requires: C, 62.92; H, 4.93; N, 9.78%; Found:
C, 62.86; H, 4.91; N, 9.74%

Typical procedure for 4 from 3. A mixture of 3 (10
mmol), alkylating agent (10.1 mmol), K2CO3 (11 mmol), and
TBAB catalytic amount (10 mol %) were ground together in a

mortar and pestle at RT till the reaction was complete, as
shown by TLC. The solid mixture was then suspended in
water to remove inorganic materials and water solubles. The
insoluble product was filtered, washed with water, and dried,
to obtain 4 (Table 1).

4a. IR (KBr) cm�1: showed the absence of a strong broad
band at �3000 cm�1 assigned to benzimidazole, 1300; 1H
NMR (CDCl3): d 2.45 (s, 3H, ACH3), 3.95 (s, 3H, ANCH3),
4.75 (s, 2H, ACH2), 7.20–7.70 (m, 8H, Ar-H); Mþ þ 1: 301;

Anal. Calcd. for (C16H16N2O2S) requires: C, 63.98; H, 5.37;
N, 9.33%; Found: C, 63.94; H, 5.32; N, 9.28%.

4b. IR (KBr): showed the absence of a strong broad band at
�3000 cm�1 assigned to benzimidazole (ANH); 1H NMR
(CDCl3): d 1.45 (t, J ¼ 18 Hz, 3H, ACH2ACH3), 2.45 (s, 3H,

Scheme 5. The plausible mechanism: (for formation of 3).
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ACH3), 4.45 (q, J ¼ 16 Hz, 2H, ACH2ACH3), 4.85 (s,
2H,ACH2), 7.15–7.70 (m, 8H, Ar-H); M

þ þ 1: 315; Anal.
Calcd. for (C17H18N2O2S) requires: C, 64.94; H, 5.77; N,
8.91%; Found: C, 64.90; H, 5.72; N, 8.86%.

4c. IR (KBr): showed the absence of a strong broad band at

�3000 cm�1 assigned to benzimidazole (ANH); 1H NMR
(CDCl3): d 2.45 (s, 3H, ACH3), 4.72 (s, 2H, ACH2), 5.65 (s,
2H, ANACH2APh), 7.10–7.80 (m, 13H, Ar-H); Mþ þ 1: 377;
Anal. Calcd. for (C22H20N2O2S) requires: C, 70.19; H, 5.35;
N, 7.44%; Found: C, 70.15; H, 5.30; N, 7.42%.

4d. IR (KBr): showed the absence of a strong broad band at

�3000 cm�1 assigned to benzimidazole (ANH); 1H NMR

(CDCl3): d 1.85 (d, J ¼ 7.18 Hz, 3H, ACH2ACH3), 2.40 (s,

3H, AC6H4ACH3A(p)), 3.95 (s, 3H, ANCH3), 4.70 (q, J ¼
7.0 Hz, 1H, ACHACH3), 7.20–7.70 (m, 8H, Ar-H); Mþ þ 1:

315; Anal. Calcd. for (C17H18N2O2S) requires: C, 64.94; H,

5.77; N, 8.91%; Found: C, 64.90; H, 5.75; N, 8.86%.

4e. IR (KBr): showed the absence of a strong broad band at
�3000 cm�1 assigned to benzimidazole (ANH); 1H NMR

(CDCl3): d 1.50 (t, J ¼ 18.0 Hz, 3H, ACH2ACH3), 1.75 (d,
J ¼ 12 Hz, 3H, ACHACH3), 2.45 (s, 3H, ACH3) 4.35 (q, J ¼
14.6 Hz, 1H, ACHACH3), 4.65 (q, J ¼ 16.0 Hz, 2H,
ACH2ACH3), 7.15–7.65 (m, 8H, Ar-H); Mþ þ 1: 329; Anal.
Calcd. for (C18H20N2O2S) requires: C, 65.83; H, 6.14; N,

8.53%; Found: C, 65.78; H, 6.10; N,8.50%.
4f. IR (KBr): showed the absence of a strong broad band at

�3000 cm�1 assigned to benzimidazole (ANH); 1H NMR
(CDCl3): d 1.68 (d, J ¼ 14.2 Hz, 3H, ACHACH3), 2.45 (s,

3H, ACH3), 4.45 (q, J ¼ 14.4 Hz, 1H, ACHACH3), 5.55–
5.90 (dd, 2H, ANACH2APh), 7.0–7.65 (m, 13H, Ar-H); Mþ

þ 1: 391; Anal. Calcd. for (C23H22N2O2S) requires: C, 70.74;
H, 5.68; N, 7.17%; Found: C, 70.72; H, 5.64; N, 7.13%.

4g. IR (KBr): showed the absence of a strong broad band at

�3000 cm�1 assigned to benzimidazole (ANH); 1H NMR
(CDCl3): d 1.70 (d, J ¼ 7.18 Hz, 3H, ACHACH3), 3.85 (s,
3H, ANCH3), 5.10 (q, J ¼ 7.0 Hz, 1H, ACHACH3), 7.2–7.87
(m, 9H, Ar-H); Mþ þ 1: 301; Anal. Calcd. for (C16H16N2O2S)
requires: C, 63.98; H, 5.37; N, 9.33%; Found: C, 63.95; H,

5.33; N, 9.29%.
4h. IR (KBr): showed the absence of a strong broad band at

�3000 cm�1 assigned to benzimidazole (ANH); 1H NMR
(CDCl3): d 1.65 (d, J ¼ 7.12 Hz, 3H, ACHACH3), 4.60 (q, J
¼ 7.16 Hz, 1H, ACHACH3), 5.50–5.70 (dd, 2H, ACH2APh),

6.95–7.65 (m, 14H, Ar-H); Mþ þ 1: 377; Anal. Calcd. for
(C22H20N2O2S) requires: C, 70.19; H, 5.35; N, 7.44%; Found:
C, 70.15; H, 5.31; N, 7.42%.

Typical procedure for 4 from 5. A mixture of 5 (10

mmol), 2 (10.1 mmol), and TBAB catalytic amount 10 mol %

were ground together in a mortar at RT till the reaction was

complete, as shown by TLC. The solid mixture was then sus-

pended in water to remove inorganic impurities and the insolu-

ble product was filtered, washed with water, and dried. The

crude product was recrystallized from hot benzene to get the

pure product 4 (Table 2).

Typical procedure for 5. A mixture of 1 (10 mmol), alkyl-

ating agent (10.2 mmol), K2CO3 (11 mmol), and TBAB cata-

lytic amount 10 mol % were ground together in a mortar and

pestle at RT till the completion of reaction, as shown by TLC.

The solid mixture was then suspended in water to remove

inorganic impurities and the insoluble product was filtered,

washed with water, and dried, gave a pure 5 (Table 2).

5a. IR (KBr): showed the absence of a strong broad band at
�3000 cm�1 assigned to benzimidazole; 1H NMR (CDCl3): d
3.95 (s, 3H, ANCH3), 4.95 (s, 2H, ACH2), 7.15–7.80 (m, 4H,

Ar-H); Mþ þ 1: 181; Anal. Calcd. for (C9H9ClN2) requires: C,
59.84; H, 5.02; N, 15.51%; Found: C, 59.82; H, 5.0; N,
15.47%.

5b. IR (KBr): showed the absence of a strong broad band at
�3000 cm�1 assigned to benzimidazole; 1H NMR (CDCl3): d
4.96 (s, 2H, ACH2), 5.60 (s, 2H, ACH2Aph), 7.15–7.80 (m,
9H, Ar-H); M

þ þ 1: 257; Anal. Calcd. for (C15H13ClN2)
requires: C, 70.18; H, 5.10; N, 10.91%; Found: C, 70.15; H,
5.07; N, 10.89%.

5c. IR (KBr): showed the absence of a strong broad band at

�3000 cm�1 assigned to benzimidazole; 1H NMR (CDCl3): d
2.15 (d, J ¼ 7.16Hz, 3H, ACHACH3), 3.90 (s, 3H, ANCH3),
5.30 (q, J ¼ 7.12 Hz, 1H, ACHACH3), 7.10–7.80 (m, 4H, Ar-
H); Mþ þ 1: 195; Anal. Calcd. for (C10H11ClN2) requires: C,
61.70; H, 5.70; N, 14.39%; Found: C, 61.68; H, 5.66; N,

14.36%.
5d. IR (KBr): showed the absence of a strong broad band at

�3000 cm�1 assigned to benzimidazole; 1H NMR (CDCl3): d
2.10 (d, J ¼ 7.12Hz, 3H, ACHACH3), 5.10 (q, J ¼ 7.0 Hz, 1H,

ACHACH3), 5.55 (s, 2H, ACH2APh), 7.05–7.80 (m, 9H, Ar-
H); Mþ þ 1: 271; Anal. Calcd. for (C16H15ClN2) requires: C,
70.98; H, 5.58; N, 10.35%; Found: C, 70.94; H, 5.56; N, 10.33%.

Acknowledgments. The authors are highly indebted to CSIR,
Govt. of. India, New Delhi, for the award of Senior Research Fel-

lowship (SRF) to Mr. K. Srinivas and financial support. They are
also thankful to the authorities of Jawaharlal Nehru Technologi-
cal University (Hyd.) for providing laboratory facilities.

REFERENCES AND NOTES

[1] (a) Erhardt, P. W. J Med Chem 1987, 30, 231; (b) Tomc-

zuk, B. E.; Taylor, C. R., Jr.; Moses, L. M.; Sutherland, D. B.; Lo, Y.

S.; Johnson, D. N.; Kinnier, W. B.; Kilpatrick, B. F. J Med Chem

1991, 34, 2993; (c) Spasov, A. A.; Yozhitsa, I. N.; Bugaeva, L. I.;

Anisimova, V. A. Pharm Chem J 1999, 33, 232; (d) Preston, P. N.

Chem Heterocycl Compd 1980, 40, 531; (e) Zimmer, C.; Wahnert, U.

Prog Biophys Mol Biol 1986, 47, 31; (f) Gravatt, G. L.; Baguley, B.

C.; Wilson, W. R.; Denny, W. A. J Med Chem 1994, 37, 4338; (g)

Soderlind, K.-J.; Gorodetsky, B.; Singh, A. K.; Bachur, N.; Miller, G.

G.; Lown, J. W. Anti-cancer Drug Design 1999, 14, 19.

[2] As inhibitors of DNA topoisomerases: (a) Kim, J. S.; Gatto,

B.; Yu, C.; Liu, A.; Liu, L. F.; LaVoie, E. J. J Med Chem 1996, 39,

992; (b) Chen, A. Y.; Yu, C.; Gatto, B.; Liu, L. F. Proc Natl Acad

Sci USA 1993, 90, 8131; (c) Woynarowski, J. M.; McHugh, M. M.;

Sigmud, R. D.; Beerman, T. A. Mol Pharmacol 1989, 35, 177.

[3] As HIV-reverse transcriptase inhibitors: Roth, T.; Morning-

star, M. L.; Boyer, P. L.; Hughes, S. H.; Buckheit, R. W., Jr.;

Michejda, C. J. J Med Chem 1997, 40, 4199.

[4] Bergmann, E. D.; Lavie, D. J Am Chem Soc, 1952, 74,

4948.

[5] Popoff, I. C.; Engle, A. R.; Whitaker, R. L.; Singhal, G. H.

J Med Chem 1971, 14, 1166.

[6] Boundy, R. E. Burger’s Medicinal Chemistry, Part II; Wolf,

M. E., Ed.; John Wiley: New York, 1979.

[7] Bhingolikar, V. E.; Mahalle, S. R.; Bondge, S. P.; Mane, R.

A. Indian J Chem B 2005, 44, 2589.

[8] Pandeya, S. N.; Ojha, T. J.; Srivastava, V. J Scient Ind Res

1985, 44, 150.

November 2010 1321A Facile Solvent-Free Synthesis of 1-Alkyl/Aralkyl-2-(1-arylsulfonyl alkyl)

Benzimidazoles Using ‘‘TBAB’’ as Surface Catalyst

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



[9] Christopher, M. R. Contemporary Org Syn 1995, 2, 409.

[10] Simpkins, N. S. Sulfones in Organic Synthesis in Tetrahe-

dron Organic Chemistry Series; Baldwin, J. E., Mangus, P. D., Eds.;

Pergamon Press; Oxford, 1993; Vol. 10.

[11] Merzger, J. D. Angew Chem Int Ed 1998, 37, 2975.

[12] Tanaka, K.; Toda, F. Chem Rev 2000, 100, 1025.

[13] Toda, F. Acc Chem Res 1995, 28, 480.

[14] Khodaei, M. M.; Meybodi, F. A.; Rezai, F.; Salehi, P.

Synth Commun 2001, 31, 2047.

[15] (a) Tanka, K. Solvent Free Organic Synthesis; Wiley-VCH:

Weinhein, 2003; (b) Loupy, A. Micro Waves in Organic Synthesis;

Wiley-VCH: Weinheim, 2006; (c) Varma, R. S. Advancesin Green

Chemistry: Chemical Synthesis Using Microwave Irradiation; Astra

Zeneca Research Foundation, Kavitha Printers: Bangalore, India, 2002;

(d) Chen, Wei-Yi; Qin, Su-Dong.; Jin, J-R. Synth. Commun. 2007, 37,

47; (e) Bhattacharjya, G.; Agasti, S. S.; Ramanathan, G. Arkivoc

2006, x, 152; (f) Kurteva, V. B.; Zlatanova, V. N.; Dimitrov, V. D.

Arkivoc 2006, i, 46; (g) Salehi, P.; Dabiri, M.; Khosropour, A. R.;

Roozbehniya, P. J Iran Chem Soc 2006, 3, 98; (h) Chen, Wei-Yi.; Li,

X. Shen.; Lu, J. Synth Commun 2008, 38, 546; (i) Massah, A. R.;

Momeni, A. R.; Dabagh, M.; Aliyan, H.; Naghash, H. J. Synth Com-

mun 2008, 38, 265; (j) Mojtahedi, M. M.; Ghasemi, M. H.; Abaee,

M. S.; Bolourtchian M. Arkivoc 2005, xv, 68; (k) Bhattacharya, A.

K.; Mujahid, M.; Arvind A. Natu, A. A. Synth Commun 2008, 38,

128; (l) Sharma, S. D.; Gogoi, P.; Konwar, D. Green Chem 2007, 9,

153; (m) Xia, M.; Yue-dong, L. Heteroatom Chem 2007, 18, 354;

(n) Sharifi, A.; Abaee, M. S.; Mirzaei, M.; Abedi, V. Arkivoc 2006,

xv, 17; (o) Reddy, P. B.; Singh, P. P.; Sawant, S. D.; Koul, S.;

Taneja, S. C.; Kumar, H. M. S. Arkivoc 2006, xiii, 142.

[16] Li, J.-H.; Li, J.-L.; Xie. Y.-X. Synthesis 2007, 984.

[17] Liu, W.-J.; Xie, Y.-X.; Liang, Y.; Li, J.-H. Synthesis 2006,

860.

[18] You, E.; Li, P.; Wang. L. Synthesis 2006, 1465.

[19] Dawood, K. M.; Solodenko, W.; Kirschning, A. Arkivoc

2007, v, 104.

[20] Vincenzo, C.; Angelo, N.; Antonio, M. J. Mol Catal A

Chem 2004, 214, 45.

[21] (a) Morten, L.;Klaus. K. Synthesis 2006, 4, 692; (b) Reetz,

M.; de Vries, J. G. Chem Commun 2004, 1559.

[22] Carlos, B.; Avelino, C.; Hermenegildo, G.; Antonio, L.

Chem Commun 2003, 606.

[23] Ranu, B. C.; Das, A.; Samanta, S. J Chem Soc Perkins

Trans 2002, 1, 1520.

[24] (a) Toda, F. Syn Lett (Account) 1993, 303; (b) Toda, F.

Acc Chem Res 1995, 28, 480; (c) Tanaka, K.; Toda, F. Chem Rev

2000, 100, 1025.

[25] Paul, I. C.; Curtin, D. Y. Science 1975, 197, 19.

[26] Kaupp, G.; Matthies, D. Mol Cryst Liq Cryst 1988, 61,

119.

[27] Perrin, R.; Lamartine, R.; Perrin, M.; Thozet, A. Organic

Solid State Chemistry; Desiraju, G. R., Ed.; Elsevier: Amsterdam,

1987; p 217.

[28] Dubey, P. K.; Prasada Reddy, P. V. V.; Srinivas, K. Syn

Comm 2007, 37, 1675.

[29] Dubey, P. K.; Prasada Reddy, P.V.V. Syn Comm 2007, 37,

2259.

[30] Dubey, P. K.; Naidu, A.; Ravi Kumar, C.; Prasada Reddy,

P. V. V. Indian J Chem B 2003, 42, 1701.

[31] Dubey, P. K.; Prasada Reddy, P. V. V.; Srinivas, K. Lett

Org Chem 2007, 4, 445.

[32] (a) Aplander, K.; Hidestal, O.; Katebzadeh K.; Lindstorm,

U. M. Green Chem 2006, 8, 22; (b) Liu, R.; Dong, C.; Liang X.; Hu,

X. J Org Chem 2005, 70, 729; (c) Staver, G.; Zupam, M.; Jerez M.;

Staber, S. Org Lett 2004, 6, 4973; (d) Kavala, V.; Samal A. K.; Patel,

B. K. Arkivoc 2005, i, 20; (e) Leadbeater, N. E. Chem Commun

2005, 2881.

[33] Bachman, G. B.; Heisey, L. V. J Am Chem Soc 1949, 71,

1985.

[34] Dubey, P. K.; Prasada Reddy, P. V. V.; Srinivas, K. Indian

J Chem B 2007, 46, 488.

1322 Vol 47P. K. Dubey, P. V. V. Prasada Reddy, and K. Srinivas

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



An Efficient Protocol for Multicomponent Synthesis of
Spirooxindoles Employing L-Proline as Catalyst

at Room Temperature

Dushyant Singh Raghuvanshi and Krishna Nand Singh*

Department of Chemistry, Faculty of Science, Banaras Hindu University, Varanasi,

Uttar Pradesh 221005, India

*E-mail: knsinghbhu@yahoo.co.in

Received November 14, 2009

DOI 10.1002/jhet.451

Published online 23 August 2010 in Wiley Online Library (wileyonlinelibrary.com).

An efficient three-component one-pot synthesis of medicinally important spirooxindoles is described
by the reaction of isatin, malononitrile/ethyl cyanoacetate, and dimedone/barbituric acid using L-proline

as catalyst in ethanol at room temperature. This approach is convenient, mild, and affords the products
in high yields without the use of chromatography.

J. Heterocyclic Chem., 47, 1323 (2010).

INTRODUCTION

Indole nucleus is the most common and important

feature of a variety of natural products and pharmaceuti-

cals [1,2]. Sharing of the indole 3-carbon atom in the

formation of spirooxindole system has stimulated much

interest in medicinal and biological chemistry [3–9].

The unique structural array and the pharmacological ac-

tivity displayed by the class of functionalized spirooxin-

dole compounds have made them attractive synthetic

targets [10]. Azaspiro derivatives are well-known

[10,11], but the preparation of the corresponding oxa

analogues has evolved at a relatively slow pace [12].

Among the oxygen-containing heterocycles fused with

indole ring system, chromene-based structures are found

to manifest diverse activities such as antidepresssant,

antihypertensive, anti-tubulin, antiviral, antioxidative,

etc., [13–23]. The current interest in 5,6,7,8-tetrahydro-

4H-chromene derivatives bearing nitrile functionality,

especially 2-amino-5-oxo-5,6,7,8-tetrahydro-4H-chro-
mene-3-carbonitriles, arises from their potential applica-

tion in the treatment of human neurodegenerative disor-

ders [24]. Owing to their medicinal utility, some reports

on the multicomponent entry to chromene based spi-

rooxindoles have appeared employing TEBA-H2O (2–6

h, 60�C) [25], electrocatalytic strategy (NaBr/ROH, 32–

64 min) [26], and InCl3/SiO2 (1.5 h; MW, 3–3.5 min)

[27]. Despite the availability of these methods, there

remains enough scope for an efficient, high yielding,

and mild approach to achieve such systems.

Multicomponent reactions (MCRs) have recently

emerged as valuable tool in the preparation of structur-

ally diverse drug-like heterocyclic compounds [28,29].

The MCR strategy offers significant advantages over

conventional linear-type synthesis due to its flexible,

convergent, and atom efficient nature [30]. Reactions

using organocatalysts have attracted a great deal of

attention in recent years to avoid the use of expensive

transition metals [31]. Several amino acids have

undoubtedly been the most successful catalysts in enam-

ine- and iminium-type transformations. L-Proline has

been regarded as the simplest ‘enzyme’ and has been

elegantly used as a versatile organocatalyst in various

synthetic routes for carbonAcarbon and carbonAheter-

oatom bonds [32–34]. The rigid ring structure, easy

availability, nontoxic nature, economical viability, and

simple to use make this tiny molecule a remarkable

organocatalyst in synthesizing molecules of biological

interest.

Considering the biomedical applications of spirooxin-

dole derivatives and in view of the limitations of the

existing methods, we were prompted to exploit the cata-

lytic potential of L-proline (10 mol %) for a facile and

efficient multicomponent synthesis of functionalized spi-

rooxindoles by the reaction of isatins, malononitrile or

VC 2010 HeteroCorporation
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ethyl cyanoacetate, and barbituric acids or dimedone at

room temperature (Scheme 1).

RESULTS AND DISCUSSION

To optimize the reaction conditions, a typical reaction

of isatin 1a, malononitrile 2, and dimedone 3a was car-

ried out in the presence of various catalysts in ethanol

and water at different temperatures. The outcome is

given in Table 1. The optimum concentration of the cat-

alyst L-proline was also determined for the model reac-

tion at 5, 10, and 15 mol % in ethanol at room tempera-

ture, affording the product 4a in 75, 92, and 92% yields

respectively. After systematic screening, the best result

is obtained when the reaction is carried out with 10 mol

% of L-proline in ethanol at room temperature (cf. entry
9). Organocatalytic activity of L-proline is mainly due to

its Lewis base character, capability for inducing enam-

ine formation, and hydrogen bonding with electronega-

tive atoms of other functionalized groups. It is worth-

while to mention that the reaction is also catalyzed

significantly by an ionic liquid [bmim]BF4 in water. The

use of ionic liquid alone as solvent could improve the

yield of the product further (entries 14 and 15), but not

comparable to the yield obtained under L-proline cata-

lyzed conditions in ethanol (entry 9). The other catalysts

viz., ZnCl2, K2CO3, and KF/Al2O3 did not work well

under the investigated conditions.

Under the optimized set of reaction conditions (entry

9), isatin, 5-bromoisatin, N-methylisatin, and N-acetyli-

satin 1 were allowed to undergo L-proline (10 mol %)

catalyzed multicomponent reaction with malononitrile or

ethyl cyanoacetate 2 and barbituric acid or dimedone 3

in an equimolar ratio in ethanol at room temperature.

The results are given in Table 2. After the reaction was

over (TLC), the resulting solid was filtered and washed

from ethanol/methanol to yield pure substituted spiroox-

indoles 4a–4p. All the products were crystalline and

fully characterized based on their melting points, ele-

mental analyses, and spectral data (IR, 1H NMR, 13C

NMR).

CONCLUSIONS

The present report describes L-proline catalyzed multi-

component synthesis of spirooxindoles in excellent

yields. This protocol is efficient, simple, mild, eco-

friendly, and also advantageous in terms of short reac-

tion time and easy workup.

EXPERIMENTAL

IR spectra were recorded on a JASCO FT/IR-5300 spectro-
photometer; whereas, NMR was run on a JEOL AL300 FT
NMR spectrometer. The chemical shifts are given in d ppm

with respect to TMS as internal standard. Elemental analysis
(C, H, N) for final compounds were performed on a Model

Scheme 1

Table 1

Optimization of reaction conditions for the preparation of 4a.

Entry Catalyst Temperature (�C) Time (min)

Yielda (%)

EtOH H2O

1 Nil RT 120 Trace Nil

2 Nil 60 120 25 10

3 ZnCl2 RT 120 17 12

4 ZnCl2 60 90 34 20

5 K2CO3 RT 120 28 25

6 K2CO3 60 90 56 52

7 KF-Al2O3 RT 120 35 27

8 KF-Al2O3 60 90 62 65

9 L-Proline RT 7 92 85

10 L-Proline 60 15 90 85

11 L-Proline Reflux 15 90 84

12 [bmim]BF4 RT 30 65 74

13 [bmim]BF4 60 20 68 79

14 [bmim]BF4 RT 120 (77)b

15 [bmim]BF4 60 90 (81)b

a Yield based on isatin.
b Yield obtained by the use of ionic liquid as solvent without water or ethanol.

1324 Vol 47D. S. Raghuvanshi and K. N. Singh

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



CE-440 CHN Analyzer. The TLC spots were detected using
iodine chamber. All commercially available chemicals were
purchased from Aldrich (USA) and E. Merck (Germany).

General experimental procedure for the synthesis of spi-

rooxindoles 4. L-Proline (10 mol %) was added to a mixture
of isatin (1, 1 mmol), malononitrile or ethyl cyanoacetate
(1 mmol), and dimedone or barbituric acid (1 mmol) in etha-
nol (2 mL), and the resulting mixture was stirred at room tem-

perature for 6–15 min. Upon completion of the reaction
(TLC), the mixture was allowed to cool to room temperature.
The resulting solid was filtered and washed successively with
water (2 � 20 mL) and cold ethanol (2 � 0.5 mL) to afford
pure product 4 (white shiny powder).

2-Amino-7,7-dimethyl-20,5-dioxo-10,20,5,6,7,8-hexahydrospiro
[chromene-4,30-indole]-3-carbonitrile (4a). IR (KBr): 3376,
3313, 3143, 2961, 2192, 1722, 1655, 1349, 1219, 1054 cm�1;
1H NMR (300 MHz, DMSO-d6): d ¼ 1.02 (s, 3H, CH3), 1.05

(s, 3H, CH3), 2.10–2.19 (m, 2H, CH2), 2.58 (s, 2H, CH2), 6.79
(d, J ¼ 7.5 Hz, 1H, Ar), 6.89 (t, J ¼ 7.5 Hz, 1H, Ar), 6.97 (d,
J ¼ 7.5 Hz, 1H, Ar), 7.14 (t, J ¼ 7.5 Hz, 1H, Ar), 7.23 (s,
2H, NH2), 10.41 (s, 1H, NH) ppm; 13C NMR (75 MHz,
DMSO-d6): d ¼ 27.1, 27.7, 32.0, 40.0, 46.9, 50.1, 57.5, 109.3,

110.9, 117.4, 121.8, 123.1, 128.2, 134.5, 142.1, 158.9, 164.2,
178.1, 194.9 ppm; Anal. Calcd. for C19H17N3O3: C, 68.05; H,
5.11; N, 12.53. Found: C, 67.94; H, 5.17; N, 12.42.

2-Amino-50-bromo-7,7-dimethyl-20,5-dioxo-10,20,5,6,7,8-hex-
ahydrospiro[chromene-4,30-indole]-3-carbonitrile (4b). IR
(KBr): 3361, 3287, 3163, 2956, 2200, 1729, 1657, 1352, 1224,
1056 cm�1; 1H NMR (300 MHz, DMSO-d6): d ¼ 1.03 (s, 6H,
2CH3), 2.15 (s, 2H, CH2), 2.45–2.65 (m, 2H, CH2), 6.78 (d, J
¼ 8.0 Hz, 1H, Ar), 7.19 (s, 1H, Ar), 7.24–7.36 (m, 3H, Ar,
NH2), 10.52 (s, 1H, NH) ppm; 13C NMR (75 MHz, DMSO-

d6): d ¼ 27.3, 27.8, 32.2, 39.9, 47.1, 50.0, 56.8, 110.3, 111.6,
113.4, 117.3, 126.5, 131.0, 136.9, 141.5, 158.9, 165.2, 177.7,
194.9 ppm; Anal. Calcd. for C19H16BrN3O3: C, 55.09; H,
3.89; N, 10.14. Found: C, 54.90; H, 3.96; N, 10.03.

2-Amino-10,7,7-trimethyl-20,5-dioxo-10,20,5,6,7,8-hexahydro-
spiro[chromene-4,30-indole]-3-carbonitrile (4c). IR (KBr):

3370, 3325, 3178, 2960, 2205, 1711, 1672, 1356, 1224, 1053
cm�1; 1H NMR (300 MHz, DMSO-d6): d ¼ 1.04 (s, 6H, 2
CH3), 2.11 (s, 2H, CH2), 2.56 (s, 2H, CH2), 3.14 (s, 3H,

NCH3), 6.94–7.06 (m, 3H, Ar), 7.14–7.32 (m, 3H, Ar, NH2)
ppm; 13C NMR (75 MHz, DMSO-d6): d ¼ 26.5, 27.3, 27.9,
32.0, 39.9, 46.5, 50.2, 57.1, 108.2, 110.8, 116.8, 122.2, 122.9,
128.5, 134.6, 144.0, 158.9, 164.3, 176.6, 194.7 ppm; Anal.
Calcd. for C20H19N3O3: C, 68.75; H, 5.48; N, 12.03. Found:

C, 68.67; H, 5.54; N, 11.95.
10-Acetyl-2-amino-7,7-dimethyl-20,5-dioxo-10,20,5,6,7,8-hex-

ahydrospiro[chromene-4,30-indole]-3-carbonitrile (4d). IR
(KBr): 3335, 3194, 2962, 2208, 1754, 1720, 1675, 1350, 1271,
1054 cm�1; 1H NMR (300 MHz, DMSO-d6): d ¼ 1.01 (s, 3H,

CH3), 1.06 (s, 3H, CH3), 2.13–2.21 (m, 2H, CH2), 2.57 (s, 2H,
CH2), 2.64 (s, 3H, CH3CO), 7.17–7.26 (m, 2H, Ar), 7.29–7.38
(m, 1H, Ar), 7.55 (s, 2H, NH2), 8.06 (d, J ¼ 7.8 Hz, 1H, Ar)
ppm; 13C NMR (75 MHz, DMSO-d6): d ¼ 6.3, 27.1, 27.8,

32.4, 39.8, 47.6, 49.5, 57.1, 110.8, 115.5, 117.3, 123.4, 126.2,
128.8, 133.0, 139.5, 158.8, 164.9, 171.0, 177.9, 195.4 ppm;
Anal. Calcd. for C21H19N3O4: C, 66.83; H, 5.07; N, 11.13.
Found: C, 66.78; H, 5.14; N, 11.04.

2-Amino-20,5-dioxo-10,20,5,6,7,8-hexahydrospiro-[chromene-
4,30-indole]-3-carbonitrile (4e). IR (KBr): 3356, 3295, 3178,
2956, 2214, 1708, 1656, 1353, 1212, 1071 cm�1; 1H NMR
(300 MHz, DMSO-d6): d ¼ 1.92–2.05 (m, 2H, CH2), 2.13–
2.32 (m, 2H, CH2), 2.65–2.71 (m, 2H, CH2), 6.76 (d, J ¼ 7.5
Hz, 1H, Ar), 6.89 (t, J ¼ 7.5 Hz, 1H, Ar), 7.02 (d, J ¼ 7.5
Hz, 1H, Ar), 7.14 (t, J ¼ 7.5 Hz, 1H, Ar), 7.24 (s, 2H, NH2),
10.42 (s, 1H, NH) ppm; 13C NMR (75 MHz, DMSO-d6): d ¼
19.10, 26.9, 36.14, 46.5, 57.3, 108.9, 112.2, 117.6, 121.5,
123.8, 128.5, 135.0, 142.3, 158.7, 166.7, 178.4, 195.2 ppm;
Anal. Calcd. for C17H13N3O3: C, 66.44; H, 4.26; N, 13.67;
found: C, 66.29; H, 4.33; N, 13.56.

2-Amino-50-bromo-20,5-dioxo-10,20,5,6,7,8-hexahydrospiro
[chromene-4,30-indole]-3-carbonitrile (4f). IR (KBr): 3428,
3314, 3185, 2953, 2210, 1702, 1678, 1360, 1180, 1085 cm�1;
1H NMR (300 MHz, DMSO-d6): d ¼ 1.77–2.06 (m, 2H, CH2),
2.12–2.37 (m, 2H, CH2), 2.55–2.77 (m, 2H, CH2), 6.77 (d, J

Table 2

L-Proline catalyzed multicomponent synthesis of spirooxiindole derivatives 4.

Product R R1 R2 X Y Time (min) Yielda (%) Mp (�C)

4a H H CN CH2 C(CH3)2 7 92 305–306

4b Br H CN CH2 C(CH3)2 6 87 304–305

4c H CH3 CN CH2 C(CH3)2 6 94 247–248

4d H COCH3 CN CH2 C(CH3)2 7 92 232–233

4e H H CN CH2 CH2 6 90 310–311

4f Br H CN CH2 CH2 6 86 273–274

4g H CH3 CN CH2 CH2 7 96 245–246

4h H COCH3 CN CH2 CH2 6 93 251–252

4i H H CN NH CO 7 85 277–278

4j H H CN NCH3 CO 6 94 228–229

4k H CH3 CN NCH3 CO 6 90 225–226

4l H COCH3 CN NCH3 CO 7 91 228–229

4m H H CO2Et CH2 C(CH3)2 12 87 228–230

4n Br H CO2Et CH2 C(CH3)2 12 85 260–262

4o H H CO2Et NH CO 15 90 189–190

4p Br H CO2Et NH CO 15 86 264–265

aYields based on isatins.

November 2010 1325An Efficient Protocol for Multicomponent Synthesis of Spirooxindoles

Employing L-Proline as Catalyst at Room Temperature

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



¼ 7.3 Hz, 1H, Ar), 7.16–7.63 (m, 4H, Ar, NH2), 10.56 (s, 1H,
NH) ppm; 13C NMR (75 MHz, DMSO-d6): d ¼ 19.5, 27.0,
36.8, 47.4, 56.5, 111.5, 113.6, 117.0, 125.9, 130.8, 137.3,
141.2, 159.0, 166.9, 177.5, 195.4 ppm; Anal. Calcd. for
C17H12BrN3O3: C, 52.87; H, 3.13; N, 10.88; found: C, 52.78;

H, 3.05; N, 10.76.
2-Amino-10-methyl-20,5-dioxo-10,20,5,6,7,8-hexahydrospiro

[chromene-4,30-indole]-3-carbonitrile (4g). IR (KBr): 3460,
3371, 3142, 2956, 2202, 1709, 1671, 1359, 1221 cm�1; 1H
NMR (300 MHz, DMSO-d6): d ¼ 1.77–2.05 (m, 2H, CH2),

2.10–2.35 (m, 2H, CH2), 2.57–2.90 (m, 2H, CH2), 3.15 (s, 3H,
NCH3), 6.86–7.11 (m, 3H, Ar), 7.18–7.37 (m, 3H, Ar, NH2)
ppm; 13C NMR (75 MHz, DMSO-d6): d ¼ 19.6, 26.5, 26.9,
36.7, 46.4, 57.5, 108.3, 112.0, 117.6, 122.8, 124.0, 128.7,
133.4, 143.8, 158.6, 166.2, 176.7, 195.2 ppm; Anal. Calcd. for

C18H15N3O3: C, 67.28; H, 4.71; N, 13.08; found: C, 67.13; H,
4.82; N, 12.95.

10-Acetyl-2-amino-20,5-dioxo-10,20,5,6,7,8-hexahydrospiro
[chromene-4,30-indole]-3-carbonitrile (4h). IR (KBr): 3441,

3329, 3187, 2200, 1750, 1712, 1669, 1358, 1275, 1202 cm�1;
1H NMR (300 MHz, DMSO-d6): d ¼ 1.81–2.09 (m, 2H, CH2),
2.14–2.42 (m, 2H, CH2), 2.56 (s, 3H, CH3CO), 2.60–2.86 (m,
2H, CH2), 7.13–7.25 (m, 2H, Ar), 7.27–7.43 (m, 1H, Ar), 7.56
(m, 2H, NH2), 8.06 (d, J ¼ 7.4 Hz, 1H, Ar) ppm; 13C NMR

(75 MHz, DMSO-d6): d ¼ 19.8, 25.8, 26.5, 36.0, 47.9, 57.2,
111.9, 115.5, 117.1, 123.4, 125.6, 128.8, 133.1, 139.0, 158.8,
166.9, 170.6, 178.2, 195.5 ppm; Anal. Calcd. for C19H15N3O4:
C, 65.32; H, 4.33; N, 12.03; found: C, 65.25; H, 4.43; N,
11.91.

7-Amino-2,20,4-trioxo-1,10,2,20,3,4-hexahydrospiro[indole-30,5-
pyrano[2,3-d]pyrimidine]-6-carbonitrile (4i). IR (KBr): 3446,
3285, 3142, 3035, 2208, 1700, 1645, 1512, 1441, 1398, 1245
cm�1; 1H NMR (300 MHz, DMSO-d6): d ¼ 6.76 (d, J ¼ 7.9
Hz, 1H, Ar), 6.90 (t, J ¼ 7.9 Hz, 1H, Ar), 7.10–7.15 (m, 2H,

Ar), 7.34 (s, 2H, NH2), 10.45 (s, 1H, NH), 11.04 (s, 1H, NH),
12.29 (br s, 1H, NH) ppm; 13C NMR (75 MHz, DMSO-d6): d
¼ 46.8, 57.7, 86.9, 109.4, 116.8, 121.6, 124.0, 128.5, 134.1,
142.3, 149.2, 153.3, 158.5, 161.7, 177.8 ppm; Anal. Calcd. for

C15H9N5O4: C, 55.73; H, 2.81; N, 21.66. Found: C, 55.60; H,
2.72; N, 21.49.

7-Amino-1,3-dimethyl-2,20,4-trioxo-1,10,2,20,3,4-hexahydrospiro
[indole-30,5-pyrano[2,3-d]pyrimidine]-6-carbonitrile (4j). IR
(KBr): 3348, 3182, 3015, 2205, 1715, 1668, 1540, 1478, 1385,

1225 cm�1; 1H NMR (300 MHz, DMSO-d6): d ¼ 3.00 (s, 3H,
CH3), 3.35 (s, 3H, CH3), 6.79 (d, J ¼ 7.3 Hz, 1H, Ar), 6.87 (t,
J ¼ 7.3 Hz, 1H, Ar), 7.09–7.16 (m, 2H, Ar), 7.56 (s, 2H,
NH2), 10.42 (s, 1H, NH) ppm; 13C NMR (75 MHz, DMSO-
d6): d ¼ 27.3, 29.5, 47.8, 57.6, 87.2, 109.5, 116.7, 121.7,

123.8, 128.3, 133.4, 142.2, 149.5, 152.0, 158.0, 159.0, 177.4
ppm; Anal. Calcd. for C17H13N5O4: C, 58.12; H, 3.73; N,
19.93. Found: C, 57.95; H, 3.62; N, 19.81.

7-Amino-1,10,3-trimethyl-2,20,4-trioxo-1,10,2,20,3,4-hexahy-
drospiro[indole-30,5-pyrano[2,3-d]pyrimidine]-6-carbonitrile
(4k). IR (KBr): 3354, 3248, 3150, 2212, 1725, 1682, 1493,
1376, 1210 cm�1; 1H NMR (300 MHz, DMSO-d6): d ¼ 3.02
(s, 3H, CH3), 3.14 (s, 3H, CH3), 3.38 (s, 3H, CH3), 6.92–
7.10 (m, 2H, Ar), 7.20 (d, J ¼ 7.3 Hz, 1H, Ar), 7.27 (t, J ¼
7.3 Hz, 1H, Ar), 7.64 (s, 2H, NH2) ppm; 13C NMR (75
MHz, DMSO-d6): d ¼ 26.7, 27.5, 29.3, 47.4, 57.8, 87.6,
108.5,116.6, 122.5, 123.5, 128.9, 132.9, 143.8, 149.7, 152.2,
158.0, 159.9, 176.4 ppm; Anal. Calcd. for C18H15N5O4: C,

59.18; H, 4.14; N, 19.17. Found: C, 58.97; H, 4.36; N,
19.03.

10-Acetyl-7-amino-1,3-dimethyl-2,20,4-trioxo-1,10,2,20,3,4-
hexahydrospiro[indole-30,5-pyrano[2,3-d]pyrimidine]-6-car-
bonitrile (4l). IR (KBr): 3385, 3310, 3208, 3186, 2218, 1725,

1695, 1660, 1500, 1387 cm�1; 1H NMR (300 MHz, DMSO-
d6): d ¼ 2.61 (s, 3H, CH3), 3.04 (s, 3H, CH3), 3.42 (s, 3H,
CH3), 7.20 (t, J ¼ 7.2 Hz, 1H, Ar), 7.25–7.40 (m, 2H, Ar),
7.86 (s, 2H, NH2), 8.10 (d, J ¼ 7.9 Hz, 1H, Ar) ppm; 13C
NMR (75 MHz, DMSO-d6): d ¼ 26.4, 27.6, 29.7, 48.6, 57.5,

87.2, 115.3, 116.6, 124.0, 126.0, 129.2, 132.4, 139.8, 149.5,
152.6, 158.2, 159.9, 170.8, 177.5 ppm; Anal. Calcd. for
C19H15N5O5: C, 58.02; H, 3.84; N, 17.80. Found: C, 57.85; H,
3.92; N, 17.65.

Ethyl 2-amino-7,7-dimethyl-20,5-dioxo-10,20,5,6,7,8-hexahy-
drospiro[chromene-4,30-indole]-3-carboxylate (4m). IR (KBr):
3368, 3237, 3113, 2959, 1684, 1614, 1525, 1474, 1349 cm�1;
1H NMR (300 MHz, DMSO-d6): d ¼ 0.79 (t, J ¼ 6.9 Hz, 3H,
CH3), 0.95 (s, 3H, CH3), 1.01 (s, 3H, CH3), 1.98–2.18 (m, 2H,

CH2), 2.45–2.61 (m, 2H, CH2), 3.67–3.71 (m, 2H, CH2), 6.65
(d, J ¼ 7.2 Hz, 1H, Ar), 6.73 (t, J ¼ 7.2 Hz, 1H, Ar), 6.81 (d,
J ¼ 7.2 Hz, 1H, Ar), 7.01 (t, J ¼ 7.2 Hz, 1H, Ar), 7.85 (s,
2H, NH2), 10.13 (s, 1H, NH) ppm; 13C NMR (75 MHz,
DMSO-d6): d ¼ 13.0, 26.6, 27.7, 31.5, 46.6, 50.6, 58.8, 76.3,

108.1, 113.0, 120.5, 122.1, 127.2, 135.9, 144.0, 159.0, 162.3,
167.6, 179.76, 194.5 ppm; Anal. Calcd. for C21H22N2O5: C,
65.96; H, 5.80; N, 7.33. Found: C, 65.81; H, 5.72; N, 7.20.

Ethyl 2-amino-50-bromo-7,7-dimethyl-20,5-dioxo-10,20,5,6,7,
8-hexahydrospiro[chromene-4,30-indole]-3-carboxylate (4n). IR
(KBr): 3365, 3240, 3187, 2955, 1690, 1612, 1520, 1472, 1345
cm�1; 1H NMR (300 MHz, DMSO-d6): d ¼ 0.82 (t, J ¼ 7.2
Hz, 3H, CH3), 0.96 (s, 3H, CH3), 1.0 (s, 3H, CH3), 2.0–2.1
(m, 2H, CH2), 2.53 (s, 2H, CH2), 3.72–3.74 (m, 2H, CH2),
6.62 (d, J ¼ 7.8 Hz, 1H, Ar), 6.99 (s, 1H, Ar), 7.20 (d, J ¼
7.8 Hz, 1H, Ar), 7.91 (s, 2H, NH2), 10.29 (s, 1H, NH) ppm;
13C NMR (75 MHz, DMSO-d6): d ¼ 13.2, 26.5, 27.9, 31.5,
46.8, 50.5, 58.9, 76.5, 108.3, 113.8, 120.7, 122.1, 127.3, 136.0,
144.3, 159.2, 162.1, 167.7, 179.75, 194.7 ppm; Anal. Calcd.

for C21H21BrN2O5: C, 54.68; H, 4.59; N, 6.07. Found: C,
54.55; H, 4.61; N, 5.92.

Ethyl 7-amino-2,20,4-trioxo-1,10,2,20,3,4-hexahydrospiro[in-
dole-30,5-pyrano[2,3-d]pyrimidine]-6-carboxylate (4o). IR
(KBr): 3425, 3318, 3162, 2201, 1692, 1650, 1578, 1468, 1390,

1342 cm�1; 1H NMR (300 MHz, DMSO-d6): d ¼ 0.77 (t, J ¼
7.2 Hz, 3H, CH3), 3.69–3.72 (m, 2H, CH2), 6.65 (d, J ¼ 7.5
Hz, 1H, Ar), 6.77 (t, J ¼ 7.5 Hz, 1H, Ar), 6.92–7.08 (m, 2H,
Ar), 7.92 (s, 2H, NH2), 10.21 (s, 1H, NH), 10.94 (s, 1H, NH),
12.14 (br s, 1H, NH) ppm; 13C NMR (75 MHz, DMSO-d6): d
¼ 13.1, 46.2, 59.2, 76.3, 89.2, 108.3, 120.8, 122.7, 127.4,
135.3, 144.0, 149.1, 152.2, 158.6, 161.2, 167.4, 179.4 ppm;
Anal. Calcd. for C17H14N4O6: C, 55.14; H, 3.81; N, 15.13.
Found: C, 54.95; H, 3.74; N, 15.02.

Ethyl 7-amino-50-bromo-2,20,4-trioxo-1,10,2,20,3,4-hexahy-
drospiro[indole-30,5-pyrano[2,3-d]pyrimidine]-6-carboxylate
(4p). IR (KBr): 3420, 3315, 3160, 2201, 1692, 1655, 1579,
1463, 1395, 1348 cm�1; 1H NMR (300 MHz, DMSO-d6): d ¼
0.79 (t, J ¼ 7.5 Hz, 3H, CH3), 3.70–3.73 (m, 2H, CH2), 6.68

(d, J ¼ 7.5 Hz, 1H, Ar), 6.94–7.11 (m, 2H, Ar), 7.93 (s, 2H,
NH2), 10.22 (s, 1H, NH), 10.94 (s, 1H, NH), 12.16 (br s, 1H,
NH) ppm; 13C NMR (75 MHz, DMSO-d6): d ¼ 13.3, 46.1,
59.5, 76.4, 89.5, 108.1, 121.0, 122.9, 128.1, 135.5, 144.2,
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149.3, 152.5, 158.4, 161.0, 167.2, 179.5 ppm; Anal. Calcd. for
C17H13BrN4O6: C, 45.45; H, 2.92; N, 12.47. Found: C, 45.29;
H, 2.83; N, 12.35.
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Twenty-four novel tetramic acid derivatives (Z)-3-((E)-1-(alkyloxyimino)ethyl)-5-arylidene-4-hydrox-
ypyrroline-2-ones 6a–x were synthesized by the reaction of (Z)-3-acetyl-5-arylidene-4-hydroxypyrroline-
2-ones 4 with O-alkyl hydroxylamines 5 under reflux conditions in good yields (77.2–92.4%). Their
structures were confirmed by IR, 1H-NMR, MS, and elemental analysis. The preliminary bioassays
showed that most of the title compounds exhibited noticeable fungicidal activities against Colletotri-
chum orbiculare and a certain degree of fungicidal activities against Fusarium gramineaum and Rhizoc-
tonia cerealis at a concentration of 100 lg/mL.

J. Heterocyclic Chem., 47, 1328 (2010).

INTRODUCTION

Some hundreds of natural products containing the

ring system pyrrolidine-2,4-dione (also known as tetra-

mic acid) (Fig. 1) have been isolated from plants, fungi,

and more recently from marine sponges [1–3]. The spec-

trum of biological activities displayed by these natural

products is remarkable in its diversity [4–6]. An impor-

tant representative of the tetramic acids is tenuazonic

acid, which is a metabolite produced by some phytopa-

thogenic fungi [7]. Since its isolation in 1957 from the

culture filtrates of Alternaria tenuis [8], it has been

found possessing antitumor, antiviral, antibacterial, and

herbicidal activities [9–12]. Reutericyclin [13] is a typi-

cal 1,3-bisacyltetramic acid that is extracted from cells

and culture filtrates of Lactobacillus reuteri and found

to inhibit the growth of Salmonella and Helicobacter,
the latter being the causative agent of stomach ulcers.

The melophlins [14] are a class of N-methyl-3-acyltetr-

amic acids recently isolated from the marine sponge

Melophlus sarassinorum. Melophlin A and B displayed

cytotoxic activity against HL60 cells at 0.2 and 0.4 lg/
mL, respectively [15]. In 1971, Yuki et al synthesized a

series of 5-subsitituted-3-(1-anilinoethylidene)pyrroli-

dine-2,4-dione derivatives and studied antitumor activ-

ities [16]. Zhu et al reported a series of 3-[(a-hydroxy-
substituted)benzylidene]pyrrolidine-2,4-dione derivatives

showing higher herbicidal activities [17].

Oxime ether derivatives have occupied an important

position in medicinal and pesticide chemistry with a

wide range of bioactivities [18]. As pesticides, they

were used as insecticides, fungicides, and herbicides.

Alloxydim [19], the first cyclohexanedione herbicide

with an oxime ether group has been commercialized.

The advantages of oxime ether derivatives, such as,

high-activity against the target, low-toxicity toward the

mammalians, and low-residue, have prompted chemists

to design and synthesize more novel oxime ether deriva-

tives [20].

In 1981, Tatsuaki et al synthesized thirteen 3-acetyl-

5-subsititutedbenzylidenetetramic acids [21], the novel

structures and infusive biological activities of which

have aroused great interest to us. Herein, we introduced

oxime ether groups into 3-acetyl-5-subsititutedbenzylide-

netetramic acids to synthesize a series of novel (Z)-3-
((E)-1-(alkyloxyimino)ethyl)-5-arylidene-4-hydroxy-pyr-

roline-2-one derivatives for the purpose of searching

VC 2010 HeteroCorporation
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new potential pesticides with an excellent biological

activities. The synthetic route is shown in Scheme 1.

RESULTS AND DISCUSSION

Chemistry. The synthesis of compounds (Z)-3-acetyl-
5-arylidene-4-hydroxypyrroline-2-ones 4 involved the

condensation of 3 (1 equivalent) with substituted benzal-

dehydes (2 equivalent) in the presence of dry hydro-

chloride [21]. The dry hydrochloride as a key catalyst

was obtained by the reaction of acetyl chloride with an-

hydrous ethanol. In the 1H-NMR spectra of the com-

pounds 4a, 4c, and 4e, the protons of CH¼¼ and NH

showed the characteristic pair of signals, indicating

these compounds in deuteriochloroform solution existed

to a great extent as tautomers [22]. According to the lit-

erature based on a comparison of the 1H-NMR chemical

shift data for the vinyl proton signals at the region of

6.42–6.65 ppm with those of similar tetramates, the Z
configuration of the compounds could be assigned, and

this inference was consistent with crystal structure

of 6e.

In the IR spectra of the title compounds 6, there were

medium or weak absorption bands for the enolic

hydroxyl group (m OAH) at around 3300 cm�1 and rela-

tively strong absorption bands for the carbonyl at around

1680 cm�1. The characteristic absorption peak of oxime

ether group existed at around 1620 cm�1. The main

characteristic of the 1H-NMR spectra of 6a–x was the

presence of high-frequency downfield broad singlet dH
7.53–9.72 presumably arising from the deshielded NAH

proton linked to the carbonyl group. The singlet at dH
6.21–6.49 assigned to the CAH proton of CH¼¼C and

singlet at dH 2.32–2.57 assigned to the CAH protons of

CH3C¼¼N. The signal of protons of OH group at the 4-

position in NMR spectra was not been found, and this

phenomena might be caused by the lability of these pro-

tons of compounds 4 and 6, which involved in internal

tautomerization in the enol form. Furthermore, the MS

spectra of all the compounds 6 showed the molecular

ion peak (Mþ, 3–100%), and other fragmentation ions

were consistent with their structures and could be

clearly assigned.

In the crystal structure of compound 6e (Fig. 2), the

bond length C(5)AN(2) [1.295(3) Å] was close to the

C¼¼N double bond distance (1.34 Å). The bond lengths

C(7)AC(9) and C(10)AC(11) were 1.354(3) Å and

1.338(3) Å, respectively, and they were close to the

C¼¼C double bond distance (1.34 Å). As a result, the

benzene ring, C(10)AC(11), C(7)AC(9), C(5)AN(2),

and C(8)¼¼O(1) [1.237(2) Å] formed a large conjugated

system. The bond length C(8)AN(1) [1.376(2) Å] was

shorter than the normal CAN single bond (1.49 Å), sug-

gesting the occurring of an electron density delocaliza-

tion. The dihedral angle between benzene ring and pyr-

roline-2-one ring [N(1), O(1), O(2), C(7), C(8), C(9),

C(10)] was 15.928(54)�. In addition, there was a weak

p���p interaction between the parallel benzene rings (the

Figure 1. Some bioactive naturally occurring tetramic acids.

Scheme 1. General synthetic route for the target compounds 6a-x.

Figure 2. Molecular structure of compound 6e.
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centroid-centroid distance was 4.36 Å) to pivotally

maintain a 3D supramolecular network structure.

Furthermore, the crystal structure of compound 6e

simultaneously confirmed E configuration of 1-(alkylox-

yimino)ethyl group and Z configuration of arylidene

group, especially the enolic form at 4-position of the

title compounds.

Biological activity. The results of fungicidal activ-

ities in vitro at a concentration of 100 lg/mL were

listed in Table 1. Most of the compounds 6 exhibited

notable fungicidal activities against C. orbiculare,
thereby the inhibitory rates of the compounds 6a, 6k, 6l,

6m, 6n, 6p, and 6q all exceeded 50%. Comparatively,

the fungicidal activities against R. oerealis were moder-

ate, but more than half of the compounds 6 were more

active than tenuazonic acid. The preliminary estimation

of structure-activity relationships indicated that the title

compounds showed more remarkable fungicidal activ-

ities against C. orbicular when R2 was saturated ali-

phatic alkyl, for example, the compound 6a (R1 was H

and R2 was CH3) gave a best activity with EC50 value

of 1.15 lg/mL (Table 2), indicating it was significant to

further modify the structure of the title compounds.

It was worthy to clarify that the herbicidal activities

of the title compounds were evaluated too. Brassica
campestris and Echinochloa crusgalli (L.) Beauv were

chosen as samples of annual dicotyledonous and mono-

cotyledonous plants. But the herbicidal activities of all

the title compounds were found to be quite weak.

CONCLUSIONS

A series of new tetramic acid derivatives containing

oxime ether group at 3-position and arylidene group at

5-position were designed and synthesized by the

Table 1

Antifungal activities of compounds 6a–x (100 lg/mL, inhibitory rate percent).

Compound R1 R2

Inhibitory ratea (%)

F. gramineaum R. cerealis C. orbiculare

6a H methyl 25.0 6 1.5 50.9 6 1.6 74.3 6 0.9

6b H n-propyl 17.9 6 2.3 30.3 6 0.9 30.7 6 2.7

6c H i-propyl 11.7 6 3.5 45.4 6 3.1 28.1 6 2.4

6d H allyl 5.1 6 2.7 7.8 6 0.9 33.9 6 3.1

6e H n-butyl 17.9 6 3.5 37.8 6 2.6 44.9 6 3.1

6f H benzyl 5.6 6 1.0 29.3 6 3.0 33.3 6 1.8

6g 4-OH n-propyl 12.2 6 2.3 14.8 6 3.1 20.2 6 4.0

6h 4-OH allyl 4.6 6 3.2 15.3 6 0.9 39.6 6 3.3

6i 4-OH n-butyl 17.9 6 3.2 29.8 6 3.1 42.3 6 3.3

6j 4-OH benzyl 13.3 6 0.9 28.8 6 2.3 22.3 6 4.0

6k 4-OCH3 n-propyl 17.8 6 1.7 38.4 6 2.1 53.6 6 3.6

6l 4-OCH3 i-propyl 19.3 6 2.3 30.8 6 1.5 56.3 6 4.1

6m 4-OCH3 allyl 5.8 6 1.7 N.Ab 53.6 6 0.9

6n 4-OCH3 n-butyl 7.8 6 2.3 45.5 6 1.8 57.8 6 4.1

6o 4-OCH3 benzyl 9.3 6 0.9 35.9 6 3.1 20.3 6 3.6

6p 2-Cl n-propyl 9.8 6 2.6 6.9 6 3.1 73.4 6 1.6

6q 2-Cl i-propyl N.A 7.4 6 3.2 54.2 6 0.9

6r 2-Cl allyl 5.8 6 2.3 N.A 23.4 6 2.7

6s 2-Cl n-butyl 9.3 6 3.1 13.0 6 1.5 19.3 6 3.9

6t 2-Cl benzyl 11.8 6 2.3 17.0 6 1.8 8.9 6 1.8

6u 4-Cl n-propyl 12.3 6 3.1 16.5 6 2.3 24.0 6 3.9

6v 4-Cl i-propyl 14.3 6 2.4 16.9 6 3.7 39.5 6 2.7

6w 4-Cl allyl 9.7 6 2.1 32.4 6 1.4 25.0 6 1.7

6x 4-Cl n-butyl 11.5 6 1.4 42.3 6 2.8 49.4 6 3.0

Tenuazonic acid – – 10.0 6 1.7 16.1 6 3.1 14.5 6 3.0

Propiconazole – – 98.4 6 0.2 99.2 6 0.1 95.1 6 0.3

a Average of three replicates.
b N.A. ¼ Not active.

Values are the mean 6 S.D. of three replicates.

Table 2

EC50 values of compounds 6a, 6n, and 6p against C. orbiculare.

Compound Regression eq. EC50
a(lg/mL) rb

6a y ¼ 0.36423x þ 4.97749 1.15 0.99

6n y ¼ 0.92570x þ 3.62689 30.43 0.96

6p y ¼ 0.50225x þ 4.19465 40.13 0.90

a Ec50 refer to median effect concentration.
b Refer to correlative coefficient.
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reaction of (Z)-3-acetyl-5-arylidene-4-hydroxypyrroline-
2-ones with O-substituted hydroxylamine hydrochlor-

ides. The data of IR, MS, 1H-NMR spectra, and X-ray

single-crystal structure diffraction confirmed the struc-

tures of the title compounds that contained enol struc-

ture and (3E, 5Z)-configuration. The bioassay results

demonstrated that most of the title compounds, espe-

cially 6a, possessed good activity against C. orbiculare.
Further studies on structural modification are currently

underway.

EXPERIMENTAL

The melting points of the products were determined on a
WRS-1B digital melting-point apparatus and were uncorrected.
IR was recorded on a Bruker Tensor 27 FT-IR spectrometer

with KBr disk. Elemental analyses were performed on Elemen-
tar Vario-III CHN analyzer. Mass spectra were recorded on a
GC/MS-QP2010 spectrometer using direct-injection technique.
1H-NMR spectra was taken on a Mercury plus varian-300

spectrometer with TMS as the internal reference and DMSO-
d6 or CDCl3 as the solvent. X-ray diffraction was performed
with a Brucker Smart APEX II CCD diffractometer. All
reagents were analytical-reagent grade or were chemically
pure. The solvents were dried before use as needed.

Intermediate 3 was prepared according to the reported
method [23]. The intermediates 5 O-allyl, O-methyl, and O-
benzyl hydroxylamine hydrochlorides were synthesized starting
from ethyl acetate and hydroxylamine hydrochloride via a fac-
ile three-step procedure including acetylamination, etherifica-

tion, and hydrolyzation [24–26]. O-Propyl, O-isopropyl, and
O-butyl hydroxylamine hydrochlorides were synthesized start-
ing from hydroxylamine hydrochloride and phthalic anhydride
in satisfactory yield according to the method reported by Han
[27].

General procedure for the synthesis of intermediate (Z)-
3-acetyl-5-arylidene-4-hydroxy-pyrroline-2-ones (4). To the
solution of compound 3 (16 mmol) in ethanol (15 mL) added
8% HCl (18 mmol) in anhydrous ethanol and stirred until it
dissolved, after that a substituted benzaldehyde (32 mmol) was

added. The reaction mixture was refluxed for 3 h, and then
cooled to give a red precipitate, which was filtered off and
recrystallized from ethanol to afford the products 4a–e in
35.2–60.8% yields.

(Z)-3-acetyl-5-benzylidene-4-hydroxypyrroline-2-one (4a). Red
powder, mp 224.9–225.6�C; yield, 36.9%; IR (KBr, cm�1) m
3210, 1697, 1678, 1627, 1455, 1280, 1228, 1084, 936; 1H-
NMR (CDCl3, 300 MHz) d: 2.58 (s, 3H, COCH3), 6.67, 6.70
(s, s, 1H, CH¼¼), 7.35–7.47 (m, 5H, PhH), 8.17, 8.54 (s, s, 1H,

NH); Anal. Calcd for C13H11NO3: C, 68.11; H, 4.84; N, 6.11.
Found: C, 68.45; H, 4.92; N, 6.23.

(Z)-3-acetyl-4-hydroxy-5-(4-hydroxybenzylidene)-pyrroline-
2-one (4b). Red powder, mp 262.3–263.1�C; yield, 45.2%; IR
(KBr, cm�1) m 3373, 3174, 1682, 1606, 1575, 1449, 1357,

1228, 1087, 930; 1H-NMR (DMSO-d6, 300 MHz) d: 2.50 (s,
3H, COCH3), 6.42 (s, 1H, CH¼¼), 6.77 (d, 2H, PhH, J ¼ 8.4
Hz), 7.49 (d, 2H, PhH, J ¼ 8.4 Hz), 9.89 (s, 1H, NH), 10.33
(s, 1H, OH); Anal. Calcd for C13H11NO4: C, 63.67; H, 4.52;
N, 5.71. Found: C, 64.01; H, 4.61; N, 5.80.

(Z)-3-acetyl-4-hydroxy-5-(4-methoxybenzylidene)-pyrroline-
2-one (4c). Yellow powder, mp 239.3–240.1�C; yield, 60.8%;
IR (KBr, cm�1) m 3239, 1673, 1668, 1588, 1522, 1519, 1383,

1240, 1032, 959; 1H-NMR (CDCl3, 300 MHz) d: 2.58 (s, 3H,
COCH3), 3.87 (s, 3H, PhOCH3), 6.64, 6.66 (s, s, 1H, CH¼¼),
6.97 (d, 2H, PhH, J ¼ 6.9 Hz), 7.43 (d, 2H, PhH, J ¼ 9.3
Hz), 7.76, 8.14 (s, s, 1H, NH); Anal. Calcd for C14H13NO4: C,
64.86; H, 5.05; N, 5.40. Found: C, 64.56; H, 5.15 N, 5.48.

(Z)-3-acetyl-5-(2-chlorobenzylidene)-4-hydroxypyrroline-2-
one (4d). White powder, mp 227.5–228.9�C; yield, 25.2%; IR
(KBr, cm�1) m 3204, 1703, 1635, 1580, 1443, 1293, 1207,
1089, 938; 1H-NMR (CDCl3, 300 MHz) d: 2.57 (s, 3H,
COCH3), 6.89 (s, 1H, CH¼¼), 7.32–7.48 (m, 4H, PhH), 7.97,

8.38 (s, s, 1H, NH); Anal. Calcd for C13H10ClNO3: C, 59.22;
H, 3.82; N, 5.31. Found: C, 59.57; H, 3.89; N, 5.42.

(Z)-3-acetyl-5-(4-chlorobenzylidene)-4-hydroxy-pyrroline-2-
one (4e). White powder, mp 238.3–240.9�C; yield, 40.2%; IR
(KBr, cm�1) m 3185, 1705, 1624, 1586, 1493, 1420, 1247,

1089, 929; 1H-NMR (CDCl3, 300 MHz) d: 2.58 (s, 3H,
COCH3), 6.60, 6.62 (s, s, 1H, CH¼¼), 7.35–7.41 (m, 4H, PhH),
7.84, 8.11 (s, s, 1H, NH); Anal. Calcd for C13H10ClNO3: C,
59.22; H, 3.82; N, 5.31. Found: C, 59.68; H, 3.75; N, 5.23.

General procedure for the preparation of the title com-

pounds 6a–x. To a solution of (Z)-3-acetyl-5-arylidene-4-
hydroxypyrroline-2-one 4 (1.5 mmol) and O-substituted hy-
droxylamine hydrochloride 5 (1.6 mmol) in ethanol (25 mL)
was added 0.2 mol/L NaOH (8 mL). Then, the reaction mix-

ture was refluxed for 3 h. After cooling to room temperature,
the mixture was poured into water (30 mL), and the precipitate
was filtered. The filtrate was extracted with chloroform and the
organic layer was dried over anhydrous magnesium sulfate.
The solvent was removed under reduced pressure to give a

yellow solid. Finally, the solid was collected together and
recrystallized from ethanol or ethyl acetate to give title com-
pounds 6a–x.

(Z)-5-benzylidene-4-hydroxy-3-((E)-1-(methoxyimino)ethyl)-
pyrroline-2-one (6a). Yellow powder, mp 188.5–189.1�C;
yield, 90.1%; IR (KBr, cm�1) m 3344, 3215, 3028, 2940, 1698,
1655, 1620, 1455, 1058, 903; 1H-NMR (CDCl3, 300 MHz) d:
2.51 (s, 3H, CH3C¼¼N), 3.93 (s, 3H, OCH3), 6.5 (s, 1H,
CH¼¼), 7.32–7.43 (m, 5H, PhH), 7.59 (s, 1H, NH); MS m/z
(%): 258(Mþ, 14), 167(26), 149(84), 81(46), 69(100), 57(94);
Anal. Calcd for C14H14N2O3: C, 65.11; H, 5.46; N, 10.85.
Found: C, 65.62; H, 5.49; N, 10.76.

(Z)-5-benzylidene-4-hydroxy-3-((E)-1-(propoxyimino)ethyl)-
pyrroline-2-one (6b). Yellow powder, mp 165.9–166.4�C;
yield, 92.3%; IR (KBr, cm�1) m 3332, 3211, 3029, 2967, 1687,
1615, 1566, 1450, 1384, 1245, 1050, 925; 1H-NMR (CDCl3,
300 MHz) d: 1.00 (t, 3H, CH2CH3, J ¼ 7.2 Hz), 1.71–1.83
(m, 2H, CH2CH3), 2.55 (s, 3H, CH3C¼¼N), 4.00 (t, 2H, OCH2,
J ¼ 6.3 Hz), 6.49 (s, 1H, CH¼¼), 7.30–7.43 (m, 5H, PhH),

7.74 (s, 1H, NH); MS m/z (%): 286(Mþ, 92), 228(100),
212(18), 149(16), 117(70), 82(56), 45(40); Anal. Calcd for
C16H18N2O3: C, 67.12; H, 6.34; N, 9.78. Found: C, 66.71; H,
6.43; N, 9.68.

(Z)-5-benzylidene-4-hydroxy-3-((E)-1-(isopropoxyimino)ethyl)-
pyrroline-2-one (6c). Yellow powder, mp 163.1–64.1�C; yield,
87.2%; IR (KBr, cm�1) m 3297, 3160, 3019, 2975, 1682, 1611,
1572, 1497, 1375, 1241, 1102, 909; 1H-NMR (CDCl3, 300
MHz) d: 1.34 (d, 6H, CH(CH3)2, J ¼ 6.3 Hz), 2.57 (s, 3H,
CH3C¼¼N), 4.22–4.30 (m, 1H, OCH), 6.49 (s, 1H, CH¼¼),
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7.30–7.45 (m, 5H, PhH), 7.78 (s, 1H, NH); MS m/z (%):
286(Mþ, 100), 244(28), 225(78), 172(34), 149(32), 117(60),
82(82), 58(22); Anal. Calcd for C16H18N2O3: C, 67.12; H,
6.34; N, 9.78. Found: C, 67.48; H, 6.47; N, 9.70.

(Z)-3-((E)-1-(allyloxyimino)ethyl)-5-benzylidene-4-hydroxy-
pyrroline-2-one (6d). Red powder, mp 170.2–171.3�C; yield,
85.3%; IR (KBr, cm�1) m 3328, 3218, 3030, 2936, 1681, 1621,
1564, 1452, 1269, 1088, 1005, 936; 1H-NMR (CDCl3, 300
MHz) d: 2.52 (s, 3H, CH3C¼¼N), 4.54 (d, 2H, OCH2, J ¼ 6.3
Hz), 5.40–5.48 (m, 2H, CH¼¼CH2), 5.95–6.08 (m, 1H,

CH¼¼CH2), 6.49 (s, 1H, CH¼¼C), 7.31–7.42 (m, 5H, PhH),
7.56 (s, 1H, NH); MS m/z (%): 284(Mþ, 24), 267(10),
213(18), 167(28), 149(100), 81(66), 69(68), 57(36); Anal.
Calcd for C16H16N2O3: C, 67.59; H, 5.67; N, 9.85. Found: C,
67.14; H, 5.72; N, 9.80.

(Z)-5-benzylidene-3-((E)-1-(butoxyimino)ethyl)-4-hydroxy-
pyrroline-2-one (6e). Yellow crystal, mp 158.9–159.5�C;
yield, 82.3%; IR (KBr, cm�1) m 3328, 3215, 3028, 2957, 2874,
1679, 1655, 1624, 1451, 1367, 1092, 1048, 973; 1H-NMR

(CDCl3, 300 MHz) d: 0.97 (t, 3H, CH2CH3, J ¼ 7.2 Hz),
1.41–1.54 (m, 2H, CH2CH3), 1.69–1.78 (m, 2H, OCH2CH2),
2.56 (s, 3H, CH3C¼¼N), 4.05 (t, 2H, OCH2, J ¼ 6.3 Hz), 6.50
(s, 1H, CH¼¼), 7.33–7.48 (m, 5H, PhH), 7.98 (s, 1H, NH); MS
m/z (%): 300(Mþ, 82), 228(100), 210(22), 172(20), 117(64),

90(48), 82(42), 45(46); Anal. Calcd for C17H20N2O3: C, 67.98;
H, 6.71; N, 9.33. Found: C, 68.25; H, 6.60; N, 9.43.

(Z)-5-benzylidene-3-((E)-1-(benzyloxyimino)ethyl)-4-hydroxy-
pyrroline-2-one (6f). Yellow powder, mp 201.7–202.5�C;
yield, 90.5%; IR (KBr, cm�1) m 3349, 3207, 3008, 2932, 1698,

1657, 1622, 1455, 1367, 1096, 995; 1H-NMR (CDCl3, 300
MHz) d: 2.45 (s, 3H, CH3C¼¼N), 5.07 (s, 2H, OCH2), 6.50 (s,
1H, CH¼¼), 7.30–7.42 (m, 10H, 2PhH), 7.50 (s, 1H, NH); MS
m/z (%): 334(Mþ, 18), 228(74), 210(14), 117(20), 115(26),
91(100), 77(22), 45(34); Anal. Calcd for C20H18N2O3: C,

71.84; H, 5.43; N, 8.38. Found: C, 72.19; H, 5.49; N, 8.30.
(Z)-3-((E)-1-(propoxyimino)ethyl)-4-hydroxy-5-(4-hydroxyben-

zylidene)-pyrroline-one (6g). Yellow powder, mp 225.2–
226.5�C; yield, 80.0%; IR (KBr, cm�1) m 3378, 3346, 3156,

2967, 1661, 1601, 1580, 1513, 1233, 1148, 1067, 935; 1H-NMR
(DMSO-d6, 300 MHz) d: 0.90 (t, 3H, CH2CH3, J ¼ 7.2 Hz),
1.57–1.69 (m, 2H, CH2CH3), 2.35 (s, 3H, CH3C¼¼N), 4.00 (t,
2H, OCH2, J ¼ 6.3 Hz), 6.21 (s, 1H, CH¼¼), 6.73 (d, 2H, PhH, J
¼ 8.4 Hz), 7.43 (d, 2H, PhH, J ¼ 8.1 Hz), 9.71 (s, 1H, NH),

9.78 (s, 1H, OH); MS m/z (%): 302(Mþ, 4), 244(100), 227(22),
133(22), 84(38), 55(20); Anal. Calcd for C16H18N2O4: C, 63.56;
H, 6.00; N, 9.27. Found: C, 63.37; H, 6.08; N, 9.20.

(Z)-3-((E)-1-(allyloxyimino)ethyl)-4-hydroxy-5-(4-hydroxyben-
zylidene)-pyrroline-2-one (6h). Red powder, mp 231.2–

232.4�C; yield, 83.3%; IR (KBr, cm�1) m 3363, 3348, 3159,
2982, 1662, 1598, 1513, 1274, 1234, 1152, 1065, 958; 1H-
NMR (DMSO-d6, 300 MHz) d: 2.33 (s, 3H, CH3C¼¼N), 4.60
(d, 2H, OCH2, J ¼ 5.7 Hz), 5.28–5.40 (m, 2H, CH¼¼CH2),
5.93–6.07 (m, 1H, CH¼¼CH2), 6.24 (s, 1H, CH¼¼C), 6.74 (d,

2H, PhH, J ¼ 8.4 Hz), 7.44 (d, 2H, PhH, J ¼ 8.1 Hz), 9.72 (s,
1H, NH), 9.81 (s, 1H, OH); MS m/z (%): 300(Mþ, 4), 271(14),
244(100), 226(22), 137(24), 84(52), 57(88); Anal. Calcd for
C16H16N2O4: C, 63.99; H, 5.37; N, 9.33. Found: C, 63.55; H,

5.29; N, 9.40.
(Z)-3-((E)-1-(butoxyimino)ethyl)-4-hydroxy-5-(4-hydroxyben-

zylidene)-pyrroline-2-one (6i). Yellow powder, mp 210.2–
211.2�C; yield, 85.5%; IR (KBr, cm�1) m 3386, 3351, 3189,

3026, 2959, 1695, 1665, 1587, 1457, 1255, 1098, 913; 1H-
NMR (DMSO-d6, 300 MHz) d: 0.88 (t, 3H, CH2CH3, J ¼ 7.2
Hz), 1.31–1.44 (m, 2H, CH2CH3), 1.55–1.65 (m, 2H,
OCH2CH2), 2.35 (s, 3H, CH3C¼¼N), 4.04 (t, 2H, OCH2, J ¼
6.3 Hz), 6.21 (s, 1H, CH¼¼), 6.73 (d, 2H, PhH, J ¼ 8.4 Hz),

7.43 (d, 2H, PhH, J ¼ 7.8 Hz), 9.71 (s, 1H, NH), 9.78 (s, 1H,
OH); MS m/z (%): 316(Mþ, 3), 244(100), 227(22), 155(19),
137(25), 84(34), 55(15); Anal. Calcd for C17H20N2O4: C,
64.54; H, 6.37; N, 8.86. Found: C, 64.16; H, 6.45; N, 8.80.

(Z)-3-((E)-1-(benzyloxyimino)ethyl)-4-hydroxy-5-(4-hydrox-
ybenzylidene)-pyrroline-2-one (6j). Yellow crystal, mp 240.3–
241.9�C; yield, 78.8%; IR (KBr, cm�1) m 3359, 3349, 3169,
3018, 2796, 1658, 1601, 1579, 1561, 1272, 1056, 956; 1H-
NMR (DMSO-d6, 300 MHz) d: 2.32 (s, 3H, CH3C¼¼N), 5.13
(s, 2H, OCH2), 6.21 (s, 1H, CH¼¼), 6.73 (d, 2H, PhH, J ¼ 8.7

Hz), 7.33–7.45 (m, 7H, PhH), 9.71 (s, 1H, NH), 9.80 (s, 1H,
OH); MS m/z (%): 350(Mþ, 5), 244(100), 227(24), 133(17),
105(13), 84(33), 55(15); Anal. Calcd for C20H18N2O4: C,
68.56; H, 5.18; N, 8.00. Found: C, 68.92; H, 5.25; N, 8.08.

(Z)-4-hydroxy-5-(4-methoxybenzylidene)-3-((E)-1-(propoxyimi-
no)ethyl)-pyrroline-2-one (6k). Yellow powder, mp 174.0–
175.7�C; yield, 86.8%; IR (KBr, cm�1) m 3321, 3216, 2964,
2874, 1680, 1602, 1514, 1249, 1117, 1054, 1037, 928; 1H-
NMR (CDCl3, 300 MHz) d: 0.99 (t, 3H, CH2CH3, J ¼ 7.5

Hz), 1.71–1.80 (m, 2H, CH2CH3), 2.53 (s, 3H, CH3C¼¼N),
3.84 (s, 3H, PhOCH3), 4.00 (t, 2H, OCH2, J ¼ 7.2 Hz), 6.46
(s, 1H, CH¼¼), 6.93 (d, 2H, PhH, J ¼ 8.7 Hz), 7.36 (d, 2H,
PhH, J ¼ 8.7 Hz), 7.53 (s, 1H, NH). MS m/z (%): 316(Mþ, 6),
258(100), 202(22), 179(19), 137(25), 83(34), 45(15); Anal.

Calcd for C17H20N2O4: C, 64.54; H, 6.37; N, 8.86. Found: C,
64.89; H, 6.45; N, 8.94.

(Z)-4-hydroxy-3-((E)-1-(isopropoxyimino)ethyl)-5-(4-methoxy-
benzylidene)-pyrroline-2-one (6l). Yellow powder, mp 206.8–
208.0�C; yield, 91.0%; IR (KBr, cm�1) m 3320, 3207, 2979,

2835, 1687, 1602, 1517, 1253, 1187, 1115, 1036, 980; 1H-
NMR (CDCl3, 300 MHz) d:1.34 (d, 6H, CH(CH3)2, J ¼ 6.0
Hz), 2.55 (s, 3H, CH3C¼¼N), 3.84 (s, 3H, PhOCH3), 4.24–4.28
(m, 1H, OCH), 6.47 (s, 1H, CH¼¼), 6.93 (d, 2H, PhH, J ¼ 8.7

Hz), 7.36 (d, 2H, PhH, J ¼ 8.1 Hz), 7.56 (s, 1H, NH). MS m/z
(%): 316(Mþ, 5), 279(16), 202(36), 167(35), 149(100), 69(53),
57(56), 45(66); Anal. Calcd for C17H20N2O4: C, 64.54; H,
6.37; N, 8.86. Found: C, 64.82; H, 6.31; N, 8.77.

(Z)-3-((E)-1-(allyloxyimino)ethyl)-4-hydroxy-5-(4-methoxy-
benzylidene)-pyrroline-2-one (6m). Yellow powder, mp
168.7–169.7�C; yield, 90.0%; IR (KBr, cm�1) m 3323, 3202,
2981, 2835, 1677, 1602, 1568, 1514, 1255, 1183, 1037, 931;
1H-NMR (CDCl3, 300 MHz) d: 2.51 (s, 3H, CH3C¼¼N), 3.85
(s, 3H, PhOCH3), 4.55 (d, 2H, OCH2, J ¼ 6.0 Hz), 5.40–5.47

(m, 2H, CH¼¼CH2), 5.95–6.06 (m, 1H, CH¼¼CH2), 6.51 (s,
1H, CH¼¼C), 6.94 (d, 2H, PhH, J ¼ 9.0 Hz), 7.36 (d, 2H,
PhH, J ¼ 8.7 Hz), 7.69 (s, 1H, NH). MS m/z (%): 314(Mþ, 7),
258(100), 241(19), 148(20), 132(24), 83(18), 45(21); Anal.
Calcd for C17H18N2O4: C, 64.96; H, 5.77; N, 8.91. Found: C,

64.51; H, 5.72; N, 8.98.
(Z)-3-((E)-1-(butoxyimino)ethyl)-4-hydroxy-5-(4-methoxybenzy-

lidene)-pyrroline-2-one (6n). Yellow powder, mp 166.3–
167.0�C; yield, 87.6%; IR (KBr, cm�1) m 3319, 3186, 2956,

1685, 1604, 1514, 1253, 1176, 1067, 956; 1H-NMR (CDCl3,
300 MHz) d: 0.95 (t, 3H, CH2CH3, J ¼ 7.5 Hz), 1.39–1.52
(m, 2H, CH2CH3), 1.67–1.76 (m, 2H, OCH2CH2), 2.52 (s, 3H,
CH3C¼¼N), 3.84 (s, 3H, PhOCH3), 4.04 (t, 2H, OCH2, J ¼
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6.6 Hz), 6.45 (s, 1H, CH¼¼), 6.92 (d, 2H, PhH, J ¼ 8.4 Hz),
7.37 (d, 2H, PhH, J ¼ 8.7 Hz), 7.66 (s, 1H, NH). MS m/z (%):
330(Mþ, 5), 258(100), 202(25), 147(24), 132(37), 83(24),
45(19); Anal. Calcd for C18H22N2O4: C, 65.44; H, 6.71; N,
8.48. Found: C, 65.94; H, 6.76; N, 8.40.

(Z)-3-((E)-1-(benzyloxyimino)ethyl)-4-hydroxy-5-(4-methox-
ybenzylidene)-pyrroline-2-one (6o). Yellow powder, mp 205.8–
206.7�C; yield, 77.2%; IR (KBr, cm�1) m 3322, 3212, 2924,
2837, 1692, 1618, 1601, 1513, 1252, 1180, 1036, 990; 1H-NMR
(CDCl3, 300 MHz) d: 2.43 (s, 3H, CH3C¼¼N), 3.84 (s, 3H,

PhOCH3), 5.08 (s, 2H, OCH2), 6.40 (s, 1H, CH¼¼), 6.92 (d, 2H,
PhH, J ¼ 9.0 Hz), 7.34–7.40 (m, 7H, PhH), 7.56 (s, 1H, NH);
MS m/z (%): 364(Mþ, 4), 258(100), 243(22), 147(13), 132(14),
83(23), 45(18); Anal. Calcd for C21H20N2O4: C, 69.22; H, 5.53;
N, 7.69. Found: C, 69.58; H, 5.42; N, 7.60.

(Z)-5-(2-chlorobenzylidene)-4-hydroxy-3-((E)-1-(propoxyi-
mino)ethyl)-pyrroline-2-one (6p). Yellow powder, mp 164.7–
165.9�C; yield, 82.3%; IR (KBr, cm�1) m 3336, 3222, 2965,
2874, 1695, 1654, 1620, 1442, 1369, 1244, 1091, 989; 1H-

NMR (CDCl3, 300 MHz) d: 1.00 (t, 3H, CH2CH3, J ¼ 7.2
Hz), 1.74–1.81 (m, 2H, CH2CH3), 2.55 (s, 3H, CH3C¼¼N),
4.00 (t, 2H OCH2, J ¼ 6.6 Hz,), 6.72 (s, 1H, CH¼¼), 7.23–
7.47 (m, 4H, PhH), 7.60 (s, 1H, NH); MS m/z (%): 320(Mþ,
3), 285(31), 227(100), 210(73), 115(17), 83(16), 55(19); Anal.

Calcd for C16H17ClN2O3: C, 59.91; H, 5.34; N, 8.73. Found:
C, 61.23; H, 5.39; N, 8.83.

(Z)-5-(2-chlorobenzylidene)-4-hydroxy-3-((E)-1-(isopropoxyi-
mino)ethyl)-pyrroline-2-one (6q). Yellow powder, mp 187.7–
189.2�C; yield, 85.7%; IR (KBr, cm�1) m 3340, 3224, 2977,

2944, 1683, 1618, 1442, 1396, 1246, 1087, 1041, 985; 1H-
NMR (CDCl3, 300 MHz) d: 1.35 (d, 6H, CH(CH3)2, J ¼ 6.0
Hz), 2.56 (s, 3H, CH3C¼¼N), 4.22–4.31 (m, 1H, OCH), 6.72
(s, 1H, CH¼¼), 7.22–7.46 (m, 4H, PhH), 7.56 (s, 1H, NH); MS
m/z (%): 320(Mþ, 5), 285(100), 243(32), 227(43), 198(34),

89(46), 45(20); Anal. Calcd for C16H17ClN2O3: C, 59.91; H,
5.34; N, 8.73. Found: C, 61.35; H, 5.45; N, 8.78.

(Z)-3-((E)-1-(allyloxyimino)ethyl)-5-(2-chlorobenzylidene)-
4-hydroxy-pyrroline-2-one (6r). Yellow powder, mp 194.1–

196.5�C; yield, 86.0%; IR (KBr, cm�1) m 3331, 3195, 3027,
2911, 1705, 1660, 1623, 1440, 1347, 1249, 1097, 1044, 993;
1H-NMR (CDCl3, 300 MHz) d: 2.51 (s, 3H, CH3C¼¼N), 4.54
(d, 2H, OCH2, J ¼ 6.9 Hz), 5.41–5.48 (m, 2H, CH¼¼CH2),
5.95–6.08 (m, 1H, CH¼¼CH2), 6.71 (s, 1H, CH¼¼C), 7.22–7.48

(m, 4H, PhH), 7.76 (s, 1H, NH); MS m/z (%): 318(Mþ, 7),
283(27), 227(100), 210(68), 115(10), 89(15), 45(19); Anal.
Calcd for C16H15ClN2O3: C, 60.29; H, 4.74; N, 8.79. Found:
C, 60.01; H, 4.82; N, 8.64.

(Z)-3-((E)-1-(butoxyimino)ethyl)-5-(2-chlorobenzylidene)-4-
hydroxy-pyrroline-2-one (6s). Yellow powder, mp 165.7–
166.9�C; yield, 88.7%; IR (KBr, cm�1) m 3285, 3200, 2958,
2872, 1685, 1652, 1624, 1441, 1369, 1246, 1049, 976; 1H-
NMR (CDCl3, 300 MHz) d: 0.96 (t, 3H, CH2CH3, J ¼ 7.2
Hz), 1.40–1.52 (m, 2H, CH2CH3), 1.67–1.77 (m, 2H,

OCH2CH2), 2.50 (s, 3H, CH3C¼¼N), 4.05 (t, 2H, OCH2, J ¼
7.5 Hz), 6.69 (s, 1H, CH¼¼), 7.21–7.50 (m, 4H, PhH), 7.57 (s,
1H, NH); MS m/z (%): 334(Mþ, 5), 299(25), 227(100),
210(88), 114(13), 89(17), 45(22); Anal. Calcd for

C17H19ClN2O3: C, 60.99; H, 5.72; N, 8.37. Found: C, 61.30;
H, 5.81; N, 8.42.

(Z)-3-((E)-1-(benzyloxyimino)ethyl)-5-(2-chlorobenzylidene)-4-
hydroxy-pyrroline-2-one (6t). Yellow crystal, mp 205.0–

205.5�C; yield, 91.3%; IR (KBr, cm�1) m 3331, 3236, 3029,
2930, 1698, 1620, 1565, 1442, 1369, 1095, 1041, 995; 1H-
NMR (CDCl3, 300 MHz) d: 2.42 (s, 3H, CH3C¼¼N), 5.08 (s,
2H, OCH2), 6.67 (s, 1H, CH¼¼), 7.21–7.50 (m, 9H, PhH), 7.56
(s, 1H, NH); MS m/z (%): 368(Mþ, 2), 308(14), 153(100),

127(65), 98(74), 63(25), 50(11); Anal. Calcd for
C20H17ClN2O3: C, 65.13; H, 4.65; N, 7.60. Found: C, 65.54;
H, 4.72; N, 7.52.

(Z)-5-(4-chlorobenzylidene)-4-hydroxy-3-((E)-1-(propoxyi-
mino)ethyl)-pyrroline-2-one (6u). Yellow powder, mp 222.2–

223.8�C; yield, 89.5%; IR (KBr, cm�1) m 3336, 3208, 3024,
2968, 1685, 1656, 1617, 1433, 1385, 1275, 1093, 1010, 968;
1H-NMR (CDCl3, 300 MHz) d: 1.00 (t, 3H, CH2CH3, J ¼ 7.8
Hz), 1.74–1.81 (m, 2H, CH2CH3), 2.56 (s, 3H, CH3C¼¼N),
4.00 (t, 2H, OCH2, J ¼ 6.6 Hz), 6.44 (s, 1H, CH¼¼), 7.32–

7.40 (m, 4H, PhH), 7.47 (s, 1H, NH); MS m/z (%): 320(Mþ,
4), 262(100), 206(19), 152(30), 116(15), 89(32), 58(23),
45(26); Anal. Calcd for C16H17ClN2O3: C, 59.91; H, 5.34; N,
8.73. Found: C, 60.14; H, 5.42; N, 8.66.

(Z)-5-(4-chlorobenzylidene)-4-hydroxy-3-((E)-1-(isopropox-
yimino)ethyl)-pyrroline-2-one (6v). Yellow powder, mp 231.3–
233.6�C; yield, 81.2%; IR (KBr, cm�1) m 3331, 3194, 3030,
2978, 1674, 1655, 1618, 1430, 1368, 1154, 1090, 985; 1H-NMR
(CDCl3, 300 MHz) d:1.34 (d, 6H, CH(CH3)2, J ¼ 6.3 Hz), 2.57

(s, 3H, CH3C¼¼N), 4.21–4.30 (m, 1H, OCH), 6.42 (s, 1H,
CH¼¼), 7.34–7.41 (m, 4H, PhH), 8.16 (s, 1H, NH); MS m/z (%):
320(Mþ, 10), 262(100), 206(48), 151(42), 129(32), 89(48),
58(63), 45(60); Anal. Calcd for C16H17ClN2O3: C, 59.91; H,
5.34; N, 8.73. Found: C, 59.47; H, 5.27; N, 8.61.

(Z)-3-((E)-1-(allyloxyimino)ethyl)-5-(4-chlorobenzylidene)-
4-hydroxy-pyrroline-2-one (6w). Yellow powder, mp 209.2–
209.9�C; yield, 80.2%; IR (KBr, cm�1) m 3327, 3205, 3028,
2919, 1694, 1655, 1619, 1430, 1365, 1266, 1092, 1010, 993;
1H-NMR (CDCl3, 300 MHz) d: 2.51 (s, 3H, CH3C¼¼N), 4.54

(d, 2H, OCH2, J ¼ 6.9 Hz), 5.41–5.47 (m, 2H, CH¼¼CH2),
5.95–6.08 (m, 1H, CH¼¼CH2), 6.41 (s, 1H, CH¼¼C), 7.34–7.41
(m, 4H, PhH), 8.05 (s, 1H, NH); MS m/z (%): 318(Mþ, 3),
262(100), 210(10), 152(25), 116(15), 83(32), 55(19), 45(31);

Anal. Calcd for C16H15ClN2O3: C, 60.29; H, 4.74; N, 8.79.
Found: C, 60.02; H, 4.70; N, 8.87.

(Z)-3-((E)-1-(butoxyimino)ethyl)-5-(4-chlorobenzylidene)-4-
hydroxy-pyrroline-2-one (6x). Yellow crystal, mp 203.3–
207.2�C; yield, 92.4%; IR (KBr, cm�1) m 3294, 3201, 3019,

2957, 1708, 1679, 1617, 1431, 1367, 1276, 1092, 1010, 974; 1H-
NMR (CDCl3, 300 MHz) d: 0.96 (t, 3H, CH2CH3, J ¼ 7.5 Hz),
1.40–1.52 (m, 2H, CH2CH3), 1.68–1.77 (m, 2H, OCH2CH2), 2.55
(s, 3H, CH3C¼¼N), 4.04 (t, 2H, OCH2, J ¼ 6.9 Hz), 6.44 (s, 1H,
CH¼¼), 7.33–7.40 (m, 4H, PhH), 7.70 (s, 1H, NH); MS m/z (%):

334(Mþ, 6), 262(100), 206(42), 152(45), 113(28), 84(59), 57(46),
45(88); Anal. Calcd for C17H19ClN2O3: C, 60.99; H, 5.72; N,
8.37. Found: C, 60.55; H, 5.79; N, 8.52.

Crystal structure determination. The single crystal of 6e

was selected and glued on the tip of a glass fiber. Both cell

dimensions and intensities were measured on a Bruker Smart
APEX CCD diffractometer with graphite monochromated Mo
Ka radiation (k ¼ 0.71073 Å) at 296(2) K. ymax ¼ 25.99;
6205 measured reflections; 3113 independent reflections (Rint

¼ 0.0385) of which 2421 had I > 2d (I). Data was corrected
for Lorentz and polarization effects and absorption (Tmin ¼
0.9781, Tmax ¼ 0.9831). Crystal structure was solved by direct
methods using the SHELXS-97 program [28]. All nonhydrogen
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atoms were refined anisotropically. The CAH hydrogen atoms
were positioned geometrically and refined using a riding
model. The hydrogen atoms linked to nitrogen and oxygen
were located from the difference Fourier map and were set as
isotropic. Full-matrix least squares refinement based on F2

using the weight of 1/[r2(Fo
2) þ (0.1206P)2 þ 0.0717P] gave

final values of R ¼ 0.0575, xR ¼ 0.1770, and GOF(F) ¼
1.044. The maximum and minimum difference peaks and holes
were 0.352 and –0.381 e Å�3, respectively.

The crystallographic data have been deposited with Cam-

bridge crystallographic data center, CCDC No. 734371. Copies
of this information can be obtained free of charge from the
Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK
(fax: þ44 1223 336 033; or E-mail: deposit@ccdc.cam.ac.uk).

Fungicidal assay. Inhibition effects of the title compounds

6a–x on phytopathogenic fungi (Fusarium gramineaum, Colleto-
trichum orbiculare, and Rhizoctonia cerealis) were tested using a
radial growth inhibition technique according to literature [29].
Each compound was diluted with 0.5 mL DMF and added to

potato sucrose agar medium (PSA), respectively to obtain a con-
centration of 100 lg/mL immediately before pouring into the pe-
tri dishes. Each concentration was tested in triplicate. Parallel
controls were maintained with 0.5 mL DMF mixed with PSA
medium. The discs of mycelial felt (0.5 cm diameter) of fungi

were transferred aseptically to the center of Petri dishes. The
treatments were incubated at 25�C in the dark. The diameter of
the mycelium was measured after the fungal growth in the con-
trol treatments had covered two-thirds of the Petri dishes. The
growth inhibition rates were calculated with the following equa-

tion: I ¼ [(C � T)/C] � 100%. Here, I was the growth inhibition
rate (%), C was the control settlement radius (mm), and T was
the treatment group fungi settlement radius (mm).
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A series of novel 11-amino-3,3-dimethyl-8-substituted-12-aryl-3,4,7,8,9,12-hexahydro-2H-benzo-
pyran[2,3-b]quinoline-1,10-dione derivatives 4 were synthesized by 2-amino-3-cyano-4-aryl-5,6,7,8-
tetrahydro-7,7-dimethyl-5-oxo-4H-benzopyran 2 with 5-substituted-1,3-cyclohexanedione using p-tolue-
nesulfonic acid, K2CO3, and Cu2Cl2 as catalysts. The compounds 2 as easily accessible precursors were
obtained from 5,5-dimethyl-1,3-cyclohexanedione by Michael addition with b-dicyanostyrenes 1, pre-
pared by Knoevenagel condensation of different aromatic aldehydes and malononitrile. The synthesis of
the title compounds 4 completed by one-pot reaction of 4-aryl-4H-benzopyran derivatives with 5-substi-
tuted-1,3-cyclohexanediones by refluxing in toluene using TsOH as catalyst. The structures of all com-

pounds were characterized by elemental analysis, IR, MS, and 1H NMR spectra.

J. Heterocyclic Chem., 47, 1335 (2010).

INTRODUCTION

Many of the multirings occurring products containing

simultaneously oxygen and nitrogen atoms on their car-

bon frameworks display various pharmacological activ-

ities [1]. Tacrine, a potent and reversible AChE inhibi-

tor, was the first drug approved in the United States for

the palliative treatment of Alzheimer’s disease [2]. Jose

[2] reported some new multipotent tetracyclic tacrine

analogs, which had the similar structure with the title

compounds and these tacrine analogs are modest AChE

inhibitors but proved to be very selective. And some of

them show a significant neuroprotective effect on neuro-

blastoma cells subjected to Ca2þ overload or free radical

induced toxicity. In addition, these compounds bind

AChE to the peripheral anionic site of AChE. And, con-

sequently, are potential agents that can prevent the

aggregation of b-amyloid.

Among which benzopyran[2,3-b]quinolinone not only

possesses the structure of benzopyran but also contains a

quinoline ring. Benzopyran, as the parent ring of many

natural products, are widely found in the nature. Their

derivatives have been approved to possess good biological

activity, and also exhibit antitumor activity. In addition,

benzopyran derivatives could serve as the moderator for

the potassium ion channel [3–5]. Quinoline belongs to the

class benzopyridines (a class with six-membered nitrog-

ened heterocyclic-fused polycyclic rings). The compounds

of quinoline with aromatic or heterocyclic compounds

have rigid planar with a conjugated structure. These com-

pounds exhibit strong fluorescence properties as well as a

variety of biological activities. They can be used by DNA

and other biological macromolecules to embed into the

body, and also can be served as the fluorescent probes

and synthetic drugs. They have been widely used in the

medical and molecular biology [6]. Nitrogen-containing

VC 2010 HeteroCorporation
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heterocyclic compounds have shown a strong trend of de-

velopment and broad application prospects in the fields of

sterilization, anti-malaria, and anti-malignant tumor [7].

To search for medicinal compounds, and enrich the

tetracyclic compounds, we first synthesized a series of

new six-membered tetracyclic compounds, benzopyran

[2,3-b]quinolinone derivatives with oxygen and nitrogen

atoms inlaying in the ring.

RESULTS AND DISCUSSION

11-Amino-12-aryl-2,3,4,7,8,9,10,12-octahydro-3,3-di-

methyl-1H-chromeno[2,3-b]quinoline-1-one derivatives

have been synthesized by 4-aryl-4H-chromenes and

cyclohexanone using AlCl3 as catalyst in 1,2-dicholon-

ethane [2]. Pyrano[2,3-b]pyridines were achieved by

the Friedlander reaction of 2-amino-3-cyano-4H-pyrans
with cyclopentanone/cyclohexanone using SnCl2�2H2O

under solvent-free condition [8]. Both methods have

been tried in our investigation, but they are found to

suffer from several drawbacks, such as low yield, no

reaction, more byproducts, and long reaction time. Com-

pared with these methods, our method has many advan-

tages, such as higher yield, shorter reaction time, less

side reaction and so on. In this study, b-dicyanostyrene
1 were prepared as building block from aromatic alde-

hyde, malononitrile in dry ethanol with KF�2H2O as

catalyst. And 4-aryl-4H-benzopyran derivatives 2 were

synthesized by b-dicyanostyrene and 5,5-dimethyl-1,3-

cyclohexanedione in ethylene glycol. The intermediate

enamines 3 were obtained by condensation reaction of

compounds 2 with 5-substituted-1,3-cyclohexanedione

using p-toluenesulfonic acid as catalyst in toluene. 11-

Amino-3,3-dimethyl-8-substituted-12-aryl-3,4,7,8,9,12-

tetrahydro-2H-benzopyran[2,3-b]quinoline-1,10-dione
derivatives 4 were synthesized by cyclization of the in-

termediate enamines 3 in the presence of K2CO3 and

Cu2Cl2 [9,10]. Meanwhile, these series of novel com-

pounds 4 could also be obtained via a one-step reaction

by 4-aryl-4H-benzopyran 2 with 5-substituted-1,3-cyclo-

hexanedione, using p-toluenesulfonic acid as catalyst in

toluene. The synthetic pathway was shown in Scheme 1.

Each of compounds 4a–c, 4f–g should be as a diaster-

eomeric mixture. It was speculated from the 1H NMR

spectrum that the yields of the major product was above

90%. The diastereomeric were difficult to be isolated by

silica gel flash chromatography, and therefore, the major

product was purified by multiple-step crystallizing. As

Scheme 1
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shown in the 1H NMR spectrum, it was a single peak

for the C12AH. The specific stereostructure of the main

product need to be further studied.

The data of 1H NMR, MS, and IR shown in the ex-

perimental section are in accordant with the chemical

structures of the target compounds. In the 1H NMR

spectrum of compound 3a, the broad single proton peaks

at d 6.38 was the characteristic absorption proton peak

of the amino group. The single peak at d 5.84 was the

typical proton peak of the vinyl group. In the 1H NMR

spectrum of compound 4a, two broad single peaks at d
5.07 and d 9.14 were observed. They disappeared after

D2O exchange, and therefore, were attributed to the two

NAH of the amino group. Because of the existing of

intramolecular hydrogen bond between one proton of

the amino group and the oxygen atom of the carbonyl

group nearby, its proton peak was drifted to d 9.14. The

structures of these compounds were further supported by

their IR spectra. Server typical absorption bands at 2204

cm�1 for 3a (CBN), 1655 cm�1 for 4a (CAO), and

3410 cm�1 for (NAH) were observed, respectively.

CONCLUSIONS

During our investigate, it is found that the toluene,

TSOH, and raw materials are drier, the corresponding

yields are more excellent and the side reactions are less;

and when the ratio of 4-aryl-4H-benzopyran derivatives

and 5-substituted-1,3-cyclohexanedione is 1:1.2, it can

give the corresponding products in best yields. It is also

found that the intermediate enamines 3 can be obtained

using 4-aryl-4H-benzopyran derivatives and 5-substi-

tuted-1,3-cyclohexanedione in water with catalytic

amount of HCl, and the corresponding yields are also

relatively high, however, the side reactions are more.

Therefore, using this method to synthesize our target

compounds need to be further investigated.

In summary, during the synthesis of benzopyran[2,3-

b]quinolinone derivatives, we used two methods and both

could obtain the target compounds. Compared with the two

methods, the method B extended the first step reaction

time based on the method A. But we achieved one-step

ring closure, reduced the kinds of catalysts and organic sol-

vents, and shortened the total reaction time. Both the

method and the benzopyran[2,3-b]quinolinone derivatives

have not been reported. The purpose to enrich the tetracy-

clic heterocyclic compounds was achieved. These com-

pounds contain atoms and groups that they can be modified

according to the need, which can conduct further reaction.

EXPERIMENTAL

Melting points were determined on an electrothermal apparatus
and the temperature was not calibrated. Microanalysis was per-
formed by the Perkin-Elmer 2400 Microanalytical Service. Infra-
red spectra were recorded as thin films on KBr using a Perking-

Elmer 1700 spectrophotometer. The NMR spectra were recorded
by a Bruker ARX-300 spectrometer. Sample solutions were pre-
pared in CDCl3 or DMSO containing TMS as an internal refer-
ence. Mass spectra were recorded by JMS-DX300 at 70 eV. All
chemical reagents were commercially available and purified with

standard methods before use. Solvents were dried in routine ways
and redistilled. 5-Substituted-1,3-cyclohexanedione were obtained
from aromatic aldehyde, acetone and diethyl malonate according
to the literature [1] method with slightly modification.

General method for the synthesis of b-dicyanostyrene(1). To
a solution of the corresponding aldehyde (1 equiv) in dry etha-
nol (1 mL/mmol), malonodinitrile (1 equiv), and a catalytic
amount of KF�2H2O [11] were added. The mixture was stirred
at 60�C for 2–4 h. Then, the reaction mixture was cooled to rt.

To this mixture was added 100 mL water and the precipitated
solid was isolated by filtration, washed with cold ethanol,
recrystallized from 95% ethanol.

General method for the synthesis of 2-Amino-3-cyano-4-aryl-

5,6,7,8-tetrahydro-7,7-dimethyl-5-oxo-4H-benzopyran(2). To a

solution of the corresponding b-dicyanostyrene (1 equiv) in eth-
ylene glycol (1 mL/mmol), 5,5-dimethyl-1,3-cyclohexanedione
(1 equiv) were added. The mixture was stirred at 80�C for 2–4
h. Then, the resultant mixture was cooled to rt. To this mixture
was added 100 mL water and the precipitated solid was isolated

by filtration, washed with water, recrystallized from methanol.
General method for the synthesis of 2-N-(5-substituted-3-

oxo-1-cyclohexenyl)-amino-3-cyano-4-aryl-7,7-dimethyl-5,6,7,8-

tetrahydro-5-oxo-4H-benzopyran (3a–3e). 2-Amino-3-cyano-4-
aryl-5,6,7,8-tetrahydro-7,7-dimethyl-5-oxo-4H-benzopyran (1

equiv) and 5-substituted-1,3-cyclohexanedione (1.2 equiv)
were suspended in toluene (1 mL/mmol) containing p-

Table 2

Synthesis of 11-amino-3,3-dimethyl-8-substituted-12-aryl-3,4,7,8,9,12-

hexahydro-2H-benzopyran[2,3-b]quinoline-1,10-dione (compounds 4).

Entry R1 R2 R Yield (%)

4a C6H5 H H 59.6

4b C6H5 H 4-OCH3 57.6

4c C6H5 H 3,4-(OCH3)2 40.8

4d CH3 CH3 4-OCH3 54.5

4e CH3 CH3 4-Cl 73.5

4f C6H5 H 4-Cl 65.5

4g C6H5 H 2-Cl 62.3

4h CH3 CH3 H 59.6

4i CH3 CH3 3,4-(OCH3)2 56.8

4j CH3 CH3 2-Cl 55.4

Table 1

Synthesis of 2-N-(5-Substituted-3-oxo-1-cyclohexanyl)-amino-3-cyano-

4-aryl-5,6,7,8-tetrahydro-5-oxo-benzopyran (compounds 3).

Entry R1 R2 R Yield (%)

3a C6H5 H H 60.2

3b C6H5 H 4-OCH3 45.3

3c C6H5 H 3,4-(OCH3)2 64.8

3d CH3 CH3 4-OCH3 48.5

3e CH3 CH3 4-Cl 50.6
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toluenesulfonic acid monohydrate (0.2 equiv). The mixture
was refluxed for 4 h and the water was collected in a Dean-
Stark water separator. At the end of the reaction, the reaction
mixture was chilled to rt and the compound was filtered off.
The yellow powder was recrystallized from ethyl acetate.

General method for the synthesis of 11-amino-3,3-dimethyl-

8-substituted-12-aryl-3,4,7,8,9,12-tetrahydro-2H-benzopyran

[2,3-b]quinoline-1,10-dione(4a–4j). Method A. 2-N-(5-Sub-
stituted-3-oxo-1-cyclohexenyl)-amino-3-cyano-4-aryl-5,6,7,8-tet-

rahydro-5-oxo-4H-benzopyran (1 equiv) was added to tetrahy-

drofuran (1 mL/mmol) containing potassium carbonate (0.5

equiv) and cuprous chloride (0.25 equiv). The reaction mixture

was refluxed for 6 h and the hot mixture was filtered into hex-

ane (2 mL/mmol). The precipitated was filtered off and

washed with ethanol. The yellow powder was purified by silica

gel flash chromatography using ethyl acetate/hexane mix-

ture(1:2) as eluent to give purecompounds. The compounds

4a–4e were synthesized by this method.
Method B. In this study, we discovered that these series of

novel compounds 4 could also be obtained via a one-step reac-

tion by 4-aryl-4H-benzopyran 2 with 5-substituted-1,3-cyclohexa-

nedione, using p-toluenesulfonic acid as catalyst in toluene

refluxed for 10 h. Then, the hot mixture was filtered into hexane

(2 mL/mmol). The precipitated was filtered off and washed with

ethanol. The yellow powder was purified by silica gel flash chro-

matography using ethyl acetate/hexane mixture (1:2) as eluent to

give pure compounds. The compounds 4f–j were synthesized by

this method. Data of compounds are shown below.

2-N-(5-phenyl-3-oxo-1-cyclohexenyl)-amino-3-cyano-4-pheny-7,
7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-benzopyran (3a). Yield:
60.2%, m.p. 214–216�C; 1H NMR (CDCl3, 300 MHz) d:
1.03(s, 3H, CH3), 1.15(s, 3H, CH3), 2.51–2.82(m, 6H, 8-, 40-,
and 60-H), 3.38–3.41(m, 1H, 50-H), 4.50(s, 1H, 4-H), 5.84(s,
1H, 20-H), 6.38(br s, 1H, NH), 7.21–7.40(m, 10H, Ph-H); IR

(KBr) t: 3464(NH), 1687(C¼¼O), 2204(CBN); MS (70 eV)

m/z (%): 465.0 (Mþ1, 100); Anal. calcd. for C30H28N2O3: C

77.56, H 6.08, N 6.03; found C 77.50, H 5.98, N 6.15.

2-N-(5-phenyl-3-oxo-1-cyclohexenyl)-amino-3-cyano-4-(4-
methoxy-phenyl)-7,7-dimethyl-5-oxo-5,6,7,8- tetrahydro-4H-
benzopyran (3b). Yield: 55.3%, m.p. 224–226�C; 1H NMR

(DMSO, 300 MHz) d: 1.03(s, 3H, CH3), 1.13(s, 3H, CH3),

2.07–2.22(m, 4H, 6-, and 8-H), 2.27–2.49(m, 4H, 40-, and 60-
H), 3.34–3.45(m, 1H, 50-H), 3.71(s, 3H, OCH3), 4.41(s, 1H, 4-

H), 4.85(s, 1H, 20-H), 5.84(br s, 1H, NH), 6.83–7.11(m, 8H,

Ph-H); IR (KBr) t: 3399(NH), 1719(C¼¼O), 2254(CBN); MS

(70 eV) m/z (%): 495.2 (M þ 1, 100).
2-N-(5-phenyl-3-oxo-1-cyclohexenyl)-amino-3-cyano-4-(3,4-

dimethoxy-phenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-
benzopyran (3c). Yield: 64.8%, m.p. 188–190�C; 1H NMR

(CDCl3, 300 MHz) d: 1.07(s, 3H, CH3), 1.15(s, 3H, CH3),

2.27–2.58(m, 2H, 8-H), 2.61–2.76(m, 6H, 6-, 40-, and 60-H),
3.42–3.45(m, 1H, 50-H), 3.84(s, 3H, OCH3), 3.86(s, 3H,

OCH3), 4.44(s, 1H, 4-H), 5.83(s, 1H, 20-H), 5.87(br s, 1H,

NH), 6.71–7.40(m, 8H, Ph-H); IR (KBr) t: 3442(NH),

1682(C¼¼O), 2205(CBN); MS (70eV) m/z (%): 525.3 (M þ 1,

100); Anal. calcd. for C32H32N2O5: C 73.26, H 6.15, N 5.34;

found C 73.39, H 6.22, N 5.20.

2-N-(5,5-dimethyl-3-oxo-1-cyclohexenyl)-amino-3-cyano-4-(4-
methoxy-phenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-benzo-
pyran (3d). Yield: 48.5%, m.p. 192–194�C; 1H NMR (CDCl3,
300 MHz) d: 1.04(s, 3H, CH3), 1.10(s, 6H, 2 � CH3), 1.26(s,

3H, CH3), 2.18–2.31(m, 6H, 8-, 40-, and 60-H), 2.54(s, 2H,
6-H), 3.78(s, 3H, OCH3), 4.45(s, 1H, 4-H), 5.79(s, 1H, 2

0-H),
6.45(br s, 1H, NH), 6.82–7.18(m, 5H, Ph-H); IR (KBr) t:
3460(NH), 1672(C¼¼O), 2210(CBN); MS (70 eV) m/z (%):
447.2 (M þ 1, 100); Anal. calcd. for C27H30N2O4: C 72.62, H

6.77, N 6.27; found C 72.50, H 6.69, N 6.35.
2-N-(5,5-dimethyl-3-oxo-1-cyclohexenyl)-amino-3-cyano-4-(4-

chlorine-phenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-benzo-
pyran (3e). Yield: 50.6%, m.p. 194–196�C; 1H NMR (CDCl3,

300 MHz) d: 1.04(s, 3H, CH3), 1.12(s, 6H, 2 � CH3), 1.14(s,

3H, CH3), 2.19–2.32(m, 6H, 8-, 40-, and 60-H), 2.56(s, 2H,

6-H), 4.48(s, 1H, 4-H), 5.82(s, 1H, 20-H), 6.21(br s, 1H, NH),
7.17–7.32(m, 5H, Ph-H); IR (KBr) t: 3385(NH), 1719(C¼¼O),

2238(CBN); MS (70 eV) m/z (%): 449.9 (Mþ, 100).
11-amino-3,3-dimethyl-8,12-diphenyl-3,4,7,8,9,12-tetrahydro-

2H-benzopyran[2,3-b]quinoline-1,10-dione (4a). Yield: 59.6%

.m.p. 244–246�C; 1H NMR (CDCl3, 300 MHz) d: 0.96(s, 3H,
CH3), 1.10(s, 3H, CH3), 2.17–2.30(m, 2H, 4-H), 2.57(s, 2H,

2-H), 2.75–2.92(m, 2H, 9-H), 3.09–3.29(s, 2H, 7-H), 3.39–

3.50(m, 1H, 8-H), 4.85 (s, 1H, 12-H), 5.07(br s, 1H,

NH),7.17–7.38(m, 10H, Ph-H), 9.14(br,s, 1H, N-H); IR (KBr)

t: 3410, 1655, 1167, 1125 cm�1; MS (70 eV) m/z (%): 465.2

(M þ 1, 100); Anal. calcd. for C30H28N2O3: C 77.56, H 6.08,

N 6.03; found C 77.44, H 6.15, N 5.96.

11-amino-3,3-dimethyl-8-phenyl-12-(4-methoxy-phenyl)-
3,4,7,8,9,12-tetrahydro-2H-benzopyran[2,3-b]quinoline-1,10-
dione (4b). Yield: 57.6 % , m.p. 210–212�C; 1H NMR

(CDCl3, 300 MHz) d: 0.98(s, 3H, CH3), 1.10(s, 3H, CH3),

2.17–2.30(m, 2H, 4-H), 2.56(s, 2H, 2-H), 2.75–2.93(m, 2H,

9-H), 3.09–3.31(m, 2H, 7-H), 3.39–3.51(m, 1H, 8-H), 3.75(s,

3H, OCH3), 4.81(s, 1H, 12-H), 5.10(br s, 1H, NH),6.79–

7.39(m, 9H, Ph-H), 9.16(br s, 1H, NH); IR (KBr) t: 3450,

1654, 1182, 1029 cm�1; MS (70 eV) m/z (%): 495.2 (M þ 1,

100); Anal. calcd. for C31H30N2O4: C 75.28, H 6.11, N 5.66;

found C 75.21, H 6.21, N 5.58.

11-amino-3,3-dimethyl-8-phenyl-12-(3,4-dimethoxy-phenyl)-
3,4,7,8,9,12-tetrahydro-2H-benzopyran[2,3-b]quinoline-1,10-
dione (4c). Yield: 40.8%, m.p. 216–218�C; 1H NMR (CDCl3,

300 MHz) d: 1.03(s, 3H, CH3), 1.11(s, 3H, CH3), 2.16–2.30(m,

2H, 4-H), 2.56(s, 2H, 2-H), 2.76–2.95(m, 2H, 9-H), 3.09–

3.30(m, 2H, 7-H), 3.37–3.51(m, 1H, 8-H), 3.75(s, 3H, OCH3),

3.80(s, 3H, OCH3),4.81(s, 1H, 12-H), 5.16(br s, 1H, NH), 6.89–

7.38(m, 8H, Ph-H), 9.26(br s, 1H, NH); IR (KBr) t: 3430, 1640,
1180, 1025cm�1;MS (70 eV) m/z (%): 525.3 (M þ 1, 100).

11-amino-3,3,8,8-tetramethyl-12-(4-methoxy-phenyl)-3,4,7,8,
9,12-tetrahydro-2H-benzopyran[2,3-b]quinoline-1,10-dione
(4d). Yield: 54.5%, m.p. 230–232�C; 1H NMR (CDCl3, 300

MHz) d: 1.00(s, 6H, 2 � CH3), 1.10(s, 6H, 2 � CH3), 2.14–

2.27(m, 4H, 4-H, 7-H), 2.46(s, 4H, 2-H, 9-H), 3.74(s, 3H,

OCH3), 4.70(s, 2H, 12-H), 5.15(br s, 1H, NH), 6.74–7.22(m,

4H, Ph-H), 9.13(br s, 1H, NH); IR (KBr) t: 3448, 1668, 1195,
1137 cm�1; MS (70 eV) m/z (%): 447.2 (M þ 1, 100).

11-amino-3,3,8,8-tetramethyl-12-(4-chlorine-phenyl)-3,4,7,
8,9,12-tetrahydro-2H-benzopyran[2,3-b]quinoline-1,10-dione
(4e). Yield: 73.5%, m.p. 236–238�C; 1H NMR (CDCl3, 300

MHz) d: 0.96(s, 3H, CH3), 1.08(s, 3H, CH3), 1.09(s, 3H,

CH3), 1.10(s, 3H, CH3), 2.16–2.29(m, 2H, 4-H), 2.45(s, 2H,

2-H), 2.56(s, 2H, 9-H), 2.83(s, 2H, 7-H), 4.82(s, 1H, 12-H),

5.09(br s, 1H, NH), 7.22–7.30(m, 4H, Ph-H), 9.10(br s, 1H,

NH); IR (KBr) t: 3484, 1654, 1184, 1126 cm�1; MS (70 eV)

m/z (%): 449.9 (Mþ, 100).
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11-amino-3,3-dimethyl-8-phenyl-12-(4-chlorine-phenyl)-3,4,7,
8,9,12-tetrahydro-2H-benzopyran[2,3-b]quinoline-1,10-dione
(4f). Yield: 65.5%, m.p. 230–232�C; 1H NMR (CDCl3, 300

MHz) d: 0.97(s, 3H, CH3), 1.11(s, 3H, CH3), 2.17–2.30(m,
2H, 4-H), 2.57(s, 2H, 2-H), 2.82–2.88(m, 2H, 9-H), 3.14–
3.24(m, 2H, 7-H), 3.44–3.47(m, 1H, 8-H), 4.84(s, 1H, 12-H),
5.10(br s, 1H, NH), 7.23–7.39(m, 9H, Ph-H), 9.17(br s, 1H,
NH); IR (KBr) t: 3484, 1656, 1216, 1168 cm�1; MS (70 eV)

m/z (%): 499.2(M þ 1, 100); Anal. calcd. for C30H27N2O3Cl:
C 72.21, H 5.45, N 5.61; found C 72.13, H 5.36, N 5.70.

11-amino-3,3-dimethyl-8-phenyl-12-(2-chlorine-phenyl)-3,4,7,
8,9,12-tetrahydro-2H-benzopyran[2,3-b]quinoline-1,10-dione
(4g). Yield: 62.3%, m.p. 184–186�C; 1H NMR (CDCl3,

300MHz) d: 1.01(s, 3H, CH3), 1.13(s, 3H, CH3), 2.17–2.32(m,
2H, 4-H), 2.63(s, 2H, 2-H), 2.82–2.88(m, 2H, 9-H), 3.08–
3.25(m, 1H, 8-H), 3.37–3.50(m, 2H, 7-H), 5.26(s, 1H, 12-H),
5.73(br s, 1H, NH), 7.15–7.36(m, 9H, Ph-H), 9.39(br s, 1H,
NH); IR (KBr) t:3476, 1655, 1169,1138 cm�1; MS (70eV)

m/z (%): 499.2(M þ 1, 100).
11-amino-3,3,8,8-tetramethyl-12-phenyl-3,4,7,8,9,12-tetrahydro-

2H-benzopyran[2,3-b]quinoline-1,10-dione (4h). Yield: 59.6%,
m.p. 246–248�C; 1H NMR (CDCl3, 300 MHz) d: 0.98(s, 6H, 2
� CH3), 1.10(s, 6H, 2 � CH3), 2.22–2.24(m, 2H, 4-H), 2.44(s,
2H, 2-H), 2.59(s, 2H, 9-H), 2.86(s, 2H, 7-H), 4.83(s, 1H, 12-
H), 5.09(br s, 1H, NH),7.17–7.36(m, 5H, Ph-H), 9.10(br s, 1H,
NH); IR (KBr) t: 3422, 1660, 1195,1152 cm�1; MS (70 eV)
m/z (%): 417.1 (M þ 1, 100); Anal. calcd. for C26H28N2O3: C

74.97, H 6.78, N 6.73; found C 74.93, H 6.72, N 6.82.
11-amino-3,3,8,8-tetramethyl-12-(3,4-dimethoxy-phenyl)-3,4,7,

8,9,12-tetrahydro-2H-benzopyran[2,3-b]quinoline-1,10-dione
(4i). Yield: 56.8%, m.p. 266-268�C; 1H NMR (CDCl3, 300
MHz) d: 1.01(s, 6H, 2 � CH3), 1.11(s, 6H, 2 � CH3), 2.15–

2.28(m, 4H, 4-H, 7-H), 2.46(s, 4H, 2-H, 9-H), 3.80(s, 3H,
OCH3), 3.86(s, 3H, OCH3) 4.71(s, 2H, 12-H), 5.18(br s, 1H,
NH), 6.74–6.91(m, 3H, Ph-H), 9.12(br s, 1H, NH); IR (KBr)

t: 3415, 1649, 1186,1125 cm�1; MS (70 eV) m/z (%):477.2
(M þ 1, 100).

11-amino-3,3,8,8-tetramethyl-12-(2-chlorine-phenyl)-3,4,7,
8,9,12-tetrahydro-2H-benzopyran[2,3-b]quinoline-1,10-dione
(4j). Yield: 55.4%, m.p.174–176�C; 1H NMR (CDCl3, 300

MHz) d: 1.12(s, 6H, 2 � CH3), 1.15(s, 6H, 2�CH3), 2.35(s,
2H, 2-H), 2.54–2.61(m, 2H, 4-H), 2.87(s, 2H, 9-H), 2.93–
2.99(m, 2H, 7-H), 4.75(s, 1H, 12-H), 5.18(br s, 1H, NH),
6.89–7.19(m, 4H, Ph-H), 9.10(br s, 1H, NH); IR (KBr) t:
3484, 1654, 1184, 1126cm�1; MS (70 eV) m/z (%): 449.9

(Mþ, 100).
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Thiophene-2,5-dicarboxylic acid, benzene-1,3-dicarboxylic acid, or furan-2,5-di-carboxylic acid,

respectively, reacted with various b-amino alcohols in toluene under reflux within 24 h, to form nine
bis(oxazoline)s (1–3) in good yields through water deprivation via a one-pot reaction. The synthetic
method is facile and efficient and deserves great application potentials in the research and development
in the area of bis(oxazoline)s.

J. Heterocyclic Chem., 47, 1340 (2010).

INTRODUCTION

Since Butula et al. prepared the first optically active

bis(oxazoline) in 1976, the design and development of

effective chiral bis(oxazoline) ligands have played a sig-

nificant role in advancement of asymmetric catalysis

and have attracted a great deal of attention because they

hold special structural characters and provide high enan-

tioselectivities in a variety of asymmetric catalytic

reactions [1–6]. Chiral bis(oxazoline) ligands have wide-

spread uses in asymmetric hydrosilylation [7], cyclopro-

pantion reaction [8], Friedel-Crafts reaction [9], Diels-

Alder reaction [10], Aldol addition [11], Michael reac-

tion [12], Henry reaction [13], allylic oxidation [14],

1,3-dipolar cycloaddition [15], and so on.

Chiral bis(oxazoline)s have various structures, which

determine the diversity of their synthetic methods. At

present, two general synthetic routes are summarized

from various synthesis [2,3,16]: (a) Reaction of dintriles

with chiral amino alcohol or diols afford the target com-

pound via a one or multiple-step reaction in the pres-

ence of Lewis acid or base. (b) Dicarboxylic acids or

their derivatives (diacyl halide, diacylamide or diesters)

react with chiral amino alcohol, via the corresponding

bis(b-hydroxylamide)s as the successive intermediates,

that cyclize to produce the target compounds. The latter

method requires activating agents, with thionyl chloride,

also cyclizing agent being the most commonly used,

which results in more side reactions and low yields.

Therefore, a simpler and more efficient synthesis

approach should be explored to meet the needs of

bis(oxazoline) ligands.

In this article, we report the results of the reaction of

dicarboxylic acids with b-amino alcohols under reflux

through water deprivation to obtain chrial bis(oxazo-

line)s 1a–1e, 2a–2c, and a novel achiral bisoxazoline 3

(Fig. 1 and Scheme 1–3) via a one-pot reaction. This

method afforded high yields with simple workup

procedure.

RESULTS AND DISCUSSION

Gao et al. reported that chiral bis(oxazoline)s 1a–1e

were synthesized from thiophene-2,5-dicarboxylic acid

by sequential amidation with a chiral ethanolamine, con-

version of hydroxyl to chloro group, and base-promoted

oxazoline ring formation [17,18]. Kanazawa et al.
described the synthetic procedure of chiral 1,3-bis[40-
substitutedoxazolin-20-yl]benzene including bis(oxazo-

line)s 2a–2c, which isophthaloyl dichloride reacted with

chiral b-amino alcohols at 0�C to form the correspond-

ing diamide-dialcohols as the successive intermediates

and then cyclized to obtain the target compounds in the

presence of methanesulfonyl chloride at 0�C [19]. As

described above, the syntheses of chiral bis(oxazoline)s

involve multistep reactions, which result in more side

reactions and low yields.

To address above issues, we successfully developed a

new, facile, and efficient method for the synthesis of
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bis(oxazoline)s starting from dicarboxylic acids. With

this convenient method, bis(oxazoline)s 1 or 2 were read-

ily synthesized in high yields from thiophene-2,5-dicar-

boxylic acid (TDA) or benzene-1,3-dicarboxylic acid

(BDA) and b-amino alcohols (Scheme 1 and 2). Briefly, a

mixture of dicarboxylic acid and b-amino alcohol was

refluxed in toluene through water deprivation for 24 h.

After cooling to ambient temperature, the solvent was

removed under reduced pressure, and the residue was

purified by silica gel column chromatography to give the

desired product in high yield. The conditions and results

of reaction of carboxylic acids with b-amino alcohols

have been listed in Table 1 (entries 1–8).

Instead of thiophene-2,5-dicarboxylic acid (TDA) or

benzene-1,3-dicarboxylic acid (BDA), furan-2,5-dicarbox-

ylic acid (FDA) reacted with 2-aminoethanol to afford a

new achiral bis(oxazoline) 3 in high yield under the same

reaction condition (Scheme 3 and Table 1, entry 9).

In conclusion, a facile one-pot synthetic method of

bis(oxazoline)s (1–3) was described, which is simple

and efficient, deserving great application potentials in

the research and development in the area of

bis(oxazoline)s.

EXPERIMENTAL

General. Melting points were determined by the capillary
method and are uncorrected. 1H-NMR spectra were measured

on a Varian UNITY INOVI-500 NMR spectrometer, a Bruker

Avance DPX300 NMR spectrometer or a Bruker DRX-400
NMR spectrometer, using TMS as internal standard. Mass
spectra were taken on a MDS Sciex API 2000 LC/GC/MS
instrument. Elemental analyses were carried out on a Perkin-
Elmer 240C elemental analyzer. Optical rotation values were

measured on a POLARTRONIC HNQW 5 polarimeter.
All solvents used for the synthesis were of analytical grade

and were dried and freshly distilled under a nitrogen atmos-
phere prior to use. Chiral b-amino alcohols, furan-2,5-dicar-

boxylic acid, and benzene-1,3-dicarboxylic acid were pur-
chased from Fluka Chemical Co. Thiophene-2,5-dicarboxylic
acid was synthesized in our own laboratory. Other reagents
were all of analytical grade.

General procedure for the synthesis of 2,5-bis[40(S)-substi-
tuted-oxazolin-20-yl]thiophene (1a–1e). Thio-phene-2,5-dicar-
boxylic acid (100.0 mg, 0.58 mmol), chiral b-amino alcohol
(1.16 mmol), and toluene (20 mL) were added to a three-neck
flask with a water segregator, a reflux condenser, and a mag-
netic stirring bar. The mixture was refluxed and dehydrated

for 24 h. After cooling to room temperature, the solvent
was removed under reduced pressure, and the residue was
purified by silica gel column chromatography with dichloro-
methane and ethanol (50:1) as eluent to give the pure title
compound.

(�)-2,5-Bis[40(S)-ethyloxazolin-20-yl]thiophene(1a). This com-
pound was obtained as colorless solid; yield 96%; mp 90–
91�C ([18] 89–90�C); [a]20D ¼ �95.3 (c 1.0, CH2Cl2);

1H-
NMR (300 MHz, CDCl3): d 0.99 (t, J ¼ 7.4Hz, 6H, CH3),
1.58–1.65 (m, 2H, CH2), 1.67–1.74 (m, 2H, CH2), 4.06 (dd,

J ¼ 7.4, 10.2 Hz, 2H, OCH2), 4.19–4.28 (m, 2H, NCH), 4.50
(dd, J ¼ 8.4, 10.2 Hz, 2H, OCH2), 7.56 (s, 2H, thiophene-H).

Figure 1. Chemical structures of bis(oxazoline)s.

Scheme 1 Scheme 2

November 2010 1341A Facile and Efficient Synthesis of Bis(oxazoline)s

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



ESI-MS: m/z (MH+) 279. Anal. Calcd. for C14H18N2O2S: C,
60.41; H, 6.52; N, 10.06. Found: C, 60.23; H, 6.54; N, 10.02.

(�)-2,5-Bis[40(S)-isopropyloxazolin-20-yl]thiophene(1b). This
compound was obtained as colorless solid; yield 91; mp 66–
67�C ([18] 66–68�C); [a]20D ¼ �29.7 (c 0.5, CH3COCH3);

1H-

NMR (500 MHz, CDCl3): d 0.91 (d, J ¼ 7.0 Hz, 6H, CH3),
1.15 (d, J ¼ 7.0 Hz, 6H, CH3), 1.84–1.91 (m, 2H, CH), 4.08–
4.15 (m, 4H, OCH2), 4.39 (dd, J ¼ 8.0, 9.0 Hz, 2H, NCH),
7.57 (s, 2H, thiophene-H). ESI-MS: m/z (MH+) 307. Anal.
Calcd. for C16H22N2O2S: C, 62.71; H, 7.24; N, 9.14. Found:

C, 62.55; H, 7.26; N, 9.11.
(+)-2,5-Bis[40(S)-tert-butyloxazolin-20-yl]thiophene(1c). This

compound was obtained as colorless solid; yield 89%; mp
119–120�C ([17] 120–121�C); [a]20D ¼ +5.9 (c 0.6,
CH3COCH3);

1 H-NMR (500 MHz, CDCl3): d 0.98 (s, 18H,

CH3), 4.02 (dd, J ¼ 7.5, 10.0 Hz, 2H, OCH2), 4.24 (dd, J ¼
8.0, 8.5 Hz, 2H, NCH), 4.35 (dd, J ¼ 8.5, 10.0 Hz, 2H,
OCH2), 7.53 (s, 2H, thiophene-H). ESI-MS: m/z (MH+) 335.
Anal. Calcd. for C18H24N2O2S: C, 64.64; H, 7.84; N, 8.38.

Found: C, 64.41; H, 7.86; N, 8.35.
(+)-2,5-Bis[40(S)-phenyloxazolin-20-yl]thiophene(1d). This

compound was obtained as colorless solid; yield 93%; mp
127–128�C; [a]20D ¼ +59.5 (c 0.4, CH2Cl2);

1 H-NMR (500
MHz, CDCl3): d 4.32 (dd, J ¼ 8.0, 16.0 Hz, 2H, NCH), 4.78

(dd, J ¼ 8.5, 10.0 Hz, 2H, OCH2), 5.39 (dd, J ¼ 8.0, 10.0 Hz,
2H, OCH2), 7.27–7.36 (m, 10H, Ph-H), 7.68 (s, 2H, thiophene-
H). ESI-MS: m/z (MH+) 375. Anal. Calcd. for C22H18N2O2S:
C, 70.57; H, 4.85; N, 7.48. Found: C, 70.46; H, 4.84; N, 7.46.

(+)-2,5-Bis[40(S)-benzyloxazolin-20-yl]thiophene(1e). This
compound was obtained as colorless solid; yield 93%; mp
108–110�C ([18] 107–109�C); [a]20D ¼ +91.5 (c 0.3,
CH3COCH3);

1 H-NMR (500 MHz, CDCl3): d 2.74 (dd, J ¼
8.5, 13.5 Hz, 2H, CH2-Ph), 3.21 (dd, J ¼ 5.0, 13.5 Hz, 2H,
CH2-Ph), 4.14 (dd, J ¼ 7.0, 9.0 Hz, 2H, OCH2), 4.37 (dd, J ¼
8.5, 9.0 Hz, 2H, OCH2), 4.58–4.61 (m, 2H, NCH), 7.22–7.31
(m, 10H, Ph-H), 7.52 (s, 2H, thiophene-H). ESI-MS: m/z
(MH+) 403. Anal. Calcd. for C24H22N2O2S: C, 71.62; H, 5.51;
N, 6.96. Found: C, 71.34; H, 5.53; N, 6.94.

General procedure for the synthesis of 1,3-bis[40(S)-sub-
stitutedoxazolin-20-yl]benzene (2a–2c). Benzene-1,3-dicar-
boxylic acid (100.0 mg, 0.60 mmol), chiral b-amino alcohol

(1.20 mmol), and toluene (20 mL) were added to a three-neck
flask with a water segregator, a reflux condenser, and a mag-
netic stirring bar. The mixture was refluxed and dehydrated for
24 h. After cooling to room temperature, the solvent was
removed under reduced pressure and the residue was purified

by silica gel column chromatography with dichloromethane
and ethanol (50:1) as eluent to give the pure title compound.

(�)-1,3-Bis[40(S)-isopropyloxazolin-20-yl]benzene(2a). This
compound was obtained as colorless solid; yield 93%; mp 58–
60�C; [a]20D ¼ �141.5 (c 0.3, CHCl3);

1 H-NMR (500 MHz,

CDCl3): d 0.94 (d, J ¼ 7.0 Hz, 6H, CH3), 1.06 (d, J ¼ 7.0
Hz, 6H, CH3), 1.87–1.94 (m, 2H, CH), 4.11–4.19 (m, 4H,
OCH2), 4.38–4.45 (m, 2H, NCH), 7.45–8.51 (m, 4H, benzene-
H). ESI-MS: m/z (MH+) 301. Anal. Calcd. for C18H24N2O2: C,
71.97; H, 8.05; N, 9.33. Found: C, 71.75; H, 8.08; N, 9.31.

(�)-1,3-Bis[40(S)-phenyloxazolin-20-yl]benzene(2b). This com-
pound was obtained as colorless solid; yield 94%; mp 122–
124�C ([19] 120–124�C); [a]20D ¼ �73.1 (c 0.3, CH2Cl2);

1 H-
NMR (500 MHz, CDCl3): d 4.42 (dd, J ¼ 8.0, 8.5 Hz, 2H,

OCH2), 4.92 (dd, J ¼ 8.0, 10.0 Hz, 2H, OCH2), 5.48 (dd, J ¼
7.0, 10.0 Hz, NCH), 7.27–7.41 (m, 10H, Ph-H), 7.57 (t, J ¼
7.5 Hz, 1H, benzene-H), 8.39 (dd, J ¼ 1.5, 7.5 Hz, 2H, ben-
zene-H), 8.76 (t, J ¼ 1.5 Hz, 1H, benzene-H). ESI-MS: m/z
(MH+) 369. Anal. Calcd. for C24H20N2O2: C, 78.24; H, 5.47;

N, 7.60. Found: C, 78.01; H, 5.49; N, 7.58.
(�)-1,3-Bis[40(S)-benzyloxazolin-20-yl]benzene(2c). This com-

pound was obtained as colorless solid; yield 94%; mp 105–
107�C ([19] 106–107�C); [a]20D ¼ �4.1 (c 0.5, CHCl3);

1 H-
NMR (300 MHz, CDCl3): d 2.73–3.28 (m, 4H, CH2Ph), 4.17

(dd, J ¼ 7.5, 8.5Hz, 2H, OCH2), 4.37–4.41 (m, 2H, OCH2),
4.58–4.63 (m, 2H, NCH), 7.10–7.36 (m, 10H, Ph-H), 7.50–
8.49 (m, 4H, benzene-H). ESI-MS: m/z (MH+) 397. Anal.
Calcd. for C26H24N2O2: C, 78.76; H, 6.10; N, 7.07. Found: C,
78.52; H, 6.12; N, 7.05.

Synthesis of 2,5-bis(oxazolin-20-yl) furan (3). Furan-2,5-
dicarboxylic acid (100.0 mg, 0.64 mmol), 2-aminoethanol
(78.3 mg, 1.28 mmol), and toluene (20 mL) were added to a
three-neck flask with a water segregator, a reflux condenser,
and a magnetic stirring bar. The mixture was refluxed and

dehydrated for 24 h. After cooling to room temperature, the
solvent was removed under reduced pressure, and the residue
was purified by silica gel column chromatography with

Scheme 3

Table 1

The conditions and results of dicarboxylic acid reacted with b-amino alcohol in toluene through water deprivation.a

Entry Dicarboxylic acid b-Amino alcohol Bis(oxazoline) Yield (%)

1 TDA (S)-2-aminobutan-1-ol 1a 96

2 TDA L-leucinol 1b 91

3 TDA L-tert-leucinol 1c 89

4 TDA L-phenylglycinol 1d 93

5 TDA L-phenylalaninol 1e 93

6 BDA L-leucinol 2a 93

7 BDA L-phenylglycinol 2b 94

8 BDA L-phenylalaninol 2c 94

9 FDA 2-aminoethanol 3 88

aDicarboxylic acid/b-amino alcohol ¼ 1/2 (mole ratio). Reaction time: 24 h.

1342 Vol 47W. J. Li and S. X. Qiu

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



dichloromethane and ethanol (50:1) as eluent to give the pure
title compound as colorless liquid; yield 88%; 1 H-NMR (400
MHz, DMSO-d6): d 2.94 (t, J ¼ 5.2 Hz, 4H, NCH2), 3.62 (t, J
¼ 5.2 Hz, 4H, OCH2), 6.73 (s, 2H, furan-H). 13 C-NMR (400
MHz, DMSO-d6): 41.5, 57.9, 113.5, 151.1, 163.3. ESI-MS: m/
z (MK+) 245. Anal. Calcd. for C10H10N2O3: C, 58.25; H, 4.89;
N, 13.59. Found: C, 58.14; H, 4.91; N, 13.57.
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The synthesis of a number of indolylacetamides and indolylacetohydrazides in very good yields from
the reaction of pyranoindolones with aliphatic amines and N,N-dimethylhydrazine, respectively, is
described. The reactivity difference with aromatic amines but also with methylhydrazine and aromatic

hydrazines is discussed.
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INTRODUCTION

From the reaction between 1-methylpyranoindolone

and aromatic amines in boiling bromobenzene, only

Schiff bases 1 were isolated [1], whereas from the same

reaction in boiling isopropanol, 2-acetyl-indoloacetic

acid amides 2 were formed [2] (Fig. 1).

Concerning the reaction of pyranoindolones with ali-

phatic amines as nucleophiles only some scattered

reports were found in the literature. Thus, by refluxing

1-methylpyranoindolone with ethanolic ammonia (2-ace-

tyl-3-indolyl)acetamide was formed [3], whereas with

methanolic dimethyl amine, the corresponding N,N-
dimethylacetamide was isolated in 44% [4]. Recently,

the synthesis of the N-benzyl-(2-acetyl-3-indolyl)aceta-
mide was reported from the reaction of 1-methylpyra-

noindolone with benzylamine in boiling DMF, which

was eventually cyclized to a b-carbolinone by reflux

with triethylamine in acetic acid [5].

In addition, recently, we studied the reaction of pyra-

noindolones with bisnucleophiles, such as methylhydra-

zine, whereupon 1,2-diazepinoindoles were isolated [6],

and also the reaction with aromatic hydrazines, such as

phenyl- and benzoylhydrazine, leading to the synthesis

of b-carbolinones [7].

RESULTS AND DISCUSSION

In the light of the above results and in continuation of

our research into the synthesis of compounds containing

the indole ring [6,7], we embarked in a more detailed

study of the reactions between pyranoindolones and ali-

phatic amines and also N,N-dimethylhydrazine.

Since the reaction of pyranoindolone 3a with dime-

thylamine in protic solvents (boiling methanol) has

been, as mentioned above, reported to give the N,N-di-
methyl-2-acetyl-1H-indole-3-acetamide (5a) in 44%

yield and since such reactions show a strong solvent

effect, initially the pyranoindolones 3a–3f were allowed

to react with two molar equivalents of dimethylamine in

refluxing bromobenzene for 20 min, whereupon the

indole-3-acetamides 5a–5f were isolated in much better

yields (Table 1, Scheme 1).

The reaction proceeded smoothly also at lower tem-

peratures (refluxing toluene or benzene for 4–6 h) and

even at room temperature, though a longer reaction time

(12 h) was necessary for the completion of the reaction

(Table 1). Next, the reaction was repeated with another

secondary amine morpholine, but also with the primary

amine benzylamine at room temperature for 12 h, and in

all cases, the corresponding indole-3-acetamides 6 and 7

were isolated as the only reaction products in very good

yields (Table 1). Indolylacetohydrazides 8 were isolated,

when N,N-dimethylhydrazine was used as nucleophile.

Compounds 7 and 8 were isolated as a mixture of two

rotamers, as was confirmed from their NMR spectra

ranging from 10:1 (major to minor) in compound 7a to

2:1 in compound 8d (see Experimental). The molar ratio

of the rotamers depends on their relative stability, which

is based on the volume and the electronic properties of

VC 2010 HeteroCorporation
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the substituents. The formation of the two rotamers is

expected due to the high proportion of double bond

character of the CAN amide bond resulting thus to hin-

dered free rotation at low and ambient temperatures. As

a result, in the case of different N-substituents, the

NMR spectra of the two rotamers (in products 7 and 8)

are practically different. In the case of two identical N-
substituents (products 5 and 6), these substituents are in

different magnetic environment and experience different

chemical shifts.

Concerning the reaction mechanism for the formation

of products 5–8 attack of the amines to the carbonyl car-

bon, being the strongest electrophilic center (Scheme 2)

is observed in all cases. This result is not in agreement

with the results previously obtained with aromatic

amines, and also with the bisnucleophiles methylhydra-

zine, phenyl-, and benzoylhydrazine, where under the

same reaction conditions, initial attack to the less elec-

trophilic center, namely C-1 was always observed

[1,6,7]. The different behavior can be explained by the

enhanced nucleophilicity of the aliphatic amines thus

attacking the strongest electrophilic center. All isolated

products 5–8 are new, with exception of 5a and 7a.

The assigned molecular structures of all compounds

5–8 are based on rigorous spectroscopic analysis includ-

ing IR, NMR (1H, 13C, COSY, NOESY, HETCOR, and

COLOC), MS, and elemental analysis data.

Figure 1. Products from the reaction of pyranoindolones with aromatic

amines.

Table 1

Reaction conditions and products.

Entry Amine Solvent

Temp

(�C) Time Product

Yield

(%)

3a 4a PhBr 156 20 min 5a 69

3b 4a PhBr 156 20 min 5b 72

3c 4a PhBr 156 20 min 5c 65

3d 4a PhBr 156 20 min 5d 71

3e 4a PhBr 156 20 min 5e 69

3f 4a PhBr 156 20 min 5f 66

3e 4a PhMe 111 4 h 5e 60

3e 4a C6H6 80 6 h 5e 78

3e 4a C6H6 25 12 h 5e 65

3a 4b C6H6 25 12 h 6a 71

3d 4b C6H6 25 12 h 6d 68

3e 4b C6H6 25 12 h 6e 82

3a 4c C6H6 25 12 h 7a 61

3d 4c C6H6 25 12 h 7d 65

3e 4c C6H6 25 12 h 7e 97

3b 4d C6H6 25 12 h 8b 53

3d 4d C6H6 25 12 h 8d 51

3e 4d C6H6 25 12 h 8e 47

Scheme 1
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Regarding the structure of the isolated indole-3-acet-

amides 5–8, the assignment of 5e is described. The ele-

mental analysis and mass spectra unequivocally estab-

lished the reaction of one molecule of pyranoindolone 3e

with one molecule of dimethylamine with the loss of a

water molecule, a fact that was also confirmed from the
13C NMR spectrum, where 16 different signals were

observed. Moreover, in the IR spectra, a carbonyl at 1657

cm�1 was identified. In the 1H NMR, the presence of the

four indole aromatic protons resonating as a double dou-

blet of doublets at d 7.60 (J ¼ 8.0 Hz, J ¼ 1.0 Hz, and J
¼ 0.5 Hz), a double doublet of doublets at d 7.12 (J ¼
8.0 Hz, J ¼ 7.1 Hz, and J ¼ 1.1 Hz) [8], a multiplet at d
7.33–7.34 for two protons with their carbons resonating

at 120.4, 120.3, 125.3, and 110.2 ppm, respectively, was

identified. The 3-position methylene protons appear as a

singlet at d 4.09, whereas in addition to the ethyl group,

three N-methyl groups appeared at d 3.00, 3.16, and 3.93

with their carbons resonating at 35.8, 37.4, and 32.6

ppm, respectively. Moreover, in addition to the character-

istic COLOC correlations for the indole aromatic ring

protons, the indole N-methyl group protons gave COLOC

correlations with the quaternary carbons at 135.0 (C-2)

and at 138.5 ppm (C-7a), whereas the 3-methylene pro-

tons correlated with the quaternary carbons at 135.0 (C-

2) and at 126.9 (C-3a), 114.9 (C-3), and with the amide

carbonyl carbon at 170.0 ppm, as depicted in Figure 2. In

8e, the amide carbonyl carbon correlates as expected

with the amide proton instead of the N-methyl protons.

In conclusion, a direct method for the systematic syn-

thesis of a number of indolylacetamides and indolylace-

tohydrazides has been described. Moreover, the reaction

of pyranoindolones with aliphatic amines and N,N-dime-

thylhydrazine does not show a solvent effect and pro-

ceeds with initial attack to the strongest electrophilic

center, a result which is not in agreement with the

results previously obtained with aromatic amines, and

also with the bisnucleophiles methylhydrazine, phenyl-,

and benzoylhydrazine, where initial attack to the less

electrophilic center was always observed.

EXPERIMENTAL

Melting points were measured on a Büchi apparatus and are
uncorrected. Column chromatography was carried out using

Fluka silica gel 60. TLC was performed using precoated silica
gel glass plates 0.25 mm containing fluorescent indicator
UV254 purchased from Macherey–Nagel using a 3:1 mixture of
petroleum ether–ethyl acetate. Petroleum ether refers to the
fraction boiling between 60 and 80�C. NMR spectra were

recorded at room temperature on a Bruker AM 300 spectrome-
ter at 300 MHz for 1H and 75 MHz for 13C, respectively,
using CDCl3 as solvent. In the case of insoluble substances, 5–
20% of DMSO-d6 was added, whereas in one case, only
DMSO-d6 was used, as indicated. Chemical shifts are

expressed in d values (ppm) relative to TMS as internal stand-
ard for 1H and relative to TMS (0.00 ppm) or to CDCl3 (77.05
ppm) for 13C NMR spectra; in the case of DMSO-d6 solutions,
the signal of the solvent at 39.7 ppm was used for calibration.
Coupling constants nJ are reported in Hz. Second order 1H

NMR spectra were analyzed by simulation [8]. IR spectra
were recorded on a Perkin–Elmer 1600 series FTIR spectrome-
ter and are reported in wave numbers (cm�1). Low-resolution
electron impact mass spectra were recorded on a 6890N GC/

MS system (Agilent Technology); in some cases, LC-MS (ESI,
1.65 eV) spectra were recorded on LCMS-2010 EV system
(Shimadzu). Elemental analyses performed with a Perkin–
Elmer 2400-II CHN analyzer. Structural assignments of the
derived compounds were established by analysis of their IR,

MS, and NMR spectra (1H, 13C, DEPT, COSY, NOESY, HET-
COR, and COLOC).

General procedure for the reaction of pyrano[3,4-

b]indol-3(9H)-ones (3a–3f) with amines 4. To a stirred and
refluxing solution of pyranoindolone 3 (1.0 mmol) in bromo-

benzene (15 mL), amine 4a (1.5 mmol) was added and reflux-
ing and stirring was continued for 20 min. The solvent was
distilled off under reduced pressure and the resulting residue
was subjected to column chromatography on silica gel using
petroleum ether–EtOAc (5:1) as eluent, slowly increasing the

polarity up to 3:1 to give 2-(2-acyl-1H-indol-3-yl)-N,N-dime-
thylacetamide 5.

The reaction conditions given in Table 1 are followed for
the preparation of compounds 6–8.

From indolopyranones 3 and amine 4a.
2-(2-Acetyl-1H-indol-3-yl)-N,N-dimethylacetamide (5a). 0.168

g, 69% Yield, yellow solid, mp 78–80�C (ethanol); IR (nujol)
mmax: 3178, 1663, 1633 cm�1; 1H NMR (CDCl3): d ¼ 1.74 (s,
3H, 2-CH3), 3.07 (s, 3H, 3-NCH3), 3.21 (s, 3H, 3-NCH3), 4.07

(s, 2H, 3-CH2), 7.01 (ddd, J ¼ 8.0, 7.2, 1.2 Hz, 1H, 5-H), 7.06
(dd, J ¼ 7.8, 1.2 Hz, 1H, 7-H), 7.16 (dd, J ¼ 7.8, 7.2 Hz, 1H,
6-H), 7.49 (d, J ¼ 8.0 Hz, 1H, 4-H), 9.92 (s br, 1H, 1-H); 13C
NMR (CDCl3): d ¼ 27.0 (2-CH3), 30.1 (3-CH2), 36.1
(NACH3), 37.7 (NACH3), 110.3 (C-7), 114.9 (C-3), 120.3 (C-

5), 120.4 (C-4), 125.4 (C-6), 127.0 (C-3a), 135.1 (C-2), 138.6

Scheme 2

Figure 2. Diagnostic COLOC correlations between protons and car-

bons (via 2JCAH and 3JCAH) in compounds 5e and 8e.
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(C-7a), 171.7 (3-C¼¼O), 191.6 (2-C¼¼O); EIMS: m/z (%) 244
(45, Mþ), 199 (35), 172 (100). Anal. Calcd for C14H16N2O2

(244.29): C, 68.83; H, 6.60; N, 11.47%. Found: C, 69.05; H,
6.73; N, 11.35%.

N,N-dimethyl-2-(2-propionyl-1H-indol-3-yl)acetamide (5b).
0.186 g, 72% Yield, yellow solid, mp 145–147�C (ethanol); IR
(nujol) mmax: 3202, 1670, 1634 cm�1; 1H NMR (CDCl3): d ¼
0.77 (t, J ¼ 7.1 Hz, 3H, 2-CH2CH3), 2.17 (q, J ¼ 7.1 Hz, 2H,
2-CH2CH3), 3.15 (s, 3H, 3-NCH3), 3.28 (s, 3H, 3-NCH3), 4.14
(s, 2H, 3-CH2), 7.07 (dd, J ¼ 8.0, 7.2 Hz, 1H, 5-H), 7.13 (d, J
¼ 8.0 Hz, 1H, 7-H), 7.22 (dd, J ¼ 7.8, 7.2 Hz, 1H, 6-H), 7.56
(d, J ¼ 7.8 Hz, 1H, 4-H), 9.98 (s br, 1H, 1-H). 13C NMR
(CDCl3): d ¼ 7.3 (2-CH2CH3), 30.2 (3-CH2), 36.1 (NACH3),
37.7 (NACH3), 113.4 (C-7), 115.8 (C-3), 120.0 (C-5), 120.3
(C-4), 125.5 (C-6), 128.2 (C-3a), 132.4 (C-2), 136.4 (C-7a),

171.7 (3-C¼¼O), 194.3 (2-C¼¼O). EIMS: m/z (%) 258 (35,
Mþ), 213 (45), 186 (100). Anal. Calcd for C15H18N2O2

(258.32): C, 69.74; H, 7.02; N, 10.84%. Found: C, 69.70; H,
6.93; N, 10.93%.

2-(2-Butyryl-1H-indol-3-yl)-N,N-dimethylacetamide (5c). 0.186
g, 65% Yield, yellow solid, mp 153–155�C (ethanol); IR
(nujol) mmax: 3321, 3178, 1669, 1634 cm�1; 1H NMR
(CDCl3): d ¼ 0.81 (t, J ¼ 7.4 Hz, 3H, 2-CH2CH2CH3), 1.39
(sextet, J ¼ 7.4 Hz, 2H, 2-CH2CH2CH3), 2.20 (t, J ¼ 7.4 Hz,

2H, 2-CH2CH2CH3), 3.13 (s, 3H, CONCH3), 3.27 (s, 3H,
CONCH3), 4.15 (s, 2H, 3-CH2), 7.06 (ddd, J ¼ 8.0, 7.1, 1.2
Hz, 1H, 5-H), 7.10–7.24 (m, 2H, 6-H, 7-H), 7.56 (dd, J ¼ 8.0,
1.0 Hz, 1H, 4-H), 9.82 (s, 1H, 1-H); 13C NMR (CDCl3): d ¼
13.7 (2-CH2CH2CH3), 17.0 (2-CH2CH2CH3), 30.3 (3-CH2),

36.1 (CONCH3), 37.7 (CONCH3), 41.4 (2-CH2CH2CH3),
113.2 (C-7), 115.9 (C-3), 120.1 (C-5), 120.3 (C-4), 125.6 (C-
6), 126.9 (C-3a), 132.3 (C-2), 136.3 (C-7a), 171.5 (3-CO),
193.8 (2-CO); EIMS: m/z (%) 286 (Mþ, 37), 241 (25), 214
(100). Anal. Calcd for C17H22N2O2 (286.37): C, 71.30; H,

7.74; N, 9.78%. Found: C, 71.37; H, 7.76; N, 9.65%.
2-(2-Acetyl-1-methyl-1H-indol-3-yl)-N,N-dimethylacetamide

(5d). 0.183 g, 71% Yield, yellow solid, mp 111–113�C (etha-
nol); IR (nujol) mmax: 1654, 1640 cm�1; 1H NMR (CDCl3): d
¼ 2.58 (s, 3H, 2-CH3), 2.98 (s, 3H, CONCH3), 3.15 (s, 3H,
CONCH3), 3.93 (s, 3H, 1-CH3), 4.07 (s, 2H, 3-CH2), 7.13
(ddd, J ¼ 8.0, 7.1, 1.1 Hz, 1H, 5-H), 7.31–7.37 (m, 2H, 6-H,
7-H), 7.60 (dd, J ¼ 8.0, 0.9 Hz, 1H, 4-H) [8]; 13C NMR
(CDCl3): d ¼ 30.9 (3-CH2 and 2-CH3), 32.6 (1-CH3), 35.9

(CONCH3), 37.5 (CONCH3), 110.4 (C-7), 116.0 (C-3), 120.4
(C-5), 120.6 (C-4), 125.8 (C-6), 127.0 (C-3a), 135.1 (C-2),
138.8 (C-7a), 170.0 (3-CO), 192.8 (2-CO); EIMS: m/z (%) ¼
258 (45, Mþ), 213 (15), 186 (100). Anal. Calcd for
C15H18N2O2 (258.31): C, 69.74; H, 7.02; N, 10.84%. Found:

C, 70.14; H, 6.85; N, 10.45%.
N,N-dimethyl-2-(2-propionyl-1-methyl-1H-indol-3-yl)-aceta-

mide (5e). 0.188 g, 69% Yield, yellow solid, mp 99–100�C
(ethanol); IR (nujol) mmax: 1657 cm�1; 1H NMR (CDCl3): d ¼
1.22 (t, J ¼ 7.2 Hz, 3H, 2-CH2CH3), 2.91 (q, J ¼ 7.2 Hz, 2H,

2-CH2CH3), 3.00 (s, 3H, CONCH3), 3.16 (s, 3H, CONCH3),
3.93 (s, 3H, 1-CH3), 4.09 (s, 2H, 3-CH2), 7.12 (ddd, J ¼ 8.0,
7.1, 1.1 Hz, 1H, 5-H), 7.328 (ddd, J ¼ 7.9, 1.1, 0.5 Hz, 1H, 7-
H), 7.332 (ddd, J ¼ 7.9, 7.1, 1.0 Hz, 1H, 6-H), 7.60 (ddd, J ¼
8.0, 1.0 Hz, 0.5 Hz, 1H, 4-H) [8]; 13C NMR (CDCl3): d ¼ 8.3
(2-CH2CH3), 30.8 (3-CH2), 32.6 (1-CH3), 35.7 (2-CH2CH3),
35.8 (CONCH3), 37.4 (CONCH3), 110.2 (C-7), 114.9 (C-3),
120.3 (C-5), 120.4 (C-4), 125.3 (C-6), 126.9 (C-3a), 135.0 (C-

2), 138.5 (C-7a), 170.0 (3-CO), 196.4 (2-CO); EIMS: m/z (%)
¼ 272 (42, Mþ), 200 (100). Anal. Calcd for C16H20N2O2

(272.34): C, 70.56; H, 7.40; N, 10.29%. Found: C, 70.47; H,
7.33; N, 9.95%.

2-(2-Butyryl-1-methyl-1H-indol-3-yl)-N,N-dimethylacetamide
(5f). 0.189 g, 66% Yield, yellow solid, mp 109–111�C (etha-
nol); IR (nujol) mmax: 1654, 1637 cm�1; 1H NMR (CDCl3): d
¼ 0.99 (t, J ¼ 7.3 Hz, 3H, 2-CH2CH2CH3), 1.77 (sextet, J ¼
7.3 Hz, 2H, 2-CH2CH2CH3), 2.85 (t, J ¼ 7.3 Hz, 2H, 2-
CH2CH2CH3), 2.98 (s, 3H, CONCH3), 3.13 (s, 3H, CONCH3),

3.90 (s, 3H, 1-CH3), 4.06 (s, 2H, 3-CH2), 7.12 (ddd, J ¼ 8.0,
7.1, 1.1 Hz, 1H, 5-H), 7.31–7.35 (m, 2H, 6-H, 7-H), 7.62 (dd,
J ¼ 8.0, 1.0 Hz, 1H, 4-H); 13C NMR (CDCl3): d ¼ 13.9 (2-
CH2CH2CH3), 17.9 (2-CH2CH2CH3), 31.0 (3-CH2), 32.6 (1-
CH3), 35.9 (CONCH3), 37.5 (CONCH3), 44.8 (2-

CH2CH2CH3), 110.3 (C-7), 114.9 (C-3), 120.4 (C-5), 120.6
(C-4), 125.4 (C-6), 127.0 (C-3a), 135.3 (C-2), 138.6 (C-7a),
170.1 (3-CO), 196.2 (2-CO); EIMS: m/z (%) ¼ 286 (Mþ, 37),
241 (25), 214 (100). Anal. Calcd for C17H22N2O2 (286.37): C,

71.30; H, 7.74; N, 9.78%. Found: C, 71.57; H, 7.76; N,
9.55%.

From indolopyranones 1 and amine 4b.
2-Acetyl-3-(2-oxo-2-piperidin-1-ylethyl)-1H-indole (6a). 0.202

g, 71% Yield, yellow solid, mp 190–191�C (ethanol); IR

(nujol) mmax: 3174, 1663, 1623 cm�1; 1H NMR: d ¼ 1.60–1.70
(m, 2H, 40-H), 1.70–1.75 (m, 4H, 30-H, 50-H), 1.92 (s, 3H, 2-
CH3), 3.60–3.70 (m, 2H, 20-H), 3.70–3.80 (m, 2H, 60-H), 4.15
(s, 2H, 3-CH2), 7.08 (ddd, J ¼ 8.1, 7.2, 1.2 Hz, 1H, 5-H), 7.15
(dd, J ¼ 8.0, 1.2 Hz, 1H, 7-H), 7.23 (ddd, J ¼ 8.0, 7.2, 1.0

Hz, 1H, 6-H), 7.57 (dd, J ¼ 8.1, 1.0 Hz, 1H, 4-H), 10.09 (s br,
1H, 1-H); 13C NMR (CDCl3): d ¼ 24.7 (C-40), 25.9 (C-30),
26.4 (C-50), 27.3 (2-CH3), 30.0 (3-CH2), 43.5 (C-60), 47.1 (C-
20), 113.4 (C-7), 116.4 (C-3), 120.2 (C-4), 120.4 (C-5), 125.7
(C-6), 128.2 (C-3a), 132.6 (C-2), 136.4 (C-7a), 169.6 (3-

C¼¼O), 191.4 (2-C¼¼O); EIMS: m/z (%) 284 (48, Mþ), 199
(100), 172 (80), 143 (60), 130 (50), 112 (98). Anal. Calcd for
C17H20N2O2 (284.35): C, 71.81; H, 7.09; N, 9.85%. Found: C,
71.75; H, 7.22; N, 9.82%.

2-Acetyl-1-methyl-3-(2-oxo-2-piperidin-1-ylethyl)-1H-indole
(6d). 0.203 g, 68% Yield, yellow solid, mp 138–139�C (etha-
nol); IR (nujol) mmax: 1657, 1637 cm�1; 1H NMR (CDCl3): d
¼ 1.40–1.55 (m, 4H, 30-H, 50-H), 1.55–1.70 (m, 2H, 40-H),
2.54 (s, 3H, 2-CH3), 3.47–3.60 (m, 4H, 20-H, 60-H), 3.89 (s,

3H, 1-CH3), 3.98 (s, 2H, 3-CH2), 7.10 (ddd, J ¼ 8.2, 7.1, 1.0
Hz, 1H, 5-H), 7.30 (ddd, J ¼ 8.1, 1.0, 0.8 Hz, 1H, 7-H), 7.32
(ddd, J ¼ 8.1, 7.1, 1.0 Hz, 1H, 6-H), 7.57 (ddd, J ¼ 8.2, 1.0,
0.8 Hz, 1H, 4-H); 13C NMR (CDCl3): d ¼ 24.3 (C-40), 25.5
(C-30), 26.3 (C-50), 30.6 (3-CH2), 30.7 (2-CH3), 32.4 (1-CH3),

43.0 (C-60), 46.6 (C-20), 110.1 (C-7), 116.2 (C-3), 120.1 (C-4),
120.4 (C-5), 125.5 (C-6), 126.8 (C-3a), 134.6 (C-2), 138.5 (C-
7a), 167.9 (3-C¼¼O), 192.5 (2-C¼¼O); LCMS: m/z (%) 321
[100, (M þ Na)þ], 298 (Mþ, 20), 257 (5). Anal. Calcd for
C18H22N2O2 (298.38): C, 72.46; H, 7.43; N, 9.39%. Found: C,

72.84; H, 7.22; N, 9.28%.
1-Methyl-3-(2-oxo-2-piperidin-1-ylethyl)-2-propionyl-1H-indole

(6e). 0.256 g, 82% Yield, yellow solid, mp 111–113�C (etha-
nol); IR (nujol) mmax: 1655, 1635 cm�1; 1H NMR (CDCl3): d
¼ 1.23 (t, J ¼ 7.2 Hz, 3H, 2-CH2CH3), 1.48–1.60 (m, 4H, 30-
H, 50-H), 1.60–1.70 (m, 2H, 40-H), 2.92 (q, J ¼ 7.2 Hz, 2H, 2-
CH2CH3), 3.52–3.63 (m, 4H, 20-H, 60-H), 3.94 (s, 3H, 1-CH3),
4.10 (s, 2H, 3-CH2), 7.13 (ddd, J ¼ 8.1, 7.0, 1.0 Hz, 1H, 5-H),
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7.35 (dd, J ¼ 8.0, 1.0 Hz, 1H, 7-H), 7.35 (ddd, J ¼ 8.0, 7.0,
1.0 Hz, 1H, 6-H), 7.63 (dd, J ¼ 8.1, 1.0 Hz, 1H, 4-H); 13C
NMR: d ¼ 8.4 (2-CH2CH3), 24.6 (C-40), 25.7 (C-30), 26.5 (C-
50), 31.1 (3-CH2), 32.7 (1-CH3), 36.0 (2-CH2CH3), 43.3 (C-60),
47.0 (C-20), 110.3 (C-7), 115.2 (C-3), 120.4 (C-4), 120.6 (C-

5), 125.5 (C-6), 127.1 (C-3a), 135.1 (C-2), 138.7 (C-7a), 168.4
(3-C¼¼O), 196.6 (2-C¼¼O); LCMS: m/z (%) 335 [100, (M þ
Na)þ], 312 (Mþ, 20), 257 (5). Anal. Calcd for C19H24N2O2

(312.41): C, 73.05 H, 7.74; N, 8.97%. Found: C, 73.24; H,
7.37; N, 8.73%.

From indolopyranones 1 and hydrazine 4c.
2-(2-Acetyl-1H-indol-3-yl)-N-benzylacetamide (7a). 0.187 g,

61% Yield, yellow solid, mp 148–149�C (ethanol). IR (nujol)
mmax: 3324, 1650, 1638 cm�1. Because of amide partial double
bond, two rotamers in a ratio of 10:1 were observed in the

NMR spectra of compound 7a. Major rotamer: 1H NMR
(CDCl3 þ DMSO-d6): d ¼ 2.61 (s, 3H, 2-CH3), 4.08 (s, 2H, 3-
CH2), 4.35 (d, J ¼ 5.0 Hz, 2H, NACH2), 7.05–7.45 (m, 9H, 5-
H, 6-H, 7-H, CONH and C6H5), 7.77 (d, J ¼ 8.2 Hz, 1H, 4-H),

10.95 (br s, 1H, 1-H); 13C NMR (CDCl3 þ DMSO-d6): d ¼
28.1 (3-CH2), 33.2 (2-CH3), 43.0 (NACH2), 112.4 (C-7), 115.8
(C-3), 120.4 (C-5), 120.7 (C-4), 126.0 (C-6), 126.8 (C-40),
127.0 (C-20, C-60), 127.6 (C-3a), 128.2 (C-30, C-50), 132.2 (C-
2), 136.3 (C-7a), 138.2 (C-10), 170.6 (3-C¼¼O), 191.7 (2-C¼¼O).

Minor rotamer: 1H NMR (CDCl3 þ DMSO-d6): d ¼ 2.62 (s,
3H, 2-CH3), 4.08 (s, 2H, 3-CH2), 4.35 (d, J ¼ 5.0 Hz, 2H,
NACH2), 7.05–7.45 (m, 9H, 5-H, 6-H, 7-H, CONH and C6H5),
7.65 (d, J ¼ 7.8 Hz, 1H, 4-H), 10.50 (br s, 1H, 1-H); 13C NMR
(CDCl3 þ DMSO-d6): d ¼ 28.2 (3-CH2), 32.3 (2-CH3), 43.0

(NACH2), 112.1 (C-7), 116.3 (C-3), 119.9 (C-5), 120.8 (C-4),
125.7 (C-6), 126.8 (C-40), 128.0 (C-20, C-60), 127.6 (C-3a),
128.4 (C-30, C-50), 132.5 (C-2), 136.0 (C-7a), 138.2 (C-10),
174.2 (3-C¼¼O), 191.2 (2-C¼¼O); GCMS: m/z (%) 306 (Mþ, 5),
173 (80), 91 (100). Anal. Calcd for C19H18N2O2 (306.36): C,

74.49 H, 5.92; N, 9.14%. Found: C, 74.56; H, 5.83; N, 9.17%.
2-(2-Acetyl-1-methyl-1H-indol-3-yl)-N-benzylacetamide (7d).

0.208 g, 65% Yield, yellow solid, mp 129–131�C (ethanol); IR
(nujol) mmax: 3285, 1652, 1637 cm�1. Beacuse of amide partial

double bond, two rotamers in a ratio of 3.5:1 were observed in
the NMR spectra of compound 7d. Major rotamer: 1H NMR
(CDCl3 þ DMSO-d6): d ¼ 2.62 (s, 3H, 2-CH3), 3.96 (s, 3H,
1-CH3), 4.04 (s, 2H, 3-CH2), 4.38 (d, J ¼ 5.9 Hz, 2H,
NACH2), 6.34 (br t, 1H, CONH), 7.05–7.45 (m, 8H, 5-H, 6-H,

7-H and C6H5), 7.74 (d, J ¼ 8.5 Hz, 1H, 4-H); 13C NMR
(CDCl3 þ DMSO-d6): d ¼ 29.7 (3-CH2), 31.1 (2-CH3), 34.1
(1-CH3), 43.5 (NACH2), 110.5 (C-7), 115.6 (C-3), 120.8 (C-
5), 121.2 (C-4), 126.5 (C-6), 126.7 (C-3a), 127.3 (C-40), 127.4
(C-20, C-60), 128.6 (C-30, C-50), 131.8 (C-2), 137.5 (C-7a),

138.9 (C-10), 170.2 (3-C¼¼O), 192.6 (2-C¼¼O). Minor rotamer:
1H NMR (CDCl3 þ DMSO-d6): d ¼ 2.62 (s, 3H, 2-CH3), 3.85
(s, 3H, 1-CH3), 3.90 (s, 2H, 3-CH2), 4.32 (d, J ¼ 5.9 Hz, 2H,
NACH2), 7.05–7.45 (m, 7H, 5-H, 7-H and C6H5), 7.47 (ddd, J
¼ 8.0, 8.0, 1.0 Hz, 1H, 6-H), 7.78 (d, J ¼ 7.8 Hz, 1H, 4-H),

8.34 (br t, 1H, CONH); 13C NMR (CDCl3 þ DMSO-d6): d ¼
31.3 (2-CH3), 32.9 (3-CH2), 33.8 (1-CH3), 43.3 (NACH2),
109.2 (C-7), 115.6 (C-3), 120.8 (C-5), 121.2 (C-4), 126.6 (C-
6), 126.7 (C-3a), 127.3 (C-40), 127.5 (C-20, C-60), 128.7 (C-30,
C-50), 132.2 (C-2), 136.4 (C-7a), 138.2 (C-10), 172.4 (3-C¼¼O),
192.5 (2-C¼¼O); LCMS: m/z (%) 343 [100, (M þ Na)þ]. Anal.
Calcd for C20H20N2O2 (320.39): C, 74.98 H, 6.29; N, 8.74%.
Found: C, 74.84; H, 6.18; N, 8.73%.

2-(1-Methyl-2-propionyl-1H-indol-3-yl)-N-benzylacetamide
(7e). 0.324 g, 97% Yield, yellow solid, mp 149–151�C (etha-
nol); IR (nujol) mmax: 3285, 1652, 1637 cm�1. Beacuse of am-

ide partial double bond, two rotamers in a ratio of 3.5:1 were
observed in the NMR spectra of compound 7e. Major rotamer:
1H NMR (CDCl3 þ DMSO-d6): d ¼ 2.62 (s, 3H, 2-CH3), 3.96
(s, 3H, 1-CH3), 4.04 (s, 2H, 3-CH2), 4.38 (d, J ¼ 5.9 Hz, 2H,
NACH2), 6.34 (br t, 1H, CONH), 7.05–7.45 (m, 8H, 5-H, 6-H,

7-H and C6H5), 7.74 (d, J ¼ 8.5 Hz, 1H, 4-H); 13C NMR
(CDCl3 þ DMSO-d6): d ¼ 29.7 (3-CH2), 31.1 (2-CH3), 34.1
(1-CH3), 43.5 (NACH2), 110.5 (C-7), 115.6 (C-3), 120.8 (C-
5), 121.2 (C-4), 126.5 (C-6), 126.7 (C-3a), 127.3 (C-40), 127.4
(C-20, C-60), 128.6 (C-30, C-50), 136.4 (C-2), 138.9 (C-7a),

140.6 (C-10), 170.2 (3-C¼¼O), 192.6 (2-C¼¼O). Minor rotamer:
1H NMR (CDCl3 þ DMSO-d6): d ¼ 2.62 (s, 3H, 2-CH3), 3.85
(s, 3H, 1-CH3), 3.90 (s, 2H, 3-CH2), 4.32 (d, J ¼ 5.9 Hz, 2H,
NACH2), 7.05–7.45 (m, 7H, 5-H, 7-H, and C6H5), 7.47 (ddd,
J ¼ 8.0, 8.0, 1.0 Hz, 1H, 6-H), 7.78 (d, J ¼ 7.8 Hz, 1H, 4-H),

8.34 (br t, 1H, CONH); 13C NMR (CDCl3 þ DMSO-d6): d ¼
31.3 (2-CH3), 32.9 (3-CH2), 33.8 (1-CH3), 43.3 (NACH2),
109.2 (C-7), 115.6 (C-3), 120.8 (C-5), 121.2 (C-4), 126.6 (C-
6), 126.7 (C-3a), 127.3 (C-40), 127.5 (C-20, C-60), 128.7 (C-30,
C-50), 137.5 (C-2), 138.2 (C-7a), 143.5 (C-10), 172.4 (3-C¼¼O),
192.5 (2-C¼¼O); GCMS: m/z (%) 334 (30, Mþ), 277 (5), 227
(10), 202 (90), 200 (100), 172 (75), 144 (42). Anal. Calcd for
C21H22N2O2 (334.41): C, 75.42; H, 6.63; N, 8.38%. Found: C,
75.34; H, 6.55; N, 8.43%.

From indolopyranones 1 and hydrazine 4d.
N0,N0-dimethyl-2-(2-propionyl-1H-indol-3-yl)acetohydrazide

(8b). 0.145 g, 53% Yield, yellow solid, mp 216–217�C (etha-
nol); IR (nujol) mmax: 3354, 3194, 1669, 1651, 1644 cm�1.
Beacuse of amide partial double bond, two rotamers in a ratio

of 7:3 were observed in the NMR spectra of compound 8b.
Major rotamer: 1H NMR: d ¼ 1.18 (t, J ¼ 7.1 Hz, 3H, 2-
CH2CH3), 2.49 (s, 6H, N(CH3)2), 2.85 (q, J ¼ 7.1 Hz, 2H, 2-
CH2CH3), 3.97 (s, 2H, 3-CH2), 3.97 (s, 3H, 1-CH3), 7.01 (brs,
1H, CONH), 7.13–7.18 (m, 1H, 5-H), 7.26–7.35 (m, 2H, 6-H

and 7-H), 7.74 (d, J ¼ 8.3 Hz, 1H, 4-H), 9.51 (br s, 1H, 1-H).
Minor rotamer: 1H NMR: d ¼ 1.13 (t, J ¼ 7.1 Hz, 3H, 2-
CH2CH3), 2.61 (s, 6H, N(CH3)2), 2.87 (q, J ¼ 7.2 Hz, 2H, 2-
CH2CH3), 4.34 (s, 2H, 3-CH2), 6.29 (br s, 1H, CONH), 7.08–
7.12 (m, 1H, 5-H), 7.26–7.35 (m, 2H, 6-H and 7-H), 7.68 (d, J
¼ 8.0 Hz, 1H, 4-H), 9.34 (br s, 1H, 1-H); LCMS: m/z (%) ¼
296 [100, (M þ Na)þ]. Anal. Calcd for C15H19N3O2 (273.33):
C, 65.91; H, 7.01; N, 15.37%. Found: C, 65.97; H, 7.13; N,
15.45%.

N0,N0-dimethyl-2-(1-methyl-2-acetyl-1H-indol-3-yl)acetohydra-
zide (8d). 0.139 g, 51% Yield, yellow solid, mp 176–177�C
(ethanol); IR (nujol) mmax: 3193, 1657, 1640 cm�1. Because of
amide partial double bond, two rotamers in a ratio of 2:1 were
observed in the NMR spectra of compound 8d. Major rotamer:
1H NMR (CDCl3 þ DMSO-d6): d ¼ 2.40 (s, 6H, N(CH3)2),
2.68 (s, 3H, 2-CH3), 3.92 (s, 2H, 3-CH2), 4.00 (s, 3H, 1-CH3),
7.05 (brs, 1H, NH), 7.21 (ddd, J ¼ 8.0, 8.0, 1.2 Hz, 1H, 5-H),
7.32–7.45 (m, 2H, 6-H and 7-H), 7.74 (d, J ¼ 8.1 Hz, 1H, 4-
H); 13C NMR (CDCl3 þ DMSO-d6): d ¼ 29.4 (3-CH2), 30.9

(2-CH3), 32.6 (1-CH3), 47.1 (N(CH3)2), 110.3 (C-7), 115.4 (C-
3), 120.6 (C-5), 120.8 (C-4), 126.2 (C-6), 126.5 (C-3a), 134.9
(C-2), 138.6 (C-7a), 167.6 (3-C¼¼O), 192.7 (2-C¼¼O). Minor
rotamer: 1H NMR (CDCl3 þ DMSO-d6): d ¼ 2.49 (s, 6H,
N(CH3)2), 2.57 (s, 3H, 2-CH3), 3.96 (s, 3H, 1-CH3), 4.29 (s,
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2H, 3-CH2), 6.56 (br s, 1H, NH), 7.15 (ddd, J ¼ 8.0, 8.0, 1.2
Hz, 1H, 5-H), 7.32–7.45 (m, 2H, 6-H and 7-H), 7.71 (d, J ¼
8.1 Hz, 1H, 4-H); 13C NMR (CDCl3 þ DMSO-d6): d ¼ 8.4
(2-CH2CH3), 30.7 (3-CH2), 32.4 (2-CH3), 32.7 (1-CH3), 48.4
(N(CH3)2), 110.1 (C-7), 115.5 (C-3), 120.1 (C-5), 120.7 (C-4),

125.5 (C-6), 127.2 (C-3a), 134.7 (C-2), 138.5 (C-7a), 172.6 (3-
C¼¼O), 192.6 (2-C¼¼O); LCMS: m/z (%) ¼ 296 [100, (M þ
Na)þ]. Anal. Calcd for C15H19N3O2 (273.33): C, 65.91; H,
7.01; N, 15.37%. Found: C, 65.86; H, 7.15; N, 15.30%.

N0,N0-dimethyl-2-(1-methyl-2-propionyl-1H-indol-3-yl)acetohy-
drazide (8e). 0.135 g, 47% Yield, yellow solid, mp 186–188�C
(ethanol); IR (nujol) mmax: 3195, 1661, 1645 cm�1. Beacuse of
amide partial double bond, two rotamers in a ratio of 7:3 were
observed in the NMR spectra of compound 8e. Major rotamer:
1H NMR: d ¼ 1.25 (t, J ¼ 7.2 Hz, 3H, 2-CH2CH3), 2.47 (s,

6H, N(CH3)2), 2.95 (q, J ¼ 7.2 Hz, 2H, 2-CH2CH3), 3.93 (s,
2H, 3-CH2), 3.98 (s, 3H, 1-CH3), 6.80 (brs, 1H, NH), 7.22
(ddd, J ¼ 8.0, 8.0, 1.0 Hz, 1H, 5-H), 7.32–7.45 (m, 2H, 6-H
and 7-H), 7.72 (dd, J ¼ 8.1, 1.0 Hz, 1H, 4-H); 13C NMR: d ¼
8.4 (2-CH2CH3), 29.7 (3-CH2), 33.1 (1-CH3), 36.2 (2-
CH2CH3), 47.3 (N(CH3)2), 110.5 (C-7), 114.5 (C-3), 120.7 (C-
5), 121.1 (C-4), 126.2 (C-6), 126.7 (C-3a), 135.3 (C-2), 138.8
(C-7a), 167.8 (3-C¼¼O), 196.55 (2-C¼¼O). Minor rotamer: 1H
NMR: d ¼ 1.24 (t, J ¼ 7.2 Hz, 3H, 2-CH2CH3), 2.55 (s, 6H,

N(CH3)2), 3.02 (q, J ¼ 7.2 Hz, 2H, 2-CH2CH3), 3.91 (s, 3H,
1-CH3), 4.27 (s, 2H, 3-CH2), 6.16 (brs, 1H, NH), 7.12–7.17
(m, 1H, 5-H), 7.32–7.45 (m, 2H, 6-H and 7-H), 7.70 (dd, J ¼
8.1, 1.0 Hz, 1H, 4-H); 13C NMR: d ¼ 8.4 (2-CH2CH3), 32.5

(3-CH2), 32.9 (2-CH2CH3), 35.8 (1-CH3), 48.7 (N(CH3)2),
110.3 (C-7), 114.3 (C-3), 120.3 (C-5), 120.8 (C-4), 125.4 (C-
6), 127.2 (C-3a), 135.1 (C-2), 138.6 (C-7a), 172.8 (3-C¼¼O),
196.62 (2-C¼¼O); EIMS: m/z (%) ¼ 287 (42, Mþ), 200 (100).
Anal. Calcd for C16H21N3O2 (287.36): C, 66.88; H, 7.37; N,

14.62%. Found: C, 66.76; H, 7.23; N, 14.68%.
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The chalcones, 2a-2l reacted with o-aminobenzenthiol to give a series of 1,5-benzothiazepines, 3a-3l.
The [3þ2] 1, 3-dipolar cycloaddition reactions of 3a-3l with ethyl chlorooximidoacetate in the presence
of Et3N afforded the target compounds, 4a-4l possessing an additional 1,2,4-oxadiazole ring fused to

the heptaatomic nucleus. The structures have been elucidated by spectral methods and X-ray crystallo-
graphic analysis.

J. Heterocyclic Chem., 47, 1350 (2010).

INTRODUCTION

The Synthesis of benzothiazepine derivatives has

attracted considerable attention of organic and medicinal

chemists due to their broad spectrum of biological activ-

ity. The 1,5-benzothiazepine derivatives have been used

as cardiovascular modulators [1], coronary vasodilators

[2], elastase [3]/ACE inhibitors [4], anti-HIV [5], anti-

hypertensives [6], anti-depressants [7], and anti-bacterial

activity [8]. In recent years, a large number of 1,5-ben-

zothiazepine derivatives containing anticancer activity

[9,10], hemodynamic effects [11], antiulcer activity

[12,13], and spasmolytic activities [14–18] have also

been reported. Some of the 1,5-benzothiazepine deriva-

tives were also used clinically for CNS disorders which

include quetiapine fumarate and thiazesim [19–21].

Oxadiazoles are naturally occurring five-membered

heterocycles with utility in synthetic and medicinal

chemistry. They serve as the core components of a large

number of substances that possess a wide range of inter-

esting biological activities. The 1,2,4-oxadiazole scaf-

folds are associated with significant biological activities,

such as anti-hypertensive [22], antikinetoplastid [23],

antimicrobial and anti-inflammatory [24].

Recent work has demonstrated the interest to fix an

additional heterocycle on 1,5-benzothiazepines. Pharma-

ceutical properties of such compounds are magnified

when the heterocycle is bound to the heptatomic nucleus

[25,26]. Keeping these observations in mind and in con-

tinuation of our interest to prepare a seven-membered

ring [27,28], we report herein the reaction of 1,5-benzo-

thiazepines 3a-3l with ethyl chlorooximidoacetate

through 1,3-dipolar cycloaddition to afford a new series

of tricyclic system, [1,2,4]oxadiazolo[5,4-d][1,5]benzo-
thiazepine derivatives, which might have useful biologi-

cal and therapeutic activities (Table 1).
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RESULTS AND DISCUSSION

The title compounds were prepared according to the

Scheme 1. The chalcones, 2a-2l were readily prepared

by condensation of aryl aldehydes with substituted ace-

tophenones [29]. 2a-2l were subsequently reacted with

o-aminobenzenthiol in MeOH/AcOH to give the desired

2,4-diaryl-2,3-dihydro-1,5-benzothiazepines, 3a-3l. The

formation of 3 may proceeded via two steps [30,31]. In

the first step, nucleophilic attack by the sulfhydryl elec-

trons of 2-aminobenzenethiol takes place on the acti-

vated b-carbon atom of the a, b-unsaturated carbonyl

compounds to give Michael-adduct type intermediates,

which simultaneously undergo dehydrative cyclization

to give final products in the second step. Finally, the 1,

3-dipolar cycloaddition reaction between 1,5-benzothia-

zepine derivatives, 3a-3l and nitrile oxide, generated in
situ from ethyl chlorooximidoacetate and triethylamine,

leads to the target compounds; 1,2,4-oxadiazolo[5,4-d]-
1,5-benzothiazepine derivatives, 4a-4l (Scheme 1) in

which an oxadiazole ring is fused at the ‘‘d’’ edge of

the heptatomic nucleus.

The structures of title compounds have been charac-

terized by IR, 1H-NMR, mass, and elemental analysis.

The infrared spectra of these compounds show C¼¼O

absorption bands around 1740 cm�1. In the nuclear

magnetic resonance spectra, title compounds exhibited

multiplet between d 8.15–6.55ppm due to the aromatic

protons, the signal for ethoxycarbonyl CH2 and CH3

appeared at d 4.30–4.38 ppm and d 1.29–1.31 ppm

respectively, 3 distinct double doublets in the ABX pat-

tern (a CH proton and 2 anisochronous protons of a

CH2) appeared at d 3.60–2.50 ppm, as has been

Table 1

Physical and analytical data of compounds 4.

Comp. Ar1 Ar2 mp(�C) Yield % Molecular formula

Analysis %(Calcd./found)

C H N

4a Ph Ph 177–178 34 C25H22N2O3S 69.75 5.15 6.51

69.73 5.12 6.54

4b Ph p-ClC6H4 174–175 35 C25H21ClN2O3S 64.58 4.55 6.02

64.57 4.58 5.99

4c Ph p-CH3OC6H4 132–133 35 C26H24N2O4S 67.81 5.25 6.08

67.83 5.24 6.07

4d Ph p-NO2C6H4 195–196 33 C25H21N3O5S 63.15 4.45 8.84

63.12 4.46 8.83

4e p-ClC6H4 Ph 193–194 31 C25H21ClN2O3S 64.58 4.55 6.02

64.59 4.53 6.01

4f p-ClC6H4 p-ClC6H4 165–166 30 C25H20Cl2N2O3S 60.12 4.04 5.61

60.14 4.02 5.63

4g p-ClC6H4 p-CH3OC6H4 143–144 23 C26H23ClN2O4S 63.09 4.68 5.66

63.12 4.67 4.63

4h p-ClC6H4 p-NO2C6H4 232–233 25 C25H20ClN3O5S 58.88 3.95 8.24

58.85 3.96 8.25

4i p-CH3OC6H4 Ph 130–131 26 C26H24N2O4S 67.81 5.25 6.08

67.80 5.28 6.04

4j p-CH3OC6H4 p-ClC6H4 213–214 32 C26H23ClN2O4S 63.09 4.68 5.66

63.13 4.66 5.65

4k p-CH3OC6H4 p-CH3OC6H4 173–174 36 C27H26N2O5S 66.10 5.34 5.71

66.08 5.35 5.74

4l p-CH3OC6H4 p-NO2C6H4 213–214 20 C26H23N3O6S 61.77 4.59 8.31

61.74 4.60 8.34

Scheme 1

Scheme 2
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Figure 1. Molecular structure of 4e.

Figure 2. Packing of molecules in a unit cell of 4e.
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observed in 2,3-dihydro-1,5-benzothiazepines. In MS

spectra, molecular ion peaks of all title compounds were

obtained from EI-MS, but the intensities of molecular

ion peaks were very weak.

A plausible intramolecular 1,3-diploar cycloaddition

mechanism is proposed as shown in Scheme 2. According

to the literatures [32], the conformations of the central

heteroazepine ring in 2,4-disubstituted 2,3-dihydro-1,5-

benzothiazepines adopt boat-like conformations and the

1,3-diploar cycloaddition reactions occurred in a con-

certed mechanism. In the presence of Et3N, the nitrile ox-

ide generated in situ and C¼¼N double bond in benzothia-

zepine formed a cyclic transition state, then the r-bonds
of CAN and CAO were formed simultaneously to afford

the 1,2,4-oxadiazole ring, the central thiazepine ring of

the cycloadduct also adopts a boat-like conformation.

The X-ray crystallography of 4e identified the struc-

ture of the desired products (Fig. 1). The higher occu-

pancy in the 3-dimensional packing arrangement is

shown in Figure 2. The crystal data and structure refine-

ment of 4e are listed in Table 2. Selected bond distances

and angles of 4e are tabulated in Table 3.

Figure 1 is the stereo structure of compound 4e.

There is a five-membered ring in the molecule, resulting

from the cycloaddition reaction. All atoms [N(1), C(7),

N(2), C(12), O(3)] in the ring are nearly coplanar with

similar bond angles (N(1)AO(3) AC(12) 106.32(14)�,
O(3) AC(12) AN(2) 101.36(14)�, C(12) AN(2) AC(7)

102.60(14)�, N(2) AC(7) AN(1) 115.39(18)�, C(7)

AN(1) AO(3) 105.94(16)�), indicating the ring is stable.

The five-membered ring is characterized by the endocy-

clic torsion angles (enumerated clockwise and starting

with O(3)AN(1)AC(7)AN(2)): �2.1(2)�, 19.7(2)�,
�28.29(17)�, 25.87(17)�, �16.1(2)�. The five-membered

ring plane adopts an envelope conformation with atom

C(12) deviating from the plane defined by N(2), O(3),

N(1), C(7) of 0.1684Å. The bond length of N(1)AC(7),

1.286(3)Å, indicates it is a double bond.

There is also a seven-membered ring in the molecule.

1,5-Benzothiazepine ring is characterized by the endocy-

clic torsion angles (enumerated clockwise and starting

with S(1)AC(1)AC(6)AN(2)): 0.7(3)�, �53.6(3)�,
�1.8(3)�, 82.5(2)�, �48.60(19)�, �35.20(15)�,
64.81(17)�. N(2), S(1), C(12) and C(20) are coplanar,

while C(1), C(6) and C(19) are all above the plane.

Therefore, the seven-membered ring adopts a boat-like

conformation.

CCDC-768069 (for 4e) contains the supplementary

crystallographic data for this paper. These data can be

obtained free of charge at www.ccdc.cam.ac.uk/const/

retrieving.html.

In conclusion, we have achieved an efficient one step

synthesis of new [1,2,4]oxadiazolo[5,4-d][1,5]benzodia-

zepinones, 4a-4l by way of highly regioselective 1,3-

dipolar cycloaddition of ethyl chlorooximidoacetate to

2,4-diaryl-2,3-dihydro-1,5-benzothiazepines, 3a-3l.

EXPERIMENTAL

All reagents were of commercial availability. Reactions
were monitored by thin-layer chromatography (TLC). Melting
points were measured on a mettler FP-5 capillary melting point

apparatus and were uncorrected. Elemental analyses were per-
formed on a Perkin-Elmer 2400 elemental analyzer. The IR
spectra were determined as potassium bromide pellet on a
Bruker Equinox 55 FTIR spectrophotometer. The 1H-NMR
spectra were recorded on a Varian Inova-400 spectrophotome-

ter using TMS as an internal standard. EI-ms spectra were
recorded with an Agilent 5975 apparatus. X-ray crystal

Table 2

Crystal data and structure refinement for compound 4e.

Empirical formula C25H21ClN2O3S V, Å3 1092.7(3)

Formula weight 464.95 Z 2

Temperature 293(2) K Dc, mg/m3 1.413

Wavelength 0.71073 A Crystal size, mm 0.55 � 0.45 � 0.35

Crystal system Triclinic y range, deg 3.10–27.48

Space group P-1 l, mm�1 0.302

a, Å 10.4744(13) Reflections collected 10,141

b, Å 10.9320(16) Independent reflection 4792 [R(int) ¼ 0.0258]

c, Å 10.971(2) Data/restraints/parameters 4792 / 0 / 290

a, deg 61.811(3) Final R indices [I > 2r(I)] R1 ¼ 0.0469, wR2 ¼ 0.1397

b, deg 88.031(5) R indices (all data) R1 ¼ 0.0568, wR2 ¼ 0.1585

c, deg 81.064(3)

Table 3

Selected bond lengths (Å) and angles (�) of compounds 4e.

S(1)AC(20) 1.843(2) N(1)AO(3)AC(12) 106.32(14)

C(19)AC(20) 1.522(3) C(6)AN(2)AC(12) 124.19(15)

O(3)AN(1) 1.417(2) N(1)AC(7)AN(2) 115.39(18)

O(3)AC(12) 1.469(2) N(1)AC(7)AC(9) 121.43(17)

N(2)AC(7) 1.393(2) O(2)AC(9)AO(1) 126.2(2)

N(2)AC(6) 1.428(2) O(1)AC(9)AC(7) 110.78(18)

N(2)AC(12) 1.472(2) O(3)AC(12)AC(13) 106.65(14)

O(1)AC(10) 1.448(3) C(12)AC(19)AC(20) 115.18(15)

O(1)AC(9) 1.322(3) N(2)AC(12)AC(19) 114.91(15)
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structure was obtained using R-AXIS SPIDER X-ray diffrac-
tion. The ethyl chlorooximidoacetate was obtained according
to the known procedure [33–34].

General procedure for the preparation of the 2,4-diaryl-

2,3-dihydro-1,5-benzothiazepines (3a-3l). Chalcone 2 (6
mmol) and o-aminobenzenthiol (6 mmol) were dissolved in
25 ml containing glacial acetic acid methanol. After the
mixture had cooled to room temperature, piperidine (5 drops)

was added. Yellow floccule appeared in 0.5h, then a little
methanol was added and the slurry was heated until all mate-
rial dissolved. Glacial acetic acid (2 ml) was added and the
mixture was allowed to stand overnight at a room temperature.
The solid product was collected and recrystallized from anhy-

drous ethanol and benzene to give 3a-3l as yellow crystals
(Table 4).

General procedure for the preparation of the 2,4-diaryl-

2,3-dihydro-1,5-benzothiazepine derivatives containing 1,2,

4-oxadiazole (4a-4l). To a stirred solution of 1,5-benzothiaze-

pine derivatives 3a-3l (1 mmol) and ethyl chlorooximidoace-
tate (1.5 mmol) in CH2Cl2 (20 ml), a solution of triethylamine
(0.5 ml) in the same solvent (5 ml) was added dropwise over a
few minutes. The reaction mixture was kept under stirring at

room temperature for 2 days. After the removal of the solvent
at reduced pressure, ethyl acetate was added to the residue and
the triethylamine hydrochloride was filtered. The solvent was
then evaporated off and the residue subjected to silica gel col-
umn chromatography with ethyl acetate/light petroleum (V:V

¼ 1:8). A series of compounds 4a-4l were crystallized from
ethyl acetate and light petroleum.

Ethyl 3a,4-dihydro-3a,5-diphenyl-5H-[1,2,4]oxadiazolo[5,4-
d][1,5]benzothiazepine-1-carboxylate (4a). This compound
was obtained as colorless crystals in 34% yield, mp 177–

178�C. IR(KBr): 3072 (ArAH), 1736 (C¼¼O), 761 cm�1. 1H-
NMR (CDCl3, 400 MHz) d: 8.21–6.78 (m, 14H, ArAH), 4.34
(q, 2H, CH2), 3.49 (dd, 1H, H-5x, Jbx ¼ 5.53 Hz, Jax ¼ 10.01
Hz), 3.06 (dd, 1H, H-4b, Jbx ¼ 5.53 Hz, Jab ¼ 14.90 Hz), 2.66
(dd, 1H, H-4a, Jax ¼ 10.01 Hz, Jab ¼ 14.90 Hz), 1.30 (t, 3H,

CH3). MS (70 eV) m/z (%): 430 (Mþ). Anal. Calcd. for
C25H22N2O3S: C, 69.75; H, 5.15; N, 6.51; Found: C, 69.73; H,
5.12; N, 6.54.

Ethyl 3a,4-dihydro-3a-phenyl-5-(4-chlorophenyl)-5H-[1,2,4]
oxadiazolo[5,4-d][1,5]benzothiazepine-1-carboxylate (4b). This
compound was obtained as colorless crystals in 35% yield, mp
174–175�C. IR(KBr): 3046 (ArAH), 1735 (CAO), 763 cm�1.

1H-NMR (CDCl3, 400 MHz) d: 8.18–6.65 (m, 13H, ArAH),
4.35 (q, 2H, CH2), 3.46 (dd, 1H, H-5x, Jbx ¼ 6.53 Hz, Jax ¼
11.62 Hz), 3.02 (dd, 1H, H-4b, Jbx ¼ 6.53 Hz, Jab ¼ 15.88
Hz), 2.60 (dd, 1H, H-4a, Jax ¼ 11.62 Hz, Jab ¼ 15.88 Hz),
1.31 (t, 3H, CH3). MS (70 eV) m/z (%): 464 (Mþ). Anal.

Calcd. for C25H21ClN2O3S: C, 64.58; H, 4.55; N, 6.02; Found:
C, 64.57; H, 4.58; N, 5.99.

Ethyl 3a,4-dihydro-3a-phenyl-5-(4-methoxyphenyl)-5H-[1,2,4]
oxadiazolo[5,4-d][1,5]benzothiazepine-1-carboxylate (4c). This
compound was obtained as colorless crystals in 35% yield, mp
132–133�C. IR(KBr): 3032 (ArAH), 1740 (C¼¼O), 764 cm�1.
1H-NMR (CDCl3, 400 MHz) d: 7.58–6.61 (m, 13H, ArAH),
4.33 (q, 2H, CH2), 3.80 (s, 3H, OCH3), 3.45 (dd, 1H, H-5x,
Jbx ¼ 6.72 Hz, Jax ¼ 11.56 Hz), 3.01 (dd, 1H, H-4b, Jbx ¼
6.72 Hz, Jab ¼ 15.70 Hz), 2.60 (dd, 1H, H-4a, Jax ¼ 11.56
Hz, Jab ¼ 15.70 Hz), 1.29 (t, 3H, CH3). MS (70 eV) m/z (%):
460 (Mþ). Anal. Calcd. for C26H24N2O4S: C, 67.81; H, 5.25;
N, 6.08; Found: C, 67.83; H, 5.24; N, 6.07.

Ethyl 3a,4-dihydro-3a-phenyl-5-(4-nitrophenyl)-5H-[1,2,4]
oxadiazolo[5,4-d][1,5]benzothiazepine-1-carboxylate (4d). This
compound was obtained as yellow crystals in 33% yield, mp
195–196�C. IR(KBr): 3041 (ArAH), 1744 (C¼¼O) 760 cm�1.
1H-NMR (CDCl3, 400 MHz) d: 8.11–6.56 (m, 13H, ArAH),
4.36 (q, 2H, CH2), 3.40 (dd, 1H, H-5x, Jbx ¼ 5.76 Hz, Jax ¼
11.33 Hz), 3.02 (dd, 1H, H-4b, Jbx ¼ 5.76 Hz, Jab ¼ 15.76
Hz), 2.58 (dd, 1H, H-4a, Jax ¼ 11.33 Hz, Jab ¼ 15.76 Hz),
1.30 (t, 3H, CH3). MS (70 eV) m/z (%): 475 (Mþ). Anal.
Calcd. for C25H21N3O5S: C, 63.15; H, 4.45; N, 8.84; Found:
C, 63.12; H, 4.46; N, 8.83.

Ethyl 3a,4-dihydro-3a-(4-chlorophenyl)-5-phenyl-5H-[1,2,4]
oxadiazolo[5,4-d][1,5]benzothiazepine-1-carboxylate (4e). This
compound was obtained as colorless crystals in 31% yield, mp
193–194�C. IR(KBr): 3063 (ArAH), 1744 (C¼¼O), 760 cm�1.
1H-NMR (CDCl3, 400 MHz) d: 8.10–6.68 (m, 13H, ArAH),
4.35 (q, 2H, CH2), 3.50 (dd, 1H, H-5x, Jbx ¼ 5.69 Hz, Jax ¼
10.11 Hz), 2.96 (dd, 1H, H-4b, Jbx ¼ 5.69 Hz, Jab ¼ 13.01
Hz), 2.64 (dd, 1H, H-4a, Jax ¼ 10.11 Hz, Jab ¼ 13.01 Hz),
1.30 (t, 3H, CH3). MS (70 eV) m/z (%): 464 (Mþ). Anal.
Calcd. for C25H21ClN2O3S: C, 64.58; H, 4.55; N, 6.02; Found:
C, 64.59; H, 4.53; N, 6.01.

Ethyl 3a,4-dihydro-3a-(4-chlorophenyl)-5-(4-chlorophenyl)-
5H-[1,2,4]oxadiazolo[5,4-d][1,5]benzothiazepine-1-carboxylate
(4f). This compound was obtained as colorless crystals in 30%

yield, mp 165–166�C. IR(KBr): 3057 (ArAH), 1733 (C¼¼O),

765 cm�1. 1H-NMR (CDCl3, 400 MHz) d: 8.05–6.70 (m, 12H,

ArAH), 4.37 (q, 2H, CH2), 3.48 (dd, 1H, H-5x, Jbx ¼ 5.19 Hz,

Jax ¼ 10.56 Hz), 2.92 (dd, 1H, H-4b, Jbx ¼ 5.19 Hz, Jab ¼
13.21 Hz), 2.55 (dd, 1H, H-4a, Jax ¼ 10.56 Hz, Jab ¼ 13.21

Hz), 1.31 (t, 3H, CH3). MS (70 eV) m/z (%): 498 (Mþ). Anal.
Calcd. for C25H20Cl2N2O3S: C, 60.12; H, 4.04; N, 5.61;

Found: C, 60.14; H, 4.02; N, 5.63.

Ethyl 3a,4-dihydro-3a-(4-chlorophenyl)-5-(4-methoxyphenyl)-
5H-[1,2,4]oxadiazolo[5,4-d][1,5]benzothiazepine-1-carboxylate
(4g). This compound was obtained as colorless crystals in
23% yield, mp 143–144�C. IR(KBr): 3102 (ArAH), 1736
(C¼¼O), 763 cm�1. 1H-NMR (CDCl3, 400 MHz) d: 8.09–6.68
(m, 12H, ArAH), 4.34 (q, 2H, CH2), 3.82 (s, 3H, OCH3), 3.46
(dd, 1H, H-5x, Jbx ¼ 5.30 Hz, Jax ¼ 10.77 Hz), 2.91 (dd, 1H,

H-4b, Jbx ¼ 5.30 Hz, Jab ¼ 13.72 Hz), 2.56 (dd, 1H, H-4a, Jax
¼ 10.77 Hz, Jab ¼ 13.72 Hz), 1.30 (t, 3H, CH3). MS (70 eV)
m/z (%): 494 (Mþ). Anal. Calcd. for C26H23ClN2O4S: C,
63.09; H, 4.68; N, 5.66; Found: C, 63.12; H, 4.67; N, 4.63.

Table 4

Yield (%) and mp (�C) of Compounds 3.

Comp Ar1 Ar2 Yield mp

3a Ph Ph 86 113–115

3b Ph p-ClC6H4 72 137–139

3c Ph p-CH3OC6H4 81 128–130

3d Ph p-NO2C6H4 43.2 201–202

3e p-ClC6H4 Ph 65.7 134–136

3f p-ClC6H4 p-ClC6H4 70.5 138–140

3g p-ClC6H4 p-CH3OC6H4 75.2 130–133

3h p-ClC6H4 p-NO2C6H4 47.3 195–196

3i p-CH3OC6H4 Ph 44.6 124–125

3j p-CH3OC6H4 p-ClC6H4 65.3 128–130

3k p-CH3OC6H4 p-CH3OC6H4 43.1 130–132

3l p-CH3OC6H4 p-NO2C6H4 41.7 185–187
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Ethyl 3a,4-dihydro-3a-(4-chlorophenyl)-5-(4-nitrophenyl)-
5H-[1,2,4]oxadiazolo[5,4-d][1,5]benzothiazepine-1-carboxylate
(4h). This compound was obtained as colorless crystals in
25% yield, mp 232–233�C. IR(KBr): 3116 (ArAH), 1744
(C¼¼O), 765 cm�1. 1H-NMR (CDCl3, 400 MHz) d: 8.10–6.62
(m, 12H, ArAH), 4.38 (q, 2H, CH2), 3.50 (dd, 1H, H-5x, Jbx
¼ 5.32 Hz, Jax ¼ 11.01 Hz), 2.92 (dd, 1H, H-4b, Jbx ¼ 5.32
Hz, Jab ¼ 13.82 Hz), 2.58 (dd, 1H, H-4a, Jax ¼ 11.01 Hz, Jab
¼ 13.82 Hz), 1.31 (t, 3H, CH3). MS (70 eV) m/z (%): 509
(Mþ). Anal. Calcd. for C25H20ClN3O5S: C, 58.88; H, 3.95;
N, 8.24; Found: C, 58.85; H, 3.96; N, 8.25.

Ethyl 3a,4-dihydro-3a-(4-methoxyphenyl)-5-phenyl-5H-[1,2,4]
oxadiazolo[5,4-d][1,5]benzothiazepine-1-carboxylate (4i). This
compound was obtained as colorless crystals in 26% yield, mp
130–131�C. IR(KBr): 3107 (ArAH), 1734 (C¼¼O), 762 cm�1.
1H-NMR (CDCl3, 400 MHz) d: 8.12–6.66 (m, 13H, ArAH),
4.34 (q, 2H, CH2), 3.81 (s, 3H, OCH3), 3.42 (dd, 1H, H-5x,
Jbx ¼ 6.38 Hz, Jax ¼ 11.43 Hz), 2.99 (dd, 1H, H-4b, Jbx ¼
6.38 Hz, Jab ¼ 15.56 Hz), 2.58 (dd, 1H, H-4a, Jax ¼ 11.42
Hz, Jab ¼ 15.56 Hz), 1.29 (t, 3H, CH3). MS (70 eV) m/z (%):
460 (Mþ). Anal. Calcd. for C26H24N2O4S: C, 67.81; H, 5.25;
N, 6.08; Found: C, 67.80; H, 5.28; N, 6.04.

Ethyl 3a,4-dihydro-3a-(4-methoxyphenyl)-5-(4-chloro-
phenyl)-5H-[1,2,4]oxadiazolo[5,4-d][1,5]benzothiazepine-1-
carboxylate (4j). This compound was obtained as colorless
crystals in 32% yield, mp 213–214�C. IR(KBr): 3075 (ArAH),
1736 (C¼¼O), 762 cm�1. 1H-NMR (CDCl3, 400 MHz) d: 8.02–
6.65 (m, 12H, ArAH), 4.35 (q, 2H, CH2), 3.83 (s, 3H, OCH3),
3.49 (dd, 1H, H-5x, Jbx ¼ 5.21 Hz, Jax ¼ 10.32 Hz), 2.95 (dd,
1H, H-4b, Jbx ¼ 5.21 Hz, Jab ¼ 13.44 Hz), 2.58 (dd, 1H, H-
4a, Jax ¼ 10.32 Hz, Jab ¼ 13.44 Hz), 1.30 (t, 3H, CH3). MS
(70 eV) m/z (%): 494 (Mþ). Anal. Calcd. for C26H23ClN2O4S:
C, 63.09; H, 4.68; N, 5.66; Found: C, 63.13; H, 4.66; N, 5.65.

Ethyl 3a,4-dihydro-3a-(4-methoxyphenyl)-5-(4-methoxy-
phenyl)-5H-[1,2,4]oxadiazolo[5,4-d][1,5]benzothiazepine-1-
carboxylate (4k). This compound was obtained as colorless
crystals in 36% yield, mp 173–174�C. IR(KBr): 3121 (ArAH),
1739 (C¼¼O), 762 cm�1. 1H-NMR (CDCl3, 400 MHz) d: 8.11–
6.60 (m, 12H, ArAH), 4.30 (q, 2H, CH2), 3.80 (s, 6H, OCH3),
3.38 (dd, 1H, H-5x, Jbx ¼ 6.52 Hz, Jax ¼ 11.89 Hz), 2.95 (dd,
1H, H-4b, Jbx ¼ 2.95 Hz, Jab ¼ 15.62 Hz), 2.60 (dd, 1H, H-
4a, Jax ¼ 11.89 Hz, Jab ¼ 15.62 Hz), 1.29 (t, 3H, CH3). MS
(70 eV) m/z (%): 490 (Mþ). Anal. Calcd. for C27H26N2O5S: C,
66.10; H, 5.34; N, 5.71; Found: C, 66.08; H, 5.35; N, 5.74.

Ethyl 3a,4-dihydro-3a-(4-methoxyphenyl)-5-(4-nitro-
phenyl)-5H-[1,2,4]oxadiazolo[5,4-d][1,5]benzothiazepine-1-
carboxylate (4l). This compound was obtained as yellow
crystals in 20% yield, mp 213–214�C. IR(KBr): 3118 (ArAH),

1738 (C¼¼O), 761 cm�1. 1H-NMR (CDCl3, 400 MHz) d: 8.04–
6.69 (m, 12H, ArAH), 4.37 (q, 2H, CH2), 3.84 (s, 3H, OCH3),
3.45 (dd, 1H, H-5x, Jbx ¼ 5.97 Hz, Jax ¼ 11.65 Hz), 2.90 (dd,
1H, H-4b, Jbx ¼ 5.97 Hz, Jab ¼ 15.71 Hz), 2.58 (dd, 1H, H-
4a, Jax ¼ 11.65 Hz, Jab ¼ 15.71 Hz), 1.30 (t, 3H, CH3). MS

(70 eV) m/z (%): 505 (Mþ). Anal. Calcd. for C26H23N3O6S: C,
61.77; H, 4.59; N, 8.31; Found: C, 61.74; H, 4.60; N, 8.34.
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The reaction of aldehydes (pentanal, benzaldehyde, 4-methoxybenzaldehyde, 4-nitrobenzaldehyde,
salicylaldehyde, pyridin-2-carbaldehyde) with 1-aminocyclopentancarboxamide or (S)-2-amino-2,3-dime-
thylbutanamide has been used to prepare substituted imidazolidin-4-ones 1a–g (a: R1 ¼ CH3(CH2)3; b:
R1 ¼ C6H5; c: R

1 ¼ 4-CH3OC6H4; d: R
1 ¼ 4-NO2C6H4; e: R

1 ¼ 2-HOC6H4; f: R
1 ¼ 2-pyridyl; for R2

¼ R3 ¼ (CH2)4), and g: R1 ¼ 2-pyridyl; for R2 ¼ CH3; R
3 ¼ CH(CH3)2) in the yields of 53–83%. Sub-

sequent oxidations with various reagents gave the corresponding 4,5-dihydro-1H-imidazol-5-ones 2a–g:
Pd/C (72–93%), DDQ (25–80%), and MnO2 (30–77%). Structure of the prepared compounds 1a–g and
2a–g was verified by 1H NMR and 13C NMR spectroscopy, EI-MS and elemental analysis. X-ray dif-
fraction was performed in the case of compounds 1e and 2e.

J. Heterocyclic Chem., 47, 1356 (2010).

INTRODUCTION

A number of substituted 4,5-dihydro-1H-imidazol-5-

ones belong among still applied selective and non-toxic

herbicides [1]. Our previous articles dealt with their syn-

thesis, characterisation, and study of mechanism of their

formation [2]. Other possible applications of 4,5-dihy-

dro-1H-imidazol-5-ones lie in their use as ligands that

form coordination compounds with selected metal ions

[3]. Some of such complexes have been successfully

adopted as catalysts of deallylation reactions of diallyl

malonates [3b,f] in the Henry reaction [3c,e], or in allyl

oxidation [3i]. Another example of application of this

heterocyclic system is represented by 2-butyl-1,3-diazas-

piro[4.4]non-1-en-4-one, which is an important starting

compound for the synthesis of medical drug Irbesartan

(2-butyl-3-[[20-(1H-tetrazol-5-yl)-[1,10-biphenyl]-4-yl]methyl]-
1,3-diazaspiro[4.4]-nonen-4-on). Irbesartan is an antago-

nist of angiotensin II and is clinically applied in the

treatment of hypertension [4].

The existing methods of synthesis of 2-butyl-1,3-dia-

zaspiro[4.4]non-1-en-4-one use the acylation of amide

or nitrile of 1-aminocyclopentancarboxylic acid with

pentanoic acid chloride followed by ring closure reaction

[5]. Another method of preparation of 2-butyl-1,3-

VC 2010 HeteroCorporation
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diazaspiro[4.4]non-1-en-4-one consists in acid catalyse

condensation of ethyl 1-aminocyclopentancarboxylate with

ethyl pentanimidate [6]. The third synthetic way described

is based on the reaction of 1-aminocyclopentanecarboxa-

mide with trimethyl orthopentanoate [7]. The described

variant of synthesis of 2-butyl-1,3-diazaspiro[4.4]non-1-

en-4-one is the reaction of pentanoic acid with 1-aminocy-

clopentannitrile [8]. The aim of the research described

here is to elaborate a new alternative synthetic method for

2-butyl-1,3-diazaspiro[4.4]non-1-en-4-one and other sub-

stituted 4,5-dihydro-1H-imidazol-5-ones. This alternative

adopts oxidation of substituted imidazolidin-4-ones to give

4,5-dihydro-1H-imidazol-5-ones.

RESULTS AND DISCUSSION

The reaction of aldehydes (pentanal, benzaldehyde, 4-

methoxybenzaldehyde, 4-nitrobenzaldehyde, salicylalde-

hyde, pyridin-2-carbaldehyde) with 1-aminocyclopentan-

carboxamide [5] or (S)-2-amino-2,3-dimethylbutanamide

[1] was used to prepare cyclic aminals, i.e., the corre-

sponding imidazolidin-4-ones 1a–g (a: R1 ¼ CH3(CH2)3;

b: R1 ¼ C6H5; c: R1 ¼ 4-CH3OC6H4; d: R1 ¼ 4-

NO2C6H4; e: R
1 ¼ 2-HOC6H4; f: R

1 ¼ 2-pyridyl; for R2

¼ R3 ¼ (CH2)4) and g: R1 ¼ 2-pyridyl; for R2 ¼ CH3;

R3 ¼ CH(CH3)2) (Scheme 1). The ring closure reaction

was performed with acid catalysis (acetic acid) by heating

the starting substances in methanol. Recrystallization gave

the respective imidazolidin-4-ones 1a–i in the yields of

53–83%. In the case of (5S)-4-isopropyl-4-methyl-2-(pyri-

din-2-yl)imidazolidine-4-one (1g), the reaction creates

another chiral centre at the carbon atom at 2-position of

the imidazolidin-4-one cycle. In this case, the reaction

produces a diastereomeric mixture with the configurations

2S, 5S and 2R, 5S, in the ratio of 1:1, which resulted in

doubling of signals in the NMR spectra.

The second reaction step leading to the substituted 4,5-

dihydro-1H-imidazol-5-ones 2a-g was the oxidation of the

prepared imidazolidin-4-ones 1a–g (Scheme 1). The fol-

lowing oxidizing agents were used for this oxidation reac-

tion: palladium on carbon carrier (Pd/C), 2,3-dichloro-5,6-

dicyano-1,4-benzoquinone (DDQ), and activated manga-

nese (IV) oxide (MnO2). The results presented in the fol-

lowing table show that the first method (Pd/C) gives the

highest yields; however, in most cases the other two

(cheaper) variants are also applicable (Table 1).

Structures of the prepared products 1a–i and 2a–i

were verified by 1H NMR and 13C NMR spectroscopy,

EI-MS and elemental analysis. In the case of 2-(4-nitro-

phenyl)-1,3-diazaspiro[4.4]non-1-en-4-one (2d), the

NMR spectra revealed the presence of two tautomeric

forms; a similar case was described and discussed in

Ref. 2b,c. The structure of product 2-(2-hydroxyphenyl)-

1,3-diazaspiro[4.4]nonan-4-one (1e) and its oxidation

product 2-(2-hydroxyphenyl)-1,3-diazaspiro[4.4]non-1-

en-4-one (2e) was also verified using X-ray diffraction.

In molecule 1e (Fig. 1), the bond distances in the central

heterocyclic ring clearly show that all of them are single

bonds. The only shortening of bond length is found in

the case of N3AC1 bond, which can be attributed to the

Scheme 1

Table 1

Oxidations 1 ! 2, yields obtained with individual reagents.

Catalyst/yield [%]

Entry Product Pd/C DDQ MnO2

1 2a 80 25 65

2 2b 87 40 75

3 2c 83 73 77

4 2d 93 80 30

5 2e 72 77 67

6 2f 90 75 70

7 2g 72 38 64

Figure 1. Molecular structure of 1e, ORTEP 30% probability level.

Selected interatomic distances [Å] and angles [�]: O(2)AC(1) 1.242(2),

C(1)AC(3) 1.516(3), C(3)AN(4) 1.483(3), N(4)AC(2) 1.465(3),

C(2)AN(3) 1.475(2), N(3)AC(1) 1.323(3), O(2)AC(1)AC(3) 124.91(19),

C(1)AC(3)AN(4) 102.51(15), C(3)AN(4)AC(2) 105.38(14), N(4)A
C(2)AN(3) 102.97(16), C(2)AN(3)AC(1) 111.82(17), N(3)AC(1)AC(3)

108.12(17), N(3)AC(1)AO(2) 126.94(18).
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amido-character of the whole NHAC¼¼O group. Also

the C1AO2 interatomic distance corresponds to this

character. From the values of bond angles and interpla-

nar angles in this molecule is seen that the central ring

is fairly deformed by a distortion of N4 atom from the

ring core, and only five atoms (C1, C2, C3, N3, and

O2) tend to lie in a plane.

Both molecules 1e and 2e are mutually similar. The

main difference between them consists in the significant

shortening of N1AC1 distance in the case of 2e (Fig. 2),

which corresponds to a typical double bond [9]. This

fact the absence of the hydrogen atom at N1 atom and

high degree of planarity of the central heterocyclic ring

in this molecule are a proof of the oxidation of 1e–2e.

The molecules of compound 1e are interconnected to

the layered supramolecular structure via H-bonding

(Fig. 3). In the case of compound 2e, two independent

molecules were found in the crystal unit cell. The

H-bonding in compound 2e is slightly less extensive,

and only dimers are formed by the connection of amido

group, and the imidazole nitrogen atom is connected to

the OAH group via the intramolecular H-bond which

fixed up the coplanarity of the aromatic ring (Fig. 4).

EXPERIMENTAL

If not stated otherwise, the starting substances were purchased
from Sigma-Aldrich. The melting point temperatures have not
been corrected. 1H NMR and 13C NMR spectra were recorded

on a Bruker Avance 500 instrument (500.13 MHz for 1H, and
125.77 MHz for 13C). Chemical shifts d are referenced to sol-
vent residual peak (2.50 ppm 1H, 39.43 ppm 13C for DMSO–d6,
and 7.26 ppm 1H, 77.00 ppm 13C for CDCl3). The mass spectra
were measured with a set of Agilent Technologies (gas chroma-

tograph 6890 N with mass detector 5973 Network); (the samples
were dissolved in dichloromethane or acetone). The elemental
microanalysis was carried out using an apparatus of FISONS
Instruments EA 1108 CHN. The optical rotation was measured

on a Perkin–Elmer 341 instrument; the concentration c was
given in g/100 mL (Optical rotatory power determination).

Crystallography. The X-ray data for colorless crystals of
1e and 2e were obtained at 150 K using an Oxford Cryostream
low-temperature device on a Nonius KappaCCD diffractometer

with Mo Ka radiation (k ¼ 0.71073 Å), a graphite monochro-
mator, and the / and v scan mode. Data reductions were per-
formed with DENZO-SMN [10]. The absorption was corrected
by integration methods [11]. Structures were solved by direct
methods (Sir92) [12] and refined by full matrix least-square

based on F2 (SHELXL97) [13]. Hydrogen atoms were mostly
localized on a difference Fourier map; however, to ensure uni-
formity of treatment of crystal, all the hydrogen atoms were
recalculated into idealized positions (riding model) and
assigned temperature factors Hiso (H) ¼ 1.2 Ueq(pivot atom) or

of 1.5 Ueq for the methyl moiety with CAH ¼ 0.96, 0.97,
0.98, and 0.93 Å for methyl, methylene, methane, and aro-
matic-ring hydrogen atoms, respectively; 0.86 Å or 0.93 Å for
NAH, and 0.82 Å for OAH bonds. The crystallographic data

for structural analysis have been deposited with the Cambridge
Crystallographic Data Centre, CCDC no. 757,260 and 757,259

Figure 2. Molecular structure of 2e, ORTEP 30% probability level.

Selected interatomic distances [Å] and angles [�]:O(2)AC(2) 1.222(2),

C(2)AC(3) 1.522(3), C(3)AN(1) 1.476(3), N(1)AC(1) 1.285(3), C(1)A
N(2) 1.392(3), N(2)AC(2) 1.369(3), O(2)AC(2)AC(3) 128.50(19),

C(2)AC(3)AN(1) 103,75(16), C(3)AN(1)AC(1) 107.77(17), N(1)A
C(1)AN(2) 114.03(18), C(1)AN(2)AC(2) 108,72(17), N(2)AC(2)

AC(3) 105.73(17), N(2)AC(2)AO(2) 125.8(2).

Figure 3. Crystal packing diagram of 1e with hydrogen bonding

system.

Figure 4. Crystal packing diagram of 2e with hydrogen bonding

system.
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for 1e and 2e, respectively. [(Copies of this information may
be obtained free of charge from The Director, CCDC, 12
Union Road, Cambridge CB2 1EY, UK (fax: þ44-1223-
336033; e-mail: deposit@ccdc.cam.ac.uk or www: http://www.
ccdc.cam.ac.uk.)] In Figure 2, there is a disordered cyclopentane

ring. The disorder was treated by splitting of carbon atoms into
two positions with similar occupancy.

General method of preparation of imidazolidin-4-ones

(1a–g). A mixture of 1-aminocyclopentancarboxamide [5a]
(4.35 g; 34 mmol) or (S)-2-amino-2,3-dimethylbutanamide [1]

(4.40 g; 34 mmol) and the respective aldehyde (37 mmol), in
methanol (20 mL) with a drop of acetic acid was refluxed
12 h. The mixture was evaporated, and the residue was recrys-
tallized from the solvent given.

2-Butyl-1,3-diazaspiro[4.4]nonan-4-one (1a). Yield: 6.3 g

(96%); mp 72–74�C (hexane). 1H NMR (CDCl3): d 0.85–0.87
(m; 3H, CH3), 1.25–1.32 (m; 4H, (CH2)2), 1.36–1.54 (m; 2H,
CH2), 1.55–1.64 (m; 6H, (CH2)3), 1.82–1.88 (m; 2H, CH2), 4.23
(t; 1H; J ¼ 6 Hz; CH), 8.13 (s; 1H; NH). 13C NMR (CDCl3,

ppm): d 13.7, 22.4, 25.1, 25.2, 26.7; 36.1; 36.5; 37.5; 68.5; 69.2;
182.0. Anal. Calcd. for C11H20N2O (196) (%): C, 67.31; H,
10.27; N, 14.27; found: C, 67.22; H, 10.38; N, 14.58.

2-Phenyl-1,3-diazaspiro[4.4]nonan-4-one (1b). Yield 2.49 g
(79%); mp 136–138�C (ethyl acetate/hexane); 1H NMR

(CDCl3): d 1.49–1.76 (m, 7H), 1.81–1.90 (m, 1H), 3.13 (d, J
¼ 8.0 Hz, 1H, NH), 5.35 (d, J ¼ 8.0 Hz, 1H, CH), 7.30–7.44
(m, 5H, Ar), 8,55 (s, 1H, NHCO).13C NMR (CDCl3): d: 25.1,
25.2, 36.4, 37.2, 68.9, 69.7, 127.0, 128.4, 128.5, 142.1, 180.3.
EI-MS: m/z 216, 187, 173 (100%), 144, 106, 84. Anal. Calcd.

for C13H16N2O2 (216) (%): C, 72.19; H, 7.46; N, 12.95; found:
C, 72.01; H, 7.59; N, 13.12.

2-(4-Methoxyphenyl)-1,3-diazaspiro[4.4]nonan-4-one (1c). Yield
1.47 g (81%); mp 182–183�C (ethyl acetate); 1H NMR
(CDCl3): d 1.47–1.70 (m, 7H), 1.82–1.87 (m, 1H), 3.71 (s, 3H,

OCH3), 5.27 (s, 1H, CH), 6.88–6.90 (m, 2H, Ar), 7.29–7.31
(m, 2H, Ar), 8.44 (s, 1H, NHCO). 13C NMR (CDCl3, ppm): d:
24.9, 36.1, 36.7, 55.2, 68.7, 69.1, 113.7, 128.1, 133.7, 159.4,
180.0; EI-MS: m/z 246, 217, 203 (100%), 134, 121, 84. Anal.

Calcd. for C14H18N2O2 (246) (%): C, 68.27; H, 7.37; N,
11.37; found: C, 68.45; H, 7.51; N, 11.50.

2-(4-Nitrophenyl)-1,3-diazaspiro[4.4]nonan-4-one (1d). Yield
0.92 g (53%); mp 178–180�C (ethyl acetate); 1H NMR
(CDCl3): d 1.39–1.42 (m, 1H), 1.58–1.76 (m, 7H), 3.54 (d, J
¼ 7.5 Hz, 1H, NH), 5.46 (d, J ¼ 7.5 Hz, 1H, CH), 7.64–7.66
(m, 2H, Ar), 8.21–8.22 (m, 2H, Ar), 8.71 (s, 1H, NHCO). 13C
NMR (CDCl3): d 24.9, 25.0, 36.5, 37.6, 68.4, 68.5, 123.6,
128.2, 147.4, 150.0, 180.0; EI-MS: m/z 261, 232, 218 (100%),
151, 105, 84. Anal. Calcd. for C13H15N3O3 (261) (%): C,

59.76; H, 5.79; N, 16.08; found: C, 60.02; H, 5.95; N, 16.25.
2-(2-Hydroxyphenyl)-1,3-diazaspiro[4.4]nonan-4-one (1e). Yield

3.15 g (83%); mp 179–181�C (ethyl acetate); 1H NMR(CDCl3)
d 4.48–1.56 (m, 1H), 1.59–1.80 (m, 6H), 1.85–1.90 (m, 1H),
5.60 (s, 1H, CH), 6.75–6.80 (m, 2H, Ar), 7.14 (t, J ¼ 7.5 Hz,

1H, Ar), 7.23 (d, J ¼ 7.5 Hz, 1H, Ar), 8.51 (s, 1H, NHCO),
10.96 (br, 1H, OH). 13C NMR (CDCl3) d 24.6, 24.8, 35.6,
36.8, 66.3, 67.9, 115.9, 118.6, 125.1, 127.7, 129.2, 156.4,
178.5. EI-MS: m/z 232, 188, 171 (100%), 113, 77, 44. Anal.

Calcd. for C13H16N2O2 (232) (%): C, 67.22; H, 6.94; N,
12.06; found: C, 67.35; H, 7.11; N, 12.31.

2-(2-Pyridyl)-1,3-diazaspiro[4.4]nonan-4-one (1f). Yield 1.62
g (80%); mp 109–111�C (ethyl acetate/hexane); 1H NMR

(CDCl3) d 1.48–1.55 (m, 1H), 1.62–1.72 (m, 6H), 1.87–1.91 (m,
1H), 5.38 (s, 1H, CH), 7.34–7.37 (m, 1H, ArH), 7.49 (d, J ¼
7.69 Hz, 2H, Py), 7.82–7.85 (m, 1H, Py), 8.54–8.56 (m, 2H, Py
þ NH). 13C NMR (CDCl3) d 24.9, 36.7, 37.5, 68.4, 70.4, 121.7,
123.7, 137.3, 149.0, 159.9, 179.9; EI-MS: m/z 217, 188, 174

(100%), 145, 107, 79. Anal. Calcd. for C12H15N3O (217) (%):
C, 66.34; H, 6.96; N, 13.34. Found: C, 66.21; H, 6.85; N, 13.22.

(E + 2)(5S)-4-Isopropyl-4-methyl-2-(pyridin-2-yl)imidazolidin-
4-one (1g). Yield 1.51 g (74%); mp 113–118�C (ethyl acetate/
hexane); [a]D �14.2 (c 1, CH3OH)

1H NMR (CDCl3) d 0.80–

0.99 (m, 12H, 2 � i.Pr), 1.20 (s, 3H, CH3), 1.26 (s, 3H, CH3),
1.83–1.91 (m, 2H, 2 � CH), 2.95 (br, 2H, NH), 5.48 (s, 1H, CH),
5.56 (s, 1H, CH), 7.15–7.18 (m, 2H, Py), 7.28 (d, J ¼ 7.6 Hz, 1H,
Py), 7.43 (d, J ¼ 7.6 Hz, 1H, Py), 7.62–7.65 (m, 2H, Py), 8.25 (s,
1H, NHCO), 8.37 (s, 1H, NHCO), 8.45–8.48 (m, 2H, Py). 13C

NMR (CDCl3) d 16.6, 16.7, 17.5, 17.6, 21.6, 23.2, 33.1, 34.5,
64.6, 64.7, 69.6, 71.1, 121.0, 123.3, 123.4, 136.8, 136.9, 148.9,
149.1, 158.7, 158.9, 180.5, 180.8. EI-MS: m/z 219, 204, 176
(100%), 133, 107, 92, 42. Anal. Calcd. for C12H17N3O (219) (%):

C, 65.73; H, 7.81; N, 19.16; found: C, 65.38; H, 7.56; N, 19.51.
General methods of preparation of 4,5-dihydro-1H-imi-

dazol-5-ones (2a–g)

Method A (Pd/C). A mixture of the respective imidazoli-
din-4-one (5 mmol) and Pd/C (5%, 0.2 g) in methanol (50

mL) was refluxed 24 h. The final product was isolated after fil-
tration, evaporation, and (sometimes) recrystallisation from the
solvent given. In the case of isolation of compound 2d the
reaction mixture was evaporated, the residue was dissolved in
NaOH solution (5%, 25 mL), the solution was filtered and the

filtrate acidified to pH � 7–8. The separated crystals of com-
pound 2d were collected by filtration and dried. The final
product was recrystallized from DMF.

Method B (DDQ). A mixture of the respective imidazolidin-
4-one (5 mmol) and 2,3-dichloro-5,6-dicyano-1,4-benzoqui-

none (DDQ) (1.3 g, 5.7 mmol) in dioxane (50 mL) was
refluxed 10 min. The reaction mixture was filtered through a
silica gel layer (2 cm), evaporated and (sometimes) recrystal-
lized from the solvent given. In the case of isolation of com-

pound 2d the reaction mixture was evaporated, the residue was
dissolved in NaOH solution (5%, 25 mL), the solution was fil-
tered and the filtrate acidified to pH � 7–8. The separated
crystals of compound 2d were collected by filtration and dried.
The final product was recrystallized from DMF.

Method C (MnO2). A mixture of the respective imidazolidin-
4-one (5 mmol) and activated manganese (IV) oxide (5 g, 91
mmol) in acetone (100 mL) was refluxed 24 h. The final product
was isolated after filtration with kieselguhr, evaporation, and
(sometimes) recrystallization from the solvent given. In the case

of isolation of compound 2d, the reaction mixture was evapo-
rated, the residue was dissolved in NaOH solution (5%, 25 mL),
the solution was filtered and the filtrate acidified to pH � 7–8.
The separated crystals of compound 2d were collected by filtra-
tion and dried. The final product was recrystallized from DMF.

The yields of individual compounds are presented in Table 1.
2-Butyl-1,3-diazaspiro[4.4]non-1-en-4-one (2a). Colorless

oil, TLC: (silika gel plates, Merck), chloroform/methanol 10:1,
RF ¼ 0.51; 1H NMR (CDCl3) d 0.90 (t, 3H, CH3, J ¼ 7.3

Hz); 1.31–1.40 (m, 2H, CH2); 1.58–1.66 (m, 2H, CH2); 1.72–
1.80 (m, 3H); 1.83–1.93 (m, 5H, CH2); 2.42 (t, 2H, CH2, J ¼
7,4 Hz); 8.83 (bs, 1H, NHCO). 13C NMR (CDCl3) d 13.7;
23.1; 25.9; 27.9; 30.0; 37.2; 77.5; 190.2. Anal. Calcd. for
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C11H18N2O (194) (%): C 68.01; H 9.34; N 14.42; Found: C
67.89; H 9.46; N 14.68.

2-Phenyl-1,3-diazaspiro[4.4]non-1-en-4-one (2b). mp 202–
203�C. 1H NMR (DMSO-d6) d 1.78–1.89 (m, 8H), 7.52–7.55
(m, 2H, Ar), 7.58–7.62 (m, 1H, Ar), 7.97–7.99 (m, 2H, Ar),

11.41 (br, 1H, NHCO). 13C NMR (DMSO-d6) d 25.6, 37.2,
77.6, 126.9, 128.7, 128.9, 131.5, 157.6, 188.1. EI-MS: m/z
214, 185, 171 (100%) 104, 83, 77, 54. Anal. Calcd. for
C13H14N2O (214) (%): C, 72.87; H, 6.59; N, 13.07. Found: C,
72.81; H, 6.52; N, 13.12.

2-(4-Methoxyphenyl)-1,3-diazaspiro[4.4]non-1-en-4-one (2c). mp
236–237�C. 1H NMR (CDCl3) d 1.92–2.09 (m, 8H), 3.87 (s,
3H, OCH3), 6.98–7.00 (m, 2H, Ar), 7.86–7.88 (m, 2H, Ar),
10.20 (br, 1H, NHCO). 13C NMR (CDCl3) d 25.6, 37.3, 55.6,
75.3, 114.3, 120.2, 129.6, 162.5, 162.7, 189.0. EI-MS: m/z
244, 215, 201, 134 (100%), 91, 83, 54. Anal. Calcd. for
C14H16N2O2 (244) (%): C, 68.83; H, 6.60; N, 11.47. Found: C,
68.78; H, 6.52; N, 11.55.

2-(4-Nitrophenyl)-1,3-diazaspiro[4.4]non-1-en-4-one (2d). mp

>300�C (dec.); 1H NMR (DMSO-d6) d 1.72–1.96 (m, 16H),
8.09–8.49 (m, 8H, 2 � 2Ar), 11.48 (s, 1H, NHCO), 11.58 (s,
1H, NHCO). 13C NMR (TFA þ DMSO-d6) d 28.9, 41.0, 77.4,
77.7, 124.0, 127.5, 130.0, 133.5, 133.9, 153.4, 156.5, 169.4,
169.7, 181.9, 182.1. Anal. Calcd. for C13H13N3O3 (259) (%):

C, 60.23; H, 5.05; N, 16.21. Found: C, 60.15; H, 4.98; N,
16.29.

2-(2-Hydroxyphenyl)-1,3-diazaspiro[4.4]non-1-en-4-one (2e). mp
232–233�C. 1H NMR (CDCl3) d 1.90–2.09 (m, 8H), 6.91 (t,
J ¼ 7.50 Hz, 1H, Ar), 7.01 (d, J ¼ 8.00 Hz, 1H, Ar), 7.35 (t,

J ¼ 8.00 Hz, 1H, Ar), 7.49 (d, J ¼ 7.50 Hz, 1H, Ar), 10.46
(vbs, 1H, NHCO), 12.46 (vbs, 1H, OH). 13C NMR (CDCl3)
d 25.4 37.4, 76.1, 110.7, 117.3, 118.9, 127.7, 133.5, 160.3,
161.3, 185.5. EI-MS: m/z 230, 189, 173 (100%), 120, 102, 84,
54. Anal. Calcd. for C13H14N2O2 (230) (%): C, 60.81; H, 6.13;

N, 12.17. Found: C, 60.78; H, 6.09; N, 12.24.
2-(1,3-Diazaspiro[4.4]non-1-en-4-one-2-yl)pyridine (2f). mp

120–122�C. 1H NMR (DMSO-d6 þ TFA) d 1.96–2.12 (m,
8H), 7.45 (t, J ¼ 5.5 Hz, 1H, Py), 7.85 (t, J ¼ 7.5 Hz, 1H,

Py), 8.27 (d, J ¼ 7.50 Hz, 1H, Py), 8.67 (d, J ¼ 5.5 Hz, 1H,
Py), 10.12 (s, 1H, NHCO).13C NMR (DMSO-d6 þ TFA)
d 25.6, 37.1, 76.8, 122.7, 126.9, 137.6, 146.4, 149.4, 161.3,
187.4. EI-MS: m/z 215, 187 (100%), 159, 105, 78, 41. Anal.
Calcd. for C12H13N3O (215) (%): C, 66.96; H, 6.09; N, 19.52.

Found: C, 66.87; H, 6.02; N, 19.65.
(S)-2-(4-Isopropyl-4-methyl-4,5-dihydro-1H-imidazol-5-one-

2-yl)pyridine (2g). Colorless oil; [a]D �17.4 (c 2, CH3OH).
1H NMR (DMSO-d6 þ TFA) d 0.85 (d, 3H, J ¼ 6.8 Hz
i-PrCH3), 0.92 (d, 3H, J ¼ 6.8 Hz i-PrCH3), 1.23 (s, 3H,

CH3), 1.91 (m, 1H, i-PrCH), 7.57 (m, 1H, Py), 7.87 (m, 1H,
Py), 8.09 (d, 1H, J ¼ 7.4 Hz, Py), 8.18 (d, 1H, J ¼ 7.4 Hz,
Py), 10.87 (bs, 1H, NHCO).13C NMR (DMSO-d6 þ TFA)
d 16.8, 17.0, 21.4, 34.2, 74.6, 121.5, 126.5, 137.6, 147.4,
149.1, 159.0, 186.7. EI-MS: m/z 217, 202, 189, 174 (100%),

146, 105, 78. Anal. Calcd. for C12H15N3O (217) (%): C,
66.34; H, 6.96; N, 19.34. Found: C, 66.15; H, 6.85; N, 19.30.
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N-Benzylidene-4-(phenyldiazenyl)aniline (Ia–Ij) has been prepared from p-aminoazobenzene with dif-

ferent aromatic aldehydes under microwave irradiation, which on further treatment with chloro acetic
acid and POCl3 in the presence of triethyl amine gave the title compounds. The structure of the com-
pounds has been confirmed by spectroscopic techniques (IR and 1H NMR) and elemental analysis.
These azetidinones analogues were screened for their antimicrobial activities against strains of different
microorganisms. Some of the compounds displayed the promising antibacterial activities against some

bacterial strains.

J. Heterocyclic Chem., 47, 1361 (2010).

INTRODUCTION

The b-lactam skeleton is the key structural element of

the most widely used family of antimicrobial agents to

date, the b-lactam antibiotics, which includes as repre-

sentative structural classes (Fig. 1) the Penams 1,

Cephems 2, Penems 3, Monobactams 4, Carbapenems 5,

and Trinems 6, among others [1]. The first member of

this class of compounds was synthesized by Staudinger

in 1907 [2]. An interesting group of b-lactams are the

monocyclic b-lactams, which are molecules that do not

contain another ring fused to the b-lactam. The develop-

ment of several synthetic 2-azetidinone was due to the

growing resistant of bacteria toward the b-lactam antibi-

otics and need for medicines with a more specific anti-

bacterial activities [3,4]. A large number of monocyclic

b-lactams reported to have some other types of biologi-

cal activity such as antifungal, antitubercular, antitumor,

anti-inflamatory, anticonvulsant, cholesterol absorption

inhibition, and enzyme inhibition activity [5–10].

Because of such versatile applications, these moieties

always attracted the interest of synthetic and medicinal

organic chemists [11–14]. A large number of chemical

methods for the production of b-lactams have been

developed, and the topic has been amply documented

and reviewed several times [15]. The hydroxamate cy-

clization [16], the metalloester enolate-imine condensa-

tion [17], the chromium carbene-imine reaction [18], the

isocyanate-alkene cycloaddition [19], and the ketene-

imine cycloaddition [20] are the approaches most often

used for the construction of the azetidin-2-one ring. In

particular, the most common method for the synthesis of

2-azetidinone is the Staudinger Ketene-imine cycloaddi-

tion, which involves the reaction of imine (Schiff Base)

with acid chloride in the presence of tertiary base [21].

This reaction, however, depends on many factors includ-

ing temperature and reaction time, which often needs to

be optimized [22,23].

Hence, to further assess the pharmacological activities

of these class of molecules, it was thought worthwhile

to synthesize some new derivatives of b-lactam hetero-

cycles by incorporating the p-aminoazobenzene and

2-azetidinone moieties in a single framework. We herein

report a novel, convenient, and highly efficient method

for the preparation of 3-chloro-4-(aryl)-1-(4-(phenyldia-

zenyl)phenyl)azetidin-2-one IIa–IIj in good yields

involving two steps. It involves the formation of differ-

ent Schiff’s bases Ia–Ij of p-aminoazobenzene and aro-

matic aldehydes followed by the cycloaddition reaction
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of Ia–Ij with ketene, which is generated in situ from

chloroacetic acid in presence of trimethylamine and

POCl3 (Scheme 1). The Schiff bases were also prepared

by using microwave method [24].

However, the synthesis of Schiff bases Ia–Ij under

the classical reaction was plagued by a number of seri-

ous disadvantages such as low yield of the product as

given in Table 1. Therefore, to overcome the drawbacks

of the classical method, modern version of this reaction

by microwave superheating in solvent and solvent free

condition has been adopted. All the synthesized com-

pounds were characterized on the basis of different

spectral analysis techniques such as IR and 1H NMR

and elemental analysis techniques. Also in the present

communication, we report the antibacterial activities of

the titled compounds (IIa–IIj) against nine different

bacterial strains.

RESULTS AND DISCUSSION

As evident from data presented in Table 1, we were

able to obtain N-arylbenzylidene-4-(phenyldiazenyl)ani-
line Ia–Ij in good yields by using neat conditions under

microwave irradiation in presence of solvent and also in

solvent free conditions when compared to that of con-

ventional reflux reactions in ethanol. The comparison of

isolated yields and reaction time of the three conditions

used showed microwave-assisted solvent-free reactions

as the most efficient synthetic method in terms of

energy and time consumption. All the compounds syn-

thesized were adequately characterized by their elemen-

tal analysis and spectral techniques such as IR, 1H

NMR, and mass spectra.

Antibacterial activity. Antibacterial activities of all

the compounds were studied against nine different bac-

terial strains (E. coli (mixed), B. subtilis, Pseudomonas

sp., S. aureus, P.vulageris, Salmonella sp., E. coli(þve

strai,), Rhodococci, B. stearothermophilus) by measuring

the zone of inhibition on agar plates. The compounds

possess moderate to good activity against all strains in

comparison with standard drug (Table 2). It can be

observed from these results that compounds IIa–IIj

have shown positive bacterial activity against different

bacterial species, which are also known as human patho-

genic bacteria. It was also observed that within the syn-

thesized compound extracts, highest zone of inhibition

recorded in 3-chloro-4-(furan-2-yl)-1-(4-(phenyl dia-

zenyl) phenyl)azetidin-2-one (IIe) extract against the P.
vulageris 22 mm, which is more than standard, i.e., 17
mm zone of inhibition.

Figure 1. Some representative structural classes of b-lactam
antibiotics.

Scheme 1. Synthesis of Schiff base with different synthetic path and 3-chloro-4-aryl-1-(4-(phenyldiazenyl)phenyl)azetidin-2-one.
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EXPERIMENTAL

General. All the chemicals and solvents were obtained

from E-Merck, India (AR grade) and were used without further

purification. Melting points were taken in an open capillary

tube. The microwave assisted synthesis of Schiff base com-

pounds were carried out in a CEM–908010, bench mate

model, 300 watts laboratory microwave reactor. IR spectra

were recorded on a Shimadzu Dr-8031 instrument. Elemental

analyses were carried out using a Perkin-Elmer, CHN elemen-

tal analyzer model 2400. 1H NMR spectra of the synthesized

compounds were recorded on a Bruker-Avance (300 MHz) and

Varian-Gemini (200 MHz) spectrophotometer using CDCl3
solvent and TMS as an the internal standard. EI-MS spectra

were determined on a LCQ ion trap mass spectrometer

(Thermo Fisher, San Jose, CA, USA), equipped with an EI

source.

Synthesis of Schiff base (Ia–Ij). Microwave method
without solvent. Equimolar amount of p-aminoazo benzene

(0.001 mol) and aromatic aldehyde (0.001 mol) were thor-
oughly mixed in a glass tube, which was loosely closed. The

reaction mixture was irradiated for 1min 20 sec with 100 W
microwaves at 110�C in MW oven in the temperature control
mode. The completion of the reaction was monitored by TLC.

The crude product was recrystallized with methanol.
Microwave method with solvent. Equimolar amount of p-

aminoazobenzene (0.001 mol) and aromatic aldehyde (0.001
mol) and ethanol were taken in a glass tube which was loosely

closed and irradiated in MW oven for 1min 20 sec. The com-
pletion of the reaction was monitored by TLC. The reaction
mixture was allowed to attain room temperature. The solvent
was removed, and the crude product was recrystallized with
methanol.

Classical method. Equimolar amount of p-aminoazoben-
zene (0.001 mol), aromatic aldehyde (0.001 mol), and 10
mL of ethanol was refluxed for 2 hr 30 min. The reaction
was monitored by TLC. After completion of the reaction,
the reaction mixture was set on one side to cool. Then, the

reaction mixture was poured in ice cold water and the solid
precipitate was separated out. The precipitate was filtered
and collected crude product was recrystallized using
methanol.

Table 1

Time and yield comparison between classical and MW irradiation.

Compound Ar

Reaction time (min/sec) Yield (%)a

MWI, Solvent

Free MWI, EtOH

Classical,

EtOH

MWI,

Solvent Free MWI, EtOH

Classical,

EtOH

Ia C6H5 1 min 20 sec 1 min 20 sec 150 min 92 90 85

Ib 2-OHC6H4 1 min 20 sec 1 min 20 sec 150 min 90 85 80

Ic 2-NO2C6H4 1 min 20 sec 1 min 20 sec 150 min 87 82 75

Id 3-NO2C6H4 1 min 20 sec 1 min 20 sec 150 min 95 92 85

Ie C4H3O 1 min 20 sec 1 min 20 sec 150 min 90 85 70

If 4-OHC6H4 1 min 20 sec 1 min 20 sec 150 min 85 80 65

Ig 4-N(CH3)2C6H4 1 min 20 sec 1 min 20 sec 150 min 92 87 80

Ih 2-ClC6H4 1 min 20 sec 1 min 20 sec 150 min 95 88 75

Ii 3-BrC6H4 1 min 20 sec 1 min 20 sec 150 min 97 95 85

Ij 4-ClC6H4 1 min 20 sec 1 min 20 sec 150 min 88 80 60

a Isolated yields.

Table 2

Biological activities of compounds chloro-4-(aryl)-1-(4-(phenyldiazenyl) phenyl)azetidin-2-one (IIa–IIj).

Bacterial strain

Zone of inhibition in mm along without well diameter (5 mm)

Chemical compounds

IIa IIb IIc IId IIe IIf IIg IIh IIi IIj

Standard

Nystatin

E. coil (mixed) 20 16 6 12 – 7 14 9 13 16 17

B. subtilis 3 5 2 – 3 2 8 6 9 2 6

Pseudomonas sp. 13 3 15 6 10 6 5 10 13 9 12

S. aureus – – 4 7 5 10 8 4 8 6 9

P. vulageris 15 11 9 13 22 16 8 14 10 5 17

Salmonella sp. 9 15 13 20 17 10 8 16 14 15 19.1

E. coil(þve strain) – – 6 4 9 10 13 7 – 2 11

Rhodococci – – – 4 2 5 3 3 2 1 6

B. stearothermopelus 5 2 4 6 2 5 3 4 10 6 7.2

‘‘–’’ represent ‘‘not active.’’
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N-Benzylidene-4-(phenyldiazenyl)aniline (Ia). m. p.: 150�C,
IR (KBr): 1410 cm�1 (N¼¼N), 1620.2 (AC¼¼NA); 1H NMR: d
¼ 6.80 (d, J ¼ 8.4 Hz, 2H, Ar-CH); 7.20 (s, 1H, Ar-CH);

7.50–7.70 (m, 7H, Ar-CH); 7.80 (d, J ¼ 8.7 Hz, 2H, Ar-CH);
8.00 (d, J ¼ 8.2 Hz, 2H, Ar-CH); 8.60 (s, 1H, N¼¼CH); Anal.
Calcd. For C19H15N3 : C, 79.98; H, 5.30; N, 14.73; Found: C,
79.50; H, 5.00; N, 14.50; Mass spectra, m/z ¼ 285 (100%).

2-((4-(Phenyldiazenyl)phenylimino)methyl)phenol (Ib). m.

p.: 165�C, IR (KBr): 1430 cm�1 (N¼¼N), 1600 (AC¼¼NA); 1H
NMR: d ¼ 6.70 (d, J ¼ 8.8 Hz, 2H, Ar-CH); 7.0–7.60 (m, 9H,
Ar-CH); 7.90 (d, J ¼ 8.9 Hz, 2H, Ar-CH); 8.35 (s, 1H,
AN¼¼CH); 11.20 (s, 1H, Ar-OH); Anal. Calcd. For
C19H15ON3: C, 75.73; H, 5.02; N, 13.94; Found: C, 75.50; H,

5.00; N, 13.60; Mass spectra, m/z ¼ 301 (100%).
N-(2-Nitrobenzylidene)-4-(phenyldiazenyl)aniline (Ic). m.

p.: 160�C, IR (KBr): 1420 cm�1 (N¼¼N), 1610 (AC¼¼NA); 1H

NMR: d ¼ 6.50 (d, J ¼ 8.1 Hz, 2H, Ar-CH); 7.20 (s, 1H, Ar-

CH); 7.50–7.70 (m, 5H, Ar-CH); 7.80–8.00 (t, J ¼ 7.9 Hz,

3H, Ar-CH); 8.20 (d, J ¼ 8.8 Hz, 2H, Ar-CH); 8.64 (s, 1H,

AN¼¼CH); Anal. Calcd. For C19H14N4O2: C, 69.68; H, 4.27;

N, 16.96; Found: C, 69.40; H, 4.10; N, 16.60; Mass spectra,

m/z ¼ 330.11 (100%).

N-(3-Nitrobenzylidene)-4-(phenyldiazenyl)aniline (Id). m.
p.: 175�C, IR (KBr): 1430 cm�1 (N¼¼N), 1650 (AC¼¼NA); 1H

NMR: d ¼ 6.80 (d, J ¼ 8.7 Hz,2H, Ar-CH); 7.20–8.30 (m,

10H, Ar-CH); 8.50 (s, 1H, Ar-CH); 8.60 (s, 1H, AN¼¼CH);

Anal. Calcd. For C19H14N4O2: C, 69.68; H, 4.27; N, 16.96;

Found: C, 69.20; H, 4.00; N, 16.20 ; Mass spectra, m/z ¼ 330

(100%).

N-(Furan-2-ylmethylene)-4-(phenyldiazenyl)aniline (Ie). m.
p.: 180�C, IR (KBr): 1460 cm�1 (N¼¼N), 1630 (AC¼¼NA); 1H

NMR: d ¼ 6.50 (s, 1H, Ar-CH); 6.85 (d, J ¼ 8.8 Hz, 2H, Ar-

CH); 6.90 (s, 1H, Ar-CH); 7.20 (s, 1H, Ar-CH), 7.50 (s, 1H,

AN¼¼CH); 7.55–7.65 (m, 4H, Ar-CH); 7.70 (s, 1H, Ar-CH);

8.00 (d, J ¼ 8.6 Hz, 2H, Ar-CH); Anal. Calcd. For

C17H13ON3: C, 74.17; H, 4.76; N, 15.26; Found: C, 74.00; H,

4.50; N, 15.00; Mass spectra, m/z ¼ 275 (100%).

4-((4-(Phenyldiazenyl)phenylimino)methyl)phenol (If). m.

p.: 155�C, IR (KBr): 1450 cm�1 (N¼¼N), 1640 (AC¼¼NA); 1H

NMR: d ¼ 6.85 (m, 4H, Ar-CH); 7.20 (s, 1H, Ar-CH); 7.55–

7.60 (m, 4H, Ar-CH); 7.75–7.80 (d, J ¼ 8.4 Hz, 2H, Ar-CH),

8.00 (d, J ¼ 8.7 Hz, 2H, Ar-CH); 8.50 (s, 1H, AN¼¼CH); 9.40

(s, 1H, Ar-OH); Anal. Calcd. For C19H15N3O: C, 75.73; H,

5.02; N, 13.94; Found: C, 75.00; H, 4.90; N, 13.40; Mass

spectra, m/z ¼ 301.20 (100%).

N,N-dimethyl-4-((4-phenyldiazenyl)phenylimino) methyl)a-
niline (Ig). m. p.: 180�C, IR (KBr): 1400 cm�1 (N¼¼N), 1620

(AC¼¼NA); 1H NMR: d ¼ 3.00 (s, 6H, AN(CH3)2); 6.80–

6.85 (m, 4H, Ar-CH); 7.20 (s, 1H, Ar-CH); 7.50 (d, J ¼ 8.6

Hz, 2H, Ar-CH); 7.60–7.68 (m, 4H, Ar-CH), 7.90 (d, J ¼ 8.7

Hz, 2H, Ar-CH); 8.55 (s, 1H, AN¼¼CH); Anal. Calcd. For

C21H20N4: C, 76.80; H, 6.14; N, 17.06; Found: C, 76.40; H,

6.00; N, 17.00; Mass spectra, m/z ¼ 328 (100%).

N-(2-Chlorobenzylidene)-4-(phenyldiazenyl)aniline (Ih). m.
p.: 195�C, IR (KBr): 1420 cm�1 (N¼¼N), 1630 (AC¼¼NA); 1H
NMR: d ¼ 6.80–7.50 (m, 4H, Ar-CH); 7.20–7.60(m, 7H, Ar-
CH); 8.00 (d, J ¼ 8.5 Hz, 2H, Ar-CH); 8.30(s, 1H, AN¼¼CH);

Anal. Calcd.For C19H14N3Cl: C, 71.36; H, 4.41; N, 13.14; Found:
C, 71.00; H, 4.20; N, 13.00; Mass spectra, m/z¼ 319 (100%).

N-(3-Bromobenzylidene)-4-(phenyldiazenyl)aniline (Ii). m.
p.: 170�C, IR (KBr): 1440 cm�1 (N¼¼N), 1650 (AC¼¼NA); 1H

NMR: d ¼ 6.60–7.30 (t, J ¼ 7.2 Hz, 3H, Ar-CH); 7.41 (s, 1H,
Ar-CH); 7.25–7.80(m, 7H, Ar-CH); 8.20 (d, J ¼ 8.8 Hz, 2H,

Ar-CH); 8.70(s, 1H, AN¼¼CH); Anal. Calcd.For C19H14N3Br:

C, 62.65; H, 3.87; N, 11.54; Found: C, 62.50; H, 3.60; N,

11.30; Mass spectra, m/z ¼ 363.50 (100%).

N-(4-Chlorobenzylidene)-4-(phenyldiazenyl)aniline (Ij). m.
p.: 190�C, IR (KBr): 1470 cm�1 (N¼¼N), 1660 (AC¼¼NA); 1H

NMR: d ¼ 6.80–7.45 (m, 4H, Ar-CH); 7.25–7.80(m, 7H,

Ar-CH); 8.30 (d, J ¼ 8.6 Hz, 2H, Ar-CH); 8.50(s, 1H,

AN¼¼CH); Anal. Calcd.For C19H14N3Cl: C, 71.36; H, 4.41; N,

13.14; Found: C, 71.20; H, 4.30; N, 12.90; Mass spectra, m/z

¼ 319 (100%).

General procedure for the preparation of 3-chloro-4-

aryl-1-(4-(phenyldiazenyl) phenyl) azetidin-2-one (IIa-

IIj). A mixture of Schiff base Ia–Ij (0.002 moles) and chloro-

acetic acid (0.002 moles) was dissolved in dichloromethane

(10 mL) in stoppered conical flask, cooled, and stirred. In cold

condition of the reaction mixture, triethylamine [TEA] (0.002

moles) was added in it, followed by dropwise addition of

POCl3 in dichloromethane (0.002 moles) with vigorous stir-

ring. The reaction mixture was then stirred for additional 16

hr. The completion of the reaction was monitored by TLC.

The reaction mixture was washed with water and dried over

sodium sulphate. The products that were obtained after remov-

ing the solvent were purified from chloroform.

3-Chloro-4-phenyl-1-(4-(phenyldiazenyl)phenyl)azetidin-2-one
(IIa). Yield: 80%; m. p.: 210�C; IR (KBr, cm�1): 1364

(CAN); 1460 (N¼¼N); 1760 (C¼¼O b-lactam); 1H NMR (300

MHz, CDCl3) d (ppm) ¼ 5.10 (s, 1H, ANACH), 5.40 (s, 1H,

ACHAC¼¼O), 6.80 (m, 4H, Ar-H); 7.25–7.40 (m, 6H, Ar-H);

7.60 (d, J ¼ 8.4 Hz, 2H, Ar-H); 8.00 (d, J ¼ 8.3 Hz, 2H, Ar-

H). Anal. Calcd. for C21H16N3OCl: C, 69.61; H, 4.41; N,

11.60; Found C, 69.50; H, 4.20; N, 11.40; Mass spectra, m/z

¼ 361 (100%).

3-Chloro-4-(2-hydroxyphenyl)-1-(4-(phenyldiazenyl)phe-nyl)
azetidin-2-one (IIb). Yield: 91%; m. p.: 220�C; IR (KBr,
cm�1): 2973 (OH), 1360 (CAN); 1567 (N¼¼N); 1765 (C¼¼O

b-lactam); 1H NMR (CDCl3): d(ppm) ¼ 5.16 (s, 1H,

ANACH), 5.35 (s, 1H, ACHAC¼¼O), 6.80–6.95 (m, 4H, Ar-

H); 7.20 (s, 1H, Ar-H); 7.65 (t, J ¼ 7.2 Hz, 3H, Ar-H); 7.90

(d, J ¼ 8.1 Hz, 2H, Ar-H); 8.30 (t, J ¼ 7.3 Hz, 3H, Ar-H);

9.50 (s, 1H, Ar-OH). Anal. Calcd. for C21H16O2N3Cl: C,

66.66; H, 4.23; N, 11.11; Found: C, 66.40; H, 4.10; N, 11.00;

Mass spectra, m/z ¼ 377 (100%).

3-Chloro-4-(2-nitrophenyl)-1-(4-(phenyldiazenyl)phenyl)
azetidin-2-one (IIc). Yield: 95%; m. p.: 225�C; IR (KBr,

cm�1): 1340 (CAN); 1580 (N¼¼N); 1755 (C¼¼O b-lactam); 1H
NMR (CDCl3): d(ppm) ¼ 5.00 (s, 1H, ANACH), 5.30 (s, 1H,
ACHAC¼¼O), 6.90 (m, 4H, Ar-H); 7.10 (s, 1H, Ar-H); 7.40
(d, J ¼ 8.1 Hz, 2H, Ar-H); 7.60 (d, J ¼ 8.4 Hz, 2H, Ar-H);
7.70 (d, J ¼ 8.1 Hz, 2H, Ar-H); 8.00 (t, J ¼ 7.6 Hz, 3H, Ar-

H); 8.30 (t, J ¼ 7.4 Hz, 3H, Ar-H). Anal. Calcd. for
C21H19N4O3Cl: C, 61.91; H, 3.68; N, 13.75; Found: C, 61.00.;
H, 3.60; N, 13.60; Mass spectra, m/z ¼ 406 (100%).

3-Chloro-4-(3-nitrophenyl)-1-(4-(phenyldiazenyl)phenyl)
azetidin-2-one (IId). Yield: 90%; m. p.: 205�C; IR (KBr,

cm�1): 1330 (CAN); 1590 (N¼¼N); 1740 (C¼¼O b-lactam); 1H
NMR (CDCl3): d (ppm) ¼ 5.10 (s, 1H, ANACH), 5.40 (s, 1H,
ACHAC¼¼O), 6.70 (d, J ¼ 8.5 Hz, 2H, Ar-H); 7.20 (s, 1H,
Ar-H); 7.60–7.68 (m, 4H, Ar-H); 8.00–8.08 (t, J ¼ 7.1 Hz,

3H, Ar-H); 8.18 (s, 1H, Ar-H); 8.20 (d, J ¼ 8.4 Hz, 2H, Ar-
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H). Anal. Calcd. for C21H15N4O3Cl: C, 61.91; H, 3.68; N,
13.75; Found: C, 61.20; H, 3.40; N, 13.50; Mass spectra, m/z
¼ 405.9 (100%).

3-chloro-4-(furan-2-yl)-1-(4-(phenyldiazenyl)phenyl)az-eti-
din-2-one (IIe). Yield: 85%; m.p.: 225�C; IR (KBr, cm�1):

1310 (CAN); 1560 (N¼¼N); 1710 (C¼¼O b-lactam); 1H NMR
(CDCl3): d(ppm) ¼ 5.35 (s, 1H, ANACH), 5.45 (s, 1H,
ACHAC¼¼O), 6.40–6.45 (t, J ¼ 7.4 Hz, 3H, Ar-H); 6.80 (s,
1H, Ar-H); 7.10 (d, J ¼ 8.1 Hz, 2H, Ar-H); 7.60 (d, J ¼ 8.3
Hz, 2H, Ar-H); 7.70 (d, J ¼ 8.2 Hz, 2H, Ar-H); 8.10 (d, J ¼
8.3 Hz, 2H, Ar-H). Anal. Calcd. for C19H14O2N3Cl: C, 64.77;
H, 3.97; N, 11.93; Found: C, 64.60; H, 3.80; N, 11.80; Mass
spectra, m/z ¼ 351 (100%).

3-chloro-4-(4-hydroxyphenyl)-1-(4-(phenyldiazenyl) phenyl)
azetidin-2-one (IIf) Yield: 75%; m. p.: 230�C; IR (KBr,

cm�1): 1345 (CAN); 1600 (N¼¼N); 1755 (C¼¼O b-lactam); 1H

NMR (CDCl3): d(ppm) ¼ 5.00 (s, 1H, ANACH), 5.40 (s, 1H,

ACHAC¼¼O), 6.70–6.80 (m, 4H, Ar-H); 7.00 (d, J ¼ 8.4 Hz,

2H, Ar-H); 7.50 (d, J ¼ 8.6 Hz, 2H, Ar-H); 7.90 (t, J ¼ 7.6

Hz, 3H, Ar-H); 8.20 (d, J ¼ 8.4 Hz, 2H, Ar-H); 9.30 (s, 1H,

Ar-OH). Anal. Calcd. for C21H16N3O2Cl: C, 66.66; H, 4.23;

N, 11.11; Found : C, 66.30; H, 4.20; N, 11.10 ; Mass spectra,

m/z ¼ 377 (100%).

3-chloro-4-(4-(dimethylamino)phenyl)-1-(4-(phenyldiaz-enyl)
phenyl)azetidin-2-one (IIg). Yield: 95%; m. p.: 220�C; IR
(KBr, cm�1): 1335 (CAN); 1620 (N¼¼N); 1765 (C¼¼O b-lac-
tam); 1H NMR (CDCl3): d(ppm) ¼ 2.90 (s, 6H, N(CH3)2) 5.15

(s, 1H, ANACH), 5.30 (s, 1H, ACHAC¼¼O), 6.70 (d, J ¼ 8.3

Hz, 2H, Ar-H); 6.80 (d, J ¼ 8.2 Hz, 2H, Ar-H); 7.10 (d, J ¼
8.2 Hz, 2H, Ar-H); 7.20 (s, 1H, Ar-H); 7.55 (d, J ¼ 8.5 Hz,

2H, Ar-H); 8.00 (d, J ¼ 8.4 Hz, 2H, Ar-H); 8.40 (d, J ¼ 8.2

Hz, 2H, Ar-H); Anal. Calcd. for C23H21ON4Cl: C, 68.14; H,

5.18; N, 13.82; Found: C, 68.10; H, 5.10; N, 13.60; Mass

spectra, m/z ¼ 404 (100%).

3-chloro-4-(2-chlorophenyl)-1-(4-(phenyldiazenyl) phenyl)-
azetidin-2-one (IIh). Yield: 80%; m. p.: 240�C; IR (KBr,

cm�1): 1355 (CAN); 1660 (N¼¼N); 1770 (C¼¼O b-lactam); 1H

NMR (CDCl3): d(ppm) ¼ 4.90 (s, 1H, ANACH), 5.20 (s, 1H,

ACHAC¼¼O), 6.60 (d, J ¼ 8.4 Hz, 2H, Ar-H); 7.20–7.30 (m,

4H, Ar-H); 7.60–7.75 (t, J ¼ 7.5 Hz, 3H, Ar-H); 7.80 (d, J ¼
8.1 Hz, 2H, Ar-H); 8.20 (d, J ¼ 8.3 Hz, 2H, Ar-H); Anal.

Calcd. for C21H15ON3Cl2: C, 63.63; H, 3.78, N, 10.60; Found:

C, 63.50; H, 3.60; N, 10.50; Mass spectra, m/z ¼ 395 (100%).

4-(3-bromophenyl)-3-chloro-1-(4-(phenyldiazenyl) phenyl)-
azetidin-2-one (IIi). Yield: 87%; m. p.: 245�C; IR (KBr,

cm�1): 1365 (CAN); 1630 (N¼¼N); 1740 (C¼¼O b-lactam); 1H

NMR (CDCl3): d(ppm) ¼ 5.10 (s, 1H, ANACH), 5.30 (s, 1H,

ACHAC¼¼O), 6.70 (d, J ¼ 8.3 Hz, 2H, Ar-H); 7.20–7.30 (t,

J ¼ 7.6 Hz, 3H, Ar-H); 7.40–7.45 (d, J ¼ 8.6 Hz, 2H, Ar-H);

7.60 (d, J ¼ 8.4 Hz, 2H, Ar-H); 7.90 (d, J ¼ 8.4 Hz, 2H, Ar-

H); 8.40 (d, J ¼ 8.5 Hz, 2H, Ar-H); Anal. Calcd. for

C21H15ON3BrCl: C, 57.14; H, 3.40; N, 9.52; Found: C, 57.10;

H, 3.30; N, 9.40; Mass spectra, m/z ¼ 439 (100%).

3-chloro-4-(4-chlorophenyl)-1-(4-(phenyldiazenyl) phenyl)-
azetidin-2-one (IIj). Yield: 90%; m. p.: 250�C; IR (KBr,
cm�1): 1370 (CAN); 1650 (N¼¼N); 1720 (C¼¼O b-lactam); 1H
NMR (CDCl3): d(ppm) ¼ 5.00 (s, 1H, ANACH), 5.40 (s, 1H,
ACHAC¼¼O), 6.90 (d, J ¼ 8.4 Hz, 2H, Ar-H); 7.20 (s, 1H,

Ar-H); 7.40–7.50 (m, 4H, Ar-H); 7.60 (d, J ¼ 8.2 Hz, 2H, Ar-
H); 7.80 (d, J ¼ 8.1 Hz, 2H, Ar-H); 8.50 (d, J ¼ 8.3 Hz, 2H,
Ar-H); Anal. Calcd. for C21H15N3OCl2: C, 63.63; H, 3.78; N,

10.60; Found: C, 63.40; H, 3.50; N, 10.30; Mass spectra,
m/z ¼ 395 (100%).

CONCLUSIONS

A new method for the synthesis of Schiff base Ia–Ij

using microwave irradiation offers significant improve-

ments over existing procedures. Also, this simple and

reproducible technique affords the products with short

reaction times, excellent yields, and without formation

of undesirable side products. From data of antimicrobial

activity, it could be observed that compounds of the

series IIa–IIj showing good comparable activity against

standard drugs.
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Synthesis of a series of 2-substituted benzimidazoles was carried out for screening anti-inflammatory
activities. 2-(N-benzylpyrrolyl)-benzimidazoles 9a–k were synthesized from N-benzyl-2-pyrrole carbox-

ylic acids 8a–d and 4-substituted-1,2-phenylenediamines by cyclocondensation utilizing polyphosphoric
acid (PPA) as condensing agent. The N-benzyl-2-pyrrole carboxylic acids were prepared by standard
method of N-benzylation of 2-pyrrole carboxylate using NaH/DMF and appropriately substituted benzyl
halides followed by alkaline hydrolysis.

J. Heterocyclic Chem., 47, 1367 (2010).

INTRODUCTION

Benzimidazole derivatives are known to possess

varied biological activities. Substituted benzimidazole

derivatives have been reported to possess anticancer,

antiulcer, antiviral, antifungal, antimicrobial, and anti-

inflammatory activities [1–6]. Prostaglandins and leuko-

triens from oxidative metabolism of arachidonic acid

play established roles in the pathophysiology of inflam-

matory disorders [7,8]. Pharmacological interference

with cyclooxygenase (COX) and 5-lipooxygenase (5-

LOX), enzymes involved in production of prostaglandins

and leukotriens is a hallmark feature of virtually all

marked nonsteroidal anti-inflammatory drugs (NSAIDs).

This property is believed to play an important role in

their therapeutic effects and certain mechanism-based

side effects including gastrointestinal bleeding, nephro-

toxicity, and cardiovascular problems in the case of

highly selective cyclooxygenase-2 inhibitors [9–14].

There have been remarkable efforts in developing new

classes of compounds to minimize the side effects of the

existing NSAIDs. Recent investigations on triazole, im-

idazole, pyrrole, benzimidazole, and indole derivatives

Figure 1 have shown that these classes of heterocycles

received much attention as potential NSAIDs [15–25].

Literature survey also revealed that when one bioactive

heterocyclic system was coupled with another, a mole-

cule with enhanced biological activity was produced

[26–28]. Based on these considerations, in the course of

research devoted to the development of new classes of

anti-inflammatory agents [29–31], we have speculated

that incorporating pyrrole ring into the 2-position of

benzimidazole moiety result in compounds with single

Figure 1. Structures of some pyrrole, benzimidazole, and indole deriv-

atives with anti-inflammatory activity.
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molecular scaffold that could enhance biological activ-

ities. Herein, we report the synthesis of this new class

of compounds. The screening of anti-inflammatory

activities of these compounds is underway.

RESULTS AND DISCUSSION

The synthetic routes for the title compounds are out-

lined in Scheme 1. Pyrrolylbenzimidazoles, 9a–k were

synthesized starting from the commercially available 2-

pyrrole carboxylic acid in four steps. Esterification of an

acid by refluxing in thionylchloride/methanol mixture

afforded the corresponding ester 6. N-benzylation of 6

by treating with NaH/DMF followed by appropriately

substituted benzyl halides afforded the corresponding N-
benzyl-2-pyrrole carboxylates 7a–d. Alkaline hydrolysis

of 7 using 30% aqueous potassium hydroxide gave the

carboxylic acids 8a–d, as key intermediates for the prep-

aration of the targeted benzimidazoles. Cyclocondensa-

tion of 8 with 4-substituted-1,2-phenylenediamine car-

ried out utilizing polyphosphoric acid (PPA) as condens-

ing agent afforded the titled compounds in fair to good

yield. The chemical structures of all new compounds

were established by infrared (IR), 1H NMR spectra as

well as elemental analysis. The IR-spectral characteris-

tics (all spectra taken in KBr) are quite similar and

could be summarized as: m (NAH): 3150–3185 cm�1; m
(CAH) 2900 cm�1; m (AC¼¼NA): 1620–1760 cm�1.

Detailed 1H NMR spectra of the targeted and intermedi-

ate compounds is given in the experimental section. The

elemental analysis indicated by the symbols of the ele-

ments was within 60.4% of theoretical values. Relevant

physical data of the targeted compounds were collected

and summarized in Table 1.

EXPERIMENTAL

Melting points (mp) were determined on Gallenkamp melt-

ing point apparatus and are uncorrected. Reagents and solvents
were purchased from Sigma-Aldrich Chemical Company
(Milwaukee, WI) and used as received. The structures of the
products described were confirmed by IR, 1H NMR, and ele-

mental analysis data. The IR spectra were run with KBr pellets
on Perkin-Elmer 1430 FT spectrometer and are reported in
cm�1. 1H NMR spectra were recorded on Varian Gemini HX-
300 MHz spectrometer. All 1H chemical shifts (in ppm) are
reported relative to tetramethylsilane as internal standard for

solutions in DMSO-d6 and CDCl3 as the solvent unless other-
wise specified. Elemental microanalysis was performed in Gal-
braith Laboratories (Knoxville, Tennessee). Analysis indicated
by the symbols of the elements was within 60.4% of the theo-
retical values. Analytical thin layer chromatography was per-

formed on 250 lm-layer flexible plates. Spots were visualized
under Ultraviolet illumination. Reaction products were puri-
fied, when necessary, by column chromatography on silica gel
60 (200–425 mesh), with the solvent system indicated. Sol-
vents were evaporated in vacuo. Anhydrous sodium sulphate

was used as drying agent.
Preparation of N-benzyl-2-pyrrole carboxylates (7a–d);

general procedure A. To a cooled solution of methyl-2-pyrrol

carboxylate 6 (1 equiv, 10 mmol), in 12 mL of DMF, NaH

(1.5 equiv, 15 mmol) was added in small portions. The reac-

tion mixture was stirred at 0�C for 20 min, the appropriately

substituted benzyl halide (1 equiv, 10 mmol) in 0.6 mL DMF

was added dropwise. The mixture was warmed to room tem-

perature and stirred for 2 h. Excess hydride was decomposed

with a small amount of methyl alcohol. After evaporation to

dryness under reduced pressure, the crude residue was washed

with water and extracted with ethyl acetate. The combined or-

ganic layers were dried over Na2SO4, and the solvent was

evaporated in vacuo. The resulting solid was purified by col-

umn chromatography (ethyl acetate: hexane) to afford N-(4-
substitutedbenzyl)-2-pyrrole carboxylates (7a–d).

Methyl-N-benzylpyrrole-2-carboxylate (7a). Isolated as

white crystalline solid, yield 1.86 g (86.5%); 1H NMR (300

Scheme 1. Reagents and conditions: (i) NaH, DMF, PhCH2Br, 0–65
�C, 2–4 h, (ii) 30% KOH/MeOH, reflux, 1–2 h. (iii) O-phenylene diamine,

PPA/xylene, 160�C, 4–6 h.
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MHz, CDCl3): d 7.78 (d, J ¼ 7.6 Hz, 2H, C30,C50 Ar-H), 7.37
(d, 1H, J ¼ 1.5 Hz, pyrrole-C50H), 7.15–7.22 (m, 3H, C20, C40,
C60-Ar-H), 6.4 (d, 1H, J ¼ 1.5 Hz, pyrrole-C30H), 6.23 (m, 1H,
pyrrole-C4

0H), 4.98 (s, 2H, benzyl-CH2), 3.77 (s, 3H,
ACOOCH3).

Methyl-N-(4-methylbenzyl)-pyrrole-2-carboxylate (7b). Isolated
as light yellow oily liquid. Crystallized from absolute ethanol

as white crystalline solid, yield 1.68 g (73.3%); 1H NMR (300

MHz, CDCl3): d 7.0–7.4 (m, 4H, C20,C30C50,C60 Ar-H), 7.37 (d,

1H, J ¼ 1.5 Hz, pyrrole-C50H), 6.4 (d, 1H, J ¼ 1.5 Hz, pyr-

role-C30H), 6.23 (m, 1H, pyrrole-C40H), 5.08 (s, 2H, benzyl-

CH2), 3.72 (s, 3H, ACOOCH3), 2.32 (s, 3H, Ar-CH3).

Methyl-N-(4-chlorobenzyl)-pyrrole-2-carboxylate (7c). Isolated
as white solid, yield 1.52 g (60.8%); 1H NMR (300 MHz,

CDCl3): d 7.08 (d, J ¼ 8.1 Hz, 2H, C20,C60 Ar-H), 7.26 (d, 1H, J
¼ 1.5 Hz, pyrrole-C50H), 7.20 (d, 2H, J ¼ 8.4 Hz, C30, C50-Ar-H),
6.4 (d, 1H, J ¼ 1.5 Hz, pyrrole-C30H), 6.23 (m, 1H, pyrrole-
C40H), 5.28 (s, 2H, benzyl-CH2), 3.67 (s, 3H,ACOOCH3).

Methyl-N-(4-nitrobenzyl)-pyrrole-2-carboxylate (7d). Isolated
as white solid, yield 1.68 g (64.6%); 1H NMR (300 MHz,
CDCl3): d 7.98 (d, J ¼ 8.1 Hz, 2H, C30,C50 Ar-H), 7.37 (d, 1H, J
¼ 1.5 Hz, pyrrole-C50H), 7.20 (d, 2H, J ¼ 8.4 Hz, C20, C60-Ar-
H), 6.4 (d, 1H, J ¼ 1.5 Hz, pyrrole-C30H), 6.23 (m, 1H, pyrrole-
C4

0H), 5.58 (s, 2H, benzyl-CH2), 3.77 (s, 3H, ACOOCH3).

Preparation of N-benzyl-2-pyrrole carboxylic acids

(8a–d): general procedure B. A suspension of the N-benzyl-

pyrrole-2-carboxylates 7a–d (1 equiv, 10 mmol) was dissolved

in MeOH/H2O (3:1) and 30% KOH (4 equiv). The mixture

was heated under reflux for 1–2 h. After cooling to room tem-

perature, the reaction mixture was acidified using 2N HCl. The

resulting precipitate was filtered and washed with water and

petroleum ether to give the desired acids 8a–d.

N-benzyl-2-pyrrol carboxylic acid (8a). Isolated as white

solid, yield 1.92 g (95.5%); 1H NMR (300 MHz, CDCl3): d
13.66 (br, s, 1H, ACOOH), 7.7 (d, J ¼ 7.6 Hz, 2H, C30,C50

Ar-H), 7.37 (d, 1H, J ¼ 1.5 Hz, pyrrole-C50H), 7.25–7.32 (m,

3H, C20, C40, C60-Ar-H), 6.4 (d, 1H, J ¼ 1.5 Hz, pyrrole-C30H),

6.23 (m, 1H, pyrrole-C4
0H), 4.98 (s, 2H, benzyl-CH2).

N-(4-methylbenzyl)-2-pyrrole carboxylic acid (8b). Isolated
as white solid, yield 2.07 g (96.2%); 1H NMR (300 MHz,

DMSO-d6): d 13.78 (br, s, 1H, ACOOH), 7.06–7,4 (m, 4H,

C20,C30 C50, C60 Ar-H), 7.37 (d, 1H, J ¼ 1.5 Hz, pyrrole-C50H),

6.38 (d, 1H, J ¼ 1.5 Hz, pyrrole-C30H), 6.20 (m, 1H, pyrrole-

C4
0H), 5.58 (s, 2H, benzyl-CH2), 2.32 (s, 3H, Ar-CH3).

N-(4-chlorobenzyl)-2-pyrrole carboxylic acid (8c). Isolated
as white solid, yield 2.18 g (93%); 1H NMR (300 MHz,

DMSO-d6): d 13.80 (br, s, 1H, ACOOH), 7.11 (d, J ¼ 8.1 Hz,

Table 1

Physical and analytical data of N-benzyl-2-pyrrolylbenzimidazoles.

Entry X Y Yield (%) mp (�C) M. Formula

Analysis (%) (Calc./Found)

C H N

9a H H 77.4 121–123 C18H15N3 79.10 5.53 15.37

79.14 5.52 15.36

9b H CH3 80.1 133–134 C19H17N3 79.41 5.96 14.62

79.07 5.92 14.36

9c H NO2 67 151–153 C18H14N4O2 67.91 4.43 17.60

67.87 4.52 17.44

9d H Cl 79 167–168 C18H14ClN3 70.24 4.58 13.65

70.07 4.52 13.36

9e CH3 H 74 176–177 C19H17N3 79.41 5.96 14.62

79.15 5.98 14.76

9f CH3 NO2 74.7 204–205 C19H16N4O2 68.66 4.85 16.86

68.35 4.98 16.76

9g Cl H 78.8 233–235 C18H14ClN3 70.24 4.58 13.65

70.19 4.52 13.44

9h Cl NO2 61.9 239–241 C18H13ClN4O2 61.28 3.71 15.88

61.15 3.88 15.74

9i NO2 H 61.6 202–205 C18H14N4O2 67.91 4.43 17.60

67.77 4.41 17.63

9j NO2 CH3 63.8 246–248 C19H16N4O2 68.66 4.85 16.86

68.35 4.98 16.76

9k NO2 Cl 63.6 222–224 C18H13ClN4O2 61.28 3.71 15.88

61.15 3.88 15.74
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2H, C30,C50 Ar-H), 7.27 (d, 1H, J ¼ 1.5 Hz, pyrrole-C50H),

7.20 (d, 2H, J ¼ 8.4 Hz, C20, C60-Ar-H), 6.4 (d, 1H, J ¼ 1.5

Hz, pyrrole-C30H), 6.21 (m, 1H, pyrrole-C4
0H), 5.52 (s, 2H,

benzyl-CH2).

N-(4-nitrobenzyl)-2-pyrrole carboxylic acid (8d). Isolated as

white solid, yield 2.22 g (90.2%); 1H NMR (300 MHz,
DMSO-d6): d 13.78 (br, s, 1H, ACOOH), 7.96 (d, J ¼ 8.1 Hz,
2H, C30,C50 Ar-H), 7.37 (d, 1H, J ¼ 1.5 Hz, pyrrole-C50H),
7.20 (d, 2H, J ¼ 8.4 Hz, C20, C60-Ar-H), 6.4 (d, 1H, J ¼ 1.5
Hz, pyrrole-C30H), 6.23 (m, 1H, pyrrole-C4

0H), 5.58 (s, 2H,

benzyl-CH2).
Preparation of N-benzylpyrrole-2-benzimidazoles (9a–k);

general procedure C. To a suspension of PPA (5.2 g) in xy-

lene (15 mL) at 80�C, 4-substituted-1,2-phenylenediamine (1

equiv, 0.2 mmol) and the corresponding acid (8a–d) (1 equiv,

0.2 mmol) were added. The temperature was raised to 145�C
and stirred for 4 h. The reaction mixture was cooled and

diluted with hot water with stirring. The hot reaction mixture

was filtered through a Buchner funnel and solid was isolated.

The solid was taken in water (60 mL) and neutralized with

NaHCO3. The solid was filtered and washed with hot water (2

� 40 mL) and recrystallized from THF.

2-(N-benzyl-2-pyrrolyl)-benzimidazole (9a). Isolated as

white solid, yield 2.06 g (75.4%); 1H NMR (300 MHz,
DMSO-d6): d 7.59 (d, 2H, J ¼ 8.7 Hz, Bzi-C4,C7AH), 7.37
(d, 1H, J ¼ 1.5 Hz, pyrrole-C50H), 7.33 (d, 2H, J ¼ 8.7 Hz,
Bzi-C5,C6AH), 7.02–7.16 (m, 5H, Ar-H), 6.4 (d, 1H, J ¼ 1.5
Hz, pyrrole-C30H), 6.23 (m, 1H, pyrrole-C4

0H), 5.28 (s, 2H,

benzyl-CH2), 5.02 (br, s, 1H, NH).
2-(N-benzyl-2-pyrrolyl)-5-methylbenzimidazole (9b). Isolated

as white solid, yield 1.15 g (80.14%); 1H NMR (300 MHz,

DMSO-d6): d 7.52 (d, 1H, J ¼ 8.7 Hz, Bzi-C7H), 7.34 (d, 1H,

J ¼ 1.5 Hz, pyrrole-C50H), 7.13 (s, 1H, Bzi-C4H), 7.05 (d, 1H,

J ¼ 8.7 Hz, Bzi-C6H), 6.98–7.02 (m, 5H, Ar-H), 6.4 (d, 1H, J
¼ 1.5 Hz, pyrrole-C30H), 6.23 (m, 1H, pyrrole-C4

0H), 5.56 (s,

2H, benzyl-CH2), 5.11 (br, s, 1H, NH), 2.30 (s, 3H, Bzi-CH3).

2-(N-benzyl-2-pyrrolyl)-5-nitrobenzimidazole (9c). Isolated
as pale yellow solid, yield 1.06 g (67%); 1H NMR (300 MHz,
DMSO-d6): d 7.59 (d, 1H, J ¼ 8.7 Hz, Bzi-C7H), 7.37 (d, 1H,
J ¼ 1.5 Hz, pyrrole-C50H), 7.32 (s, 1H, Bzi-C4H), 7.23 (d, 1H,

J ¼ 8.7 Hz, Bzi-C6H), 6.98–7.11 (m, 5H, Ar-H), 6.4 (d, 1H, J
¼ 1.5 Hz, pyrrole-C30H), 6.23 (m, 1H, pyrrole-C4

0H), 5.39 (s,
2H, benzyl-CH2), 5.06 (br, s, 1H, NH).

N-benzyl-2-pyrrole-5-chlorobenzimidazole (9d). Isolated as
yellow solid, yield 1.21 g (79%); 1H NMR (300 MHz, DMSO-

d6): d 7.59 (d, 1H, J ¼ 8.7 Hz, Bzi-C7H), 7.37 (d, 1H, J ¼ 1.5
Hz, pyrrole-C50H), 7.33 (s, 1H, Bzi-C4H), 7.23 (d, 1H, J ¼
8.7Hz, Bzi-C6H), 7.02–7.16 (m, 5H, Ar-H), 6.4 (d, 1H, J ¼
1.5 Hz, pyrrole-C30H), 6.23 (m, 1H, pyrrole-C4

0H), 5.44 (s, 2H,
benzyl-CH2), 5.11 (br, s, 1H, NH).

2-[N-(4-methylbenzyl)-2-pyrrolyl]-benzimidazole (9e). Isolated
as white solid, yield 1.07 g (74%); 1H NMR (300 MHz,

DMSO-d6): d 7.61 (d, J 7.6 Hz, 2H, C20,C60 Ar-H), 7.59 (d,

2H, J ¼ 8.7 Hz, Bzi-C4,C7AH), 7.37 (d, 1H, J ¼ 1.5 Hz, pyr-

role-C50H), 7.33 (d, 2H, J ¼ 8.7 Hz, Bzi-C5,C6AH), 7.22 (d,

2H, J ¼ 8.4 Hz, C30, C50-Ar-H), 6.4 (d, 1H, J ¼ 1.5 Hz, pyr-

role-C30H), 6.23 (m, 1H, pyrrole-C4
0H), 5.43 (s, 2H, benzyl-

CH2), 5.0 (br, s, 1H, NH), 2.32 (s, 3H, Ar-CH3).

N-(4-methylbenzyl)-2-pyrrolyl-5-nitrobenzimidazole (9f).
Isolated as white solid, yield 1.24 g (74.7%); 1H NMR (300

MHz, DMSO-d6): d 7.64 (d, J 7.6 Hz, 2H, C20,C60 Ar-H), 7.61

(d, 1H, J ¼ 8.7 Hz, Bzi-C7H), 7.37 (d, 1H, J ¼ 1.5 Hz, pyr-

role-C50H), 6.23 (m, 1H, pyrrole-C4
0H), 7.33 (s, 1H, Bzi-C4H),

7.23 (d, 1H, J ¼ 8.7 Hz, Bzi-C6H), 7.22 (d, 2H, J ¼ 8.4 Hz,

C30, C50-Ar-H), 6.4 (d, 1H, J ¼ 1.5 Hz, pyrrole-C30H), 5.48 (s,

2H, benzyl-CH2), 5.04 (br, s, 1H, NH), 2.42 (s, 3H, Ar-CH3).

N-(4-chlorobenzyl)-2-pyrrolylbenzimidazole (9g). Isolated
as white solid, yield 1.21 g (78.8%). 1H NMR (300 MHz,

DMSO-d6): d 7.60 (d, J 7.6 Hz, 2H, C20,C60 Ar-H), 7.58 (d,
2H, J ¼ 8.7 Hz, Bzi-C4,C7AH), 7.37 (d, 1H, J ¼ 1.5 Hz, pyr-
role-C50H), 7.33 (d, 2H, J ¼ 8.7 Hz, Bzi-C5,C6AH), 7.22 (d,
2H, J ¼ 8.4 Hz, C30, C50-Ar-H), 6.4 (d, 1H, J ¼ 1.5 Hz, pyr-
role-C30H), 6.23 (m, 1H, pyrrole-C4

0H), 5.52 (s, 2H, benzyl-

CH2), 5.0 (br, s, 1H, NH).
N-(4-chlorobenzyl)-2-pyrrolyl-5-nitrobenzimidazole (9h). Iso-

lated as white solid, yield 1.09 g (61.9%); 1H NMR (300
MHz, DMSO-d6): d 7.61 (d, 2H, J 7.6 Hz, C20,C60 Ar-H), 7.62

(d, 1H, J ¼ 8.7 Hz, Bzi-C7H), 7.37 (d, 1H, J ¼ 1.5 Hz, pyr-
role-C50H), 7.31 (d, 1H, J ¼ 8.7 Hz, Bzi-C4H), 7.23 (d, 1H,
J ¼ 8.7 Hz, Bzi-C6H), 6.4 (d, 1H, J ¼ 1.5 Hz, pyrrole-C30H),
6.23 (m, 1H, pyrrole-C4

0H), 7.22 (d, 2H, J ¼ 8.4 Hz, C30, C50-
Ar-H), 5.49 (s, 2H, benzyl-CH2), 5.06 (br, s, 1H, NH).

N-(4-nitrobenzyl)-2-pyrrolylbenzimidazole (9i). Isolated as
white solid, yield 0.98 g (61.6%); 1H NMR (300 MHz,
DMSO-d6): d 8.02 (d, 2H, J ¼ 8.4 Hz, C30, C50-Ar-H), 7.59 (d,
2H, J ¼ 8.7 Hz, Bzi-C4,C7AH), 7.54 (d, J 7.6 Hz, 2H, C20,C60

Ar-H), 7.37 (d, 1H, J ¼ 1.5 Hz, pyrrole-C50H), 7.33 (d, 2H, J
¼ 8.7 Hz, Bzi-C5,C6AH), 6.4 (d, 1H, J ¼ 1.5 Hz, pyrrole-
C30H), 6.23 (m, 1H, pyrrole-C40H), 5.35 (s, 2H, benzyl-CH2),
5.20 (br, s, 1H, NH).

N-(4-nitrobenzyl)-2-pyrrolyl-5-methylbenzimidazole (9j). Iso-
lated as white solid, yield 1.06 g (63.85%); 1H NMR (300

MHz, DMSO-d6): d 8.02 (d, 2H, J ¼ 8.4 Hz, C30, 7.59 (d, 1H,
J ¼ 8.7 Hz, Bzi-C7H), C50-Ar-H), 7.54 (d, J 7.6 Hz, 2H,
C20,C60 Ar-H), 7.37 (d, 1H, J ¼ 1.5 Hz, pyrrole-C50H), 6.4 (d,
1H, J ¼ 1.5 Hz, pyrrole-C30H), 6.23 (m, 1H, pyrrole-C40H),

7.33 (d, 1H, J ¼ 8.7 Hz, Bzi-C4H), 7.23 (d, 1H, J ¼ 6 Hz,
C6H). 5.44 (s, 2H, benzyl-CH2), 5.20 (br, s, 1H, NH), 2.51 (s,
3H, Ar-CH3).

N-(4-nitrobenzyl)-2-pyrrolyl-5-chlorobenzimidazole (9k). Iso-
lated as white solid, yield 1.12 g (63.6%); 1H NMR (300

MHz, DMSO-d6): d 8.02 (d, 2H, J ¼ 8.4 Hz, C30,C50-Ar-H),
7.59 (d,1H, J ¼ 8.7 Hz, Bzi-C7H), 7.54 (d, J 7.6 Hz, 2H,
C20,C60 Ar-H), 7.37 (d, 1H, J ¼ 1.5 Hz, pyrrole-C50H), 6.4 (d,
1H, J ¼ 1.5 Hz, pyrrole-C30H), 6.23 (m, 1H, pyrrole-C40H),
7.33 (d, 1H, J ¼ 8.7 Hz, Bzi-C4H), 7.23 (d, 2H, J ¼ 6 Hz,

C6H). 5.51 (s, 2H, benzyl-CH2), 5.18 (br, s, 1H, NH).
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The reaction of 3-(2-nitrophenyl)-3-hydroxypropanones with Zn/NH4Cl gave the corresponding quino-

line N-oxides in 80–90% yields. The reaction initiated the reduction of nitro group to afford the corre-
sponding hydroxylamine, which intramolecularly condensed and followed by dehydration to give
quinoline N-oxide. Although treatment of 2-nitrochalcone with Zn/NH4Cl in EtOH/H2O resulted in the
formation of quinoline N-oxide in low yield, the reaction of 2-nitrochalcone with Sn/NH4Cl in refluxing

EtOH/H2O afforded quinoline N-oxide in 80% yield.

J. Heterocyclic Chem., 47, 1372 (2010).

INTRODUCTION

Quinoline ring framework can be found in many

synthetic and natural compounds of biological impor-

tance. Especially, quinoline N-oxides (1) are important

compounds because of their biological activity [1].

The quinoline N-oxide core unit has been found in

drugs exerting microsomal Na, K-ATPase [2], antiviral

[3], or antimalarian activities [4]. The synthetic

method of quinoline N-oxide mainly devoted to the

oxidation of the corresponding quinolines, which were

synthesized from 2-aminochalcones or 2-nitrochalcones

and Sn/HCl or with Pd/C hydrogenation and cycliza-

tion [5]. We have also reported the synthesis of qui-

nolines by the reaction of 2-aminochalcones with NIS

or I2 [6]. Direct palladium-catalyzed arylation of quin-

oline N-oxides to 2-arylquinoline N-oxides was

recently reported [7]. Although Baylis-Hilman adducts

reacted with trifluoroacetic acid to give 3,4-substituted

quinoline N-oxides in 49–82% yields [8], there are

few reports on the direct synthesis of quinoline N-
oxides from chalcones or 3-hydroxy ketones, which

afforded mixtures of quinolines and quinoline N-
oxides [9]. These results prompted us to investigate

the direct synthesis of quinoline N-oxides from 3-

hydroxy ketones (2) or 2-nitrochalcones. Herein, we

would like to report a direct synthesis of quinoline N-
oxides from easily available 3-hydroxy ketones 2 and

2-nitrochalcones.

RESULTS AND DISCUSSION

3-Hydroxy ketones 2 were synthesized by the reaction

of 2-nitrobenzaldehydes (3) and acetophenones (4) in

the presence of sodium carbonate by the method

recently described by Wang et al. [10] (Scheme 1).

We first tried the metal mediated reductive cyclization

of 3-hydroxy-3-(2-nitrophenyl)-1-phenylpropan-1-one 2a

whether 2-phenylquinoline N-oxide 1a or 2-phenylqui-

noline 5a would be formed. The results were shown in

Table 1. Treatment of 2a with Sn/HCl resulted in the

formation of N-oxide 1a and 5a in 26 and 60% yields,

respectively (entry 1). When Zn/HCl was allowed to

react with ketone 2a, N-oxide 1a was obtained in 46%

yield (entry 2). When Sn/NH4Cl was treated with 2a at

60�C for 12 h, N-oxide 1a and quinoline 5a were

obtained in 7 and 6% yields, respectively (entry 4).

Finally, when Zn/NH4Cl was used as reducing reagents

at 60�C, N-oxide 1a was exclusively obtained in 85%

yield (entry 6).

As the optimum conditions (4 equiv Zn/ 3 equiv of

NH4Cl, EtOH/H2O, 60�C) were determined, we then

tried other 3-hydroxy ketones 2 to investigate the scope

and limitation of this method. Treatment of 3-hydroxy-

3-(2-nitrophenyl)-1-p-tolylpropan-1-one (2b) with Zn/

NH4Cl in EtOH/H2O resulted in the formation of 2-(p-
tolyl)quinoline N-oxide (1b) in 90% yield (entry 2).

When methyl, methoxy, or chloro groups were substi-

tuted on aromatic ring (ketones 2c–e), the corresponding

VC 2010 HeteroCorporation

1372 Vol 47



N-oxides 1c–e were obtained in high yields (entries

2–6). Naphthyl substituted ketone 2g also afforded 2-

naphtylquinoline N-oxide 1g (entry 7). Interestingly,

4-hydroxy-4-(2-nitrophenyl)butan-2-one 2j also reduced

and cyclized to afford 2-methylquinoline N-oxide (1j) in

86% yield (entry 10). Other quinolines were obtained in

high yields (Table 2). Thus, general synthesis of

N-oxides 1 from easily available 3-hydroxy ketones 2

under mild conditions was achieved.

The reaction might proceed as follows: 3-hydroxy ke-

tone 2a was reduced by Zn/NH4Cl to give hydroxyla-

mine 6a which was easily cyclized under these condi-

tions and dehydrated to give quinoline N-oxide 1a

(Scheme 2).

The present method has some advantage over direct

Pd-catalyzed arylation of quinoline N-oxides [7], which

requires Pd(OAc)2 as a catalyst and refluxing toluene

for 16 h in 55–91% yields. Additionally, 3 equiv of

starting quinoline N-oxides were required. The present

method requires shorter reaction time (5–6 h) and rela-

tively lower temperature (60�C).
We then tried the reductive cyclization of 2-nitrochal-

cone (7a) whether N-oxide 1a would be exclusively

formed. Previously, Barros et al. [9] have reported the

reductive cyclization of 2-nitrochalcones with SnCl2/

HCl, which led to the mixtures of 2-substituted quino-

line N-oxides 1 and quinolines 5 in moderate yields. To

the best of our knowledge, only one report on the practi-

cal synthesis of N-oxide 1 from chalcone 7 was

appeared, whereas yields were low [11]. Thus, the

method of exclusive formation of N-oxides 1 from 7

must be required. When chalcone 7a was treated with

Sn/HCl at RT for 1 h, quinoline 5a was isolated in 80%

yield (Table 3, entry 1). Treatment of chalcone 7a, Pd/C

(0.1 equiv), and H2 gas in ethanol (5 h), followed by

refluxing for 13 h resulted in the formation of quinoline

Scheme 1

Table 1

Reaction of 2a with metal and acid.

Entry Metal (eq) Acid (eq) Temperature (�C) Time (h) 1a Yield (%) 5a Yield (%)

1 Sn (3) HCl (4) 60 1 26 60

2 Zn (3) HCl (4) RT 18 46 0a

3 Fe (3) HCl (4) RT 12 61 14

4 Sn (3) NH4Cl (3) 60 12 7 6b

5 Sn (3) NH4Cl (3) Reflux 2 40 20c

6 Zn (4) NH4Cl (3) 60 5 85 0

7 Fe (5) NH4Cl (3) Reflux 24 0 0d

a Starting 2a was recovered in 36% yield.
b Starting 2a was recovered in 69% yield.
c Starting 2a was recovered in 25% yield.
d Starting 2a was recovered in 90% yield.
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Table 2

Reductive cyclization of 2-hydroxy ketones 2.

Entry Substrate Time (h) Product Yield (%)

1 2a 5 1a 85

2 2b 6 1b 90

3 2c 6 1c 88

4 2d 6 1d 90

5 2e 6 1e 89

6 2f 5 1f 82

7 2g 5 1g 80

8 2h 5 1h 89

9 2i 4 1i 89

10 2j 5 1j 86

11 2k 5 1k 85



5a in 78% yield (entry 4). In both case, no quinoline N-
oxide 1a was obtained. When Zn/NH4Cl was treated

with 7a at 60�C, N-oxide 1a was obtained in 21% yield

along with 15% of starting chalcone 7a (entry 5). When

the reaction was carried in refluxing ethanol for 24 h by

using Sn/NH4Cl as a reducing reagent, N-oxide 1a and

quinoline 5a were obtained in 80% and 4% yields,

respectively (entry 8). Prolonged heating resulted in the

further reduction of 1a–5a (entries 9–10). Other substi-

tuted nitrochalcones 7b–d also afforded quinoline N-
oxides 1 in good yields, however, small amount of start-

ing chalcones 7b–d were still remained unreacted

(entries 11–13).

By using metal/HCl as reducing reagents, 2-nitrochal-

chone 7a was reduced to give hydroxylamine 8a. Since

carbonyl moiety at trans position of hydroxylamine 8a

prevent intramolecular cyclization, part of which further

reduced to give aniline 9a, then cyclized to afford quin-

oline 5a (entries 1–4). On the other hand, by using Sn/

NH4Cl, which have lower reducing ability than Sn/HCl,

as reducing reagents, target quinoline N-oxides 1a were

obtained in acceptable yields, while careful tuning of

the reaction time must be required (Scheme 3). Com-

pared to the reductive cyclization of 3-hydroxy ketones

2 (Table 2), the reduction of 2-nitrochalcones required

prolonged reaction time.

In summary, we have synthesized 2-substituted quino-

line N-oxides by one-pot process from 3-hydroxylpropa-

nones or 2-nitrochalcones. This procedure provides a

general synthesis of quinoline N-oxides from easily

available 3-hydroxypropanones or 2-nitrochalcones.

EXPERIMENTAL

General. All chemicals were obtained from commercial
suppliers and were used without further purification. Analytical

TLC was carried out on precoated plates (Merck silica gel 60,
F254) and flash column chromatography was performed with
silica (Merck, 70-230 mesh). NMR spectra (1H at 400 MHz;
13C at 100 MHz) were recorded in CDCl3, and chemical shifts
are expressed in ppm relative to internal TMS (d ¼ 0.00) and

CDCl3 (d ¼ 77.00) for 1H- and 13C-NMR. Melting points
were uncorrected.

Table 3

Hydroamination of 2-nitrochalcones with metal.

Entry R Metal (equiv) Acid Temperature (�C) Time (h)

Yield (%)

1 5

1 Ph Sn (3) HCl Rt 1 0 80

2 Ph Zn (3) HCl Rt 4 0 42

3 Ph Fe (3) HCl Rt 24 0 0

4 Ph Pd/C (0.1) – reflux 18 0 78

5 Ph Zn (3) NH4Cl 60 4 21 3

6 Ph Sn (3) NH4Cl 60 28 20 0

7 Ph Sn (3) NH4Cl reflux 20 75a 0

8 Ph Sn (3) NH4Cl reflux 26 80 4

9 Ph Sn (3) NH4Cl reflux 33 78 12

10 Ph Sn (3) NH4Cl reflux 72 0 87

11 4-MeC6H4 Sn (3) NH4Cl reflux 24 82b 0

12 4-ClC6H4 Sn (3) NH4Cl reflux 22 80c 0

13 1-naphtyl Sn (3) NH4Cl reflux 24 82d 0

a Starting chalcone 7a was recovered in 5% yield.
b 1-(4-Methylphenyl)-3-(2-nitrophenyl)-2-en-1-one 7b was recovered in 4% yield.
c 1-(4-Chlorophenyl)-3-(2-ntrophenyl)-2-en-1-one 7c was recovered in 3% yield.
d 1-Naphtyl-3-(2-nitrophenyl)prop-2-en-1-one 7d was recovered in 4% yield.

Scheme 2. Reaction mechanism.
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Materials. Benzaldehydes 3a–3b and ketones 4a–4j were
purchased from TCI and Aldrich. Zn powder (<50 nm) was

purchased from Aldrich. Sn powder (200 mesh) was purchased
from Wako.

Preparation of 3-hydroxy-3-(2-nitrophenyl)-1-phenylpro-

pan-1-one (2a). To a solution of acetophenone (1.20 g, 10.0

mmol) and sodium carbonate (0.55 g, 5.2 mmol) in water (60
mL) was added a solution of 2-nitrobenzaldehyde (1.51 g, 10.0
mmol) in ethanol (15 mL) in dropwise. After stirring for 17 h
at RT, the reaction mixture was extracted with dichlorome-
thane (10 mL � 3). The combined extract was dried over so-

dium sulfate, filtered, and evaporated to give brown solid,
which was chromatographed over silica gel by elution with
hexane-ethyl acetate (5:1) to afford green crystals of 2a (1.95
g, 7.2 mmol). mp 106–107�C (ref. [11] mp 106–107�C). 1H-
NMR (CDCl3) d ¼ 8.00–7.96 (m, 4H), 7.71 (dd, J ¼ 8.0, 7.4

Hz, 1H), 7.60 (t, J ¼ 7.4, 1.2 Hz, 1H), 7.45–7.50 (m 3H), 5.86
(dd, J ¼ 9.3, 2.4 Hz, 1H), 4.01 (d, J ¼ 3.1 Hz, 1H), 3.73 (dd,
J ¼ 17.7, 2.4 Hz, 1H), 3.22 (dd, J ¼ 17.7, 9.3 Hz, 1H). 13C-
NMR (CDCl3) d ¼ 200.2, 147.5, 138.8, 138.6, 136.6, 134.1,
134.0, 129.0(2C), 128.7, 128.5(2C), 128.4, 124.7, 66.2, 46.7.

Other reactions were carried out in a similar manner.
3-Hydroxy-1-(4-methylphenyl)-3-(2-nitrophenyl)propan-1-

one (2b). Yield: 72%. Deep green crystals. mp 70–71�C. 1H-
NMR (CDCl3) d ¼ 7.97–8.00 (m, 2H), 7.86 (d, J ¼ 7.9 Hz,

2H), 7.69 (dd, J ¼ 7.6, 7.6 Hz, 1H), 7.46 (dd, J ¼ 7.8, 7.6 Hz,
1H), 7.27 (d, J ¼ 7.9 Hz, 2H), 5.84 (dd, J ¼ 9.4, 2.4 Hz, 1H),
4.06 (br, 1H), 3.71 (dd, J ¼ 17.6, 2.4 Hz, 1H), 3.17 (dd, J ¼
17.6, 9.4 Hz, 1H). 13C-NMR (CDCl3) d ¼ 199.9, 147.5, 145.1,
138.9, 134.1, 134.0, 129.7, 128.7(2C), 128.6(2C), 128.5, 124.7,

66.2, 46.5, 22.0. Calcd for C16H15NO4; C, 67.36; H, 5.30; N,
4.91. Anal Found; C, 67.38; H, 5.36; N, 4.92.

3-Hydroxy-1-(3-methylphenyl)-3-(2-nitrophenyl)propan-1-

one (2c). Yield: 57%. Deep green oil. 1H-NMR (CDCl3) d ¼
8.00–7.98 (m, 2H), 7.78–7.75 (m, 2H), 7.70 (ddd, J ¼ 7.6, 7.6,

1.2 Hz, 1H), 7.47 (ddd, J ¼ 7.8, 7.6, 1.4 Hz, 1H), 7.41 (d, J ¼
7.6 Hz, 1H), 7.36 (dd, J ¼ 7.6, 7.5 Hz, 1H), 5.86 (dd, J ¼ 9.3,
2.2 Hz, 1H), 4.04 (br, 1H), 3.73 (dd, J ¼ 17.6, 2.2 Hz, 1H),
3.20 (dd, J ¼ 17.6, 9.3 Hz, 1H), 2.41(s, 3H). 13C-NMR
(CDCl3) d ¼ 191.0, 148.8, 143.0, 138.8, 137.7, 134.2, 133.9,

131.6, 130.6, 129.6, 129.5, 128.8, 127.8, 126.2, 25.2, 21.6.
Calcd for C16H15NO4(-H2O); C, 71.90; H, 4.90; N, 5.24. Anal
Found; C, 71.76; H, 5.12; N, 5.12.

3-Hydroxy-1-(2-methylphenyl)-3-(2-nitrophenyl)propan-1-

one (2d). Yield: 68%, greenish brown crystals, mp 55–56�C.
1H-NMR (CDCl3) d ¼ 8.00–7.96 (m, 2H), 7.72–7.66 (m, 2H),

7.46 (ddd, J ¼ 7.7, 7.6, 1.2 Hz, 1H), 7.40 (ddd, J ¼ 7.5, 7.5,
1.2 Hz, 1H), 7.28–7.23 (m, 2H), 5.8 4(dd, J ¼ 9.3, 2.0 Hz,
1H), 4.00 (br 1H), 3.64 (dd, J ¼ 17.6, 2.0 Hz, 1H), 3.15 (dd, J
¼ 17.6, 9.3 Hz, 1H), 2.56(s, 3H). 13C-NMR (CDCl3) d ¼
203.9, 147.5, 139.1, 138.9, 137.0, 134.0, 132.4, 132.3, 129.2,

128.6, 128.5, 126.1, 124.7, 66.4, 49.2, 21.8. Calcd for
C16H15NO4 (-H2O); C, 71.90; H, 4.90; N, 5.24. Anal Found;
C, 71.84; H, 5.12; N, 5.11.

3-Hydroxy-1-(4-metoxyphenyl)-3-(2-nitrophenyl)propan-1-

one (2e). Yield: 66%, pale yellow crystals, mp 128–129�C
(ref. [12] mp 128–129�C). 1H-NMR (CDCl3) d ¼ 8.00–7.93
(m, 4H), 7.69 (ddd, J ¼ 7.6, 7.6, 1.2 Hz, 1H), 7.46 (ddd, J ¼
7.6, 7.8, 1.4 Hz, 1H), 6.96 (d, J ¼ 8.1 Hz, 2H), 5.83 (dd, J ¼
9.4, 2.4 Hz, 1H), 4.20 (d, J ¼ 2.6 Hz, 1H), 3.88 (s, 3H), 3.70
(d, J ¼ 17.4, 2.4 Hz, 1H), 3.14 (dd, J ¼ 17.4, 9.4 Hz, 1H).
13C-NMR (CDCl3) d ¼ 198.8, 164.4, 147.6, 138.9, 134.0,
130.9(2C), 129.6, 128.7, 128.5, 124.6, 114.1(2C), 66.4, 55.8,
46.1.

1-(4-Chlorophenyl)-3-hydroxy-3-(2-nitrophenyl)propan-1-

one (2f). Yield: 74%, deep green crystals, mp 92–93�C. 1H-
NMR (CDCl3) d ¼ 7.99 (dd, J ¼ 8.1, 1.2 Hz, 1H), 7.98 (dd, J
¼ 7.6, 1.4 Hz, 1H), 7.92 (d, J ¼ 8.8 Hz, 2H), 7.70 (ddd, J ¼
7.6, 7.6, 1.2 Hz, 1H), 7.49–7.43 (m, 3H), 5.85 (dd, J ¼ 9.3,
2.2 Hz, 1H), 3.87 (d, J ¼ 3.0 Hz, 1H), 3.68 (dd, J ¼ 17.6, 2.2

Hz, 1H,) 3.19 (dd, J ¼ 9.3, 17.6 Hz, 1H). 13C-NMR (CDCl3)
d ¼ 198.8, 147.5, 140.6, 138.7, 134.9, 134.1, 129.9(2C),
129.3(2C), 128.6, 128.6, 124.7, 66.1, 46.8. Calcd for
C15H12ClNO4; C, 58.93; H, 3.96; N, 4.58. Anal. Found; C,
58.69; H, 4.11; N, 4.52.

3-Hydroxy-1-naphthyl-3-(2-nitrophenyl)propan-1-one

(2g). Yield: 61%, greenish brown oil, 1H-NMR(CDCl3) d ¼
8.73 (d, J ¼ 8.6 Hz, 1H), 8.03–7.98 (m, 3H), 7.94 (dd, J ¼
7.2, 1.2 Hz, 1H), 7.89 (dd, J ¼ 8.2, 1.4 Hz, 1H), 7.74 (ddd,

J ¼ 7.6, 7.5, 1.4 Hz, 1H), 7.64 (ddd, J ¼ 7.6, 7.6, 1.4 Hz,

1H), 7.57 (ddd, J ¼ 8.2, 8.2, 1.2 Hz, 1H), 7.51–7.44 (m, 2H),

5.94 (dd, J ¼ 9.3, 2.2 Hz, 1H), 4.04 (d, J ¼ 3.1 Hz, 1H), 3.82

(dd, J ¼ 17.5, 2.2 Hz, 1H), 3.31 (dd, J ¼ 175, 9.3 Hz, 1H).
13C-NMR (CDCl3) d ¼ 204.1, 147.5, 138.9, 134.9, 134.2,

134.1, 133.8, 130.4, 128.8, 128.8, 128.7, 128.6, 128.5, 126.9,

125.9, 124.7, 124.6, 66.7, 49.8. Calcd for C19H15ClNO4

(þH2O); C, 67.25; H, 5.05; N, 4.13. Anal Found; C, 67.49; H,

4.77; N, 4.04.

1-(5-Bromo-2-hydroxyphenyl)-3-hydroxy-3-(2-nitrophe-

nyl)propan-1-one (2h). Yield: 74%, purple crystals, mp 92–

93�C. 1H-NMR (CDCl3) d ¼ 11.9 (s, 1H), 8.02 (dd, J ¼ 7.9,

1.4 Hz, 1H), 7.98 (d, J ¼ 7.9, 1.3 Hz, 1H), 7.79 (d, J ¼ 2.4

Hz, 1H), 7.73 (ddd, J ¼ 7.9, 7.8, 1.3 Hz, 1H), 7.57 (dd, J ¼
8.9, 2.4 Hz, 1H), 7.50 (ddd, J ¼ 7.9, 7.8, 1.4 Hz, 1H), 6.93 (d,

J ¼ 8.9 Hz, 1H), 5.90 (dd, J ¼ 9.2, 2.1 Hz, 1H), 3.66 (dd,

J ¼ 17.8, 2.1 Hz, 1H), 3.41(br, 1H), 3.30(dd, J ¼ 17.8, 9.2

Hz, 1H). 13C-NMR (CDCl3) d ¼ 204.7, 161.7, 147.4, 139.8,

138.4, 134.3, 132.4, 128.9, 128.6, 124.8, 120.9, 120.6, 111.0,

65.5, 46.9. Calcd for C15H12NO3; C, 67.25; H, 5.05; N, 4.13.

Anal. Found; C, 67.49; H, 4.77; N, 4.04.

2-Bromo-3-hydroxy-3-(2-nitrophenyl)-1-phenylpropan-1-

one (2i). Yield: 52%, colorless crystals, mp 103–104�C. 1H-
NMR (CDCl3) d ¼ 8.06 (d, J ¼ 8.2 Hz, 1H), 7.94 (d, J ¼ 7.2
Hz, 2H), 7.87 (d, J ¼ 7.9 Hz, 1H), 7.67 (dd, J ¼ 8.2, 7.6 Hz,
1H), 7.55 (dd, J ¼ 7.9, 7.6 Hz, 1H), 7.45–7.40 (m, 3H), 5.02

(d, J ¼ 5.0 Hz, 1H), 4.83 (d, J ¼ 5.0 Hz, 1H). 13C-NMR
(CDCl3) d ¼ 191.4, 147.4, 135.2, 134.3, 134.2, 130.3, 129.8,

Scheme 3
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129.5, 129.0(2C), 128.5(2C), 124.9, 60.3, 58.1. Anal. Calcd for
C15H12NO3 (-HBr); C, 66.91; H, 4.12; N, 5.20. Found; C,
66.84; H, 4.38; N,5.24.

4-Hydroxy-4-(2-nitrophenyl)butan-2-one (2j). Yield: 66%,
yellow crystals, mp 55–56�C (ref. [13] mp 52–55�C). 1H-

NMR (CDCl3) d ¼ 7.91 (d, J ¼ 7.9 Hz, 1H), 7.68 (dd, J ¼
7.9, 7.7 Hz, 1H), 7.45 (dd, J ¼ 8.1, 7.7 Hz, 1H), 5.69 (dd, J ¼
9.4, 2.0 Hz, 1H), 3.15 (dd, J ¼ 17.8, 2.0 Hz, 1H), 2.73 (dd, J
¼ 17.8, 9.4 Hz, 1H), 2.24(s, 3H). 13C-NMR (CDCl3) d ¼
209.1, 147.4, 138.6, 134.1, 128.5, 128.4, 124.7, 65.9, 51.3,

30.7.
3-Hydroxy-3-(b-nitrobenzo[1,3]dioxol-5-yl)-1-phenylpro-

pan-1-one (2k). Yield: 50%, pale yellow crystals, mp 96–
97�C. 1H-NMR(CDCl3) d ¼ 7.96 (d, J ¼ 7.4 Hz, 2H), 7.60
(dd, J ¼ 7.4, 7.4 Hz, 1H), 7.54 (s, 1H), 7.48 (dd, J ¼ 7.4, 7.4

Hz, 2H), 7.43 (s, 1H), 6.13 (s, 2H), 5.88 (dd, J ¼ 9.2, 2.0 Hz,
1H), 4.03 (d, J ¼ 2.2 Hz, 1H), 3.72 (dd, J ¼ 17.6, 2.0 Hz,
1H), 3.11 (dd, J ¼ 17.6, 9.2 Hz, 1H). 13C-NMR (CDCl3) d ¼
200.3, 152.9, 147.4, 141.3, 136.8, 136.6, 134.0, 129.0(2C),

128.5(2C), 107.4, 105.4, 103.2, 66.4, 46.7. Anal. Calcd for
C16H13NO6; C, 60.95; H, 4.16; N, 4.44. Found; C, 60.67; H,
4.36; N, 4.40.

Reductive cyclization of 2a by using tin and hydrochloric

acid. To a solution of 2a (0.136 g, 0.5 mmol) and conc HCl

(0.17 mL, 0.20 mmol) in EtOH (12 mL) was added Sn powder
(0.178 g, 1.5 mmol) in one portion. After being stirred for 1h
at 60�C, the reaction mixture was evaporated, washed with
water, and extracted with CH2Cl2 (5 mL � 3). The combined
extract was dried over sodium sulfate, filtered, and evaporated

to give pale green oily solid, which was chromatographed over
silica gel by elution with dichloromethane to afford 2-phenyl-
quinoline N-oxide 1a (0.029 g, 0.13 mmol) and 2-phenylquino-
line 5a (0.062 g, 0.30 mmol). mp 79–80�C (ref. [1] mp 78–
79�C).

2-Phenylquinoline N-oxide 1a: yield: 89%, pale yellow crys-
tals, mp 74–75�C (ref. [14] mp 76�C). 1H-NMR (CDCl3) d ¼
8.87 (d, J ¼ 8.8 Hz, 1H), 7.98 (d, J ¼ 7.9 Hz, 2H), 7.87 (d, J
¼ 7.8 Hz, 1H), 7.80–7.75 (m 2H), 7.65 (dd, J ¼ 7.6, 7.4 Hz,

1H), 7.55–7.45 (m 4H). 13C-NMR (CDCl3) d ¼ 144.9, 142.2,
133.5, 130.5, 129.6(2C), 129.5, 129.5, 128.4(2C), 128.3, 128.0,
125.2, 123.3, 120.2.

Reductive cyclization of 2j by using zinc and ammonium

chloride. To a solution of 4-hydroxy-4-(2-nitropohenyl)-2-

butanone 2j (0.142 g, 0.50 mmol) and ammonium chloride
(0.080 g, 1.5 mmol) in ethanol-water (1:1, 40 mL) was added
zinc powder (0.098 g, 1.5 mmol) in one portion. After stirring
for 6 h at 60�C, the reaction mixture was poured into water
(20 mL), and extracted with dichloromethane (10 mL � 3).

The combined extract was dried over sodium sulfate, filtered,
and evaporated to give pale yellow solid, which was recrystal-
lized from methanol to afford 2-methylquinoline N-oxide 1j

(0.094 g, 0.43 mmol) colorless crystals. mp 54–55�C (ref. [15]
mp 76�C). 1H-NMR (CDCl3) d ¼ 8.80 (d, J ¼ 8.6 Hz, 1H),

7.84 (d, J ¼ 7.8 Hz, 1H), 7.76 (dd, J ¼ 8.6, 8.2 Hz, 1H), 7.66
(d, J ¼ 8.6 Hz, 1H), 7.60 (dd J ¼ 8.6, 8.2 Hz, 1H), 7.33 (d, J
¼ 7.8 Hz, 1H), 2.73 (s, 3H). 13C-NMR (CDCl3) d ¼ 146.0,
141.8, 130.5, 129.4, 128.2, 128.0, 125.4, 123.2, 119.8, 19.0.

Other reactions were carried out in a similar manner.
2-(4-Methylphenyl)quinoline N-oxide (1b). Yield: 90%, or-

ange crystals, mp 112–113�C (ref. [7] mp 127–128�C). 1H-
NMR (CDCl3) d ¼ 8.86 (d, J ¼ 9.0 Hz, 1H), 7.90 (d, J ¼ 8.2

Hz, 2H), 7.85 (d, J ¼ 8.2 Hz, 1H), 7.77 (dd, J ¼ 8.2, 7.8 Hz,
1H ), 7.73 (d, J ¼ 9.0 Hz, 1H), 7.62 (dd J ¼ 8.4, 7.8 Hz, 1H),
7.50 (d, J ¼ 8.4 Hz, 1H), 7.33 (d, J ¼ 8.2 Hz, 2H), 2.43 (s,
3H). 13C-NMR (CDCl3) d ¼ 145.4, 142.5, 139.9, 130.8, 129.9,
129.7(2C), 129.7(2C), 129.2, 128.5, 128.2, 125.5, 123.5, 120.5,

21.7.
2-(3-Methylphenyl)quinoline N-oxide (1c). Yield: 88%, or-

ange crystals, mp 110–111�C. 1H-NMR (CDCl3) d ¼ 8.87 (d,
J ¼ 8.8 Hz, 1H), 7.88–7.62 (m, 5H), 7.64 (dd, J ¼ 7.5, 7.5
Hz, 1H), 7.50 (d, J ¼ 8.7 Hz, 1H ), 7.42 (dd J ¼ 7.6, 7.6 Hz,

1H), 7.29 (d, J ¼ 7.6 Hz, 1H), 2.45(s, 3H). 13C-NMR (CDCl3)
d ¼ 145.5, 142.6, 138.2, 133.7, 130.8, 130.5, 130.3, 129.8,
128.6, 128.5, 128.2, 126.9, 125.3, 123.7, 120.6, 21.7. Anal.
Calcd for C13H15NO4; C, 81.86; H, 5.57; N, 5.95. Found; C,
81.52; H, 5.41; N, 5.78.

2-(2-Methylphenyl)quinoline N-oxide (1d). Yield: 90%, or-
ange crystals, mp 109–110�C (ref. [7] mp 103–104�C).1H-
NMR (CDCl3) d ¼ 8.85 (d, J ¼ 8.7 Hz, 1H), 7.90 (d, J ¼ 8.1
Hz, 1H), 7.82–7.71 (m, 2H), 7.66 (dd, J ¼ 8.1, 8.1 Hz, 1H ),

7.43–7.29 (m, 5H), 7.62 (dd, J ¼ 7.8, 7.8 Hz, 1H), 2.27 (s,
3H). 13C-NMR (CDCl3) d ¼ 146.7, 142.0, 137.7, 133.9, 130.4,
130.1, 129.9, 129.3, 129.1, 128.4, 128.0, 125.9, 124.6, 123.8,
120.3, 19.7.

2-(4-Methoxylphenyl)quinoline N-oxide (1e). Yield: 89%,

pale yellow crystals, mp 123–124�C (ref. [7] mp 125–126�C).
1H-NMR (CDCl3) d ¼ 8.86 (d, J ¼ 8.8 Hz, 1H), 8.03 (d, J ¼
9.0 Hz, 2H), 7.86 (d, J ¼ 8.0 Hz, 1H), 7.78 (ddd, J ¼ 8.0, 8.0,
1.4 Hz, 1H), 7.74 (d, J ¼ 8.4 Hz, 1H), 7.63 (ddd J ¼ 8.4, 8.0,
1.2 Hz, 1H), 7.53 (d, J ¼ 8.8 Hz, 1H), 7.05 (d, J ¼ 9.0 Hz,

2H), 3.89(s, 3H). 13C-NMR (CDCl3) d ¼ 160.7, 144.9, 142.5,
131.5(2C), 130.7, 129.5, 128.4, 128.1, 125.9, 125.4, 123.3,
120.4, 113.9(2C), 55.6.

2-(4-Chlorophenyl)quinoline N-oxide (1f). Yield: 82%,
greenish yellow crystals mp 170–171�C. 1H-NMR (CDCl3) d
¼ 8.84 (d, J ¼ 8.8 Hz, 1H), 7.98–7.94 (m, 2H), 7.88 (d, J ¼
8.4 Hz, 1H), 7.80 (dd, J ¼ 8.2, 7.8 Hz, 1H), 7.76 (d, J ¼ 8.8
Hz, 1H), 7.66 (dd, J ¼ 7.8, 7.8 Hz, 1H), 7.52–7.48 (m, 3H).
13C-NMR (CDCl3) d ¼ 144.1, 142.6, 135.8, 132.1, 131.2(2C),

131.0, 129.9, 128.9, 128.8(2C), 128.3, 125.6, 123.1, 120.5.
Anal. Calcd for C15H10ClNO4; C, 70.46; H, 3.94; N, 5.48.
Found; C, 70.51; H, 4.18; N, 5.53.

2-(1-Naphthyl)quinoline N-oxide (1g). Yield: 80%, color-
less crystals, mp 168–169�C (ref. [7] mp 168–169�C). 1H-

NMR (CDCl3) d ¼ 8.88 (d, J ¼ 9.3 Hz, 1H), 8.02–7.91 (m,
3H), 7.85–7.77 (m, 2H), 7.69(ddd, J ¼ 8.1, 6.8 and 1.2 Hz,
1H ), 7.60(d, J ¼ 5.6 Hz, 2H), 7.60(d, J ¼ 5.6 Hz 2H), 7.55–
7.41(m, 4H). 13C-NMR (CDCl3) d ¼ 145.6, 142.1, 133.4,
132.1, 130.7, 130.5, 130.1, 129.9, 128.6, 128.6, 128.1, 127.7,

126.9, 126.2, 125.4, 125.4, 124.7, 124.5, 20.4.
2-(5-Bromo-2-hydroxyphenyl)-quinoline N-oxide (1h). Yield:

89%, pale yellow crystals, mp 167–168�C (ref. [9] mp 167–
168�C). 1H-NMR (CDCl3) d ¼ 11.30 (s, 1H, OH), 8.91 (d, J
¼ 8.8 Hz, 1H), 8.00 (d, J ¼ 8.8 Hz, 1H), 7.96 (d, J ¼ 8.2 Hz,

1H), 7.92 (dd J ¼ 8.5, 7.9 Hz, 1H), 7.75 (dd, J ¼ 8.2, 7.9 Hz,
1H), 7.67 (d, J ¼ 8.5 Hz, 1H), 7.62 (s, 1H), 7.57 (d, J ¼ 8.8
Hz, 1H), 7.05 (d, J ¼ 8.8 Hz, 1H). 13C-NMR (CDCl3) d ¼
159.4, 147.5, 141.1, 135.3, 133.6, 132.2, 129.9, 129.4, 129.2,

128.3, 124.2, 123.5, 122.7, 120.3, 112.0.
3-Bromo-2-phenylquinoline N-oxide (1i). Yield: 89%, yel-

low crystals mp 124–125�C (ref. [16] mp 125–127�C). 1H-
NMR (CDCl3) d ¼ 8.64 (d, J ¼ 7.2 Hz, 1H), 7.70 (d, J ¼ 7.6
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Hz, 1H), 7.60–7.52 (m, 4H), 7.52 (dd, J ¼ 7.8, 7.8 Hz, 2H),
7.44 (dd, J ¼ 7.4, 7.2 Hz, 1H), 7.27 (s, 1H). 13C-NMR
(CDCl3) d ¼ 130.1(2C), 129.9, 129.8, 129.7, 129.0, 128.7(2C),
128.6, 128.2, 128.0, 127.6, 127.1, 120.0, 111.3.

6-Phenyl-[1,3]dioxolo[4,5-g]quinoline N-oxide (1k). Yield:

85%, pale yellow crystals, mp 224–225�C. 1H-NMR (CDCl3)
d ¼ 8.22 (s, 1H), 7.91 (dd, J ¼ 8.2, 1.2 Hz, 2H), 7.58 (d, J ¼
8.6 Hz, 1H), 7.52–7.44 (m, 3H), 7.35 (d, J ¼ 8.6 Hz, 1H),
7.09 (s, 1H), 6.17 (s, 2H). 13C-NMR (CDCl3) d ¼ 152.2,
149.5, 133.9, 129.8(2C), 129.5, 129.4, 128.7, 128.4(2C), 127.0,

124.7, 121.9, 103.4, 102.6, 98.5. Anal. Calcd for C16H11NO3;
C, 72.45; H, 4.18; N, 5.28. Found; C, 72.28; H, 4.43; N, 5.27.

Reductive cyclization of 2-nitrochalcone with Sn/HCl. To
a solution of 2-nitrochalchone 7a (0.253 g, 1.0 mmol) and
conc. HCl (0.33 mL, 4.0 mmol) in EtOH (15 mL) was added

Sn powder (0.356 g, 3.0 mmol) in one portion. After stirring
for 1h at RT, the reaction mixture was evaporated to afford
dark solid, which was extracted with EtOAc (5 mL � 3), dried
over sodium sulfate, filtered, and evaporated to afford yellow

solid. Chromatographic separation of the solid (SiO2, EtOA-
c:hexane ¼ 1:1) gave 2-phenylquinoline 5a (0.164 g, 0.80
mmol).

Reductive cyclization of 2-nitrochalcone with Pd/C. To a
solution of 2-nitrochalcone 7a (0.253 g, 1.0 mmol) in EtOH

(15 mL) was added Pd/C (10%, 0.053 g, 0.05 mmol) in one
portion. After stirring for 3 h under hydrogen atmosphere, the
reaction mixture was refluxed for 8h, and evaporated to give
dark brown oily crystals, which was chromatographed over
silica gel by elution with EtOAc:Hexane (1:5) to give 5a

(0.160 g, 0.78 mmol).
Reductive cyclization of 2-nitrochalcone with Sn/

NH4Cl. To a solution of 2-nitrochalcone 7a (0.127 g, 0.50
mmol) and ammonium chloride (0.080 g, 1.5 mmol) in etha-
nol-water (1:1, 40 mL) was added tin powder (0.178 g, 1.5

mmol) in one portion. After refluxing for 26 h, the reaction
mixture was poured into water (20 mL), and extracted with
dichloromethane (10 mL � 3). The combined extract was
dried over sodium sulfate, filtered, and evaporated to give pale

yellow crystals, which was chromatographed over silica gel to
afford 2-phenyllquinoline N-oxide 1a (0.088 g, 0.40 mmol)
and 2-phenylquinoline 5a (0.004 g, 0.02 mmol).

Other reactions were carried out in a similar manner.
2-(4-Methylphenyl)quinoline N-oxide 1b (0.109 g, 0.41

mmol): mp 112–113�C. 2-(4-Chlorophenyl)quinoline N-oxide

1f (0.115 g, 0.40 mmol): mp 170–171�C. 2-Naphtylquinoline
N-oxide 1g (0.124 g, 0.41 mmol): mp 168–169�C.
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A series of pyrazolo [3,4-d] pyrimidine, pyrazolo [1,5-a] pyrimidine, and pyrazolyl triazoles have

been prepared via reaction of ethyl 5-amino-3-phenylpyrazole-4-carboxylate with isothiocyanic esters,
a,b-unsaturated nitriles, and some active methylene reagents.

J. Heterocyclic Chem., 47, 1379 (2010).

INTRODUCTION

In the past decade, we have been involved in a pro-

gram aiming at the synthesis of new heterocyclic com-

pounds that may possess biologically active properties

to be used as potential biodegradable agrochemicals [2–

5]. In continuation of our earlier interest in 3(5)-amino-

pyrazole, we report here an efficient synthesis of the

hitherto unreported ethyl 5-amino-3-phenyl-1H-pyraz-
ole-4-carboxylate 3 and its exploitation for the synthesis

of some new fused pyrazole derivatives.

RESULTS AND DISCUSSION

Thus, ethyl benzoylacetate 1 reacts with trichloroace-

tonitrile in ethanol catalyzed by sodium acetate to afford

1:1 adduct, which could be formulated as ethyl

3-amino-2-benzoyl-3-trichloromethyl acrylate derivative

2. Structure 2 was assigned to this adduct on the basis

of analytical and spectral data (cf. Experimental part).

The reaction of 2 with hydrazine hydrate in refluxing

pyridine afforded directly ethyl 5-amino-3-phenyl-1H-
pyrazole-4-carboxylate 3. The formation of 3 is assumed

to occur via nucleophilic attack of hydrazine NH2 on 2

with elimination of chloroform followed by the conden-

sation of the hydrazide NH2 with the benzoyl-carbonyl

group with elimination of water. This cyclization was

expected to occur with elimination of ethanol; however,

all spectral evidence showed the presence of the ester

function.

Thus, IR spectrum of the product showed that absorp-

tion bands at tmax ¼ 1651, 3415, and 3365 cm�1 attrib-

utable to carbonyl and amino groups. The 1H NMR

spectrum revealed a triplet at d ¼ 1.17–1.24 ppm (J ¼
10.6 Hz) and quartet at d ¼ 4.12–4.23 ppm (J ¼ 10.6

Hz) characteristic for ethyl ester group, a singlet (2H,

D2O exchangeable) at d ¼ 6.21 ppm for amino group, a

multiplet (5H) at d ¼ 7.42–7.66 ppm for aromatic pro-

tons, and a broad singlet (1H) at d ¼ 12.05 ppm for the

pyrazole NH. Moreover, the mass spectrum of the reac-

tion product showed a strong absorption at m/z ¼ 231

(48%), which is compatible with the molecular formula

C12H13N3O2 for compound 3.

Aminopyrazoles are the most extensively utilized het-

erocyclic amines in heterocyclic synthesis due to their

ready availability as well as their stability, which makes

them useful precursors in dyes, pharmaceuticals, and

agrochemical industries [6–13].

In conjunction with our interest in exploring the

potential utility of functionally substituted pyrazoles
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[14–16], we report here a simple and efficient synthesis

of some new polyfunctionally substituted pyrazolopyri-

midines of expected biological interest starting with our

new pyrazole 3.

Thus, ethyl 5-amino-3-phenyl-1H-pyrazole-4-carboxy-
late 3 reacts with benzoyl isothiocyanate and phenyl

isothiocyanate to afford the 1:1 adducts 4 and 8, respec-

tively, via electrophilic attack at the amino group, which

was considered most likely for these adducts based on

their stability under the conditions reported to effect

decomposition of N-thiocarbamoyl pyrazoles [16–18].

Attempts to effect cyclization of both reaction products

4 and 8 by boiling in ethanolic sodium ethoxide has

resulted in the formation of pyrazolo[3,4-d]pyrimidines

6a and 9, respectively. Structures 6a and 9 are identified

on the basis of analytical and spectral data, where the
1H NMR spectrum of 6a revealed the presence of a

multiplet at d ¼ 7.45–8.15 ppm (5H) for aromatic

protons and three singlets at d ¼ 11.82, 12.99, and

13.88 ppm for NH-pyrazole and two NH-pyrimidine

protons. The formation of 6a from 4 seemed to proceed

via alcoholysis with loss of the benzoyl moiety and the

formation of the nonisolable intermediate 5, which

undergoes cyclization through ethanol elimination to

give 6a (Scheme 1). An authentic sample of 6a has

been obtained from the reaction of the pyrazole 3 with

thiourea by fusion in an oil bath at 120�C (The same

melting point, mixed melting point, and same analytical

and spectral analyses). The loss of the benzoyl moiety

in similar reaction is reported in [16–18].

The thiourea derivatives 4 and 8 reacted with hydra-

zine hydrate and afforded products for which structures

7 and 10 were assigned on the basis of analytical and

spectral analyses, where the 1H NMR spectrum of 7

showed the presence of a triplet at d ¼ 1.13 ppm (J ¼
7.2 Hz), a quartet at d ¼ 4.15 ppm (J ¼ 7.2 Hz), a

Scheme 1. Preparation of compounds 2, 3, 4, 6a,b, 7, 8, 9 and 10.
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multiplet at d ¼ 7.45–8.15 ppm for 10 protons (aromatic

protons), a singlet at d ¼ 9.20 ppm for Pyrazole-NH,

and two singlets at d ¼ 11.90 and 13.05 ppm for both

exocyclic NH and triazole-NH protons.

On the other hand, the 1H NMR of 10 revealed the

presence of a singlet at d ¼ 5.56 ppm for the amino

group protons, a multiplet at d ¼ 7.11–8.39 ppm inte-

grated for 10H (2-Ph protons), a singlet at d ¼ 9.47

ppm for pyrazole-NH, and a singlet at d ¼ 13.18 ppm

for hydrazine-NH. The 13C NMR spectrum of 10

revealed signals at 102.64 (C-4 pyrazolopyrimidine),

121.62, 123.60, 127.54, 128.18, and 128.62 (CH aro-

matic), 132.77 (C-9 pyrazolopyrimidine), 136.28,

138.25, and 147.12 (CH aromatic), 150.91 (C-3 pyrazo-

lopyrimidine), 153.76 (C-7 pyrazolopyrimidine), and

157.59 (C-6 pyrazolopyrimidine) (CO).

The pyrazolo[3,4-d]pyrimidine-4,6-dione analogue 6b

has been obtained via reaction of the 5-aminopyrazole 3

with urea on fusion in oil bath at 120�C. Structure 6b

was assigned on the basis of elemental analysis and

spectral data (cf. Experimental section).

Pyrazolo[1,5-a]pyrimidines are important due to their

ability to inhibit 30,50-cyclic phosphodiestrase and their

cardiotropic properties [19,20]. Moreover, the reported

activities of pyrazolo[1,5-a]pyrimidines as antipyretics,

anti-inflammatory, anticancer, and antischistosomal

agents [21–23] prompted us to prepare some of their

new derivatives via reacting our new 5-aminopyrazole

derivative 3 with some a,b-unsaturated nitriles and

active methylene reagents.

Thus, ethyl 5-amino-3-phenyl-1H-pyrazole-4-caboxy-
late 3 reacts with the cinnamonitrile derivative 11 in

refluxing ethanol with few drops of piperidine as a cata-

lyst to afford products for which structures 12 or 13

seemed possible (cf. Scheme 2).

The spectral data of the reaction products suggested

structure 13 to be assigned to this product rather than 12

(cf. Experimental section). Compound 13 was trans-

formed into the fully aromatic pyrazolo[1,5-a]pyrimidine

derivative 14 on reflux in pyridine. When the reaction

of 3 with 11 was carried out in refluxing pyridine com-

pound 14 was also obtained. The identity of the two

Scheme 2. Preparation of compounds 13, 14, 16, 18, 20, 22, 24 and 26.
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products was inferred from melting points and spectral

data. Structure 14 was assigned on the basis of the 13C

NMR and 1H NMR spectra which revealed the disap-

pearance of the pyrimidine-4-H signal and presence of a

singlet at d ¼ 6.83 ppm integrated for two protons (NH2

protons) in addition to the other expected signals for ar-

omatic and ethyl ester protons (cf. Experimental). The

formation of 14 from 13 apparently takes place via
auto-oxidation under the reaction conditions. Similar

reactions have been reported [22,23].Structure 14 was

unambiguously confirmed on the basis of the single

crystal X-ray analysis [24–26] (cf. Fig. 1).

The aminopyrazole 3 reacted with ethoxy-methylene

malononitrile 15 and afforded a product for which struc-

ture 16 is established based on analytical and spectral

analyses.

On the other hand, when the 5-aminopyrazole 3 was

condensed with both the enaminonitrile 17 and the

enaminone 19, it yielded the pyrazolo[1,5-a]pyrimidine

derivatives 18 and 20, respectively.

Structure 18 could be established on the basis of spec-

tral analysis where the 1H NMR spectrum revealed the

amino group as a singlet at d ¼ 9.94 ppm and the

appearance of two doublets at d ¼ 6.56 ppm (J ¼ 7.2

Hz) and d ¼ 8.26 ppm (J ¼ 7.2 Hz) which may be

attributed to H-5 and H-6.

5-Aminopyrazole-4-carboxylate 3 was also condensed

with ethyl acetoacetate 21, acetylacetone 23, and

benzoylacetonitrile 25 by fusion on oil bath at 100–

120�C to yield products for which structures 22, 24, and

26 have been established, respectively, on the basis

of analytical and spectral analyses. The IR spectrum

of compound 22 revealed an absorption band at

mmax ¼1712 cm�1 for carbonyl ester and another band

at mmax ¼1662 cm�1 for amide carbonyl group.

The 1H NMR spectrum of 24 showed two singlets at

d ¼ 2.70 and 2.80 ppm for the two methyl groups and a

singlet at d ¼ 6.75 ppm for pyrimidine-CH proton,

beside the other expected signals for aromatic and ethyl

ester protons. The formation of 26 apparently proceeds

in a manner similar to the addition of the cinnamonitrile

11 shown above (cf. Scheme 2, Fig. 1, Experimental).

EXPERIMENTAL

The melting points were determined on a Stuart melting
point apparatus and are uncorrected. The IR spectra were
recorded as KBr pellets using a FTIR unit Bruker-Vector 22
spectrophotometer. The 1H and 13C NMR spectra were
recorded in DMSO-d6 as solvent at 300 MHz and 75 MHz,

respectively, on Varian Gemini NMR spectrometer using TMS
as internal standard. Chemical shifts are reported in d units
(ppm). Mass spectra were measured on a Shimadzu GCMS -
QP-1000 EX mass spectrometer at 70 eV. The elemental anal-
yses were performed at the Micro analytical Center, Cairo

University. The single crystal structure [24–26] was deter-
mined by X-ray unit at the National Research Center, Dokki,
Giza, A. R. Egypt.

3-Amino-2-benzoyl-4,4,4-trichloro-butyric acid ethyl ester

(2). To a solution of ethyl benzoylacetate 1 (1.92 g, 10 mmol)
in absolute ethanol (50 mL) containing sodium acetate,

Figure 1. Single crystal X-ray structure of compound 14 [24–26].
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trichloroacetonitrile (1.44 g, 10 mmol) was added. Stirring

lasted overnight at room temperature then the reaction mixture

was poured into cold water. The resulting product obtained

was filtered off, dried, and recrystallized from ethanol. White

crystal (yield 80%), m.p. 107�C. mmax cm�1 ¼ 3375, 3240

(NH2), 1674, 1645 (CO). MS: m/z 336 (Mþ). Anal. Calcd. for
C13H12Cl3NO3 (336.05): C, 46.38; H, 3.59; N, 4.16; Cl,

31.59%. Found: C, 46.31; H, 3.52; N, 4.11; Cl, 31.53%.

5-Amino-3-phenyl-1H-pyrazole-4-carboxylic acid ethyl

ester (3). To a suspension of 2 (3.36 g, 10 mmol) in ethanol
was added the equivalent amount of hydrazine hydrate (0.50
mL, 10 mmol) and triethylamine as catalyst. The reaction mix-

ture was refluxed for 5 h and then concentrated in vacuo. The
solid product obtained upon cooling was isolated by filtration

and recrystallized from a mixture of ethanol/dioxane. White
crystal (yield 50%). m.p. 172�C. mmax cm�1 ¼ 3415, 3365
(NH2), 3245, 1651 (CO). MS: m/z 231 (Mþ). dH ¼ 1.17 (t,

3H, J ¼ 10.6 Hz, CH3), 4.12 (q, 2H, J ¼ 10.6 Hz, CH2), 6.21
(s, 2H, NH2), 7.42–7.66 (m, 5H, Ar-H), 12.04 (s, 1H, NH-pyr-
azole). Anal. Calcd. for C12H13N3O2 (231.26): C, 62.32; H,

5.66; N, 18.17%. Found: C, 62.25; H, 5.60; N, 18.08%.
5-(3-Benzoyl-thioureido)-3-phenyl-1H-pyrazole-4-carbo-

xylic acid ethyl ester (4). A solution of 3 (2.31 g, 10 mmol)

and benzoyl isothiocyanate (1.63 g, 10 mmol) in dry acetone
(50 mL) were refluxed for 5 h. The reaction mixture was
evaporated under vacuo. The resulting solid was collected by
filtration and crystallized from ethanol. White crystal (yield
50%), m.p. 158�C. tmax cm

�1 ¼ 3425, 3193 (NH), 1720, 1681

(CO). MS: m/z 394 (Mþ). Anal. Calcd. for C20H18N4O3S
(394.45): C, 60.89; H, 4.59; N, 14.20; S, 8.12%. Found: C,
60.81; H, 4.53; N, 14.13; S, 8.08%.

Synthesis of (6a). Method 1. Compound 4 (10 mmol) was

treated with ethanolic sodium ethoxide (0.23 g sodium in 50

mL ethanol), the reaction mixture was refluxed for 3 h and

allowed to cool then poured into cold water and neutralized

with dil. HCl. The resulting product was collected by filtration

and crystallized from ethanol to afford 6a in 72% yield.

Synthesis of (6a, b). Compound 3 (2.31 g, 10 mmol) was

treated with thiourea (0.76 g, 10 mmol) or urea (0.60 g,

10 mmol) and the reaction mixture was heated in oil bath at

100–120�C for 2 h. The mixture was allowed to cool at room

temperature. The formed solid product was crystallized from

ethanol/dioxane to afford 6a and 6b, respectively.

3-Phenyl-6-thioxo-1,5,6,7-tetrahydro-pyrazolo [3,4-d] pyri-
midin-4-one (6a). Pale brown crystal (yield 65%), m.p >
300�C. tmax cm�1 ¼ 3215, 3120 (NH), 1593 (CO). MS: m/z
244 (Mþ). dH ¼ 7.50–8.15 (m, 5H, Ar-H), 11.82 (s, 1H,
NH-pyrazole), 12.99 (s, 1H, NH-pyrimidine), 13.88 (s, 1H,
NH-pyrimidine). Anal. Calcd. for C11H8N4OS (244.27): C,

54.09; H, 3.30; N, 22.93; S, 13.34%. Found: C, 54.02; H,
3.27; N, 22.85; S, 13.29%.

3-Phenyl-1,7-dihydro-pyrazolo [3,4-d] pyrimidine-4,6-dione
(6b). Pale yellow crystal (yield 60%), m.p > 300�C. tmax

cm�1 ¼ 3430, 3223 (NH), 1730, 1640 (CO). MS: m/z 228

(Mþ). dH ¼ 7.43–8.14 (m, 5H, Ar-H), 10.65 (s, 1H, NH-pyraz-

ole), 11.35 (s, 1H, NH-pyrimidine), 13.55 (s, 1H, NH-pyrimi-

dine). Anal. Calcd. for C11H8N4O2 (228.21): C, 57.89; H,

3.53; N, 24.55%. Found: C, 57.81; H, 3.48; N, 24.49%.

3-Phenyl-5-(3-phenyl-thioureido)-1H-pyrazole-4-carboxylic

acid ethyl ester (8). Phenyliso-thiocyanate (1.35 g, 10 mmol)
was added to a solution of 3 (2.31 g, 10 mmol) in pyridine

and were refluxed for 3 h and then allowed to cool at room

temperature. The reaction mixture was poured into ice cold

water and neutralized with dil. HCl. The resulting solid was

collected by filtration and crystallized from ethanol. The prod-

uct is identified as 8. Pale yellow crystal (yield 50%), m.p.

218�C. tmax cm�1 ¼ 3355, 3210 (NH), 1654 (CO). MS: m/z
366 (Mþ). Anal. Calcd. for C19H18N4O2S (366.49): C, 62.26;

H, 4.95; N, 15.28; S, 8.74%. Found: C, 62.21; H, 4.89; N,

15.23; S, 8.68%.

3,5-Diphenyl-6-thioxo-1,5,6,7-tetrahydro-pyrazolo [3,4-d]
pyrimidin-4-one (9). Compound 8 (10 mmol) was treated

with ethanolic sodium ethoxide solution (0.23 g sodium in 50

mL absolute ethanol). The reaction mixture was heated under

reflux for 3 h, allowed to cool, then poured onto ice cold water

and neutralized with dil. HCl. The resulting solid product is

collected by filtration and crystallized from ethanol and identi-

fied as 9. White crystal (yield 55%), m.p. > 300�C. tmax cm
�1

¼ 3153, 3056 (NH), 1696 (CO). MS: m/z 320 (Mþ). Anal.

Calcd. for C17H12N4OS (320.37): C, 63.73; H, 3.77; N, 17.48;

S, 10.00%. Found: C, 63.64; H, 3.69; N, 17.40; S, 9.92%.

General method for preparation of (7) and (10). Compound
4 or 8 (10 mmol) reacted with hydrazine hydrate (0.50 mL,

10 mmol) in pyridine (25 mL) and heated under reflux for 3 h,

then allowed to cool at room temperature. The reaction mix-

tures were poured onto ice cold water and neutralized with

dilute HCl. The resulting solids were collected by filtration

and crystallized from ethanol.

3-Phenyl-5-(5-phenyl-4H-[1,2,4]triazol-3-ylamino)-1H-pyrazole-
4-carboxylic acid ethyl ester (7). Pale brown crystal (yield

70%), m.p. > 300�C. tmax cm�1 ¼ 3325, 3175, 3150 (NH),

1676 (CO). MS: m/z 374 (Mþ). dH ¼ 1.13(t, 3H, J ¼ 7.2 Hz,

CH3), 4.15 (q, 2H, J ¼ 7.2 Hz, CH2), 7.45–8.15 (m, 10H,

3Ar-H), 9.20 (s, 1H, NH-pyrazole). 11.90 (s, 1H, NH), 13.05 (s,

1H, NH-triazole). Anal. Calcd. for C20H18N6O2 (374.41): C,

64.42; H, 4.84; N, 22.44%. Found: C, 64.38; H, 4.80; N, 22.37%.

6-Hydrazide-3,5-diphenyl-1,5-dihydro-pyrazolo [3,4-d] pyri-
midin-4-one (10). White crystal (yield 50%), m.p. 295�C. tmax

cm�1 ¼ 3350, 3235 (NH2), 3150 (NH). MS: m/z 318 (Mþ). dH
¼ 5.56 (s, 2H, NH2), 7.11–8.39 (m, 10H, 2Ar-H), 9.47 (s, 1H,
NH-pyrazole), 13.18 (s, 1H, NH-hydrazide). dC ¼ 102.64 (C-4
pyrazolopyrimidine), 121.62, 123.60, 127.54, 128.18, and

128.62 (CH aromatic), 132.77 (C-9 pyrazolopyrimidine),
136.28, 138.25, and 147.12 (CH aromatic), 150.91 (C-3 pyra-
zolopyrimidine), 153.76 (C-7 pyrazolopyrimidine), 157.59 (C-
5 pyrazolopyrimidine) (CO). Anal. Calcd. for C17H14N6O
(318.34): C, 64.14; H, 4.43; N, 26.39%. Found: C, 64.09; H,

4.38; N, 26.31%.
7-Amino-6-cyano-2,5-diphenyl-4,7-dihydro-pyrazolo[1,5-a]

pyrimidine-3-carboxylic acid ethyl ester (13). Compounds 11

(1.54 g, 10 mmol) were refluxed for 3 h with compound 3

(2.31 g, 10 mmol) in ethanol (50 mL) and few drops of piperi-

dine as catalyst. The reaction mixture was then poured into

ice-cold water and neutralized with dilute HCl. The resulting

solid product was collected by filtration and crystallized from

ethanol. White crystal (yield 65%), m.p. 220�C. tmax cm�1 ¼
3446, 3400 (NH2), 3315 (NH), 2190 (CN), 1686 (CO). MS: m/
z 385 (Mþ). dH (CDCl3) ¼ 1.18 (t, 3H, J ¼ 7.2 Hz, CH3),

4.17 (q, 2H, J ¼ 7.2 Hz, CH2), 5.48 (s, 3H, NH2, CH-pyrimi-

dine), 6.72 (s, 1H, NH-pyrimidine), 7.39–7.70 (m, 10H, 2Ar-

H). Anal. Calcd. for C22H19N5O2 (385.43): C, 68.55; H, 4.96;

N, 18.17%. Found: C, 68.50; H, 4.92; N, 18.08%.
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7-Amino-6-cyanio-2,5-diphenyl-pyrazolo[1,5-a]pyrimidine-

3-carboxylic acid ethyl ester (14). Compound 13 (3.85 g,
10 mmol) was dissolved in 25 mL pyridine (or 25 mL DMF)

and heated under reflux for 3 h, then evaporated in vacuo and
diluted with cold water (50 mL) then treated with few drops
of dil. HCl. The resulting solid product is filtered off, washed

well with cold water, and crystallized from ethanol/dioxane
mixture. The solid product is identified as 14. Brown crystal

(yield 55%), m.p. 208�C. tmax cm�1 ¼ 3415, 3365 (NH2),
2219 (CN), 1685 (CO). MS: m/z 382 (Mþ-1). dH ¼ 1.31
(t, 3H, J ¼ 7.2 Hz, CH3), 4.34 (q, 2H, J ¼ 7.2 Hz, CH2), 6.83

(s, 2H, NH2) 7.48–8.07 (m, 10H, 2Ar-H). dC ¼ 14.11 (CH3

ester), 60.55 (CH2 ester), 75.27 (C-7 pyrazolopyrimidine),

106.23 (C-8 pyrazolopyrimidine), 115.41 (CN), 127.95,
128.59, 128.93, 129.59, 129.64, 131.07, 131.83, and 136.54
(CH aromatic), 148.69 (C-6 pyrazolopyrimidine), 150.55 (C-2

pyrazolopyrimidine), 159.99 (C-4 pyrazolopyrimidine), 160.79
(C-3 pyrazolopyrimidine), 162.69 (CO). Anal. Calcd. for
C22H17N5O2 (383.41): C, 68.91; H, 4.46; N, 18.26%. Found:

C, 68.87; H, 4.37; N, 18.19%.
X-ray crystallographic data using SIR92 [25] program to

solve structure: Yellow crystals, C22H17N5O2 (Mr ¼ 383.411

gmol�1), orthorhombic prismatic, space group Pna-2(1), a ¼
8.8207(2) Å, b ¼ 16.6408(4) Å, c ¼ 25.7103(9) Å, a[�] ¼
90.00, b[�] ¼ 90.00, c[�] ¼ 90.00; V[Å3] ¼ 3773.8(2). Z ¼ 8,

Dx ¼ 1.350 Mgm�3, l(Mo Ka) ¼ 0.09 mm�1; Fine-focus

sealed tube. Data were collected using KappaCCD. T[K] ¼
298, with graphite monochromator with Mo Ka radiation (k ¼
0.71073 Å), y ¼ 2.910–25.028�. Measured reflections 6613,

Total independent reflections are 3780 were counted with

observed reflections 1830. Rint ¼ 0.031. R(all) ¼ 0.112, R(gt)
¼ 0.042, wR(ref) ¼ 0.078, and wR(all) ¼ 0.097.

General procedure for preparation of compounds (16),

(18), and (20). Compound 3 (2.31 g, 10 mmol) was added to

a solution of 15, 17, or 19 (10 mmol) in pyridine (25 mL) and

refluxed for 3 h. The reaction mixtures were evaporated under

vacuo then poured onto ice cold water, and neutralized with

diluted HCl. The resulting solids were collected by filtration

and crystallized from dioxane/ethanol and identified as 16, 18,

and 20, respectively.

7-Amino-6-cyano-2-phenyl-pyrazolo [1,5-a]pyrimidine-3-car-
boxylic acid ethyl ester (16). Brown crystal (yield 60%), m.p.

282�C. tmax cm�1 ¼ 3406, 3220 (NH2), 2221(CN), 1697,

(CO). MS: m/z 307 (Mþ). Anal. Calcd. for C16H13N5O2

(307.31): C, 62.53; H, 4.26; N, 22.79%. Found: C, 62.45; H,

4.19; N, 22.69%.

7-Amino-2-phenyl-pyrazolo [1,5-a] pyrimidine-3-carboxylic
acid ethyl ester (18). White crystal (yield 70%), m.p. 204�C.
tmax cm�1 ¼ 3427, 3372 (NH2), 1671 (CO). MS: m/z 282

(Mþ). dH ¼ 1.21 (t, 3H, J ¼ 7.2 Hz, CH3), 4.28 (q, 2H, J ¼
7.2 Hz, CH2), 6.56 (d, 1H, J ¼ 7.2 Hz, pyrazolopyrimidine-H-

5), 7.50–7.81 (m, 5H, Ar-H), 8.26 (d, 1H, J ¼ 7.2 Hz, pyrazo-

lopyrimidine-H-6), 9.94 (s, 1H, NH2). Anal. Calcd. for

C15H14N4O2 (282.31): C, 63.81; H, 4.99; N, 19.84%. Found:

C, 63.72; H, 4.91; N, 19.79%.

2-Phenyl-7-thiophen-2-yl-pyrazolo[1,5-a]pyrimidine-3-carboxylic
acid ethyl ester (20). Pale yellow crystal (yield 65%), m.p.
159�C. tmax cm�1 ¼ 3062 (CH-Aromatic), 1697(CO). MS:
m/z 349 (Mþ). dH ¼ 1.21(t, 3H, J ¼ 6.9 Hz, CH3), 4.27(q, 2H,

J ¼ 6.9 Hz, CH2), 7.39–7.90 (m, 6H, Ar-H, thiophene-H-2),
7.95 (d, 1H, J ¼ 3.9 Hz, thiophene-H-3), 8.14 (d, 1H, J ¼ 3.9

Hz, thiophene-H-1), 8.57 (d, 1H, J ¼ 7.2 Hz, pyrazolopyrimi-
dine-H-6), 8.80 (d, 1H, J ¼ 7.2 Hz, pyrazolopyrimidine-H-5).
Anal. Calcd. for C19H15N3O2S (349.41): C, 65.31; H, 4.33; N,
12.03; S, 9.18%. Found: C, 65.22; H, 4.38; N, 11.92; S,
9.05%.

General procedure for preparation of compounds (22),

(24), and (26). Compound 3 (2.31 g, 10 mmol) and 10 mmol
of either ethyl acetoacetate 21, acetylacetone 23, or benzoyla-
cetonitrile 25 were reacted under thermal conditions in oil bath
at 100–120�C for 2 h. The formed solid products were washed

well with ethanol and crystallized from ethanol/dioxane to
afford 22, 24, and 26, respectively.

7-Methyl-5-oxo-2-phenyl-4,5-dihydro-pyrazolo[1,5-a]pyrimi-
dine-3-carboxylic acid ethyl ester (22). White crystal (yield
70%), m.p 185�C. tmax cm�1 ¼ 3200 (NH), 1712, 1662 (CO).

MS: m/z 299 (Mþþ2). dH ¼ 1.17(t, 3H, J ¼ 7.2 Hz, CH3),
3.30 (s, 3H, CH3), 4.22 (q, 2H, J ¼ 7.2 Hz, CH2), 5.87 (s, 1H,
pyrimidine-H), 7.43–7.71 (m, 5H, Ar-H), 11.54 (s, 1H, NH-
pyrimidine). Anal. Calcd. for C16H15N3O3 (297.32): C, 64.63;

H, 5.08; N, 14.13%. Found: C, 64.56; H, 4.98; N, 14.02%.
5,7-Dimethy-2-phenyl-pyrazolo[1,5-a] pyrimidine-3-carbox-

ylic acid ethyl ester (24). Yellow crystal (yield 50%), m.p.
124�C. tmax cm

�1 ¼ 3060 (CH-Aromatic), 1678 (CO). MS: m/
z 295 (Mþ). dH ¼ 1.25 (t, 3H, J ¼ 6.9 Hz, CH3), 2.70 (s, 3H,

CH3), 2.80 (s, 3H, CH3), 4.31 (q, 2H, J ¼ 6.9 Hz, CH2), 6.75
(s, 1H, pyrimidine-H) 7.44–7.77 (m, 5H, Ar-H). Anal. Calcd.
for C17H17N3O2 (295.34): C, 69.13; H, 5.80; N, 14.22%.
Found: C, 69.05; H, 5.75; N, 14.17%.

7-Amino-2,5-diphenyl-pyrazolo[1,5-a] pyrimidine-3-carbox-
ylic acid ethyl ester (26). Yellow crystal (yield 55%), m.p. >
300�C. tmax cm�1 ¼ 3305, 3170 (NH2), 1654 (CO). MS: m/z
358 (Mþ). Anal. Calcd. for C21H18N4O2 (358.40): C, 70.37; H,
5.06; N, 15.63%. Found: C, 70.29; H, 4.97; N, 15.55%.
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Sulfamic acid catalyzed the synthesis of substituted 1,3-oxazines by one-pot three-component reaction
of aniline, alkynoates, and formaldehyde in excellent yields. The catalyst possesses distinct advantages

shows ease of handling, good yields, cleaner reactions, nonhygroscopic, noncorrosive, and high activity.
Sulfamic acid is a green alternative for metal-containing acidic materials, which are toxic and deleteri-
ous for human health and environmental protection.

J. Heterocyclic Chem., 47, 1386 (2010).

INTRODUCTION

The rapid assembly of molecular diversity is an im-

portant goal of synthetic organic chemistry and one of

the key paradigms of modern drug discovery. Domino

reactions, which result from the combination of multiple

transformations in a single pot, are highly efficient

means for the improvement of reaction efficiency [1].

Hence, domino reactions and multicomponent reactions

(MCRs) [2] involves three or more reactants in a single

reaction flask to generate a product incorporating most

of the atoms contained in the starting material. Because

of intrinsic atom economy, simpler procedure, equip-

ment, time, and energy saving MCRs are gaining much

importance in both academia and industry [3]. In dom-

ino reactions, each new bond delivers a reactive species,

which undergoes further steps without changing the

reaction conditions. The main advantage of this strategy

is that prefunctionalization of one or both coupling part-

ners are not required; this simplifies the preparation of

substrates, shortens the synthetic route, and therefore,

minimizes waste production.

Sulfamic acid (NH2SO3H) has emerged as a substitute

for conventional acidic catalysts and is a dry, nonvola-

tile, nonhygroscopic, odorless, and white crystalline

solid with an outstanding stability. It possesses distinc-

tive catalytic features related to its zwitterionic nature

and displays an excellent activity over a vast array of

acid catalyzed organic transformations, as witnessed by

numerous reports published in the past years [4]. Subse-

quently, there are reports of sulfamic acid-catalyzed

tetrahydropyranylation of hydroxy compounds [5], ester-

ification of cyclic olefins with aliphatic acids under

solvent-free conditions [6], and transesterification of

b-ketoesters in ionic liquids [7], synthesis of quinoline

[8], sulfamic acid is recyclable, easy to handle owing to

its immiscibility with common organic solvents and it’s

intrinsic zwitter ionic property prompted us to explore

further applications of NH2SO3H as an acidic catalyst in

other carbon-heteroatom forming reactions.

The synthesis of 1,3-oxazines has attracted attention

in the past because of their potential as antibiotics [9],

antitumor [10], analgesics [11], and anticonvulsants

[12]. 1,3-Oxazines have generated great interest as anti-

psychotic agents and as possible effectors for serotonin

and dopamine receptors [13]. The ring-chain tautomeric

interconversion of N-unsubstituted 1,3-N-O-heterocycles
and the corresponding hydroxyalkylimines can often be

exploited advantageously in different areas of organic

synthesis. Hence, synthesis of these derivatives is of

considerable interest. The synthesis of dihydro-2H-1,3-
oxazines was reported using hydrochloric acid as cata-

lyst [14]. The disadvantage of this methodology is lon-

ger reaction time and hazardous acid catalyst. In a broad

program of developing efficient eco-friendly synthetic

method for pharmacologically important moieties, we

VC 2010 HeteroCorporation
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explored an alternative procedure, which resulted in an

operationally efficient process. More recently we have

reported the synthesis of heterocyclic compounds pro-

moted by sulfamic acid [15]. In our ongoing efforts on

one-pot multicomponent synthesis [16] and organic syn-

thesis using solid acid catalysts [17], herein we report

the synthesis of 3,4,5-trisubstituted-3,6-dihydro-2H-1,3-
oxazines using sulfamic acid as catalyst. The reactions

proceeded in short reaction times. The catalytic activity

of sulfamic acid showed enhanced effect in 1:1 mixture

of ethanol and water.

RESULTS AND DISCUSSION

The reactions were carried out using aniline 1a (1

eq.), diethyl acetylenedicarboxylate 2a (1 eq.), and

formaldehyde (3 eq.) in the presence of 20 mol % sul-

famic acid in 1:1 mixture of ethanol and water (Scheme

1). It was found that all the reactions proceeded rapidly

and afforded the desired products in 70% yield. It was

also found that increasing the amount of sulfamic acid

(20–40 mol %.) increased the yield of the reaction. Fur-

ther, increasing the amount of sulfamic acid (40–60 mol

%) did not affect the rate of the reaction as well as

yield. We tried using different acid catalysts, such as

KClO4, Ce(SO4)2, Cd(OAc)2, tetrabutylammmoniumhy-

drogen suphate, and oxalic acid (Table 1) and found

that sulfamic acid is the most effective catalyst in terms

of reaction time as well as yield (80%) (Table 2),

whereas in presence of other catalysts formed the prod-

ucts with varying yields (0–40%).

Also it has been observed that 1:1 mixture of ethanol

and water is the best solvent for carrying out this reac-

tion using sulfamic acid (30 mol %) (Table 3). For reac-

tion of dimethyl acetylenedicarboxylate 2b, aniline 1a

and formaldehyde, similar yields were obtained (Table 3,

entries 1–7).

An evident electronic effect was observed on the

yields of the products (3a–n). The yield of the products

decreased when electron donating groups were present

on the phenyl ring. When diethyl acetylenedicarboxylate

was used, there was no change in yields (Table 3, entries

8–14).

CONCLUSIONS

We have developed a novel and highly efficient

method for the synthesis of 3,4,5-trisubstituted-1,3-oxa-

zine from alkynoates, amines, and formaldehyde with a

simple experimental workup procedure. Sulfamic acid

has proved to be an efficient catalyst and green alterna-

tive for metal-containing acidic materials, which are

toxic and deleterious for human health and environmen-

tal protection.

EXPERIMENTAL

Materials and methods. CDCl3 and DMSO-d6 was pur-
chased from Aldrich. IR measurements were done using Perkin
Elmer Spectrum RXI FT-IR. The 1H and 13C NMR were
recorded in CDCl3 with JEOL 500 MHz high resolution NMR

spectrometer. CDCl3 was used as the solvent for the NMR
spectral measurements and spectra were recorded in ppm with
TMS as internal standard. The mass spectra were recorded by
using an Electrospray Ionization method with Thermo Finni-
gan mass spectrometer and EI method with JEOL DX-303

mass spectrometer. Melting points were determined in capil-
lary tubes and were uncorrected. Analytical TLC was per-
formed on precoated plastic sheets of silica gel G/UV-254 of
0.2 mm thickness (Macherey-Nagel, Germany). Elemental

analysis data were recorded using a Thermo Finnigan FLASH
EA 1112 CHN analyzer.

Scheme 1. Sulfamic acid-catalyzed synthesis of substituted 1,3-oxa-

zines at room temperature.

Table 1

Screening of different catalysts on the synthesis of substituted

1,3-oxazine 3a at room temperature in EtOH/H2O (1:1).

Entry Catalyst Time (h) Yield (%)

1 NH2SO3H 3 80

2 KClO4 12 20

3 Oxalic acid 12 40

4 TBAHS 12 trace

5 Ce(SO4)2 12 trace

6 Cd(OAc)2 12 No product

Table 2

Solvent effect on the synthesis of substituted 1,3-oxazine 3a catalyzed

by sulfamic acid at room temperature.

Entry Solvent Time (h) Yield (%)

1 EtOH/H2O (1:1) 3 80

2 EtOH 12 70

3 MeOH 12 50

4 CH3CN 12 50

5 Toluene 12 trace

6 CHCl3 12 30

7 DCM 12 45
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Table 3

Sulfamic acid-catalyzed synthesis of substituted 1,3-oxazines at room temperature.

Entry Aniline (1) Alkynoates (2) Product (3) Yield (%)a

1 80

2 2a 82

3 2a 85

4 2a 80

5 2a 72

6 2a 70

7 2a 82

(Continued)



Table 3

(Continued)

Entry Aniline (1) Alkynoates (2) Product (3) Yield (%)a

8 1a 70

9 1b 2b 78

10 1c 2b 80

11 1d 2b 80

12 1e 2b 76

13 1f 2b 70

14 1g 2b 85

a Isolated yield.



Representative procedure for the synthesis of 3,4,5-tri-

substituted-3,6-dihydro-2H-1,3-oxazines 3a–n. To a mixture

of diethyl acetylenedicarboxylate 2a (1 mmol) and aniline 1a

(1 mmol), ethanol (3 mL) was added. The mixture was stirred

at room temperature for 10 min. Subsequently, sulfamic acid

(30 mmol %) and formaldehyde (3.5 mmol) were added. Af-

ter 30 min, water (3 mL) was added and stirring was contin-

ued for 3 h. After completion of the reaction, the reaction

mixture was extracted with diethyl ether (3 � 15 mL) and

organic layer was separated and the combined extract was

dried with anhydrous Na2SO4. Solvent was removed, and the

residue was separated by column chromatography on silica

gel (Merck, 100–200 mesh), ethyl acetatepetroleum ether

(20:80) to obtain pure product 3a. 1H NMR, 13C NMR, IR,

and mass data of the products 3a–c, 3e, 3f, 3h–j, 3l, and

3m are in full agreement with those reported previously

(Ref. 14).

Diethyl 3,6-dihydro-3-phenyl-2H-1,3-oxazine-4,5-dicarboxy-
late 3a (Table 3, entry 1). Brown viscous oil; IR (neat): 2981,

2930, 1728, 1603, 1488, 1227 cm�1. 1H NMR d: 1.23 (t, 6H,

J ¼ 6.9 Hz), 3.30 (s, 3H), 3.87 (d, 1H, J ¼ 9.1 Hz), 3.98 (d,

2H, J ¼ 9.1 Hz), 4.19–4.26 (m, 1H), 4.50 (d, 1H, J ¼ 10.4

Hz), 7.29 (t, 1H, d, 1H, J ¼ 6.9 Hz), 7.45 (t, 2H, J ¼ 8.4 Hz),

7.84 (d, 2H, J ¼ 8.4 Hz); 13C NMR d: 14.0, 29.7, 49.0, 59.6,
63.0, 72.9, 119.6, 127.1, 129.4, 138.4, 156.4, 165.9, 193.5; ms

(EI) m/z ¼ 306 (Mþ); Anal. Calcd for C16H19NO5: C 62.94, H

6.27, N 4.59 Found: C 62.80, H 6.31, N 4.65.

Diethyl 3-(2,4-dichlorophenyl)-3,6-dihydro-2H-1,3-oxazine-
4,5-dicarboxylate 3d (Table 3, entry 4). Yellow solid. mp.:

78–80�C; IR (KBr): 2994, 2983, 1752, 1698, 1501, 890 cm�1.
1H NMR d: 1.28–1.38 (m, 6H), 3.47 (q, 2H, J ¼ 6.9 Hz),

4.13–4.21 (m, 5H), 4.47 (d, 1H, J ¼ 9.9 Hz), 7.38 (d, 1H, J ¼
8.4 Hz), 7.56 (d, 1H, J ¼ 6.9 Hz), 7.74 (d, 1H, J ¼ 2.0 Hz);
13C NMR d: 13.9, 14.3, 27.2, 52.0, 54.4, 60.3, 63.8, 119.0,

127.3, 129.1, 138.7, 153.9, 163.7, 187.7; ms (EI) m/z ¼ 374

(Mþ), 376 (Mþ2), 378 (Mþ4); Anal. Calcd for C16H17Cl2NO5:

C 51.35, H 4.58, N 3.74. Found: C 50.27, H 4.60, N 3.71.

Diethyl 3-(2-bromo-4-chlorophenyl)-3,6-dihydro-2H-1,3-ox-
azine-4,5-dicarboxylate 3g (Table 3, entry 7). Brown solid.
mp 83–85�C. IR (KBr): 3024, 2970, 1766, 1694, 1501, 722
cm�1. 1H NMR d: 1.19–1.23 (m, 6H), 3.43 (q, 2H, J ¼ 6.9

Hz), 4.12–4.22 (m, 5H), 4.47 (d, 1H, J ¼ 9.9 Hz), 6.94 (d,
1H, J ¼ 9.2 Hz), 7.55 (d, 1H, J ¼ 8.4 Hz), 7.74 (d, 1H, J ¼
1.7 Hz); 13C NMR d: 14.1, 14.9, 31.4, 50.2, 59.5, 62.0, 70.9,
120.1, 127.0, 128.1, 137.2, 150.9, 165.4, 196.3; ms (EI) m/z ¼
418 (Mþ), 420 (Mþ2), 422 (Mþ4); Anal. Calcd for

C16H17BrClNO5: C 45.90, H 4.09, N 3.35. Found: C 45.86, H,
4.12, N 3.37.

Dimethyl 3-(2,4-dichlorophenyl)-3,6-dihydro-2H-1,3-oxazine-
4,5-dicarboxylate 3k (Table 3, entry 11). Yellow soild. 77–
79�C; IR (KBr): 3010, 2925, 1773, 1554, 1481, 1009 cm�1.
1H NMR d: 3.31 (s, 3H), 3.77 (s, 3H), 3.90 (d, 1H, J ¼ 9.2
Hz), 4.09 (d, 1H, J ¼ 9.5 Hz), 4.20 (d, 1H, J ¼ 10.8 Hz), 4.48
(d, 1H, J ¼ 10.4 Hz), 7.51 (d, 1H, J ¼ 8.6 Hz), 7.79 (d, 1H, J
¼ 8.8Hz), 7.88 (d, 1H, J ¼ 1.5 Hz); 13C NMR d: 48.8, 52.3,
55.6, 59.5, 70.9, 119.0, 128.1, 138.7, 155.9, 164.4, 193.6; ms
(EI) m/z ¼ 311 (Mþ), 313 (Mþ2), 315 (Mþ4); Anal. Calcd for
C14H13Cl2NO5: C 48.58, H 3.79, N 4.05. Found: C 48.66, H
3.75, N 4.02.

Dimethyl 3-(2-bromo-4-chlorophenyl)-3,6-dihydro-2H-1,3-
oxazine-4,5-dicarboxylate 3n (Table 3, entry 14). Brown

solid. mp 83–85�C; IR (KBr): 3031, 2985, 1706, 1677, 1481,
915 cm�1. 1H NMR d: 3.34 (s, 3H), 3.38 (s, 3H), 4.02 (d, 1H,
J ¼ 9.2 Hz), 4.41 (d, 1H, J ¼ 9.2 Hz), 4.52 (d, 1H, J ¼ 10.6
Hz), 4.79 (d, 1H, J ¼ 10.2 Hz), 7.00 (d, 1H, J ¼ 6.8 Hz), 7.55
(d, 1H, J ¼ 7.2 Hz), 7.89 (d, 1H, J ¼ 1.6 Hz); 13C NMR d:
47.8, 53.3, 55.6, 58.5, 71.9, 118.2, 127.1, 136.7, 156.9, 164.4,
194.0; ms (EI) m/z ¼ 390 (Mþ), 392 (Mþ2), 394 (Mþ4); Anal.
Calcd for C14H13BrClNO5: C 43.05, H 3.35, N 3.59. Found: C
43.10, H 3.32, N, 3.61.
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Synthetic method for the preparation of (6)-trans-hexahydropyrrolo[3,4-d]oxazol-2-one and its deriv-
atives has been developed. By one route, an efficient preparation of these fused heterobicyclic moieties
could be achieved, which are prepared by using N-(tert-butyloxycarbonyl)-3-pyrroline as precursor.
These fused heterobicyclic systems could be useful to develop a series of 2-oxazolidinone analogues.

J. Heterocyclic Chem., 47, 1392 (2010).

INTRODUCTION

Diverse biological activities are encountered in fused

heterocyclic systems containing the pyrrolidine and 2-

oxazolidinone moieties [1]. In continuation of our inter-

est in this field of 2-oxazolidinones [2], it was thought

worthwhile to incorporate 2-oxazolidinone (2) to the 3-

pyrroline ring by using N-(tert-butyloxycarbonyl)-3-pyr-
roilne (1b) as a precursor for building of newly fused

heterobicyclic systems, (6)-trans-hexahydropyrrolo[3,4-
d]oxazol-2-one and its derivatives (3) (Fig. 1).

N-Substituted-3-pyrrolines are an important class of

compounds which exhibit biological activity and serve

as useful synthetic intermediates [3]. The alkene moiety

of 3-pyrroline can serves as a handle for various func-

tional group transformations.

The oxazolidinone family represents one of only two

new chemical classes of antibiotics disclosed in the past

40 years [4]. Linezolid (Fig. 2), the first approved oxa-

zolidinone, demonstrates good activity against all major

pathogenic Gram-positive bacteria, including methicil-

lin-resistant Staphylococcus aureus (MRSAa), vancomy-

cin-resistant Enterococcus faecium (VREF), and penicil-

lin-resistant Streptococcus pneumoniae [5]. However,

not long after the commercial release of linezolid, oxa-

zolidinone resistant strains of MRSA and VREF began

to appear in the clinic [6], underscoring the increasingly

urgent need for improved antibiotics that overcome bac-

terial resistance mechanisms. A particularly attractive

goal would be a next-generation oxazolidinone with

improved spectrum and binding affinity, while retaining

properties for good oral exposure and safety [7].

Several SAR studies of the 2-oxazolidinones have dem-

onstrated a high tolerance for structural variation at the

4-position of the phenyl ring [8], while the oxazolidinone

ring is essential for biological activity [9]. These fused

heterobicyclic systems could be useful to develop a series

of oxazolidinone analogues where the morpholine moiety

of linezolid could be replaced with these heterobicyclic

systems such as RWJ-416457 [10] (Fig. 2).

RESULTS AND DISCUSSION

The literature survey of the titled compound reveals

the cis fusion of pyrrolidine and 2-oxazolidinone rings

for the preparation of (6)-cis- and (3aR,6aS)-hexahydro-
3-methylpyrrolo[3,4-d]oxazol-2-one only [11]. Further-

more, it is very important to find out a general method-

ology to synthesize (6)-trans-hexahydropyrrolo[3,
4-d]oxazol-2-one and its derivatives (3). The key chal-

lenge of the synthesis is the effective trans fusion of 2-

oxazolidinone ring using alkene moiety between 3 and 4

positions of 3-pyrroline (1a). We required a general
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method for the preparation of these trans fused heterobi-

cyclic systems (3) which should be the most attractive

in terms of practical and economical. Based on retrosyn-

thetic analysis, we designed two synthetic routes to 3

and are shown in Scheme 1. Each synthetic route

includes a key intermediate amino alcohol (4) or azido

alcohol (5) which gives the targeted moieties (3).

To prepare these intermediates, N-(tert-butyloxycar-
bonyl)-3-pyrroline (1b) or cis-1,4-dichloro-2-butene (6)

are regarded as a common starting material. Recently,

1b was prepared by us with high purity in large scale

starting from cis-1,4-dichloro-2-butene 6 via Delépine

reaction [12] and subsequent in situ cyclization in the

presence of potassium carbonate (K2CO3) followed by

N-Boc protection with di-tert-butyldicarbonate (Boc2O)

in methanol [3]. This is an efficient and commercial via-

ble synthetic method for N-(tert-butyloxycarbonyl)-3-
pyrroline.

Reaction of 1b with N-bromosuccinimide (NBS) in

DMSO–H2O at room temperature afforded the racemic

trans bromohydrin (7) [13]. The 1H NMR spectra of the

latter product revealed disappearance the triplet corre-

sponding to alkenyl protons at d 5.78 ppm, whereas

broad singlet for hydroxyl signal appeared at d 2.8 ppm

and also the mass spectrum showed in addition to mo-

lecular ion peak, bromine isotopic peak (Mþþ2) at m/z
268.

Under basic conditions (NaOH), the bromohydrin

(6)-7 was converted to the epoxide 8, followed by treat-

ment with methylamine or benzylamine furnished the

desired intermediates 4a or 4b. However, the carbonyl

insertion between b-amino alcohol of 4b with various

reagents, such as N,N0-carbonyldiimidazole (CDI),

diethyl carbonate or triphosgene in different reaction

conditions were not successful. Although in case of 4a,

after screening of several reaction conditions the

required 2-oxazolidinone 3a was obtained in low yield

(36%) with triphosgene using N,N-diisopropylethylamine

(DIPEA) as a base at 0�C. On treatment of 3a with HCl

in methanol, to remove the N-Boc protection, 3d was

obtained in good yield (Scheme 2).

On the other hand, 4b on protection with Boc2O gives

the di-tert-boc protected compound which on further

treatment with mesyl chloride, tosyl chloride, or thionyl

chloride, the corresponding fused 2-oxazolidinone was

not achieved [14]. Thus, we have studied the scope of

this approach by opening of epoxy compound 8 with

different amines. We were not obtained the right results

on the formation of 2-oxazolidinone heterobicyclic sys-

tems using different methodologies, such as direct car-

bonyl insertion or tert-boc protection of the amines 4

followed by reaction with mesyl chloride or tosyl

chloride.

Finally, our attention was altered to another approach

(Scheme 3). The major difference in this strategy is ring

opening of epoxy compound 8 with sodium azide

instead of amines. In the previous approach, the alkyl

substituent on exo cyclic amine of 4 may hinders the

formation of 2-oxazolidinone ring due to steric factor.

Probably, by choosing alternative strategy, 2-oxazolidi-

none ring formation followed by alkylation, could be

succeeded due to lower steric factor. The epoxide 8 was

readily opened with sodium azide in AcOHAH2O at

room temperature gave the corresponding azido alcohol,

(6)-trans-5. The infra-red spectrum of 5 showed clearly

a new band at t ¼ 2096 cm�1 for N3 group.

Azido alcohol (6)-5 on further treatment with phenyl

chloroformate using pyridine in dichloromethane at

room temperature yielded the phenyl carbonate 9. The
1H NMR spectra of the latter product 9 divulged a

Figure 1. Chemical structures of 3-Pyrroline (1a), N-Boc-3-pyrroline
(1b), 2-oxazolidinone (2), and (6)-trans-hexahydropyrrolo[3,4-d]oxa-
zol-2-one and its derivatives (3).

Figure 2. 2-Oxazolidinone antibacterials with different N-substitutents.

Scheme 1. Retrosynthetic analysis to prepare (6)-trans-3
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multiplet at d 5.08–5.14 ppm due to deshielding of the

C3AH signal attached to phenyl carbonate and also two

bands were appeared at m ¼ 1757, 1682 cm�1 corre-

sponding to carbonyl (C¼¼O) groups in the infra-red

spectrum. Reduction of azide in phenyl carbonate (6)-9

could be achieved by hydrogenation (10% Pd/C, 20 psi,

methanol) gave the corresponding amine which under-

goes in situ cyclisation produced the required basic

fused heterobicyclic compound (6)-10. Whereas the

same reaction is performed in ethyl acetate instead of

methanol, in situ cyclisation was not occurred. The

spectral analysis of the latter product 10 showed the ab-

sence of phenyl protons in the 1H NMR spectrum and

disappearance of azido absorption band at m ¼ 2122

cm�1 in addition, two bands were appeared at m ¼
1749, 1694 cm�1 corresponding to carbonyl (C¼¼O)

groups in the infra-red spectrum. This heterobicyclic

compound (6)-10 was utilized to make derivatization

with various substituents at 2-oxazolidinone site.

Compound (6)-10 was alkylated with benzyl bromide

or iodomethane using sodium hydride (NaH) in N,N-
dimethylformamide (DMF) at 0�C gave the related tert-
butylhexahydro-3-alkyl-2-oxopyrrolo[3,4-d]oxazole-5-car-
boxylate, 3a-b. On the other hand, the alkylation of (6)-

10 with p-toluenesulfonyl chloride was attempted under

similar conditions (NaH, DMF, 0�C), the reaction was

very slow and also observed the incompletion of the

reaction even at elevated temperatures. Finally, sulfonyla-

tion was achieved by the reaction of (6)-10 with tosyl

chloride using DIPEA in dichloromethane at 0�C.
Compounds 3a-c are well characterized by spectral

data. The 1H NMR spectrum of 3a-c showed the corre-

sponding alkylation peaks at N-3 site. Compound 3a-c

on N-tert-boc deprotection was achieved with HCl in

methanol afforded the targeted hexahydro-3-alkylpyrrolo

[3,4-d]oxazol-2-one 3e-f in high yield (Scheme 3). Com-

pounds 3d-f have been characterized by spectral and

elemental analyses.

The trans fusion of the two rings, pyrrolidine and 2-

oxazolidinone, was assigned by using NOESY studies.

To demonstrate the trans fusion of the synthesized com-

pounds 3a-f, the example chosen for NOESY experi-

ments is 3c. Upon irradiation of H-6a of compound 3c,

led to enhancement of the Hb-4 and no cross peak of

Ha-4, which suggested that both H-6a and Hb-4 are in

the same spatial arrangement in addition H-6a and Ha-4

are in different special arrangement. Whereas irradiation

of Ha-4 revealed that H-3a and Ha-4 are in the same

spatial arrangement (strong enhancement of H-3a sig-

nal). This indicates trans fusion at the ring junction,

which was further confirmed by the very low NOE sig-

nal of H-3a upon irradiation of Hb-4 (Fig. 3). A similar

spectral phenomenon was also observed in case of com-

pound 9.

As a conclusion, a simple and straightforward method

was developed to synthesis (6)-trans-hexahydropyrrolo
[3,4-d]oxazol-2-one and its derivatives. Further studies

on the application of these compounds to prepare a se-

ries of 2-oxazolidinone analogues where the morpholine

moiety of linezolid could be replaced with these

Scheme 2

Scheme 3

Figure 3. H–H interaction of compound 3c in NOE spectra (DMSO-

d6).
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heterobicyclic systems are actively underway in our

laboratories.

EXPERIMENTAL

N-(tert-Butyloxycarbonyl)-3-pyrroline (1b) was synthesized

in-house (purity >99%) [3]. All reagents and solvents used
were of commercial grade and were used as such, unless other-
wise specified. Reaction flasks were oven-dried at 200�C,
flame-dried, and flushed with dry nitrogen prior to use. All
moisture and air-sensitive reactions were carried out under an

atmosphere of dry nitrogen. TLC was performed on Kieselgel
60 F254 silica-coated aluminium plates (Merck) and visualized
by UV light (k ¼ 254 nm) or by spraying with a solution of
ninhydrin. Organic extracts were dried over anhydrous
Na2SO4. Flash chromatography was performed using Kieselgel

60 brand silica gel (230–400 mesh). The melting points were
determined in an open capillary tube using a Büchi B-540
melting point instrument and were uncorrected. The IR spectra
were obtained on a Nicolet 380 FTIR instrument (neat for

liquids and as KBr pellets for solids). NMR spectra were
recorded with a Varian 300 MHz Mercury Plus Spectrometer
at 300 MHz (1H) and at 75 MHz (13C). Chemical shifts were
given in ppm relative to trimethylsilane. Mass spectra were
recorded on Waters quattro premier XE triple quadrupole spec-

trometer using either electron spray ionisation (ESI) or atmos-
pheric pressure chemical ionization (APCI) technique.

Preparation of (6)-trans-tert-butyl 3-bromo-4-hydroxy

pyrrolidine-1-carboxylate, 7 [13]. To a stirred solution of 1b
(60 g, 0.355 mol), DMSO (420 mL) and H2O (22 mL), NBS

(75.3 g, 0.423 mol) was gradually added over 30 min at 0�C.
After stirring at room temperature for 2 h, water (490 mL)
was added and the mixture was extracted with AcOEt (3 �
200 mL). The organic layer was washed with brine, dried over
anhydrous Na2SO4 and the solvent removed under vacuum to

leave a crude 7 as oil in 99.6% yield (94.0 g); 1H NMR
(CDCl3): d 1.47 (s, 9H, t-butyl), 2.8 (br s, 1H, OH), 3.36–3.45
(m, 1H, C5AH), 3.62–3.96 (m, 2H, C5AH and C2AH), 3.98–
4.14 (m, 1H, C2AH), 4.15–4.20 (m, 1H, C3AH), 4.40–4.48

(m, 1H, C4AH); APCI-MS: m/z (%) 266.0 (90, Mþþ1), 268.0
(88, Mþþ2), 533.1 (100, 2Mþþ3); IR (neat): m 3387 (OH),
1655 (C¼¼O) cm�1.

Preparation of (6)-trans-tert-butyl 3-hydroxy-4-(methyl

amino)pyrrolidine-1-carboxylate, 4a. A mixture of crude 7

(47.0 g, 0.177 mol) and aqueous NaOH (1N, 222 mL, 0.222
mol) was stirred at room temperature for 1 h. The mixture was
treated with 40% methylamine-water (182 mL, 2.344 mol) and
stirred at room temperature for 15 h. After evaporation of the
solvent, the residue was triturated with i-Pr2O to give 4a as

white crystals in 71% yield relative to 1b (27.2 g), mp 98–
100�C; 1H NMR (DMSO-d6): d 1.40 (s, 9H, t-butyl), 2.38 (dd,
1H, C2AH), 2.43 (s, 3H, CH3), 3.1 (dd, 1H, C5AH), 3.2 (m,
2H, C2AH and C5AH), 3.51 (br s, 2H, OH, and NH), 4.0 (m,
1H, C4AH), 4.17 (m, 1H, C3AH); ESI-MS: m/z (%) 161

(100), 217 (85, Mþþ1); IR (KBr): m 3309 (OH), 2972, 1694
(C¼¼O) cm�1.

Preparation of (6)-trans-tert-butyl 3-(benzylamino)-4-

hydroxypyrrolidine-1-carboxylate, 4b. A mixture of crude 7

(47.0 g, 0.177 mol) and aqueous NaOH (1N, 222 mL, 0.222
mol) was stirred at room temperature for 1 h. The mixture was

treated with benzylamine (47.2 g, 0.44 mol) and stirred at
65�C for 2 h, then cooled to 0�C. The resultant precipitates
were collected by filtration, washed with water and i-Pr2O and
dried to afford 4b as white crystals in 60% yield relative to 1b

(31.1 g), mp 140–141�C; 1H NMR (CDCl3): d 1.46 (s, 9H, t-
butyl), 1.8 (br s, 2H, OH and NH) 3.10–3.30 (m, 3H, C2A2H
and C5AH), 3.57–3.75 (m, 2H, C3AH and C5AH), 3.82 (d,
2H, NCH2APh), 4.1 (m, 1H, C4AH), 7.21–7.38 (m, 5H, ArH);
ESI-MS: m/z (%) 291.2 (100, Mþ�1), 293.2 (15, Mþþ1); IR
(KBr): m 3255 (OH), 1694 (C¼¼O) cm�1.

Preparation of (6)-trans-tert-butyl hexahydro-3-methyl-

2-oxopyrrolo[3,4-d]oxazole-5-carboxylate, 3a. The amino
alcohol 4a (5.0 g, 0.023 mol) was dissolved in dichlorome-
thane (30 mL) and the solution was cooled to 0�C. Triphos-
gene (8.23 g, 0.028 mol) was added followed by DIPEA (9.0

g, 0.07 mol) at 0�C. After 1 h, the mixture was washed with
water, dried over anhydrous Na2SO4 and then concentrated
under reduced pressure. The residue was purified by column
chromatography eluting with ethyl acetate: hexane (1:1) to

give 3a as colourless liquid in 36% yield.
Preparation of (6)-trans-tert-butyl 3-azido-4-hydroxy

pyrrolidine-1-carboxylate, 5. To a stirred mixture of 1b (150
g, 0.89 mol), DMSO (1050 mL) and H2O (55 mL), NBS
(188.3 g, 1.06 mol) was gradually added over 30 min at 0�C.
After stirring at room temperature for 2 h, water (1225 mL)
was added and the mixture was extracted with AcOEt (3 �
500 mL). The organic layer was washed with saturated NaCl,
dried over anhydrous Na2SO4 and then concentrated under
reduced pressure to give crude 7 as oil. To this crude 7, aque-

ous NaOH (1N, 1110 mL, 1.11 mol) was added at room tem-
perature. After 1 h, the reaction mixture was extracted with
AcOEt (3 � 500 mL). The organic layer was washed with sat-
urated NaCl solution, dried over anhydrous Na2SO4 and then
concentrated under reduced pressure to give compound 8 as

oil.
To a solution of sodium azide (274 g, 4.21 mol) and water

(1250 mL), compound 8 was added at room temperature. To

this solution, acetic acid (350 mL) was slowly added at room

temperature over 40 min. After the reaction mixture was

stirred at room temperature for 24 h, the mixture was extracted

with AcOEt (3 � 500 mL). The organic layer was washed

with saturated sodium bicarbonate followed by saturated NaCl

solution, dried over anhydrous Na2SO4 and then concentrated

under reduced pressure to give 5 as pale yellow color oil (162

g). This pale yellow color oil compound was proceeded to

next step without further purification; 1H NMR (CDCl3): d
1.47 (s, 9H, t-butyl), 2.75 (br s, 1H, OH), 3.23–3.54 (m, 2H,

C2AH and C5AH), 3.56–3.80 (m, 2H, C2AH and C5AH),

3.90–4.01 (m, 1H, C3AH), 4.20–4.30 (m, 1H, C4AH); ESI-

MS: m/z (%) 229 (100, Mþþ1); IR (neat): m 3419 (OH), 2096

(N3), 1668 (C¼¼O) cm�1.

Preparation of (6)-trans-1-(tert-butoxycarbonyl)-4-azido
pyrrolidin-3-yl phenyl carbonate, 9. To a solution of 5 (50

g, 0.22 mol) in dichloromethane (500 mL), pyridine (50 mL)
was added at 0�C. To this mixture, phenyl chloroformate (41
g, 0.262 mol) was slowly added at 0�C over 1 h. After the
reaction mixture was stirred at room temperature for 6 h, the
mixture was washed with water (250 mL) followed by satu-

rated NaCl solution, dried over anhydrous Na2SO4 and then
concentrated under vacuum. The residue was triturated with
n-heptane and filtered to give 9 as a white solid in 80% yield

November 2010 1395Synthesis of (6)-trans-Hexahydropyrrolo[3,4-d]Oxazol-2-one and

Its Derivatives by Using N-(tert-Butyloxycarbonyl)-3-pyrroline as Precursor

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



(61 g), mp 92–94�C; 1H NMR (CDCl3): d 1.43 (s, 9H, t-
butyl), 3.42–3.80 (m, 4H, C2A2H and C5A2H), 4.20–4.24 (m,
1H, C4AH), 5.08–5.14 (m, 1H, C3AH), 7.18–7.42 (m, 5H,
ArH); 13C NMR (CDCl3): d 153.9, 150.7, 129.6, 126.4, 120.8,
80.4, 79.7, 78.9, 63.1, 62.3, 49.4, 49.0, 48.9, 48.5, 28.4; ESI-

MS: m/z (%) 349.28 (100, Mþþ1); IR (KBr): m 2122 (N3),
1757 (C¼¼O), 1682 (C¼¼O) cm�1.

Preparation of tert-butyl hexahydro-2-oxopyrrolo[3,4-d]
oxazole-5-carboxylate, 10. A solution of 9 (20 g, 0.057) in
methanol (200 mL) was treated with palladium carbon (2 g,

10% palladium content) and hydrogenated at 20 psi for 10 h.
The reaction mixture was filtered and concentrated in vacuum.
The residue was purified by column chromatography eluting
with ethyl acetate: hexane (2:1) to give tert-butyl hexahydro-2-
oxopyrrolo[3,4-d]oxazole-5-carboxylate (10) as a colorless oil

in 62% yield (8.1 g), 1H NMR (CDCl3): d 1.38 (s, 9H, t-
butyl), 3.56–3.61 (m, 1H, C4AH), 3.65–3.78 (m, 4H, C4AH,
C6A2H and C3aAH) 4.80–4.96 (m, 1H, C6aAH), 8.02 (br s,
1H, NH); ESI-MS: m/z (%) 229.2 (100, Mþþ1); IR (neat): m
2972 (NH), 1749 (C¼¼O), 1694 (C¼¼O) cm�1.

General procedure for the preparation of tert-butyl hexa
hydro-3-alkyl-2-oxopyrrolo[3,4-d]oxazole-5-carboxylate, 3a-

b. To a solution of 10 (1.0 g, 0.0044 mol) in DMF (30 mL),
sodium hydride (0.5 g, 60% dispersion in mineral oil) was

added in one portion at room temperature. After 1 h, benzyl
bromide or iodomethane (0.0044 mol) was added in a drop
wise fashion. The reaction was left to stir for 5–8 h at room
temperature. The reaction mixture was then poured into ice
(20 mL) and the aqueous phase was extracted with dichloro-

methane (3 � 20 mL). The combined dichloromethane layer
was washed with water and dried over anhydrous Na2SO4. The
solvent was removed under vacuum and the obtained residue
was purified by column chromatography eluting with ethyl ac-
etate: hexane (1:1) to give corresponding 2-oxazolidinone.

tert-Butyl hexahydro-3-methyl-2-oxopyrrolo[3,4-d]oxazole-
5-carboxylate, 3a. This compound was obtained as colorless
liquid in 66% yield; 1H NMR (CDCl3): d 1.46 (s, 9H, t-butyl),
3.20–3.30 (m, 1H, C4AH), 3.4–3.7 (m, 4H, C4AH, C6A2H

and C3aAH), 3.82 (s, 3H, CH3), 4.8 (m, 1H, C6aAH); ESI-MS:
m/z (%) 243.15 (100, Mþþ1); IR (neat): m 2975, 1695 (C¼¼O),
1423 cm�1.

tert-Butyl hexahydro-3-benzyl-2-oxopyrrolo[3,4-d]oxazole-
5-carboxylate, 3b. This compound was obtained as pale yellow
color liquid in 55% yield; 1H NMR (CDCl3): d 1.46 (s, 9H, t-
butyl), 3.1–3.37 (m, 1H, C4AH), 3.39–3.63 (m, 2H, C6AH,
and C4AH), 3.6–3.82 (m, 2H, C6AH, and C3aAH), 4.56 (s,
2H, NCH2APh), 4.8 (m, 1H, C6aAH), 7.26–7.35 (m, 5H,
ArH); 13C NMR (CDCl3): d 154.7, 137.7, 128.5, 127.8, 127.7,
127.6, 83.7, 82.9, 79.4, 71.5, 55.5, 54.5, 51.8, 51.4, 50.5, 49.5,
48.6, 28.4; ESI-MS: m/z (%) 319 (100, Mþþ1); IR (neat): m
2973, 1690 (C¼¼O), 1409 cm�1.

Preparation of tert-butyl hexahydro-2-oxo-3-tosylpyrrolo

[3,4-d]oxazole-5-carboxylate, 3c. To a solution of 10 (1.0 g,
0.0044 mol) in dichloromethane (30 mL), DIPEA (1.7 g, 0.013
mol) was added in one portion at room temperature. p-Toluene
sulfonyl chloride (1.0 g, 0.005 mol) was slowly added to the

reaction mixture at 0�C. After 2 h, the reaction mixture was
diluted with water. The organic layer was washed with water
and dried over anhydrous Na2SO4. The solvent was removed
under vacuum and the obtained residue was purified by col-
umn chromatography eluting with ethyl acetate: hexane (1:1)

to give 3c as yellow viscous liquid in 69% yield (upon long

standing in the refrigerator converted to semi-solid); 1H NMR
(DMSO-d6): d 1.4 (s, 9H, t-butyl), 2.4 (s, 3H, CH3), 3.05–3.1
(m, 1H, C4AH), 3.22–3.33 (m, 2H, C6AH and C4AH), 3.52–
3.61 (m, 1H, C6AH), 3.7–3.73 (m, 1H, C3aAH), 4.8–4.83 (m,
1H, C6aAH), 7.4–7.45 (m, 2H, ArH), 7.78–7.80 (m, 2H, ArH);
13C NMR (CDCl3): d 154.5, 154.1, 143.8, 136.6, 129.8, 127.1,
80.4, 79.5, 78.1, 56.6, 55.7, 55.2, 50.0, 49.1, 48.5, 28.3, 21.5;
IR (neat): m 2973, 1753 (C¼¼O), 1690 (C¼¼O) cm�1; ESI-MS:
m/z (%) 193.14 (100), 383.26 (45, Mþþ1).

General procedure for the preparation of hexahydro-3-

alkylpyrrolo[3,4-d]oxazol-2-one, 3d-f. To a solution of 3a-c

(0.003 mol) in methanol (10 mL), 10% HCl in methanol (2.2
mL, 0.006 mol) was added slowly at 10�C. The reaction mix-
ture was stirred at room temperature for 4–5 h. The solvent
was removed under reduced pressure and the residue is diluted

with saturated sodium bicarbonate solution. The mixture is
extracted with dichloromethane, washed with saturated NaCl
solution and dried over anhydrous Na2SO4. The solvent was
removed under vacuum and the obtained residue was purified

by column chromatography eluting with ethyl acetate: hexane
(2:1) to give 3d-f.

Hexahydro-3-methylpyrrolo[3,4-d]oxazol-2-one, 3d. This
compound was obtained as yellow color liquid in 92% yield;
1H NMR (CDCl3): d 2.8 (s, 3H, CH3), 3.12–3.25 (m, 4H,

C6A2H and C4A2H), 4.21–4.26 (m, 1H, C3aAH), 4.81–4.86
(m, 1H, C6aAH), 6.0 (br s, 1H, NH); IR (neat): m 3223 (NH),
1690 (C¼¼O) cm�1; ESI-MS: m/z (%) 143.10 (100, Mþþ1).
Anal. Calcd. for C6H10N2O2: C 50.69; H 7.09; N 19.71.
Found: C 50.42; H 6.88; N 19.92.

Hexahydro-3-benzylpyrrolo[3,4-d]oxazol-2-one, 3e. This
compound was obtained as yellow color liquid in 89% yield;
1H NMR (CDCl3): d 3.07–3.34 (m, 1H, C4AH), 3.36–3.61 (m,
2H, C6AH and C4AH), 3.63–3.78 (m, 2H, C6AH and C3aAH),
4.5 (s, 2H, NCH2APh), 4.68–4.72 (m, 1H, C6aAH), 7.16–7.28

(m, 5H, ArH); IR (neat): m 3310 (NH), 1692 (C¼¼O) cm�1;
ESI-MS: m/z (%) 219.09 (100, Mþþ1). Anal. Calcd. for
C12H14N2O2: C 66.04; H 6.47; N 12.84. Found: C 66.32; H
6.27; N 12.51.

Hexahydro-3-tosylpyrrolo[3,4-d]oxazol-2-one, 3f. This com-
pound was obtained as yellow color liquid in 87% yield (upon
long standing in the refrigerator converted to semi-solid); 1H
NMR (DMSO-d6): d 2.4 (s, 3H, CH3), 2.43–2.77 (m, 1H,
C4AH), 2.95–3.0 (dd, 1H, C6AH), 3.1–3.3 (m, 2H, C6AH and

C4AH), 3.58–3.60 (m, 1H, C3aAH), 4.81–4.84 (m, 1H,
C6aAH), 7.26–7.33 (d, 2H, ArH), 7.75–7.78 (d, 2H, ArH); IR
(neat): m 3305 (NH), 1694 (C¼¼O) cm�1; ESI-MS: m/z (%)
283.10 (100, Mþþ1). Anal. Calcd. for C12H14N2O4S: C 51.05;
H 5.00; N 9.92. Found: C 51.35; H 4.88; N 9.71.
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Trichloroisocyanuric acid is found to be an efficient catalyst for the electrophilic substitution reaction

of indole with aldehydes/ketones to afford the corresponding bis-indolyl, tris-indolyl, di(bis-indolyl),
tri(bis-indolyl), and tetra(bis-indolyl)methanes under solid-state conditions by pulverization-activation
method at room temperature with excellent yields. The remarkable features of this new procedure are
high conversions, shorter reaction times, cleaner reaction profiles, and simple experimental and work-up
procedures.

J. Heterocyclic Chem., 47, 1398 (2010).

INTRODUCTION

The development of bis(indolyl)alkane synthesis has

been of considerable interest in organic synthesis

because of their wide occurrence in various natural

products possessing biological activity and usefulness

for drug design [1]. Bis(indolyl)methanes are found in

cruciferous plants and are known to promote beneficial

estrogen metabolism [2] and induce apoptosis in human

cancer cell. Thus, the development of facile and envi-

ronmentally friendly synthetic methods for the prepara-

tion of these compounds constitutes an active area of

investigation in pharmaceutical and organic synthesis

[3–5].

Synthetically the reaction of 1H-indole with aldehydes

or ketones produces azafulvenium salts that react further

with a second 1H-indole molecule to form bis(indol-3-

yl)methanes [6]. In recent years, synthesis of this class

of molecules under mild conditions have been reported,

with promoters, such as montmorillonite clay K-10 [7],

trichloro-1,3,5-triazine [8], AlPW12O40 [9], sodium do-

decyl sulfate [10], ZrCl4 [11], H2NSO3H [12], I2 [13],

zeolites [14], bentonite [15], In(OTf)3/ionic liquid [16],

CuBr2 [17], Dy(OTf)3/ionic liquid [18], HClO4-SiO2

[19], InCl3 [20], MW/Lewis acids (FeCl3, BiCl3, InCl3,

ZnCl2, CoCl2) [21], NaHSO4 and Amberlyst-15 [22],

sulfated zirconia [23], ZrOCl2/SiO2 [24], silica sulfuric

acid [25], TiO2 [26], (NH4)2HPO4 [27], acidic ionic liq-

uid [28], NaBF4 [29], metal hydrogen sulfates [30], tet-

rabutylammonium tribromide [31], superacid SO4
2�/

TiO2 [32], NaHSO4/ionic liquid [33], NBS [34], Ph3CCl

[35], H3PW12O40 [36], LiClO4 [37], Zr(DS)4 [38], and

Bi(NO3)3.5H2O [39]. However, most of the existing

methods involve toxic metal ions and solvent, high cost

and cumbersome work-up procedures. Consequently,

new procedures that address these drawbacks are desira-

ble. Although TCCA has been produced on large scale

for use in household and industry since the 1950s, it has

never had a real breakthrough in organic chemistry labo-

ratories. It also has not found its way into textbooks in

VC 2010 HeteroCorporation
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organic chemistry and even books on heterocyclic chem-

istry fail to mention this very useful reagent. Also there

is a nice article review by Tilstam [40] that they have

shown that trichloroisocyanuric acid (TCCA) is a safe

and efficient reagent, useful for chlorination and oxida-

tion reactions.

RESULTS AND DISCUSSION

In continuation of our interest in the application of N-

halo reagents in organic synthesis [41–44], we report the

use of TCCA as an catalyst in the electrophilic substitu-

tions of indole with a variety of aldehydes and ketones

under solid-state conditions to afford bis(indolyl)me-

thanes by pulverization-activation method at room tem-

perature with excellent yields (Scheme 1).

As TCCA contain chlorine atoms, which are attached

to nitrogen atoms, it is also possible that it release Clþ

in situ, which can act as Lewis acid to activate the car-

bonyl oxygen to form the bis-indole derivatives.

First, we examined the TCCA in the model reaction

of indole with benzaldehyde in different reaction media

to investigate the best conditions. The results are sum-

marized in the Table 1 and show that under solvent-free

conditions TCCA (0.1 mmol) led to the best result (Ta-

ble 1, Entry 8). However, the solvent-free (grinding at

solid-state condition) was found to be best for the cata-

lytic reaction at room temperature in terms of yield,

reaction time, and product isolation.

These results promoted us to investigate the scope

and the generality of this new protocol for various alde-

hydes and ketones under optimized conditions. As

shown in Table 2, a series of aromatic, aliphatic and

heterocyclic aldehydes underwent electrophilic substitu-

tion reaction with indole smoothly to afford a wide

range of substituted bis(indolyl)methanes in good to

excellent yields. The electron deficiency and nature of

the substituents on the aromatic ring effect the conver-

sion rate; aromatic aldehydes having electron-withdraw-

ing groups on the aromatic ring (Table 2, entries 10, 11)

react slower than electron-donating groups (Table 2,

entries 4, 8, 9, 12). Furthermore, unsaturated aldehydes,

such as cinnamaldehyde, give the corresponding bis(in-

dolyl)methanes without polymerization or halogenation

under the above reaction conditions. Ketones required

longer reaction times, which is most probably because

of the electron-donating and steric effects of the methyl

group.

This reaction was further explored for the synthesis of

tri-indolylmethane (3), (4) by the condensation of indol-

3-carbaldehyde (1) or isatin (2) with two equivalents of

indole under similar conditions with our method in good

yields (Scheme 2).

Selective condensation of a dialdehyde, that is, ter-

ephthaldialdehyde to the corresponding bis-indolyl

methane was achieved by controlling the molar ratio of

indole (Scheme 3). The results showed that addition of

2 equivalents of indole to terephthaldialdehyde, gives

(5) in good yield (Scheme 3). Treatment of 4 equiva-

lents of indole with terephthaldialdehyde gives the cor-

responding di(bis-indolyl methanes), (6) in excellent

yield at room temperature under same conditions [38].

This reaction was further explored for the synthesis of

tri(bis-indolyl)methane (8) and tetra(bis-indolyl)me-

thanes (10) as new triarylmethanes, by the condensation

of aldehyde (7) with 6 equivalents indole and aldehydes

(9) with 8 equivalents indole under similar condition

(solid-state, grinding) in high yields (Schemes 4 and 5).

Scheme 1

Table 1

Screening of the reaction conditions for the synthesis of

bis(indolyl)methane by reaction of benzaldehyde and indole.

Entry Condition Time

Yield

(%)

1 MeCN/no reagent 12 h 0

2 MeCN/(0.1 mmol) TCCA 1 h 95

3 CH2Cl2/(0.1 mmol) TCCA 2 h 85

4 CHCl3/(0.1 mmol) TCCA 2 h 80

5 EtOH/(0.1 mmol) TCCA 1.5 h 90

6 MeCN/(0.2 mmol) TCCA 1 h 95

7 Solvent-free/(0.05 mmol) TCCA/grinding 5 min 90

8 Solvent-free/(0.1 mmol) TCCA/grinding 1 min 98

9 Solvent-free/(0.2 mmol) TCCA/grinding 1 min 98
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Table 2

Synthesis of bis(indolyl)methanes by the reaction of indole with aldehydes and ketones under solid-state conditions.

Entry Carbonyl compound Time (min) Yield (%)a m.p. (�C) m.p. (�C) [Lit.]

1 1 98 124–125 124–125 [45]

2 1.5 95 94–95 93–94 [10]

3 1 98 134–136 133–135 [39]

4 1.2 96 190–192 192–193 [45]

5 3 90 110–112 112–113 [38]

6 2 96 76–78 78–80 [45]

7 1 98 70–72 70–71 [10]

8 2 85 >300 >300 [10]

9 3 90 123–125 123–125 [46]

10 5 80 218–220 217–220 [10]

11 4.5 85 258–260 260–261 [47]

12 3 80 224–226 225–226 [39]

13 3 85 98–100 98–99 [10]

14 2.5 80 151–154 150–153 [10]

15 5 75 121–123 122–124 [38]

(Continued)
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3-Substituted indole was examined for this reaction

under the above reaction conditions with aldehydes

(Scheme 6). As the more active site (C-3) in indole was

blocked in this case electrophilic substitution took place

at C-2 in indole giving the corresponding bis(indolyl)-

methane in high yield under solid-state conditions.

The chemo selectivity of the present method is also

demonstrated by competitive reactions of indol with

arylaldehydes in the presence of aliphatic ones and

ketones. For example, when a 1:1 mixture of benzalde-

hyde and propionaldehyde was allowed to react with 2

equivalents of indole in the presence of TCCA under

grinding conditions, it was found that the arylaldehydes

was chemo selectively converted to the corresponding

bis(indolyl)methane but the aliphatic ones was con-

verted slightly. Also, in an equimolar mixture arylalde-

hyde and ketone, only arylaldehyde was converted to

the corresponding bis(indolyl)methane, whereas ketone

remained (Scheme 7). The reaction was clean and the

products were obtained in high yields without the for-

mation of any side products, such as N-alkylated

products.

CONCLUSIONS

In conclusion, we have introduced TCCA as a cata-

lytic reagent for the efficient preparation of bis-indolyl,

tris-indolyl, di(bis-indolyl), tri(bis-indolyl), and tetra(bis-

indolyl)methanes from indole with various aldehydes

and ketones under solid-state conditions by pulveriza-

tion-activation method at room temperature with excel-

lent yields. This method is applicable to a wide range of

aldehydes, including aromatic, aliphatic, a,b-unsatu-
rated, heterocyclic substrates, and ketones. In addition,

efficiency, mild reaction conditions, easy work up, sim-

plicity and chemoselectivity of this protocol provide a

fast, green, and low cost procedure for the synthesis of

these compounds.

EXPERIMENTAL

Synthesis of bis(indolyl)methanes in solid-state grinding

catalyzed by TCCA. A mixture of indole (2.0 mmol), alde-

hyde or ketone (1.0 mmol), and TCCA (0.1 mmol) were

Table 2

(Continued)

Entry Carbonyl compound Time (min) Yield (%)a m.p. (�C) m.p. (�C) [Lit.]

16 4 85 165–167 166–168[38]

17 5 80 190–192 190–191 [38]

18 5 75 115–116 114–116 [39]

a Products were characterized from their physical properties, comparison with authentic samples and by spectroscopic methods.

Scheme 2

Scheme 3
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added to a mortar and the mixture was pulverized with a pes-
tle. A spontaneous reaction took place [1–5 min, Table 2,
monitored by TLC (4:1, hexane/ acetone)]. After completion

of the reaction, CH2Cl2 (10 mL) was added, and insoluble
reagents were removed by filtration. The filtrate was evapo-
rated under reduced pressure and the resulting crude material
was purified by recrystallization from ethanol-water to afford
pure products.

3,3
0
-Bisindolyl-phenylmethane (Table 2, entry 1) Pink

solid, m.p.: 124–125�C; IR (KBr): 3402, 3050, 2986, 1615,
1600, 1455, 1112 cm�1; 1H NMR (90 MHz, CDCl3): dH
(ppm) 5.88 (s, 1H), 6.68 (s, 2H), 7.13–7.45 (m, ArH, 13H),
7.95 (br s, NH, 2H); 13C NMR (CDCl3): dc (ppm) 31.6, 110.9,

111.9, 118.4, 119.5, 1121.2, 124.0, 126.3, 127.1, 128.5, 128.6,
137.0, 145.2; MS: m/z 322.

3,3
0
-Bisindolyl-4-methylphenylmethane (Table 2, entry

2) Pinkish solid, m.p.: 94–95�C; IR (KBr): 3452, 3112, 3045,
2950, 1604, 1523, 1210, 1052, 765 cm�1; 1H NMR (90 MHz,

CDCl3): dH (ppm) 2.38 (s, 3H), 5.85 (s, 1H), 6.70–7.55 (m,
ArH, 14H), 7.85 (br s, NH, 2H); MS: m/z 336; Anal. Calcd.

for C24H20N2: C, 85.68; H, 5.99; N, 8.33. Found: C, 85.45; H,
5.88; N, 8.14.

3,3
0
-Bisindolyl-2-methoxylphenylmethane (Table 2, entry

3) Red solid, m.p.: 134–136�C; IR (KBr): 3408, 3056, 2932,
1597, 1486, 1450, 1335, 1102, 745 cm�1; 1H NMR (90 MHz,
CDCl3): dH (ppm) 3.82 (s, 3H), 6.32 (s, 1H), 6.61 (s, 2H),
6.81–7.40 (m, ArH, 12H), 7.80 (br s, NH, 2H); 13C NMR
(CDCl3): dc (ppm) 32.3, 56.0, 110.0, 110.8, 111.1, 119.2,

119.8, 120.2, 120.6, 121.9, 123.7, 127.2, 129.9, 132.5, 136.9,
157.1; Anal. Calcd. for C24H20N2O: C, 81.79; H, 5.72; N,
7.95. Found: C, 81.24; H, 5.45; N, 7.86.

3,3
0
-Bisindolyl-4-methoxyphenylmethane (Table 2, entry

4) Pinkish solid, m.p. 190–192�C; 1H NMR (90 MHz, CDCl3):

dH (ppm) 3.84 (s, 3H), 5.90 (s, 1H), 6.64–7.65 (m, ArH, 14H),
7.80 (br s, NH, 2H); 13C NMR (ppm): 39.7, 55.6, 111.5,
114.0, 119.6, 120.4, 120.4, 122.3, 123.9, 127.5, 130.0, 136.7,
137.1, 158.3.

3,3
0
-Bisindolyl-4-bromophenylmethane (Table 2, entry

5) Pink solid, m.p.: 110–112�C; IR (KBr): 3410, 3054, 1487,
1455, 1089 cm�1; 1H NMR (90 MHz, CDCl3): dH (ppm) 6.66

Scheme 4

Scheme 5

1402 Vol 47H. Veisi, R. Gholbedaghi, J. Malakootikhah, A. Sedrpoushan, B. Maleki, and D. Kordestani

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



(s, 2H), 7.02–7.45 (m, ArH, 12H), 7.85 (br s, NH, 2H); MS:

m/z 361.
3,3

0
-Bisindolyl-4-chlorophenylmethane (Table 2, entry 6) Pink

solid, m.p.: 76–78�C; IR (KBr): 3409, 2958, 1456, 1488; 1H
NMR (300 MHz, acetone-d6) d(ppm): 5.90 (s, 1H), 6.82 (s,
2H), 6.89–7.39 (m, 12H), 9.99 (s, 2H, NAH); 13C NMR (75

MHz, acetone-d6) d(ppm): 40.8, 112.1, 119.2, 120.1, 120.3,
121.9, 124.5, 128.1, 129.2, 138.0, 143.4.

3,3
0
-Bisindolyl-2-chlorophenylmethane (Table 2, entry

7) Pinkish solid, m.p.: 70–72; 1H NMR (CDCl3): 7.89 (br s,
2H), 7.07–7.51 (m, 12H), 6.53 (s, 2H), 6.36 (s, 1H); 13C NMR

(CDCl3): (36.9, 110.1, 111.3, 119.3, 119.8, 122.0, 124.0,
126.7, 127.0, 128.3, 30.4, 130.7, 135.3, 136.7, 141.5.

3,3
0
-Bisindolyl-2-furylmethane (Table 2, entry 8) Pale red

solid, m.p.: >300; 1H NMR (CDCl3): 7.74 (br s, 2H), 7.32–
7.63 (m, 9H), 7.09 (s, 2H), 6.21–6.35 (m, 2H), 5.82 (s, 1H);
13C NMR (CDCl3): d 41.2, 102.1, 110.3, 111.8, 112.6, 119.4,
120.3, 121.5, 122.6, 131.0, 136.4, 141.2, 152.0.

3,3
0
-Bisindolyl-4-hydroxyphenylmethane (Table 2, entry

9) Pink solid, m.p.: 123–125�C; IR (KBr): 3420, 3239, 1455,

1511, 1616 cm�1; 1H NMR (DMSO): 7.58 (br s, 2H), 6.69–
7.24 (m, 13H), 6.67 (s, 2H), 5.85 (s, 1H); 13C NMR (75 MHz,
DMSO-d6) d(ppm): 31.12, 111.89, 115.28, 118.58, 119.19,
119.71, 121.30, 123.89, 127.17, 129.66, 135.71, 136.93,
137.10, 155.79.

3,3
0
-Bisindolyl-4-nitrophenylmethane (Table 2, entry 10) Red

solid, m.p.: 218–220; 1H NMR (CDCl3): 8.19 (d, 2H, J ¼
7.81), 7.76 (br s, 2H), 7.40–7.58 (m, 10H), 7.03 (s, 2H), 6.05
(s, 1H); 13C NMR (CDCl3): d 44.5, 110.0, 112.1, 119.6, 119.8,
120.9, 121.3, 121.9, 130.2, 133.8, 136.2, 143.1, 145.2.

3,3
0
-Bisindolyl-3-nitrophenylmethane (Table 2, entry

11) Pinkish solid, m.p.: 258–260; 1H NMR (CDCl3): 8.46 (br
s, 2H), 7.02–7.87 (m, 12H), 6.61 (s, 2H), 5.34 (s, 1H); 13C

NMR (CDCl3): d 34.9, 111.5, 111.6, 119.5, 120.7, 121.9,
122.2, 124.3, 126.8, 129.6, 131.2, 132.6, 134.2, 136.8, 149.7.

3,3
0
-Bisindolyl-4-(N,N-dimethyl)phenylmethane (Table 2,

entry 12) Pinkish solid, m.p.: 224–226; 1H NMR (90 MHz,
CDCl3): dH (ppm) 3.28 (s, 6H), 5.75 (s, 1H), 6.76–7.84 (m,

ArH, 14H), 7.82 (br s, NH, 2H); MS: m/z 365.
3,3

0
-Bisindolyl-1-(2-phenylethylene)methane (Table 2, entry

13) Pinkish solid, m.p.: 98–100; 1H NMR (90 MHz, CDCl3):
5.92–6.07 (m, 2H), 5.76 (m, 1H), 6.71 (s, 2H), 6.89–7.68 (m,
15H), 8.02 (br s, 2H, NH); MS: m/z 348.

3,3
0
-Bisindolyl-[2]thienylmethane (Table 2, entry 14) Brown

solid, m.p.: 151–154�C; IR (KBr): 3412, 1715, 1452, 1260,
1105 cm�1; 1H NMR (90 MHz, CDCl3): dH (ppm) 6.18 (s,
1H), 6.87 (s, 2H), 6.92–7.48 (m, ArH, 11H), 7.98 (br s, NH,
2H); Anal. Calcd. for C21H16N2S: C, 76.80; H, 4.91; N, 8.53.

Found: C, 76.52; H, 5.10; N, 8.35.
3,3

0
-Bisindolyl-1-butylmethane (Table 2, entry 15) Pale red

solid, m.p.: 121–123; 1H NMR (90 MHz, CDCl3): 0.80 (t, J ¼
6.7 Hz, 3H), 1.25–1.29 (m, 6H), 4.62 (t, J ¼ 6.7 Hz, 1H), 6.80

(d, J ¼ 2.5 Hz, 2H), 6.89–7.68 (m, 8H), 8.12 (br s, 2H, NH);
MS: m/z 302.

3,3
0
-Bisindolyl-1-methyl-1-phenylmethane (Table 2, entry

16) Pinkish solid, m.p.: 165–167�C; 1H NMR (90 MHz,
CDCl3): 2.40 (s, 3H), 6.67 (s, 2H), 6.95–7.43 (m, 13H), 7.91

(br s, 2H, NH); MS: m/z 336.
3,3

0
-Bisindolyl-1-methyl-1-(4-nitro)phenylmethane (Table 2,

entry 17) Pink solid, m.p.: 190–192; 1H NMR (90 MHz,
CDCl3): 2.46 (s, 3H), 6.78 (s, 2H), 6.79–7.68 (m, 12H), 7.98
(br s, 2H, NH); MS: m/z 381.

3,3
0
-Bisindolyl-[1,1]cyclohexane (Table 2, entry 18) Red

solid, m.p.: 115–116�C; IR (KBr): 3478, 3020, 2935, 1603,
1522, 1421, 1335, 1216, 1099, 1017, 758, 699 cm�1; 1H NMR
(90 MHz, CDCl3): dH (ppm) 1.56 (m, 6H), 2.48 (m, 4H), 6.81
(s, 2H), 7.03–7.65 (m, 8H), 7.84 (br s, NH, 2H).

Analytical data for compound tri-indolylmethane

(3). Pale yellow solid, m.p.: 255–257�C (Lit. 256—258�C
[48]); 1H NMR (90 MHz, DMSO-d6): dH (ppm) 9.67 (br s,
2H), 6.24 (s, 3H), 6.27–6.87 (m, 12H), 5.47 (s, 1H); IR (KBr):

3403, 3043, 2918 cm�1; MS: m/z 361.
Analytical data for compound (4). White solid, m.p.:

>300�C (Lit. >300�C [49]); 1H NMR (90 MHz, DMSO-d6):
dH (ppm) 9.98 (br s, 2H), 9.81 (br s, 1H), 6.45 (m, 2H), 6.52–

Scheme 6

Scheme 7
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6.93 (m, 12H); 13C NMR (90 MHz, DMSO-d6): dc (ppm)
200.8, 160.5, 137.4, 136.8, 125.5, 124.4, 123.9, 121.0, 120.5,
118.3, 117.7, 117.0, 113.9, 111.7, 111.5; MS: m/z 364.

Analytical data for compound (6). Pink solid, m.p.: 194–
195�C; FTIR (KBr): 3405, 3049, 1622, 1455, 1216 cm�1; 1H

NMR (90 MHz, DMSO-d6): dH (ppm) 5.75 (s, CH, 1H), 6.29
(s, 4H), 7.05–7.40 (m, CH aromatic, 20H), 7.31 (br s, NH,
4H); 13C NMR (90 MHz, DMSO-d6): dc (ppm) 142.5, 136.7,
128.1, 126.8, 123.6, 120.9, 119.2, 118.4, 118.3, 111.5, 29.1;
MS: m/z 566.200.

Analytical data for compound (8). Light red solid, m.p.:
208–210�C; IR (KBr): 3421, 2950, 2900, 1635, 1506, 1457,
1377, 1216, 1173, 1082, 742 cm�1; 1H NMR (300 MHz,
DMSO-d6): dH (ppm) 5.01 (s, CH2 benzylic, 6H), 5.72 (s, CH,
3H), 6.74–7.50 (m, CH aromatic, 46H), 10.71 (s, NH, 6H);
13C NMR (300 MHz, DMSO-d6): dc (ppm) 40.08, 69.48,
111.85, 114.67, 115.24, 118.54, 118.82, 119.58, 121.25,
123.87, 127.05, 129.66, 137.03, 137.73, 138.15, 156.91; Anal.
Calcd. for C78H60N6O3: C, 82.95; H, 5.35; N, 7.44. Found: C,

82.52; H, 5.21; N, 7.36.
Analytical data for compound (10). Red solid, m.p.: 250–

251�C d; IR (KBr): 3417, 2926, 2854, 1609, 1506, 1456,
1413, 1338, 1218, 1172, 1127, 1012, 743 cm�1; 1H NMR (300
MHz, DMSO-d6): dH (ppm) 5.08 (s, CH2 benzylic, 8H), 5.76

(s, CH, 4H), 6.82–7.65 (m, CH aromatic, 60H), 10.70 (s, NH,
8H); 13C NMR (300 MHz, DMSO-d6): dc (ppm) 41.05, 70.40,
111.45, 114.52, 115.12, 117.85, 118.85, 119.26, 120.85,
122.82, 126.65, 129.26, 136.76, 137.43, 138.63, 157.43; Anal.
Calcd. for C102H78N8O4: C, 82.79; H, 5.31; N, 7.57. Found: C,

82.12; H, 5.20; N, 7.35.
2,2

0
-Bisindolyl-phenylmethane (11).

1H NMR (90 MHz,
DMSO-d6): dH (ppm) 7.94 (br s, 2H), 7.22–7.66 (m, 13H),
6.04 (s, 1H), 2.23 (s, 6H); Anal. Calcd. for C25H22N2: C,
85.68; H, 6.33; N, 7.99. Found: C, 85.43; H, 5.95; N, 7.68;

MS: m/z 350.
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An efficient and scalable synthesis of the potent CETP inhibitor, (2R,aS)-3,4-dihydro-2-[3-(1,1,2,2-tet-
rafluoroethoxy)phenyl]-5-[3-(trifluoromethoxy)phenyl]-a-(trifluoromethyl)-1(2H)-quinolineethanol 1, is
described. One of the important intermediates, tetrahydroquinoline 10, was readily prepared by reductive
cyclization of nitroketone 9 in high yield. Asymmetric synthesis of 10 with high enantiomeric excess
(>80% ee) was also developed.

J. Heterocyclic Chem., 47, 1406 (2010).

INTRODUCTION

Low levels of high density lipoprotein-cholesterol

(HDL-C) and high levels of low density lipoprotein-cho-

lesterol (LDL-C) are independent risk factors for the de-

velopment of atherosclerosis and eventually coronary

heart disease (CHD), which remain the leading cause of

death in the developed countries [1–3]. HDL-C plays

important role in removal of excess cholesterol from pe-

ripheral cells to the liver for metabolic degradation in a

reverse cholesterol transport (RCT) process [4–6].

Therefore, the increase in HDL-C level offers a new

and promising therapeutical principle for treatment of

CHD [7]. Plasma protein cholesteryl ester (CE) transfer

protein (CETP) mediates the transfer of CE from HDL

to very low density lipoprotein (VLDL) and LDL in

exchange for triglyceride [8,9]. As a result, the disad-

vantage of this action is a reduction in HDL-C level and

with increase in VLDL-C and LDL-C levels. Inhibition

of CETP has been proposed as a strategy to raise HDL-

C level [10], thus increases the efficiency of RCT.

Compound 1 has been identified as a potent CETP in-

hibitor [11]. It showed IC50 in 34–44 nM range and

increased HDL-C in human CETP transgenic mice. The

original preparation of 1 [11c] was lengthy and involved

the use of some highly toxic and potentially explosive

chemicals. To supply a large quantity of material 1 for

further in vivo and toxicity studies, an efficient and scal-

able synthesis was required. In this article, we describe

the chemical synthesis that was used successfully in the

preparation of multigram quantities of compound 1.

As illustrated by the retrosynthetic analysis in Scheme

1, the feature of our strategy involved efficient construc-

tion of the piperidine ring. We envisioned that trans-

forming nitroketone 9 to tetrahydroquinoline 10 would

be the key step in achieving our goal. This could be

realized by reductive cyclization of nitroketone 9 to a

racemic mixture of 10 from which the (R)-enantiomer

VC 2010 HeteroCorporation
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could be isolated by chiral HPLC separation. (R)-10
might also be prepared in a stepwise fashion by asym-

metric reductive cyclization of 9. The nitroketone 9

could be derived from benzyl bromide 5 and b-keto
ester 7 by alkylation and decarboxylation. The synthons

5 and 7 should be easily assembled from commercially

available 5-bromo-6-methylnitrobenzene 2, 3-(trifluoro-

methoxy)phenyl-boronic acid 3, and 3-tetrafluoroethoxy-

benzoic acid 6, respectively.

The preparation of benzyl bromide 5 and b-keto ester 7

is shown in Scheme 2, and the reaction scale is given in

parentheses. Suzuki reaction [12] of 5-bromo-6-methylni-

trobenzene 2 with 3-(trifluoromethoxy)phenylboronic acid

3 provided 28 g of 4 in 96% yield. In a solvent-free system,

bromination [13] of 4 (26 g) with N-bromosuccimide and

AIBN at 90�C for 5 h gave benzyl bromide 5 in 95% yield.

The b-keto ester 7 was synthesized by acylation of ethyl

hydrogen malonate with 3-tetrafluoroethoxybenzoyl chlo-

ride, followed by decarboxylation during acidic work-up

procedure [14]. The product was a mixture of b-keto ester

7a and its tautomer enol 7b in �3:1 ratio.

With both building synthons 5 and 7 available, the

stage was set to generate the important intermediate 8a

by alkylation of b-keto ester 7 with benzyl bromide 5

(Scheme 3). However, the reaction was complicated by

the formation of 8a, C,O-dialkylation compound 8b, and

a,a-dialkylation by-product 8c. Different reaction condi-

tions were explored by varying a variety of bases (such

as NaN(SiMe3)2, NaH, n-BuLi, Cs2CO3, and K2CO3),

solvents (such as THF, DMF, CH3CN, and acetone),

reaction temperature, the order of reagent addition. It

was found that using K2CO3 in acetone was the best

conditions tried to give the desired product 8a in 87%

yield, along with 5% of C,O-dialkylation by-product 8b.

Without separation of the two compounds, the mixture

was converted to the same nitroketone 9 upon treatment

with hydrochloric acid in hot acetic acid [15]. Under

normal catalytic hydrogenation conditions, reductive cy-

clization of nitroketone 9 occurred to form tetrahydro-

quinoline 10 in essentially quantitative yield. The (R)-10
was collected by chiral HPLC resolution of the racemic

mixture. The R configuration at the 2 position of the tet-

rahydroquinoline ring of (R)-10 was known by compar-

ing its optical rotation, [a]D
20 –13.3� (c1.0, CHCl3),

with that of (R)-10, [a]D
20 –12.9� (c 1.0, CHCl3),

obtained from an asymmetric synthesis shown below in

Scheme 4. In the presence of catalytic amount of Lewis

acid ytterbium trifluoromethanesulfonate, N-alkylation

of (R)-10 with commercially available �90% enriched

(S)-1,1,1-trifluoro-2,3-epoxypropane 11 occurred to pro-

duce the target 1 in 80% yield [16]. Under these condi-

tions, the ring opening of the epoxide proceeded with

complete regioselectivity.

Although this route is attractive due to its simplicity

and rapid access to 1, it suffers from the obvious need for

resolution of racemic tetrahydroquinoline 10 and econ-

omy of synthesis. We then turned our attention toward the

development of an asymmetric approach to (R)-10. It was
hoped that by controlling reaction conditions, the hydro-

genation of nitroketone 9 could stop at aminoketone or

cyclic-imine stage, and both of the materials could be

reduced to (R)-10 in high enantiomeric purity by subject-

ing to chiral sodium triacyloxyborohydride [17] as dem-

onstrated in our syntheses of similar analogues [18]. How-

ever, preliminary investigation by changing H2 pressure,

solvents, and catalysts only yielded a mixture of starting

material 9 and partially reduced intermediates. The strat-

egy of stepwise reduction of nitroketone 9 to aminoketone

and subsequently enantioselective reductive cyclization of

which to (R)-10 was also attempted by using inorganic

reducing reagents such as Na2S2O4, SnCl2, and FeSO3.

Unfortunately, it only resulted in the formation of quino-

line 12 (eq. 1):

Scheme 1. Retrosynthetic analysis

Scheme 2
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(1)

Alternatively, the required stereocenter was introduced

by utilizing Corey’s oxazaborolidine-borane methodology

[19]. Using the R-Me CBS oxazaborolidine reagent 15,

nitroketone 9 was enantioselectively reduced to (S)-alcohol
13 in 91% yield and >90% enantiomeric excess (% ee)

[20] (Scheme 4). The S configuration of alcohol 13 was

assigned based upon the precedent illustrated in Corey and

Helal’s article [19]. The hydroxyl group in 13 was then

converted to a good leaving group mesylate 14. Upon treat-

ment of 14 with SnCl2 in ethanol, the nitro group was

reduced to amino functionality [21] and followed by spon-

taneous intramolecular displacement of the mesylate to

yield the ring closed (R)-10 in 80–85% ee [20]. During this

transformation, the inversion of the original stereocenter

occurred to give the R absolute configuration at the 2 posi-

tion of the tetrahydroquinoline ring of 10. A small erosion

of ee was observed during the cyclization step due to a

competitive ionization pathway.

In conclusion, we have developed a very efficient, scal-

able, and high yielding synthesis of (2R,aS)-3,4-dihydro-2-
[3-(1,1,2,2-tetrafluoroethoxy)phenyl]-5-[3-(trifluorome-

thoxy)phenyl]-a-(trifluoromethyl)-1(2H)-quinolineethanol
1. This method provides access to 1 in multigram quanti-

ties reliably.

EXPERIMENTAL

2-Methyl-3-nitro-30-trifluoromethoxy-biphenyl (4). A mix-
ture of 2-bromo-6-nitrotoluene 2 (21.5 g, 99.5 mmol), 3-tri-

fluoromethoxylbenzeneboronic acid 3 (27.0 g, 131.1 mmol),
Pd(PPh3)2Cl2 (3.50 g, 5.0 mmol), and 2.0M K2CO3 (120 mL,
240 mmol) in dioxane (330 mL) was degassed with N2 and
then heated at 100�C for 3 h. After cooling to room tempera-

ture, the reaction mixture was passed through Celite and parti-
tioned between EtOAc and brine. The combined organic

Scheme 4

Scheme 3
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phases were dried (MgSO4), concentrated, and purified by flash
column chromatography (1–10% EtOAc in hexane) to give
28.27 g (96%) of 4 as a light yellow oil. 1H NMR (300 MHz,
CDCl3) d 7.85 (d, J ¼ 7.8 Hz, 1 H), 7.74–7.38 (m, 3 H),
7.31–7.23 (m, 2 H), 7.19 (s, 1 H), 2.37 (s, 3 H).

2-Bromomethyl-3-nitro-30-trifluoromethoxy-biphenyl (5). A
mixture of 4 (26.1 g, 87.8 mmol), NBS (20.3 g, 114 mmol), and
AIBN (1.44 g, 8.77 mmol) was degassed with N2 and then heated
at 85�C. After 20 min, it began to react vigorously. After 2 h, the
temperature was raised to 90�C, and the mixture was heated for 3

more hours. After cooling to room temperature, the reaction mix-
ture was diluted with hexane. The solid was filtered off, and the
filtrate was concentrated to give 31.47 g (95%) of 5 as a yellow
oil. 1H NMR (300 MHz, CDCl3) d 8.00 (dd, J ¼ 2.0, 2.0, 1 H),
7.58–7.49 (m, 3 H), 7.41–7.28 (m, 3 H), 4.69 (s, 2 H).

3-Oxo-3-[3-(1,1,2,2-tetrafluoro-ethoxy)-phenyl]-propionic

acid ethyl ester (7). To an ice-cooled solution of 3-tetrafluor-
oethoxy-benzoic acid 6 (40.0 g, 0.168 mol) was added SOCl2
(59.0 mL, 0.809 mol) dropwise. After addition, the ice-bath

was removed, and the mixture was stirred at room temperature
for 3 h followed by heating at 50�C for 2 h and 75�C for 3 h.
The reaction mixture was left stirring at room temperature
overnight. After removing of SOCl2 in vacuo, to the residue

was added dry toluene and concentrated (20 mL � 3). After

on high vacuum line for 5 h, the acyl chloride was obtained as

a clear oil (41.0 g, 95%).

To a solution of EtOCOCH2CO2H (16.1 g, 0.122 mol) in THF
(120 mL) at –78�C was added i-PrMgCl (2.0M in THF, 122 mL,
0.244 mol) dropwise through an additional funnel. After stirring

at –78�C for 1 h, the above prepared acyl chloride (20.9 g, 0.0815
mol) in THF (80 mL) was added via an addition funnel. The reac-
tion mixture was stirred at –78�C for 1 h and RT for 2 h.
The reaction flask was cooled in an ice-bath, and �100 mL

of 1N HCl was added dropwise until pH < 1. Upon addition
of 1N HCl, some precipitate formed and stirring became dif-
ficult. The precipitated solid gradually dissolved during further
addition of 1N HCl. The organic layer was separated and the
aqueous layer was extracted with EtOAc. The combined or-

ganic phases were dried, concentrated, and purified by flash
column chromatography (5–10% EtOAc in hexane) to give
21.8 g (83%) of 7 as a yellow oil.

7a. 1H NMR (300 MHz, CDCl3) d 7.89–7.85 (m, 1 H), 7.80
(s, 1 H), 7.56–7.51 (m, 1 H), 7.48–7.45 (m, 1 H), 5.95 (tt, J ¼
53.0, 2.5 Hz, 1 H), 4.23 (q, J ¼ 7.2 Hz, 2 H), 3.98 (s, 2 H),
1.27 (t, J ¼ 7.2 Hz, 3 H); MS (ES) m/z: 331 (MþNaþ); HRMS
(ESI) calcd for C13H12F4O4 (M þ Hþ) m/z 309.0750, found m/
z 309.0751.

7b. 1H NMR (300 MHz, CDCl3) d 12.6 (s, 1 H), 7.71–7.68

(m, 1 H), 7.63 (s, 1 H), 7.45–7.42 (m, 1 H), 7.34–7.31 (m, 1
H), 5.94 (tt, J ¼ 53.0, 2.5 Hz, 1 H), 5.68 (s, 1 H), 4.29 (q, J
¼ 7.2 Hz, 2 H), 1.35 (t, J ¼ 7.2 Hz, 3 H); MS (ES) m/z: 331
(MþNaþ).

2-(3-Nitro-30-trifluoromethoxy-biphenyl-2-ylmethyl)-3-oxo-

3-[3-(1,1,2,2-tetrafluoro-ethoxy)-phenyl]-propionic acid ethyl

ester (8a). To a mixture of b-keto ester 7 (13.5 g, 43.8 mmol)

and benzyl bromide 5 (15.7 g, 41.7 mmol) in 270 mL of ace-

tone was added K2CO3 (8.66 g, 62.6 mmol). After stirring at

room temperature for 1 h, TLC (15% EtOAc in hexane)

showed the completion of reaction. The reaction mixture was

filtered through Celite and the solid was washed with EtOAc.

The filtrate was concentrated and purified by flash column

chromatography (5–15% EtOAc in hexane) to give 22.5 g

(87%) of 8a as a yellow oil. 1H NMR (300 MHz, CDCl3) d
7.85 (dd, J ¼ 6.5, 2.7 Hz, 1 H), 7.59–7.54 (m, 2 H), 7.48–7.36

(m, 5 H), 7.26–7.21 (m, 2 H), 7.14 (s, 1 H), 5.92 (tt, J ¼ 53.0,

2.5 Hz, 1 H), 4.21 (t, J ¼ 7.0 Hz, 1 H), 4.02–3.82 (m, 2 H),

3.74–3.59 (m, 2 H), 0.96 (t, J ¼ 7.1 Hz, 3 H); MS (ES) m/z:
626 (MþNaþ). Anal. Calcd for C27H20F7NO7: C, 53.74; H,

3.34; N, 2.32. Found: C, 54.00; H, 3.02; N, 2.36.

3-(3-Nitro-30-trifluoromethoxy-biphenyl-2-yl)-1-[3-(1, 1,2,2-

tetrafluoro-ethoxy)-phenyl]-propan-1-one (9). A solution of 8a
(22.5 g, 37.3 mmol) in concentrated HCl (85 mL) and HOAc
(140 mL) was heated at 100�C for 9 h. TLC (20% EtOAc in hex-

ane) showed the completion of reaction. After cooling down to
room temperature, HOAc was evaporated through a rotary evapo-
rator. The residue was diluted with water (200 mL) and cooled in
an ice-bath. To the mixture was added 6N NaOH (�80 mL) until
basic judged by pH paper. The aqueous solution was extracted

with EtOAc (�3), and the combined organic layers were dried
(Na2SO4), concentrated, and purified by flash column chromatog-
raphy (10–20% EtOAc in hexane) to give 18.4 g (93%) of 9 as a
yellow oil. 1H NMR (400 MHz, CDCl3) d 7.90–7.84 (m, 1 H),
7.71–7.64 (m, 2 H), 7.50–7.37 (m, 5 H), 7.28–7.22 (m, 2 H), 7.17

(s, 1 H), 5.91 (tt, J ¼ 53.0, 2.7 Hz, 1 H), 3.21–3.08 (m, 4 H); MS
(ES) m/z: 554 (MþNaþ); HRMS (ESI) calcd for C24H16F7NO5

(M þ Hþ) m/z 532.0995, found m/z 532.0989. Anal. Calcd for
C24H16F7NO5: C, 54.25; H, 3.01; N, 2.64. Found: C, 54.38; H,

2.59; N, 2.89.
2-[3-(1,1,2,2-Tetrafluoro-ethoxy)-phenyl]-5-(3-trifluorome-

thoxy-phenyl)-1,2,3,4-tetrahydro-quinoline (10). A mixture
of 9 (5.70 g, 10.7 mmol) and 10% Pd/C (615 mg) in EtOAc
(�100 mL) was shaken in a par-shaker under 50 psi H2 for 19

h. The reaction mixture was filtered through Celite and the
solid was washed with EtOAc. The filtrate was concentrated
and dried under vacuum to give 5.20 g (100%) of 10 as a yel-
low oil. 1H NMR (400 MHz, CDCl3) d 7.40–7.29 (m, 3 H),
7.28–7.23 (m, 2 H), 7.20–7.05 (m, 4 H), 6.61 (d, J ¼ 7.8 Hz,

2 H), 5.92 (tt, J ¼ 53.0, 2.8 Hz, 1 H), 4.50 (dd, J ¼ 8.9, 3.3
Hz, 1 H), 2.75 (ddd, J ¼ 16.4, 10.6, 5.1 Hz, 1 H), 2.51 (dt, J
¼ 16.5, 4.9 Hz, 1 H), 2.10–2.02 (m, 1 H), 1.91–1.81 (m, 1 H);
MS (ES) m/z: 486 (MþHþ). Anal. Calcd for C24H18F7NO2: C,
59.39; H, 3.74; N, 2.89. Found: C, 59.80; H, 3.50; N, 2.80.

(2R)-1,2,3,4-Tetrahydro-2-[3-(1,1,2,2-tetrafluoroethoxy)-
phenyl]-5-[3-(trifluoromethoxy)phenyl]quinoline (10). Chiral
HPLC resolution of racemate (6)-10: 16.5 g of (6)-10 was
separated by using Chiralcel OJ eluting with 80% heptane–

20% ethanol at 80 mL/min and wavelength 220 nm. A total of
6.46 g of (R)-10 and 5.91 g of (S)-10 were obtained in 99.99%
and 99.5% ee, respectively. (R)-10: [a]D

20 –13.3� (c1.0,
CHCl3).

Cyclization of (S)-14: A solution of 14 (105 mg, 0.172 mmol)

and EtOH (2 mL) was degassed under vacuum and then filled
with N2 for three times. To the solution SnCl2

.2H2O (244 mg,
1.08 mmol) was added and the reaction mixture was stirred at
room temperature under N2 for 4.5 h. After removal of EtOH
under vacuum, to the residue were added CH2Cl2 and saturated

NH4OH. The precipitated solid was filtered through Celite, and
rinsed with CH2Cl2 and EtOAc. The filtrate was separated and the
aqueous layer was extracted with CH2Cl2. The combined organic
phases were dried, concentrated in vacuo, and purified by flash
column chromatography (10–15% EtOAc in hexane) to give 46

mg (55%) of (R)-10 as an oil. 1H NMR (400 MHz, CDCl3) d
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7.42–7.30 (m, 3 H), 7.29–7.23 (m, 2 H), 7.21–7.07 (m, 4 H), 6.61
(d, J ¼ 7.8 Hz, 2 H), 5.91 (tt, J ¼ 53.1, 2.8 Hz, 1 H), 4.51 (dd, J
¼ 9.0, 3.4 Hz, 1 H), 4.20 (brs, 1 H), 2.76 (ddd, J ¼ 16.3, 10.6, 5.2
Hz, 1 H), 2.53 (dt, J ¼ 16.6, 5.0 Hz, 1 H), 2.11–2.04 (m, 1 H),
1.93–1.83 (m, 1 H); MS (ES) m/z: 486 (MþHþ); HRMS (ESI)

calcd for C24H18F7NO2 m/z 485.1226, found m/z 485.1219. [a]D
20

–12.9� (c 1.0, CHCl3). A total of 80–85% ee was analyzed by chi-
ral HPLC (Chiralcel OJ; isocratic elution 10/90 isopropanol/hex-
ane, 0.8 mL/min, area integration at 210 nm).

(aS)-3-Nitro-a-[3-(1,1,2,2-tetrafluoroethoxy)phenyl]-30-(tri-
fluoromethoxy)-[1,10-biphenyl]-2-propanol (13). To a solu-
tion of THF (0.2 mL) and 1.0M (R)-2-methyl-CBS-oxazaboro-
lidine (0.186 mL, 0.186 mmol) in toluene was added 2.0M
BH3

.SMe2 (0.137 mL, 0.274 mmol) in THF. After stirring at
room temperature for 15 min, the mixture was cooled to –

25�C and to which a solution of 9 (132 mg, 0.249 mmol) in
THF (2 mL) was added. The reaction mixture was stirred from
–20�C to –10�C for 3.5 h and then quenched with a few drops
of MeOH followed by a few drops of 1N HCl. The reaction

mixture was partitioned between CH2Cl2 and water. The or-
ganic layer was dried, concentrated, and purified by flash col-
umn chromatography (10–20% EtOAc in hexane) to provide
114 mg (86%) of 13 as an oil. 1H NMR (300 MHz, CDCl3) d
7.88–7.77 (m, 1 H), 7.43–7.37 (m, 3 H), 7.28–7.23 (m, 2 H),

7.14–6.99 (m, 5 H), 5.90 (tt, J ¼ 53.1, 2.8 Hz, 1 H), 4.54 (brs,
1 H), 2.89–2.79 (m, 1 H), 2.73–2.63 (m, 1 H), 1.92–1.76 (m, 2
H), 1.73 (brs, 1 H); MS (ES) m/z: 556 (MþNaþ). Anal. Calcd
for C24H18F7NO5: C, 54.04; H, 3.40; N, 2.63. Found: C,
54.10; H, 2.89; N, 2.50. [a]D

20 –10.6� (c 1.0, CHCl3). A total

of >90% ee was determined by chiral HPLC (Chiralcel OJ;
isocratic elution 10/90 isopropanol/hexane, 0.8 mL/min, area
integration at 210 nm).

(aS)-3-Nitro-a-[3-(1,1,2,2-tetrafluoroethoxy)phenyl]-30-(tri-
fluoromethoxy)-[1,10-biphenyl]-2-propanol methanesulfonate

(14). To a solution of 13 (220 mg, 0.413 mmol) and CH2Cl2 (3
mL) was added methanesulfonyl chloride (0.040 mL, 0.52 mmol)

and Et3N (0.086 mL, 0.62 mmol). After stirring at room tempera-

ture for 2 h, water was added and the mixture was acidified with

1N HCl until acidic by pH paper. The organic layer was separated

and the aqueous layer was extracted with CH2Cl2. The combined

organic phases were dried and concentrated to give 250 mg

(99%) of 14 as a yellow oil. 1H NMR (400 MHz, CDCl3) d 7.88–

7.83 (m, 1 H), 7.49–7.45 (m, 1 H), 7.42 (d, J ¼ 4.6 Hz, 2 H),

7.36–7.29 (m, 2 H), 7.20–7.15 (m, 2 H), 7.09–7.07 (m, 2 H), 7.03

(s, 1 H), 5.92 (tt, J ¼ 53.0, 2.7 Hz, 1 H), 5.38 (dd, J ¼ 7.3, 5.8

Hz, 1 H), 2.85 (td, J ¼ 12.6, 4.8 Hz, 1 H), 2.72 (s, 3 H), 2.67 (dd,

J ¼ 13.1, 4.8 Hz, 1 H), 2.18–1.98 (m, 2 H); MS (ES) m/z: 634
(MþNaþ).

(2R,aS)-3,4-Dihydro-2-[3-(1,1,2,2-tetrafluoroethoxy)phenyl]-
5-[3-(trifluoromethoxy)phenyl]-a-(trifluoromethyl)-1(2H)-qui-

nolineethanol (1). To a mixture of (R)-10 (6.10 g, 10.2 mmol)
and 1,1,1-trifluoro-2,3-epoxypropane 11 (5.71 g, 51.0 mmol) in
CH2Cl2 (60 mL) under N2 was added Yb(OTf)3 (1.58 g, 2.55
mmol). The reaction mixture was heated at 50�C for 48 h and

then cooled to ambient temperature. EtOAc was added and the
mixture was washed with saturated NaHCO3, H2O and brine,

dried, concentrated and purified by flash column chromatogra-

phy (5–15% EtOAc in hexane) to give 6.00 g (80%) of 1 as

an oil. 1H NMR (400 MHz, CDCl3) d 7.40–7.34 (m, 2 H),

7.25–7.12 (m, 6 H), 7.05 (s, 1 H), 6.74 (d, J ¼ 8.1 Hz, 1 H),

6.68 (d, J ¼ 7.3 Hz, 1 H), 5.89 (tt, J ¼ 53.1, 2.8 Hz, 1 H),

4.90 (t, J ¼ 4.4 Hz, 1 H), 4.46–4.41 (m, 1 H), 3.92 (d, J ¼
15.4 Hz, 1 H), 3.32 (dd, J ¼ 15.4, 9.6 Hz, 1 H), 2.49 (dt, J ¼
16.2, 4.6 Hz, 1 H), 2.41–2.34 (m, 2 H), 2.19–2.10 (m, 1 H),

2.00–1.94 (m, 1 H); MS (ES) m/z: 598 (MþHþ); HRMS (ESI)

calcd for C27H21F10NO3 m/z 597.1362, found m/z 597.1378.

Anal. Calcd for C27H21F10NO3: C, 54.28; H, 3.54; N, 2.34.

Found: C, 54.10; H, 3.40; N, 1.99. [a]D
20 –112.0� (c1.0,

CHCl3).
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A series of novel quinolone heterocyclic derivatives from natural amino acid were synthesized in
one-pot method, which is very beneficial for the industrial operation to save manufacturing costs. These

new compounds were characterized by 1H NMR, 13C NMR, infrared spectrum, mass spectrum, and ele-
mental analysis. The preliminary bioassays results revealed that they had certain antimicrobial activity
against Bacillus subtilis and Staphylococcus aureus.
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INTRODUCTION

Interests in heterocycle compounds [1], especially quin-

olone heterocyclic compounds, have flourished for many

years, largely as a result of the wide spread use on anti-

asthmatic, anti-bacterial, anti-malarial, tyrosine-kinase

PDGF-RTK inhibitor agent, etc. [2]. Because of such a

wide range of applicability in medicine and bioorganic

chemistry, there has been increasing interests in exploring

new quinolone heteocyclic compounds to enrich this do-

main [3]. Enlightened and encouraged by the bioactivity

of quinolone heterocyclic compounds and the abundant

existence of amino acid in nature, we attempt to introduce

amino acid piece into quinolone heterocycle and wish to

discover some new bioactive compounds.

Generally, there are several steps and much compli-

cated post-treatment and purification process to synthesize

the quinolone and fluoroquinolone derivatives, such as 4-

oxoquinoline, 8-nitrofluoro-quinolone, and other quinolone

derivatives [4–7]. Therefore, we wish to develop a concise

route with simple post-treatment to synthesize a series of

novel quinolone heterocyclic compounds. Fortunately,

when we use one-pot method to synthesize compounds 5

from compound 1, the whole reaction goes well and

smoothly. This method is very beneficial for the industrial

operation to save time and manufacturing costs. Herein a

series of novel quinolone heterocyclic derivatives from

natural amino acid salts were designed and prepared

according to this method. The title compounds were char-

acterized by 1H NMR, 13C NMR, infrared spectrum, mass

spectrum, and elemental analysis. To investigate their pre-

liminary antimicrobial bioactivities, these compounds

were screened by Bacillus subtilis, Staphylococcus aureus,
Aspergillus fumigatus, and Candida albicans. The prelimi-

nary bioassays results revealed that they had certain bacte-

ricidal activity against Bacillus subtilis and Staphylococ-
cus aureus. The synthetic routes are shown in Figure 1.

RESULTS AND DISCUSSION

Chemistry. As part of our ongoing interests to find

new quinolone heterocyclic derivatives, we try to obtain

the quinolone compounds via intramolecular cyclization

reaction, which contain natural amino acid piece at N1-

position of quinolone heterocyclic ring. We selected the

2,4,5-trifluoro-3-methoxybenzoic acid 1 as started materi-

als to synthesize quinolone derivatives 6. At first, we syn-

thesized compounds 6 step by step from 1 to 5 with com-

plicated post-treatment and purification in each step. Inter-

estingly, when we attempt to synthesize compounds 5

from compound 1 in one-pot to cut off much troublesome

separation and purification in the middle process we found

the whole reaction goes well. So a facile and simple rout

VC 2010 HeteroCorporation

November 2010 1411



for the synthesis of compound 5 in one-pot way without

any separation was developed, which is very beneficial

for the industrial operation to save manufacturing costs.

The structures of quinolone heterocyclic compounds

of 6a–6f were confirmed by IR, 1H NMR, 13C NMR,

MS, and elemental analysis. The infrared spectra of all

compounds showed easily distinguishable carboxylic

group stretching at 1789–1799 cm�1 and 1721–1747

cm�1 because of the two kind of carboxylic groups. In
1H NMR spectrum, two kind of carboxylic group signals

appear between 13.42–13.73 ppm and 14.42–14.58 ppm,

which demonstrate the existence of amino acids and

quinolone cycle. In 13C NMR spectrum, the typical sig-

nals of carboxylic group and aromatic ring appear

between 164.47–176.71 ppm and 102.85–158.97 ppm,

which reveal the existence of the quinolone cycle.

Biological activities. All the title compounds were

tested preliminarily for their antibacterial and antifungal

activity. From the screening results, all the title com-

pounds have certain activity against Bacillus subtilis and

Staphylococcus aureus and nearly have no activity

against Aspergillus fumigatus and Candida albicans.
The detail results are listed in Table 1.

From the preliminary biological results, all the new

compounds have certain antibacterial and antifungal bio-

activity, which intrigued us to study its QSAR further

and synthesize higher activity compound, the in-depth

research work is undergoing.

In conclusion, we have developed a simple one-pot

way of preparing quinolone heterocyclic compounds and

synthesized a series of novel quinolone heterocyclic

derivatives from natural amino acid. This method facili-

tates the industrial operation to save manufacturing

costs. The preliminary bioassays results reveal that they

have certain antimicrobial activity against Bacillus subti-
lis and Staphylococcus aureus.

EXPERIMENTAL

All the reagents were purchased commercially and used
without further purification. The melting point was determined

Figure 1. (a) SoCl2; (b) (E)-ethyl 3-(dimethylamino)acrylate; (c) Amino acid ethyl ester hydrochloride; (d) K2CO3; (e) Hydrolysis; (f) Merge step

(a), (b), and (c) to open-pot, and no individual separation.

Table 1

The preliminary antimicrobial activity of title compounds.

Conc. (mg/mL) 6a 6b 6c 6d 6e 6f

Bacillus subtilis 1 0.95a 0.75 0.85 0.80 0.90 1.25

0.2 0.60 0.65 0.65 0.65 0.75 0.60

0.2 –b – – – 0.60 –

Staphylococcus aureus 1 0.85 0.70 0.70 1.20 1.10 0.95

0.2 0.60 0.60 – 0.75 1.00 0.65

0.1 – – – – 0.85 –

aDiameter of inhibition zone (cm).
b No inhibition.
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using a XT-4 melting-point apparatus and uncorrected. IR spec-
tra were recorded on a Bruker Equinox-55 spectrophotometer
using KBr discs in the 4000–400 cm�1 region. The 1H NMR

and 13C NMR data were obtained on a Bruker AC-400 (400
MHz) instrument in DMSO-d6 using TMS as internal standard.
Chemical shifts (d) are expressed in ppm and coupling con-
stants J are given in Hz. Mass spectra were obtained on a Agi-
lent 5973N mass spectrometer operating at 70 eV by electron

ionization technique (EI/MS). Elemental analyses were per-
formed on an EA-1110 instrument.

General synthesis procedure of compound 6a is described
below and other compounds were synthesized in similar way.
The chemical structure, yields, and melt points of the synthe-

sized compounds are listed in Table 2.
1-(Carboxymethyl)-6,7-difluoro-8-methoxy-4-oxo-1,4-dihy-

droquinoline-3-carboxylic acid (6a). 2,4,5-trifluoro-3-methox-
ybenzoic acid 4.12 g (0.02 mol) was dissolved in thionyl chlo-

ride 22 mL in a 50 mL round-bottomed flask, stirring and
reflux for 3 h, removing the superfluous SOCl2 on a rotary
evaporator. (E)-ethyl-3-(dimethylamino) acrylate 2.86 g (0.02
mol) was added dropwise to the toluene solution of above
leavings with stirring at 40–50�C, monitoring with TLC [PE/

EA ¼ 1/1 (v/v)] to the end of reactants, adding amino acid
ethyl ester hydrochloride (0.02 mol) directly and stirring for
about 5–8 h at room temperature, checking the reaction via
TLC, then potassium carbonate 4.14 g (0.03 mol) was added
and stirring for 8–10 h at 100�C. When the reaction was com-

plete (determined by TLC), the mixture was acidified with
diluted hydrochloride acid (5%) to PH ¼ 2–3. The reaction
mixture was poured into separatory funnel and separated. The
organic layer was concentrated under reduced pressure and the
residual was chromatographed on silica gel (PE/EA¼2/1 (v/v))

to give compound 5, which was added to the 20% sulfuric
acid solution, refluxing for about 6–8 h, cooled to room tem-
perature and filter. The filter cake was crystallized using 20%
alcohol aqueous solution to afford compounds 6a. IR (KBr) v:
3493, 2981, 2809, 1799, 1746, 1632, 1581, 1484, 1348, 1215,
1062 cm�1; 1H NMR (DMSO-d6, 400 MHz): d 4.02 (s, 3H,

OCH3), 5.37 (s, 2H, CH2), 8.03–8.07 (m, 1H, ArH), 9.01 (s,
1H, C¼¼CH), 13.42 (br s, 1H, COOH), 14.55 (br s, 1H,
COOH); 13C NMR (DMSO-d6, 100 MHz): d 59.33, 63.59,
107.56, 107.21 (d, 2JCAF ¼ 17.8 Hz), 122.90 (d, 3JCAF ¼ 7.20
Hz), 131.86 (d, 3JCAF ¼ 3.39 Hz), 140.64 (d, 2JCAF ¼ 11.7

Hz), 147.45 (dd, 1JCAF ¼ 107.2 Hz, 2JCAF ¼ 15.4 Hz), 149.96
(dd, 1JCAF ¼ 104.1 Hz, 2JCAF ¼ 15.6 Hz), 153.57, 165.50,
169.37, 176.43; MS (70 eV): m/z (%) ¼ 313 (Mþ); Anal.
Calcd. for C13H9F2NO6: C, 49.85; H, 2.90; N, 4.47; Found: C,
50.01; H, 4.45; N, 4.51.

1-(1-Carboxy-2-methylpropyl)-6,7-difluoro-8-methoxy-4-

oxo-1,4-dihydroquinoline-3-carboxylic acid (6b). IR (KBr)
v: 3488, 2981, 2898, 1795, 1726, 1631, 1573, 1499, 1378,
1216, 1058 cm�1; 1H NMR (DMSO-d6, 400 MHz): d 0.82 (d,
J ¼ 7.20 Hz, 6H, CH3), 2.11–2.14 (m, 1H, CH), 3.68–3.70 (m,

1H, CH), 4.21 (s, 3H, OCH3), 8.01–8.04 (m, 1H, ArH), 9.12
(s, 1H, C¼¼CH), 13.73 (br s, 1H, COOH), 14.52 (br s, 1H,
COOH); 13C NMR (DMSO-d6, 100 MHz): d 21.71, 22.18,
29.42, 61.56, 68.51, 108.22, 109.43 (d, 2JCAF ¼ 15.6 Hz),

121.75 (d, 3JCAF ¼ 5.62 Hz), 132.13 (d, 3JCAF ¼ 4.2 Hz),
141.21 (d, 2JCAF ¼ 14.6 Hz), 146.13 (dd, 1JCAF ¼ 108.3 Hz,
2JCAF ¼ 14.3 Hz), 148.68 (dd, 1JCAF ¼ 107.5 Hz, 2JCAF ¼
15.1 Hz), 152.98, 164.67, 169.66, 175.13; MS (70 eV): m/z
(%) ¼ 355 (Mþ); Anal. Calcd. for C16H15F2NO6: C, 54.09; H,

4.26; N, 3.94; Found: C, 54.12; H, 4.19; N, 4.01.
1-(1-Carboxy-3-methylbutyl)-6,7-difluoro-8-methoxy-4-oxo-

1,4-dihydroquinoline-3-carboxylic acid (6c). IR (KBr) v: 3482,
2959, 2852, 1789, 1721, 1631, 1557, 1499, 1348, 1210, 1078
cm�1; 1H NMR (DMSO-d6, 400 MHz): d 0.87 (d, J ¼ 7.20 Hz,

6H, CH3), 1.36–1.42 (m, 1H, CH), 2.11–2.15 (m, 1H, CH2),
3.81–3.83 (m, 1H, CH), 4.36 (s, 3H, OCH3), 8.63–8.67 (m, 1H,
ArH), 9.07 (s, 1H, C¼¼CH), 13.62 (br s, 1H, COOH), 14.58 (br s,
1H, COOH); 13C NMR (DMSO-d6, 100 MHz): d 22.25, 23.19,
26.22, 29.57, 62.96, 71.55, 102.73, 107.60 (d, 2JCAF ¼ 15.8 Hz),

128.08 (d, 3JCAF ¼ 4.2 Hz), 139.11 (d, 3JCAF ¼ 4.8 Hz), 142.94
(d, 2JCAF ¼ 15.2 Hz), 145.39 (dd, 1JCAF ¼ 108.3 Hz, 2JCAF ¼
14.6 Hz), 148.84 (dd, 1JCAF ¼ 108.1 Hz, 2JCAF ¼ 14.2 Hz),
153.29, 165.82, 171.79, 176.71; MS (70 eV): m/z (%) ¼ 369

(Mþ); Anal. Calcd. for C17H17F2NO6: C, 55.29; H, 4.64; N, 3.79;
Found: C, 55.38; H, 4.52; N, 3.92.

1-(1-Carboxy-2-methylbutyl)-6,7-difluoro-8-methoxy-4-

oxo-1,4-dihydroquinoline-3-carboxylic acid (6d). IR (KBr)

v: 3491, 2965, 2851, 1798, 1742, 1656, 1581, 1498, 1346, 1213,
1078 cm�1; 1H NMR (DMSO-d6, 400 MHz): d 0.74–0.79 (m,

6H, CH3), 0.88–0.95 (m, 2H, CH2), 2.01–2.05 (m, 1H, CH),

3.89–3.92 (m, 1H, CH), 4.23 (s, 3H, OCH3), 8.00–8.05 (m, 1H,

ArH), 9.18 (s, 1H, C¼¼CH), 13.53 (br s, 1H, COOH), 14.49 (br s,

1H, COOH); 13C NMR (DMSO-d6, 100 MHz): d 11.74, 13.77,

25.55, 38.01, 65.82, 67.97, 102.85 (d, 2JCAF ¼ 19.1 Hz), 109.68,

129.76 (d, 3JCAF ¼ 5.6 Hz), 139.05 (d, 3JCAF ¼ 6.4 Hz), 142.12

(d, 2JCAF ¼ 17.1 Hz), 147.92 (dd, 1JCAF ¼ 108.2 Hz, 2JCAF ¼
12.2 Hz), 149.15 (dd, 1JCAF ¼ 109.1 Hz, 2JCAF ¼ 14.8 Hz),

158.97, 165.62, 171.12, 176.55; MS (70 eV): m/z (%) ¼ 369

(Mþ); Anal. Calcd. for C17H17F2NO6: C, 55.29; H, 4.64; N, 3.79;

Found: C, 55.31; H, 4.59; N, 3.77.

1-(Carboxy(phenyl)methyl)-6,7-difluoro-8-methoxy-4-oxo-

1,4-dihydroquinoline-3-carboxylic acid (6e). IR (KBr) v:
3495, 2926, 2809, 1796, 1746, 1632, 1581, 1484, 1348, 1259,

1105 cm�1; 1H NMR (DMSO-d6, 400 MHz): d 4.11 (s, 3H,
OCH3), 4.33 (s, 1H, CH), 7.49–7.54 (m, 5H, ArH), 8.06–8.08
(m, 1H, ArH), 9.05 (s, 1H, C¼¼CH), 13.56 (br s, 1H, COOH),

Table 2

Chemical structure, yields, and melt point of the synthesized

compounds.

Compound R Yield (%) M. P (�C)

6a H 52 258–260

6b 52 251–253

6c 50 310–312

6d 49 284–286

6e 52 162–164

6f 48 195–197
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14.42 (br s, 1H, COOH); 13C NMR (DMSO-d6, 100 MHz): d
62.75, 69.83, 107.31 (d, 2JCAF ¼ 18.2 Hz), 109.78, 123.34,
129.39, 130.21 (d, 3JCAF ¼ 5.7 Hz), 131.22, 132.44, 133.03,
133.41, 140.78 (d, 3JCAF ¼ 5.2 Hz), 141.06 (d, 2JCAF ¼ 16.4
Hz), 148.12 (dd, 1JCAF ¼ 108.8 Hz, 2JCAF ¼ 13.6 Hz), 149.47

(dd, 1JCAF ¼ 107.6 Hz, 2JCAF ¼ 12.2 Hz), 150.69, 165.14,
168.89, 176.32; MS (70 eV): m/z (%) ¼ 389 (Mþ); Anal.
Calcd. for C19H13F2NO6: C, 58.62; H, 3.37; N, 3.60; Found:
C, 58.71; H, 3.39; N, 3.71.

1-(1-Carboxy-2-phenylethyl)-6,7-difluoro-8-methoxy-

4-oxo-1,4-dihydroquinoli-ne-3-carboxylic acid (6f). IR
(KBr) v: 3495, 2958, 2868, 1798, 1747, 1617, 1568, 1474,
1353, 1279, 1110 cm�1; 1H NMR (DMSO-d6, 400 MHz): d
3.23–3.27 (m, 2H, CH2), 3.89–3.92 (m, 1H, CH), 4.21 (s, 3H,
OCH3), 7.31–7.42 (m, 5H, ArH), 8.11–8.14 (m, 1H, ArH),

9.02 (s, 1H, C¼¼CH), 13.42 (br s, 1H, COOH), 14.58 (br s,
1H, COOH); 13C NMR (DMSO-d6, 100 MHz): d 36.89, 74.09,
106.78 (d, 2JCAF ¼ 16.8 Hz), 107.94, 123.14, 127.08, 127.24,
128.74, 129.33, 129.71, 129.89 (d, 3JCAF ¼ 5.2 Hz), 136.91,

140.05 (d, 3JCAF ¼ 6.1 Hz), 145.32 (d, 2JCAF ¼ 15.6 Hz),
148.16 (dd, 1JCAF ¼ 107.4 Hz, 2JCAF ¼ 15.6 Hz), 150.41 (dd,
1JCAF ¼ 108.1 Hz, 2JCAF ¼ 14.7 Hz), 154.03, 165.16, 172.41,
176.15; MS (70 eV): m/z (%) ¼ 403 (Mþ); Anal. Calcd. for
C20H15F2NO6: C, 59.56; H, 3.75; N, 3.47; Found: C, 59.62; H,

3.69; N, 3.51.
All of the synthesized compounds were tested for their anti-

bacterial and antifungal activity in vitro by broth dilution
method with some bacteria Bacillus subtilis, Staphylococcus
aureus, Aspergillus fumigatus, and Candida albicans according
to the literature [8]. The antimicrobial discs (diameter, 0.55
cm) were prepared at concentrations of 1, 0.2, and 0.1 mg/mL
and applied to each of the culture plates previously seeded
with the test bacteria. These culture plates were then incubated
at 37�C for 24 h. The preliminary antimicrobial activity was

determined by the diameter of inhibition zone. For each com-

pound, three replicate trials were conducted against each
organism.
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A series of 30-(4-(2-methyl/phenyl/benzylthiazol-4-yl)phenyl)spiro[indoline-3,20-thiazolidine]-2,40-dio-
nes was synthesized. The structures of the synthesized compounds were evaluated by analytical and
spectral (IR, 1H NMR, 13C NMR, LC-MS, and elemental analysis) methods. All the synthesized com-
pounds were screened for qualitative (Zone of inhibition) and quantitative antimicrobial activities

(MIC). Most of the derivatives showed good activity towards Gram-positive and Gram-negative
bacteria.

J. Heterocyclic Chem., 47, 1415 (2010).

INTRODUCTION

The chemistry of spiro derivatives of isatin continues

to draw attention of synthetic organic chemists due to

their varied biological activities [1–4]. Of these, spi-

ro[indol-thiazolidenes] has attracted our attention

because they show a broad spectrum of pharmacological

properties [5,6]. On the basis of these observations it

was thought that it would be worthwhile to design and

synthesize some new isatin based spirothiazolidine

derivatives derived by coupling spiro[indol-thiazoli-

denes] with biologically active thiazole nucleus. Hence,

we have synthesized several 30-(4-(2-substituted thiazol-

4-yl)phenyl)spiro[indoline-3,20-thiazolidine]-2,40-diones
13–32 and screened for their antimicrobial activity.

RESULTS AND DISCUSSION

The synthesis of 30-(4-(2-methyl/phenyl/benzylthiazol-

4-yl)phenyl)spiro[indoline-3,20-thiazolidine]-2,40-diones
13–32 is illustrated and outlined in Figure 1. The start-

ing materials 2-methyl-4-(4-aminophenyl)thiazole 3, 2-

aryl-4-(4-aminophenyl)thiazole 4–6, 2-benzyl-4-(4-ami-

nophenyl)thiazole 7–12, were prepared according to

reported procedure [7]. The spiro compounds were syn-

thesized by the reported procedure [8–13]. All the com-

pounds were purified by column chromatography or

recrystallized from hexane: ethyl acetate (9:1). The

structures of the compounds were established by IR, 1H

NMR, 13C NMR, LCMS, and elemental analysis and the

results are presented in the experimental section. The

spectral data of compounds 13–32 were in accordance

with the assumed structures. The mass spectra of all the

compounds revealed the molecular ion peak Mþ and

Mþ2 ion peak due to S, Br, and/or Cl. The IR spectra

showed presence of characteristic absorption peaks at

3200–3400 cm�1 (>NH), 1730 and 1695 cm�1 (C¼¼O)

indicating that cyclocondensation has occurred which

was confirmed by its 1H NMR and 13C NMR data. The
1H NMR spectra revealed a double doublet integrating

for two geminal protons of thiazolidine nucleus. 13C

NMR spectra showed all expected characteristic peaks

in the aromatic and aliphatic region along with d 110–

111 (spiro carbon atom) [13]. As a representative case,

the IR spectrum of compound 27 showed peaks at 3238

cm�1(>NH), 1735 and 1694 cm�1 (C¼¼O), 1619 cm�1

(C¼¼N) indicating that the cycloaddition has occurred.

This was further confirmed by its 1H NMR spectrum

which revealed an AB quartet of thiazolidine methylene

at d 3.75 and 4.42 with J ¼ 15 Hz. The benzylic meth-

ylene protons appeared at d 4.18. All the aromatic pro-

tons appeared between d 6.88 and 7.67. The lactam

NAH appeared at d 10.17. Further the 13C NMR spec-

trum of 27 revealed two signals at d 33.00 and 38.8 for

VC 2010 HeteroCorporation
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benzylic and thiazolidine methylene carbons, in addition

the spiro carbon appeared at d 110.9. The aromatic ipso

carbon attached to fluorine appeared as doublet with 1J
¼ 246.8 Hz (CAF). The ortho and the meta carbon

atoms in the same ring also appeared as doublets with
2J ¼ 21.5 Hz and 3J ¼ 8.3 Hz. All other aromatic car-

bon atoms appeared between d 113–119 and 163.8 and

the two carbonyl carbons appeared downfield at d 172.6

and 176.8. The mass spectrum showed a molecular ion

peak Mþ at m/z 427. The elemental analysis C (63.71),

H (3.93), N (9.06), and S (12.87) was within 60.4% of

the calculated.

Antimicrobial evaluation. The in vitro antibacterial

activity was performed against Gram-positive bacteria

including Staphylococcus aureus (NCIM 2079), Bacillus
subtilis (NCIM 2250), and Gram-negative bacteria

including Escherichia coli (NCIM 2109). The antifungal

activity was against fungi including Candida albicans

Figure 1. Synthetic pathway for the formation of the compounds 13–32.

1416 Vol 47P. C. Mhaske, S. H. Shelke, R. P. Jadhav, H. N. Raundal, S. V. Patil,

A. A. Patil, and V. D. Bobade

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



(NCIM 3471) and Aspergillus niger (NCIM 545). To

evaluate the activity of the synthesized compounds

against bacteria, the zone of inhibition and minimum in-

hibitory concentrations (MICs) were determined. Known

antibiotic Ciprofloxacin (the reference for antibacterial

drugs) and Nystatin (the reference antifungal drug) were

used for comparison. The zone of inhibition and MIC

against micro organisms tested is reported in (Tables 1

and 2), respectively.

The results of the antibacterial activity showed that the

tested compounds are effective against the Gram-positive

bacteria S. aureus and B. subtilis and Gram-negative bac-

teria E. coli. The investigation showed moderate inhibi-

tory effects, with the majority of the compounds with the

MIC values between 50 and 100 lg/mL. As shown in

Table 2, all the compounds were active against S. aureus
except compound 24. The 4-methoxy substituted com-

pounds 29 and 30 were active against all the three species.

In general, compound with methyl group and the benzyl

ring at 2 position of thiazole moiety showed enhanced

activity.

The results of antifungal activity showed that all the

compounds were inactive except compound 21, which

showed moderate activity against C. albicans and
A. niger.

Table 1

Antimicrobial screening of synthesized compounds 13–32.

Compoundsa

Microorganisms

B. subtilis S. aureus E. coli C. albicans A. niger

13 15.64 12.52 – – –

14 – 16.00 14.97 – –

15 11.95 10.11 – – –

16 13.78 9.00 – – –

17 12.88 12.13 11.80 – –

18 9.76 8.00 – – –

19 – 11.65 10.12 – –

20 11.50 10.28 – – –

21 15.06 11.23 – 10.12 9.80

22 – 12.88 – – –

23 – 10.47 – – –

24 10.97 – 11.74 – –

25 12.79 11.90 8.34 – –

26 10.38 10.04 – – –

27 – 12.71 – – –

28 – 9.52 9.36 – –

29 10.20 12.94 11.98 – –

30 9.88 11.04 10.34 – –

31 – 10.02 – – –

32 – 8.60 – – –

Ciprofloxacina 26 28 25 NA NA

Nystatina NA NA NA 20.5 22.1

Zone diameter of growth inhibition in mm.

NA, not applicable; –, inactive.
a Ciprofloxacin (10 lg/disc) and Nystatin (100 U/disc) were used as reference; synthesized compounds (100 lg/disc).

Table 2

Antibacterial activity of compounds 13–32.

Compounds

Microorganisms

B. subtilis S. aureus E. coli

13 – 50 60

14 – 50 60

15 100 90 –

16 100 100 –

17 90 85 85

18 100 100 –

19 80 100

20 100 90 –

21 60 60 –

22 – 50 –

23 – 85 –

24 70 – 80

25 90 100 90

26 100 100 –

27 – 90 –

28 – 100 100

29 100 80 80

30 100 90 90

31 – 80 –

32 – 100 –

Ciprofloxacin 4 4 4

MIC in lg/mL.
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EXPERIMENTAL

Melting points were determined in an open capillary using

Veego melting point apparatus and are uncorrected. The purity
of the compounds was checked on silica gel-G plates. Infrared
spectra (cm�1) were recorded in KBr on a Shimadzu Model
FTIR-435 spectrophotometer. 1H NMR and 13C NMR spectra

were recorded in CDCl3 and DMSO-d6 solution on a Varian
Mercury YH-300 spectrometer operating at 300 MHz or on
BRUKER ADVANCE II 400 spectrometer operating at 400
MHz for 1H and 75 MHz for 13C. Chemical shifts are
expressed relative to tetramethylsilane (TMS) and were

reported as d (ppm). LCMS measurements were made on a
Jeol-JMS-DX 303 mass spectrometer. The elemental analysis
was performed on FLASH EA 1112 analyzer.

General procedure for compounds (13–32). To a solution
of isatin 1 (0.37 g, 2.5 mmol) in glacial acetic acid (1 mL)

and dry toluene (30 mL), 2-methyl-4-(4-aminophenyl)thiazole,
3 (0.48 g, 2.5 mmol) was added. The mixture was refluxed
using a Dean-Stark apparatus for 5–8 h to obtain the Schiff’s
base. After the completion of the reaction as monitored on
TLC, thioglycolic acid (3.0 mmol) was added and mixture was

further refluxed for 7–10 h. The solvent was removed under
reduced pressure and the residue was treated with saturated so-
lution of NaHCO3 to remove the unreacted acid. The product
was extracted with ethyl acetate, washed with water, brine and
dried (Na2SO4). The solvent was removed under vacuum, the

thick liquid thus obtained was added dropwise to a stirred so-
lution of hexane to obtain crystalline solid.

30-(4-(2-Methylthiazol-4-yl)phenyl)spiro[indoline-3,20-thia-
zolidine]-2,40-dione (13) Yield: 67%; mp 200–202�C dec.,

recrystallized from hexane–ethyl acetate (9:1); IR (KBr, cm�1)
3221 (NH); 3118, 3020 (CH, Ar-H); 1730 (CO); 1695 (CO);
1609 (C¼¼N); 1H NMR (CDCl3): d 2.71 (s, 3H, ACH3); 3.87
(d, 1H, J ¼ 15.6 Hz, Thiazolidine); 4.37 (d, 1H, J ¼ 15.6 Hz,
Thiazolidine); 6.67–7.74 (m, 8H, Ar-H); 7.39 (s, 1H, Thiazole)

ppm; ms: m/z 394.0 (Mþ) Anal. Calcd. for C20H15N3O2S2: C,
60.05; H, 3.84; N, 10.86; S, 16.30. Found: C, 59.97; H, 3.78;
N, 10.58; S, 15.95.

5-Chloro-30-(4-(2-methylthiazol-4-yl)phenyl)spiro[indoline-
3,20-thiazolidine]-2,40-dione (14) Yield: 62%; mp 193–195�C
dec., recrystallized from hexane–ethyl acetate (9:1); IR (KBr,
cm�1) 3437, 3224 (NH); 3123, 3022 (CH, Ar-H); 1730 (CO);
1694 (CO); 1607 (C¼¼N); 1H NMR (CDCl3): d 2.77 (s, 3H,
CH3); 3.88 (d, 1H, J ¼ 15 Hz, Thiazolidine); 4.36 (d, H, J ¼
15.6 Hz, Thiazolidine); 6.71–7.82 (m, 7H, Ar-H); 7.48 (s, 1H,

Thiazole) ppm; ms: m/z 429.0 (Mþ), 431(Mþ2). Anal. Calcd.
for C20H14ClN3O2S2: C, 56.13; H, 3.30; N, 9.82; S, 14.99.
Found: C, 56.30; H, 3.38; N, 9.93; S, 15.12.

30-(4-(2-Phenylthiazol-4-yl)phenyl)spiro[indoline-3,20-thia-
zolidine]-2,40-dione (15) Yield: 67%; mp 66�C dec., recrystal-
lized from hexane–ethyl acetate (9.5:0.5); IR (KBr, cm�1)
3435, 3224 (NH); 3115, 3024 (CH, Ar-H); 1730 (CO); 1694
(CO); 1607 (C¼¼N); 1H NMR (CDCl3): d 3.88 (d, 1H, J ¼ 16
Hz, Thiazolidine); 4.38 (d, H, J ¼ 16 Hz, Thiazolidine); 6.71–

7.98 (m, 13H, Ar-H); 7.40 (s, 1H, Thiazole); ms: m/z 456.1
(Mþ). Anal. Calcd. For C25H17N3O2S2: C, 65.91; H, 3.76; N,
9.22; S, 14.08. Found: C, 65.58; H, 3.55; N, 9.46; S, 14.31.

5-Chloro-30-(4-(2-phenylthiazol-4-yl)phenyl)spiro[indoline-
3,20-thiazolidine]-2,40-dione (16) Yield: 72%; mp 84�C,
recrystallized from hexane–ethyl acetate (9:1); IR (KBr, cm�1)

3440, 3221 (NH); 3118, 3021 (CH, Ar-H); 1731 (CO); 1695
(CO); 1612 (C¼¼N); 1H NMR (DMSO): d 4.05 (d, 1H, J ¼
15.4 Hz, Thiazolidine); 4.17 (d, H, J ¼ 15.4 Hz, Thiazolidine);
6.76–8.00 (m, 12H, Ar-H); 8.15 (s, 1H, Thiazole); 10.94
(s, 1H, NH, D2O exchangeable); ms: m/z 490.0 (Mþ),
492.0 (Mþ2). Anal. Calcd. for C25H16ClN3O2S2: C, 61.28; H,
3.29; N, 8.58; S, 13.09. Found: C, 60.80; H, 3.55; N, 8.41; S,
12.81.

30-(4-(2-(4-Chlorophenyl)thiazol-4-yl)phenyl)spiro[indoline-
3,20-thiazolidine]-2,40-dione (17) Yield: 74%; mp 222�C,
recrystallized from hexane–ethyl acetate (9:1); IR (KBr, cm�1)
3436, 3216 (NH); 3118, 3011 (CH, Ar-H); 1730 (CO); 1694
(CO); 1605 (C¼¼N); 1H NMR (DMSO): d 4.02 (d, 1H, J ¼
15.2 Hz, Thiazolidine); 4.18 (d, 1H, J ¼ 15.2 Hz, Thiazoli-
dine); 6.75–8.01 (m, 12H, Ar-H); 8.16 (s, 1H, Thiazole); 10.80

(s, 1H, NH, D2O exchangeable); ms: m/z 490.0 (Mþ), 492.0
(Mþ2). Anal. Calcd. for C25H16ClN3O2S2: C, 61.28; H, 3.29;
N, 8.58; S, 13.09. Found: C, 61.40; H, 3.45; N, 8.50; S, 13.21.

5-Chloro-30-(4-(2-(4-chlorophenyl)thiazol-4-yl)phenyl)spiro
[indoline-3,20-thiazolidine]-2,40-dione (18) Yield: 74%; mp
230�C dec., recrystallized from hexane–ethyl acetate (9:1); IR
(KBr, cm�1) 3442, 3227 (NH); 3115, 3016 (CH, Ar-H); 1731
(CO); 1694 (CO); 1615 (C¼¼N); 1H NMR (CDCl3): d 4.04 (d,
1H, J ¼ 15.6 Hz, Thiazolidine); 4.17 (d, H, J ¼ 15.6 Hz,

Thiazolidine); 6.76–8.02 (m, 11H, Ar-H); 8.18 (s, 1H, Thia-
zole); 10.94 (s, 1H, NH, D2O exchangeable); ms: m/z 524.0
(Mþ), 525.9 (Mþ2). Anal. Calcd. for C25H15Cl2N3O2S2: C,
57.25; H, 2.88; N, 8.01; S, 12.23. Found: C, 57.39; H, 2.98;
N, 9.19; S, 12.44.

30-(4-(2-(3-Fluorophenyl)thiazol-4-yl)phenyl)spiro[indoline-
3,20-thiazolidine]-2,40-dione (19) Yield: 64%; mp 86–87�C,
recrystallized from hexane–ethyl acetate (9:1); IR (KBr, cm�1)
3440, 3222 (NH); 3121, 3008 (CH, Ar-H); 1731 (CO); 1696
(CO); 1609 (C¼¼N); 1H NMR (CDCl3): d 3.89 (d, 1H, J ¼
15.3 Hz, Thiazolidine); 4.10 (d, H, J ¼ 15.3 Hz, Thiazolidine);
6.75–7.75 (m, 12H, Ar-H); 8.67 (s, 1H, Thiazole); 13C NMR
(CDCl3): d 33.2 (CH2, Thiazolidine); 111.12 (Spiro C);
113.14–164.57 (21C-Ar-C, Thiazole-C); 172.7 (CONH); 177.1

(CONH); ms: m/z 473.6 (Mþ). Anal. Calcd. for
C25H16FN3O2S2: C, 63.41; H, 3.41; N, 8.87; S, 13.54. Found:
C, 63.35; H, 3.82; N, 8.27; S, 11.35.

5-Chloro-30-(4-(2-(3-fluorophenyl)thiazol-4-yl)phenyl)spiro
[indoline-3,20-thiazolidine]-2,40-dione (20) Yield: 62%; mp

140�C, recrystallized from hexane–ethyl acetate (9:1); IR
(KBr, cm�1) 3442, 3219 (NH); 3122, 3021 (CH, Ar-H); 1731
(CO); 1697 (CO); 1611 (C¼¼N); 1H NMR (CDCl3): d 3.92 (d,
1H, J ¼ 15.3 Hz, Thiazolidine); 4.30 (d, H, J ¼ 15.3 Hz,
Thiazolidine); 6.77–7.82 (m, 11H, Ar-H); 8.65 (s, 1H, Thia-

zole); ms: m/z 508.6 (Mþ), 510.2 (Mþ2). Anal. Calcd. for
C25H15ClFN3O2S2: C, 59.11; H, 2.98; N, 8.27; S, 12.62.
Found: C, 59.41; H, 3.17; N, 8.12; S, 13.01.

30-(4-(2-Benzylthiazol-4-yl)phenyl)spiro[indoline-3,20-thia-
zolidine]-2,40-dione (21) Yield: 72%; mp 194�C, recrystal-

lized from hexane–ethyl acetate (9:1); IR (KBr, cm�1) 3443,
3200 (NH); 3109, 3026 (CH, Ar-H); 1736 (CO); 1697 (CO);
1617 (C¼¼N); 1H NMR (CDCl3): d 3.88 (d, 1H, J ¼ 15.4 Hz,
Thiazolidine); 4.31 (s, 2H, CH2); 4.37 (d, 1H, J ¼ 15.4 Hz,

Thiazolidine); 6.71–7.75 (m, 13H, Ar-H); 8.05 (s, 1H, Thia-
zole); 13C NMR (CDCl3): d 33 (CH2, Thiazolidine); 39.7
(CH2, Benzyl); 110.82 (Spiro C); 113.85–154 (21C, Ar-C Thi-
azole-C); 170.7 (CONH); 172.5 (CONH); ms: m/z 469.0 (Mþ).
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Anal. Calcd. for C26H19N3O2S2: C, 66.50; H, 4.08; N, 8.95; S,
13.66. Found: C, 66.20; H, 4.01; N, 9.11; S, 13.78.

30-(4-(2-Benzylthiazol-4-yl)phenyl)-5-chlorospiro[indoline-
3,20-thiazolidine]-2,40-dione (22) Yield: 72%; mp 112�C,
recrystallized from hexane–ethyl acetate (9:1); IR (KBr, cm�1)

3411, 3248 (NH); 3108, 3030 (CH, Ar-H); 1737 (CO); 1697
(CO); 1618 (C¼¼N); 1H NMR (CDCl3): d 3.88 (d, 1H, J ¼
15.3 Hz, Thiazolidine); 4.30 (s, 2H, CH2); 4.35 (d, 1H, J ¼
15.3 Hz, Thiazolidine); 6.65–7.79 (m, 12H, Ar-H); 7.92 (s,
1H, Thiazole); 9.5 (s, 1H, NH, D2O exchangeable); ms: m/z
503.0 (Mþ), 505.0 (Mþ2). Anal. Calcd. for C26H18ClN3O2S2:
C, 61.96; H, 3.60; N, 8.34; S, 12.72. Found: C, 62.06; H, 3.79;
N, 8.86; S, 11.56.

30-(4-(2-(4-Bromobenzyl)thiazol-4-yl)phenyl)spiro[indoline-
3,20-thiazolidine]-2,40-dione (23) Yield: 72%; mp 204–207�C,
recrystallized from hexane–ethyl acetate (9:1); IR (KBr, cm�1)
3411, 3205 (NH); 3111, 3052 (CH, Ar-H); 1731 (CO); 1694
(CO); 1606 (C¼¼N); 1H NMR (CDCl3): d 3.87 (d, 1H, J ¼
15.3 Hz, Thiazolidine); 4.25 (s, 2H, CH2); 4.36 (d, 1H, J ¼
15.3 Hz, Thiazolidine); 6.70–7.75 (m, 12H, Ar-H); 7.98 (s,
1H, Thiazole); 13C NMR (CDCl3): d 33 (CH2, Thiazolidine);
39.05 (CH2, Benzyl); 110.76 (Spiro C); 113.9–164.1 (21C, Ar-
C, Thiazole-C); 171 (CONH); 173.2 (CONH); ms: m/z 547.5
(Mþ), 549.6 (Mþ2). Anal. Calcd. for C26H18BrN3O2S2: C,

56.94; H, 3.31; N, 7.66; S, 11.69. Found: C, 57.06; H, 3.36;
N, 8.07; S, 11.85.

30-(4-(2-(4-Bromobenzyl)thiazol-4-yl)phenyl)-5-chlorospiro
[indoline-3,20-thiazolidine]-2,40-dione (24) Yield: 65%; mp
190–192�C, recrystallized from hexane–ethyl acetate (9:1); IR

(KBr, cm�1) 3411, 3236 (NH); 3110, 3039 (CH, Ar-H); 1731
(CO), 1695 (CO); 1614 (C¼¼N); 1H NMR (CDCl3): d 3.88 (d,
1H, J ¼ 15.4 Hz, Thiazolidine); 4.27 (s, 2H, CH2); 4.36 (d, 1H,
J ¼ 15.4 Hz, Thiazolidine); 6.64–7.78 (m, 11H, Ar-H); 7.68 (s,
1H, Thiazole); ms: m/z 581.9 (Mþ), 583.9 (Mþ2), 585.9

(Mþ4). Anal. Calcd. for C26H17BrClN3O2S2: C, 53.48; H, 3.11;
N, 7.20; S, 10.98. Found: C, 53.78; H, 3.33; N, 7.51; S, 11.17.

30-(4-(2-(4-Chlorobenzyl)thiazol-4-yl)phenyl)spiro[indoline-
3,20-thiazolidine]-2,40-dione (25) Yield: 70%; mp 56�C,
recrystallized from hexane–ethyl acetate (9:1); IR (KBr, cm�1)
3414, 3240 (NH); 3118, 3022 (CH, Ar-H); 1731 (CO); 1694
(CO); 1612 (C¼¼N); 1H NMR (CDCl3): d 3.87 (d, 1H, J ¼
15.2 Hz, Thiazolidine); 4.28 (s, 2H, CH2); 4.37 (d, 1H, J ¼
15.2 Hz, Thiazolidine); 6.70–7.75 (m, 12H, Ar-H); 7.45 (s,

1H, Thiazole); ms: m/z 504.0 (Mþ), 506.0 (Mþ2). Anal.
Calcd. for C26H18ClN3O2S2: C, 61.96; H, 3.60; N, 8.34; S,
12.72. Found: C, 61.99; H, 3.82; N, 8.46; S, 11.28.

5-Chloro-30-(4-(2-(4-chlorobenzyl)thiazol-4-yl)phenyl)spiro
[indoline-3,20-thiazolidine]-2,40-dione (26) Yield: 65%; mp

99�C dec., recrystallized from hexane–ethyl acetate (9:1); IR
(KBr, cm�1) 3418, 3239 (NH); 3120, 3014 (CH, Ar-H); 1732
(CO); 1695 (CO); 1612 (C¼¼N); 1H NMR (CDCl3): d 3.76 (d,
1H, J ¼ 15.4 Hz, Thiazolidine); 4.28 (s, 2H, CH2); 4.34 (d,
1H, J ¼ 15.4 Hz, Thiazolidine); 6.70–7.75 (m, 11H, Ar-H);

7.68 (s, 1H, Thiazole); 13C NMR (CDCl3): d 33 (CH2, Thiazo-
lidine); 39.04 (CH2, Benzyl); 111 (Spiro C); 113.4–165.6
(21C, Ar-C, Thiazole-C); 172.7 (CONH); 175.4 (CONH); ms:
m/z 538.0 (Mþ), 540.0 (Mþ2), 542.1 (Mþ4). Anal. Calcd. for

C26H17Cl2N3O2S2: C, 56.99; H, 3.18; N, 7.8; S, 11.91. Found:
C, 57.23; H, 3.26; N, 7.96; S, 12.13.

30-(4-(2-(4-Fluorobenzyl)thiazol-4-yl)phenyl)spiro[indoline-
3,20-thiazolidine]-2,40-dione (27) Yield: 60%; mp 133–135�C,

recrystallized from hexane–ethyl acetate (9:1); IR (KBr, cm�1)
3439, 3228 (NH); 3101(CH, Ar-H); 1735 (CO); 1694 (CO);
1619 (C¼¼N); 1H NMR (CDCl3): d 3.75 (d, 1H, J ¼ 15 Hz,
Thiazolidine); 4.18 (s, 2H, CH2); 4.22 (d, 1H, J ¼ 15 Hz,
Thiazolidine); 6.56–7.67 (m, 12H, Ar-H); 7.21 (s, 1H, Thia-

zole); 10.17 (s, 1H, NH, D2O exchangeable); ms: m/z 487.6
(Mþ). Anal. Calcd. for C26H18FN3O2S2: C, 64.05; H, 3.72; N,
8.62; S, 13.15. Found: C, 63.71; H, 3.93; N, 9.06; S, 12.87.

5-Chloro-30-(4-(2-(4-fluorobenzyl)thiazol-4-yl)phenyl)spiro
[indoline-3,20-thiazolidine]-2,40-dione (28) Yield: 66%; mp

139–140�C, recrystallized from hexane–ethyl acetate (9:1); IR
(KBr, cm�1) 3404, 3257 (NH); 3113, 3043 (CH, Ar-H); 1730
(CO); 1694 (CO); 1609 (C¼¼N); 864 (Ar-Cl); 1H NMR
(CDCl3): d 3.71 (d, 1H, J ¼ 7.6 Hz, Thiazolidine); 4.20 (s,
2H, CH2); 4.28 (d, 1H, J ¼ 7.6 Hz, Thiazolidine); 6.56–7.67

(m, 11H, Ar-H); 7.35 (s, 1H, Thiazole); 10.42 (s, 1H, NH,
D2O exchangeable); 13C NMR (CDCl3): d 33 (CH2, Thiazoli-
dine); 38(CH2, Benzyl); 111.7 (Spiro C); 113.9–160.2 (21C,
Ar-C, Thiazole-C); 172.2 (CONH); 175.9 (CONH); ms: m/z
521.2 (Mþ), 523.3 (Mþ2). Anal. Calcd. for C26H17ClFN3O2S2:
C, 59.82; H, 3.28; N, 8.05; S, 12.29. Found: C, 60.05; H, 3.51;
N, 8.26; S, 11.97.

30-(4-(2-(4-Methoxybenzyl)thiazol-4-yl)phenyl)spiro[indoline-
3,20-thiazolidine]-2,40-dione (29) Yield: 58%; mp 62�C, recrys-
tallized from hexane–ethyl acetate (9:1); IR (KBr, cm�1) 3440,
3230 (NH); 3118(CH, Ar-H); 1732 (CO); 1696 (CO); 1609
(C¼¼N); 1H NMR (CDCl3): d 3.80 (d, 1H, J ¼ 15 Hz, Thiazo-
lidine); 4.18 (s, 2H, CH2); 4.27 (d, 1H, J ¼ 15 Hz, Thiazoli-
dine); 4.33 (s, 3H, CH3); 6.66–7.74 (m, 12H, Ar-H); 7.68 (s,

1H, Thiazole); 10.17 (s, 1H, NH, D2O exchangeable); 13C
NMR (CDCl3): d 33.1 (CH2, Thiazolidine); 38.4 (CH2, Ben-
zyl); 58.4 (OACH3); 111.4 (Spiro C); 113.4–164.4 (21C, Ar-
C, Thiazole-C); 171.4 (CONH); 176.2 (CONH); ms: m/z 499.6
(Mþ). Anal. Calcd. for C27H21N3O3S2: C, 64.91; H, 4.24; N,

8.41; S, 12.84. Found: C, 65.11; H, 4.36; N, 8.52; S, 13.11.
5-Chloro-30-(4-(2-(4-methoxybenzyl)thiazol-4-yl)phenyl)spiro

[indoline-3,20-thiazolidine]-2,40-dione (30) Yield: 60%; mp
41�C, recrystallized from hexane–ethyl acetate (9:1); IR (KBr,

cm�1) 3412, 3252 (NH); 3121, 3033 (CH, Ar-H); 1734 (CO);
1696 (CO); 1612 (C¼¼N); 864 (Ar-Cl); 1H NMR (CDCl3): d
3.82 (d, 1H, J ¼ 15.3 Hz, Thiazolidine); 4.20 (s, 2H, CH2);
4.28 (d, 1H, J ¼ 15.3 Hz, Thiazolidine); 4.36 (s, 3H, CH3);
6.68–7.88 (m, 11H, Ar-H); 7.76 (s, 1H, Thiazole); 10.42 (s,

1H, NH, D2O exchangeable); ms: m/z 533.2 (Mþ), 535.6
(Mþ2). Anal. Calcd. for C27H20ClN3O3S2: C, 60.72; H, 3.77;
N, 7.87; S, 12.01. Found: C, 60. 81; H, 3.89; N, 8.04; S,
12.23.

30-(4-(2-(3,4-Dichlorobenzyl)thiazol-4-yl)phenyl)spiro[indo-
line-3,20-thiazolidine]-2,40-dione (31) Yield: 65%; mp 97�C,
recrystallized from hexane–ethyl acetate (9:1); IR (KBr, cm�1)
3414, 3246 (NH); 3103, 3048 (CH, Ar-H); 1729 (CO); 1695
(CO); 1613 (C¼¼N); 864 (Ar-Cl); 1H NMR (CDCl3): d 3.88 (d,
1H, J ¼ 15.3 Hz, Thiazolidine); 4.35 (d, 1H, J ¼ 15.3 Hz,

Thiazolidine); 4.37 (s, 2H, CH2); 6.70–7.73 (m, 11H, Ar-H);
7.40 (s, 1H, Thiazole); 8.6 (s, 1H, NH, D2O exchangeable);
13C NMR (CDCl3): d 33 (CH2, Thiazolidine); 36.5 (CH2, Ben-
zyl); 110.97 (Spiro C); 113.9–168.1 (21C, Ar-C, Thiazole-C);

172.6 (CONH); 176.9 (CONH); ms: m/z 537.7 (Mþ), 539.7
(Mþ2), 541.8 (Mþ4). Anal. Calcd. for C26H17Cl2N3O2S2: C,
57.99; H, 3.18; N, 7.80; S, 11.91. Found: C, 58.23; H, 3.29;
N, 8.02; S, 12.21.

November 2010 1419Synthesis, Characterization, and Antimicrobial Activity of 30-(4-(2-Substituted
thiazol-4-yl)phenyl)spiro[indoline-3,20-thiazolidine]-2,40-diones

Journal of Heterocyclic Chemistry DOI 10.1002/jhet



5-Chloro-30-(4-(2-(3,4-dichlorobenzyl)thiazol-4-yl)phenyl)-
spiro[indoline-3,20-thiazolidine]-2,40-dione (32) Yield: 65%;
mp 198–202�C, recrystallized from hexane–ethyl acetate (9:1);

IR (KBr, cm�1) 3409, 3233 (NH); 3113, 3041 (CH, Ar-H);
1730 (CO); 1696 (CO); 1610 (C¼¼N); 860 (Ar-Cl); 1H NMR
(CDCl3): d 3.88 (d, 1H, J ¼ 15 Hz, Thiazolidine); 4.34 (d,
1H, J ¼ 15.Hz, Thiazolidine); 4.41 (s, 2H, CH2); 6.63–7.77
(m, 10H, Ar-H); 8.03 (s, 1H, Thiazole); 8.9 (s, 1H, NH, D2O

exchangeable); ms: m/z 571.9 (Mþ), 573.9 (Mþ2), 575.9
(Mþ4), 577.8 (Mþ6). Anal. Calcd. for C26H16Cl3N3O2S2: C,
54.51; H, 2.81; N, 7.33; S, 11.19. Found: C, 54.65; H, 2.93;
N, 7.46; S, 11.51.

Antimicrobial activity. Compounds 14–32 were screened

for their in vitro antimicrobial activity against the standard
strains B. subtilis, S. aureus, and E. coli by the disk diffusion
method [14,15]. Disks measuring 6 mm in diameter were
punched from Whatman no.1 filter paper. Batches of 100 disks
were dispensed to each screw-caped bottle and sterilized by

dry heat at 145�C for 1 h. The test compounds were prepared
with 100 lg/mL concentration in dimethyl sulfoxide. Disks of
each concentration were placed in nutrient agar medium inocu-
lated with fresh bacteria strains separately. The incubation was

carried out at 37�C for 48 h. Ciprofloxacin was used as stand-
ard drugs at a concentration of 10 lg/mL. Solvent and growth
controls were kept and zones of inhibition were noted.

The two-fold dilution technique [16] was followed to deter-
mine the minimum inhibitory concentration (MIC) of the syn-

thesized compounds. The test compounds were dissolved in di-
methyl sulfoxide and then diluted with culture medium (Muel-
ler-Hinton agar medium) at the required final concentration
150–155 lg/mL. A plate containing only the culture medium
and DMSO in the same dilution was used as negative control.

The MIC values were recorded after incubation at 37�C for a
period of 24 h. The lowest concentration of the test substance
that completely inhibited the growth of the microorganism was
reported as MIC expressed in terms of lg/mL.

The compounds were screened for their antifungal activity

against C. albicans (MTCC 1637) and A. niger (AIIMS) in
DMSO by disc diffusion method under standard conditions
using Sabourad Dextrose Agar medium as described by
NCCLS [17]. Sterile filter paper discs (6 mm diameter) con-
taining specific amount of anti fungal agent (100 lg for the

synthesized compounds) were placed on the surface of an agar
plate inoculated with the standardized suspension of microor-
ganisms tested. The plates were incubated at 37�C for 7 days
for evaluating antifungal activity. The diameters of inhibition

zones (in mm) were measured. Nystatin was used as standard
drug at a concentration of 10 lg/mL.

CONCLUSIONS

In conclusion, a series of new 30-(4-(2-methyl/phenyl/

benzylthiazol-4-yl)phenyl)spiro[indoline-3,20-thiazolidine]

-2,40-diones 13–32 was synthesized. The pharmacologi-

cal studies were undertaken to evaluate the effects of

substituents on the antimicrobial activities. Most of the

synthesized compounds exhibited moderate activity

towards Gram-positive and Gram-negative bacteria.

These compounds, however, did not show any promising

antifungal activity except compound 21. Compounds

with methyl group and benzyl ring at 2-position of thia-

zole nucleus showed enhanced antibacterial activity.
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An efficient one-pot, solvent-free method is reported for the synthesis of 2-phenyl-2,3-dihydroquina-
zoline-4(1H)-one as well as its o-Cl, o-OMe, m-Br, m-NO2, p-OH, p-NO2, p-CN, p-PhCH2O, p-Cl, p-F,
p-Br, p-Me, and o,m-dichloro derivatives, using our ‘‘as-prepared’’ arc discharge fabricated Al/Al2O3

nanoparticles. Compared with our previous report and other known methods, this route gives higher

yields with shorter reaction times, whereas its green catalyst appears recyclable at least four times-with
minor decrease in its catalytic activity, under mild conditions.

J. Heterocyclic Chem., 47, 1421 (2010).

INTRODUCTION

Dihydroquinazolinones and their derivatives are im-

portant heterocyclic compounds, which influence numer-

ous cellular processes. They are analgesic, diuretic, and

vasodilating agents, displaying a broad range of biologi-

cal, medicinal, and pharmacological properties [1–10].

Also, they are constituents of antitumor, antibiotic, anti-

defibrillatory, antipyretic, antihypertonic, antihistamine,

and antidepressant drugs. In addition, these compounds

can easily be oxidized to their quinazolin-4(3H)-one

analogues [11], which also include important pharmaco-

logically active compounds [12]. Several routes, includ-

ing our recent method, using iodine as the catalyst, have

been reported for the synthesis of 2,3-dihydroquinazoli-

nones [13–19]. Yet, development of a green, simple, ef-

ficient, and general method for the synthesis of these

widely used organic compounds, from readily available

reagents, remains one of the major challenges in organic

synthesis. In this manuscript, we have made use of the

novel, recently reported metal and metal oxide nanopar-

ticles, which exhibit high-surface/volume ratio, quantum

size, and quanta tunnel effects [20–23]. We think our

new procedure is cleaner and more environment friendly

than our previous one, where we used the relatively

toxic iodine catalyst [19]. Specifically, we employ small

amounts of novel, recyclable, nontoxic, and inexpensive

Al/Al2O3 nanocatalyst with a high-surface/volume ratio

in, a three-component one-step synthesis of 2,3-dihydro-

quinazolin-4(1H)-ones (Scheme 1).

RESULTS AND DISCUSSION

After demonstrating the impact of media and current

on the arc fabrication of Al nanoparticles [24], we won-

dered if we could substitute Al/Al2O3 nanoparticles for

iodine in the preparation of 2,3-disubstituted quinazolin-

4(3H)-ones through multicomponent reactions, which

we had already reported [19]. The reason was our

immense desire to adopt rather green and economical

reaction conditions, since the vapor of iodine was toxic

at high-temperatures, and to remove the excess iodine

we had to use saturated Na2S2O3. Also the previous cat-

alyst was not reusable.

The scanning electron microscopy (SEM) images

showed spherical arc fabricated Al/Al2O3 NPs with a

size range of 30 – 40 nm (Fig. 1).

The X-ray diffraction (XRD) pattern confirmed the

formation of Al/Al2O3 NPs with similar average grain

size range estimated via Scherer’s equation [25], using

the maximum peak (111) was used (Fig. 2). At a scan-

ning speed of 2�/min from 20� to 80� (2y), the XRD

pattern showed five peaks, which were characteristic of
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aluminum (2y ¼ 38.56�; 44.84�; 65.25�; 78.33�, and

82.59�), corresponding to Miller indices (111), (200),

(220), (311), and (111), revealing the formation of face-

centered cubic (fcc) Al NPs. Besides, it illustrated the

lines (110), (104), and (220) at 2y ¼ 45.93�; 66.98�;
85.09�, respectively, for c-Al2O3.

Catalytic amounts of this as-prepared Al/Al2O3 NPs

was added to a well-stirred mixture of isatoic anhydride

(1), an aromatic aldehyde (3, either with electron-donat-

ing or electron-withdrawing groups), and ammonium ac-

etate. It gave the corresponding 2,3-dihydroquinazolin-

4(1H)-ones (5a – o) in 65 – 98% yields, at 115�C, under
solvent-free conditions (Table 1).

Reactions were completed under smooth conditions

within 8 – 30 min, and the products were isolated by a

simple workup procedure. Thus an easy and rather green

method for the synthesis of a novel class of the quinazo-

linone family was found. However, no simple relation-

ship was observed between the electronic properties of

the aryl groups and the corresponding quinazolinone

products. Specifically, the amount of the catalyst (Al/

Al2O3 NPs) for this condensation reaction was probed at

0.00, 0.06, 0.012, 0.036, and 0.048 g against isatoic an-

hydride (0.163 g, 1.0 mmol), ammonium acetate, and 4-

chlorobenzaldehyde (0.14 g, 1.0 mmol), under solvent-

free condition, at 115�C (Table 2).

The best results were obtained using 0.036 g of cata-

lyst (yield ¼ 94%). Increasing the amount of catalyst

higher than 0.048 g did not affect the reaction time and

yield. The absence of the catalyst required considerably

higher reaction time giving the lowest yield (75%).

To check the reusability of our catalyst, the prepared

Al/Al2O3 NPs (0.036 g) was stirred for 2 min with isa-

toic anhydride (0.163 g, 1 mmol), aromatic aldehyde

(0.14 g, 1 mmol), and ammonium acetate, at room tem-

perature. Then the mixture was heated in a paraffin bath

at 115�C, for different periods of time (Table 1). After

completion of the reaction excess ammonium acetate

was washed away by water (5 mL). Subsequently, the

hydroquinazolinone products were extracted by ethanol

(50 mL). The solid residue was our catalyst, which was

dried and reused for at least four cycles (Fig. 3).

The question is how this catalyst works? Evidently,

the Al/Al2O3 NPs function as a good Lewis acid, which

attracts and activates the carbonyl and imine groups

involved and provides a surface on which the reactions

Scheme 1. Three-component one-step synthesis of 2,3 dihydroquinazolin-4(1H)-ones.

Figure 1. The SEM image of the as-prepared Al/Al2O3 nanoparticles. Figure 2. The XRD pattern of the as-prepared Al/Al2O3 nanoparticles.
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occur sequentially leading to the desired products

(Scheme 2).

Specifically, decarboxylation of 1 occurs through its

condensation with ammonium acetate in the presence of

Al/Al2O3 NPs, affording antranylamide intermediate 2,

which reacts with the aromatic aldehyde 3 and gives the

imine intermediate 4 that cyclizes to yield the corre-

sponding hydroquinazolinone 5.

CONCLUSION

We have employed Al/Al2O3 NPs as an effective cat-

alyst in the one-pot multicomponent synthesis of 2,3-

dihydroquinazolin-4(1H)-ones. This catalyst is highly ef-

ficient, easily available, economical, operationally sim-

ple, and requires mild reaction conditions. Also the

products were formed in excellent yields with short

reaction times. This method offers several advantages,

such as omitting toxic solvents or catalyst, very simple

workups, and needs no chromatographic method for pu-

rification of the products. The starting materials are also

inexpensive and commercially available.

EXPERIMENTAL

General remarks. Melting points were recorded on a Buchi

B-540 apparatus. IR spectra were recorded on an ABB Bomem
Model FTLA200-100 instrument. 1H and 13C NMR spectra
were measured on a Bruker DRX-300 spectrometer, at 300
and 75 MHz, using TMS as an internal standard. Chemical

shifts (d) were reported relative to TMS, and coupling con-
stants (J) were reported in hertz (Hz). Mass spectra were
recorded on a Shimadzu QP 1100 EX mass spectrometer with
70-eV ionization potential. Elemental analyses of new com-
pounds were performed using a Vario EL III 0 Serial

No.11024054 instrument. The particle shape and morphology
were characterized by SEM of a Holland Philips XL30 micro-
scope with an accelerating voltage of 20 kV. A Holland

Table 2

The reaction time and the yield of hydroquinazolin product as a

function of the amount of the employed catalyst (Al/Al2O3 NPs).

Entry

Amount of

Catalyst (g)

Temperature

(�C)
Reaction

Time (min)

Yield

(%)a

1 0.000 115 55 75

2 0.006 115 30 81

3 0.012 115 25 82

4 0.024 115 20 84

5 0.036 115 15 94

6 0.048 115 15 95

a Isolated yield

Table 1

The reaction time and the % yield of hydroquinazolin product.

Product Ar Time (min) Yield (%)a M.P (�C) Found M.P (�C) Reported

5a 4-OHC6H4 8 91 285 – 287 278 – 280 [19]

5b 4-NO2C6H4 8 78 300 – 302 310 – 312 [19]

5c 4-CNC6H4 15 75 350 – 351 350 – 351 [19]

5d 4-PhCH2AOAC6H4 15 98 238 – 240 238 – 240 [19]

5e 4-ClC6H4 15 94 207 – 208 207 – 208 [19]

5f 4-FC6H4 30 89 279 – 280 279 – 280 [19]

5g 4-BrC6H4 10 80 195 – 197 195 – 197 [19]

5h 2-ClC6H4 12 79 230 – 231 230 – 231 [19]

5i 2-OMeC6H4 10 82 173 – 175 173 – 175 [19]

5j 3-BrC6H4 15 95 229 – 230 229 – 230 [19]

5k 2,3-Cl2C6H3 5 90 232 – 233 232 – 233 [19]

5l 4-MeOC6H4 8 80 183 – 184 183 – 184 [19]

5m C6H5 15 88 225 – 226 225 – 226 [19]

5n 4-MeC6H4 15 92 228 – 230 229 – 231 [19]

5o 3-NO2C6H4 30 65 180 – 182 180 – 182 [19]

a Isolated yield.

Figure 3. Catalytic recyclability of Al/Al2O3 NPs.
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Philips X-pert X-ray powder diffraction (XRD) diffractometer

was employed for characterization of nanoparticles.
Fabrication of Al/Al2O3 NPs. Nanoparticles used in this

work were fabricated through arc discharge. The electrodes
were customized by cutting commercial 2 mm diameter rather

pure aluminum rods (95.50%) into 40 mm length segments. A
current of 100 A was passed through the electrodes in ethylene
glycol, until visible explosions occurred (0.01 – 1s). To main-
tain a stable current discharge, with an average voltage of 25
V, the cathode-anode gap was set at � 1 mm with an angle of

85�.
General procedure for the synthesis of

hydroquinazolinone. Prepared Al/Al2O3 NPs (0.036 g) was
stirred for 2 min with isatoic anhydride (0.163 g, 1 mmol), ar-
omatic aldehyde (1 mmol), and ammonium acetate at room

temperature. Then the mixture was heated in a paraffin bath at
115�C for different periods of time (Table 1). After completion
of the reaction (monitored by thin-layer chromatography, TLC;
n-hexane and EtOAc, 2:1), excess ammonium acetate was
washed away by water (5 mL). Subsequently the hydroquina-

zolinone products were crystallized from ethanol.
Spectral data for some compounds. 4-(1,2,3,4-tetrahy-

dro-4-oxoquinazolin-2-yl)benzonitrile (5c). This compound
was obtained as a white crystalline solid, mp 350 – 351�C
(Lit. mp 350 – 351 [19]), IR: 1602, 1677, 2225, 3027, 3124,
3169 cm�1; 1H NMR (300 MHz, CDCl3): d ¼ 5.84 (s, 1H,
CH), 7.55 (t, J ¼ 6.0 Hz, CH), 7.76 (d, J ¼ 6.0 Hz, 1H, CH),
7.87 (m, 1H, CH), 8.02 (d, J ¼ 6.0 Hz, 2H, CH), 8.16 (d, J ¼
6.0 Hz, 1H, CH), 8.32 (d, J ¼ 6.0 Hz, 2H, CH), 12.7 (s, 1H,

NH); 13C NMR (75 MHz, DMSO-d6): d ¼ 65.5, 113.6, 118.3,
121.2, 125.9, 127.2, 127.7, 128.6, 132.5, 134.7, 136.9, 150.9,
162.1; MS (EI): m/e ¼ 249 (Mþ), 247, 119, 92, 50.

2,3-dihydro-2-(3-nitrophenyl)quinazolin-4(1H)-one (5o). This
compound was obtained as an yellow crystalline solid, mp

180–182�C (Lit. mp 180 – 182 [19]), IR: 1608, 2910, 3050,

3245, 3350 cm�1; 1H NMR (300 MHz, CDCl3): d ¼ 6.66 (t,
1H, J ¼ 6.0 Hz, CH), 6.77 (d, 1H, J ¼ 6.0 Hz, CH), 7.26 (d,
t, J1 ¼ 1.2 Hz, J2 ¼ 9.0 Hz, 1H, CH), 7.33 (s, 1H, NH), 7.59
(d, 1H, J ¼ 9.0 Hz, CH), 7.69 (t, J ¼ 6.0 Hz, 1H, CH), 7.83
(m, 1H, CH), 7.92 (d, 1H, J ¼ 9.0 Hz, CH), 8.19 (d, 1H, J ¼
6.0 Hz, 8.34 (s, 1H, CH), 8.54 (s, 1H, NH); 13C NMR
(75MHz, DMSO-d6): d ¼ 65.1, 114.6, 114.9, 117.5, 121.6,
122.7, 123.3, 125.9, 127.4, 131.3, 133.4, 133.6, 134.7, 144.3,
144.3, 147.3, 147.7, 163.3; MS (EI): m/e ¼ 269 (Mþ), 221,
147, 120, 92, 65, 39.
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A novel, concise, and convenient synthesis of 5-(30-indolyl)oxazoles using relatively benign reagent
[hydroxy(2,4-dinitrobenzenesulfonyloxy)iodo]benezene has been described. The advantages of this pro-
cedure include operational simplicity, good yield, and avoidance of the use of toxic metal.

J. Heterocyclic Chem., 47, 1425 (2010).

INTRODUCTION

The 5-(30-indolyl)oxazole is a naturally occurring an

important heterocyclic motif of immense medicinal and

therapeutic potential. Many 5-(30-indolyl)oxazoles have

been isolated from different microorganisms and are

known to display interesting biological activities [1].

The 2,5-disubstituted (30-indolyl)oxazoles, such as pim-

prinine (2-methyl-5-(30-indolyl)oxazole); pimprinethine

(2-ethyl-5-(30-indolyl)oxazole), and pimprinaphine (2-

benzyl-5-(30-indolyl)oxazole) were isolated from Strep-
toverficillium oliva reticuli. The pimprinine is known to

inhibit monoamine oxidase and showed antiepileptic

effects [1a]. Analogs WS-30581 A and B isolated from

Streptoverticillium waksmanii are shown to display

potent inhibitory effects of platelet aggregation [1b].

Recently isolated, the Labradorin 1 (2-isobutyl-5-(30-
indolyl)oxazole) and Labradorin 2 (2-n-pentyl-5-(30-
indolyl)oxazole) from Pseudomonas syringae pv. coro-
nafaciens are reported to exhibit very good inhibitory

activity against various human cancer cells [1c].

Many procedures are reported for the synthesis of 5-

(30-indolyl)oxazoles, however, straightforward and sim-

ple methods are quite limited [2]. Direct synthesis of 5-

(30-indolyl)oxazoles involve rhodium catalyzed reaction

of diazoacetylindole with nitriles [2a] and aza-Wittig-

type reaction of iminophosphorane derived from 3-azi-

doacetyl-1-methylindole with isocyanates and acid

chlorides [2b]. In general, most of the methods involve

multiple synthetic steps, which often require harsh

reagents and reaction conditions and afford products in

moderate yields. Thus, it is desirable to develop a sim-

ple and direct method for the synthesis of 5-(30-indoly-
l)oxazoles that can be achieved under milder reaction

conditions from readily available starting material.

Hypervalent iodine reagents have found broad utility

in organic synthesis due to their low toxicity, ready

availability, and ease of handling [3]. The a-[(2,4-dini-
trobenzene)sulfonyl]oxyketones are very useful interme-

diate in organic synthesis, and can be easily prepared

from the reaction of enolizable ketone with

[hydroxy(2,4-dinitrobenzene-sulfonyloxy)iodo]benzene

(PhI(ODNs)OH, HDNIB) [4]. More recently, we have

reported a multistep synthesis of 5-(30-indolyl)oxazoles
involving preparation of key intermediate a-aminoke-

tones and cyclization of acylamidoketones using p-tolue-
nesulfonic acid [5]. To further improve synthesis of 5-

(30-indolyl)-oxazoles, and to continue our efforts to

explore hypervalent iodine reagents in the syntheses of

biological important heterocyclic compounds [6], we

report herein HDNIB mediated one-pot conversion of 3-

acetyl-1-benzenesulfonylindole 1 into naturally occur-

ring 5-(30-indolyl)oxazoles 3.

RESULTS AND DISCUSSION

The reaction of 3-acetyl-1-benzenesulfonylindole 1

with 2-(pyridin-3-yl)acetonitrile in presence of HDNIB

at 100�C produced pure 5-(10-benzenesulfonylindol-30-
yl)-2-(30-pyridinylmethyl)oxazole (2a) in 63% yield

(Scheme 1). The benzenesulfonyl moiety of oxazole 2a

was removed by treatment with sodium hydroxide to

obtain pure 2-(30-pyridinylmethyl)-5-(30-indolyl)oxazole
3a in quantitative yield. Similarly, analogs 5-(30-indoly-
l)oxazoles 2b–h were obtained and removal of benzene-

sulfonyl group led to the corresponding 5-(30-indolyl)
oxazoles 3b–h (Table 1). The spectral data of 5-(30-
indolyl)]oxazoles 3a–h are in agreement with the pro-

posed structures.
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In the reaction of 3-acetyl-1-benzenesulfonylindole 1

with HDNIB in 2-(pyridin-3-yl)acetonitrile, two addi-

tional spots on TLC were initially observed, probably

corresponding to the 3-a-(2,4-dinitrobenzenesulfony-
loxy)-acetylindole and 2a, which upon further heating

converted exclusively to a single spot, that is, 2a. The

3-acetyl-1-benzenesulfonylindole 1 reacted equally well

with benzonitrile, alkylnitriles, and heteroaryl nitriles to

afford corresponding oxazoles 2. Attempts to isolate

probable intermediate 3-a-(2,4-dinitrobenzenesulfony-
loxy)acetyl indole could not be successful because of its

instability. It is, however, to be noted that the reaction

of 3-acetylindole with HDNIB in acetonitrile generated

a complex mixture.

It is proposed that initial nucleophilic addition of enol

I on HDNIB forms species II, which subsequently loses

iodobenzene and water to afford intermediate 3-[a-(2,4-
dinitrobenzenesulfonyloxy)]acetyl indole III (Scheme

2). The nucleophilic displacement of ODNs in III by

nitrile, results in the formation of species IV, which

finally cyclizes to oxazole 2. Apparently, ODNs being a

better leaving group may be responsible for the efficient

cyclization, but reaction fails to proceed with the inter-

mediacy of 3-[a-(tosyloxy)]acetylindole obtained from

the reaction of 3-acetyl-1-benzenesulfony-lindole 1 with

[hydroxy(tosyloxy)iodo]benzene.

CONCLUSIONS

We have introduced a novel, short, and efficient pro-

tocol for the preparation of naturally occurring 5-(30-in-

dolyl)-oxazoles from readily available 3-acetylindole 1

using metal free [hydroxy(2,4-dinitrobenzenesulfonylox-

y)iodo]benezene. This protocol should be complemen-

tary to other approaches in the synthesis of 5-(30-indoly-
l)oxazoles described.

EXPERIMENTAL

Melting points were recorded on EZ-Melt automated melt-
ing point apparatus (Stanford Research Systems, USA) and are
uncorrected. IR spectra were recorded on Jasco IR-Report-100
using KBr pellet. 1H and 13C NMR spectra were recorded on
Bruker Avance II (400 MHz) and Bruker (200 MHz) spectro-

photometer using CDCl3 and DMSO as solvent. Mass spectra
were taken on a Agilent Mass spectrometer using FAB mode.
All the reagents and solvents were commercially purchased
and further purified according to the standard procedures.

General procedure for the preparation of 2-substituted-

5-(10-benzenesulfonylindol-30-yl)oxazoles (2a–h). A mixture
of 3-acetyl-1-benzenesulfonylindole 1 [7] (0.150 g, 0.501
mmol), HDNIB (0.281 g, 0.602 mmol) and appropriate nitrile
(2.51 mmol) were heated at 100�C for 18 h. After completion

of the reaction, the crude reaction mixture was percolated
through a silica-gel column using ethyl acetate-hexane elution
system.

5-(10-Benzenesulfonylindol-30-yl)-2-(30-pyridinylmethyl)oxa-
zole (2a) m.p. 185�C; 1H NMR (200 MHz, CDCl3): d ¼ 4.40

(s, 2H, CH2), 7.25–7.55 (m, 10H, Ar-H), 7.90–8.04 (m, 5H,
Ar-H); 13C NMR (50 MHz, CDCl3): d ¼ 39.73, 113.63,
113.67, 118.06, 121.09, 123.78, 124.43, 125.02, 126.84,
127.20, 128.40, 128.80, 129.09, 129.28, 133.89, 135.37,
137.67, 137.99, 148.09, 170.43; HRMS for C23H17N3aO3S,

calcd. (M)þ: 415.0991; found: 415.1201 (M)þ.
5-(10-Benzenesulfonylindol-30-yl)-2-phenyloxazole (2b). m.p.

153–156�C (Lit. [5] m.p. 156�C); 1H NMR (400 MHz,
CDCl3): d ¼ 7.26–7.59 (m, 9H, Ar-H), 7.83 (dd, 1H, J ¼ 1.2,
8.0 Hz, Ar-H), 7.95–7.97 (m, 2H, Ar-H), 7.99 (s, 1H, Ar-H),

8.06 (dd, 1H, J ¼ 1.2, 7.6 Hz, Ar-H), 8.13–8.15 (m, 2H, Ar-
H); 13C NMR (100 MHz, CDCl3): d ¼ 103.86, 111.63,
119.20, 119.94, 120.20, 121.87, 122.35, 123.47, 123.52,
125.26, 127.15, 128.24, 129.26, 129.73, 133.90, 134.63,

136.27, 145.00, 158.42; MS(EI) for C23H16N2O3S, calcd. (M
þ H)þ: 401.0; found: 401.0 (M þ H)þ.

Scheme 1

Table 1

Synthesis of 5-(30-indolyl)oxazoles 2 and 3.

Entry R Yield (%)a

(2a–h)

Overall Yield

(%)b (3a–h)

a 3-Pyridinylmethyl 63 60

b C6H5 65 61

c CH3 66 60

d CH3CH2CH2 65 60

e (CH3)2CHCH2 65 59

f C6H5CH2 71 65

g CH3CH2CH2CH2 70 66

h 3-Pyridinyl 65 61

a Isolated yields.
b Combined isolated yields of both the steps.

Scheme 2
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5-(10-Benzenesulfonylindol-30-yl)-2-methyloxazole (2c). m.p.
145�C (Lit. [5] m.p. 143�C); 1H NMR (400 MHz, CDCl3): d
¼ 2.32 (s, 3H, CH3), 7.18 (s, 1H, Ar-H), 7.26–7.49 (m, 5H,

Ar-H), 7.50 (m, 2H, Ar-H), 7.54 (s, 1H, Ar-H), 7.75–7.82 (m,
2H, Ar-H); MS(EI) for C18H14N2O3S, calcd. (M þ H)þ:
339.1; found: 339.1 (M þ H)þ.

5-(10-Benzenesulfonylindol-30-yl)-2-propyloxazole (2d). m.p.
135�C; 1H NMR (400 MHz, CDCl3): dH ¼ 1.05 (t, 3H, J ¼
6.9 Hz, CH3), 1.88 (m, 2H, CH2), 2.82 (t, 2H, J ¼ 7.1 Hz,
CH2), 7.14 (s, 1H, Ar-H), 7.48–7.53 (5H, m, Ar-H), 7.61 (s,
1H, Ar-H), 7. 69 (m, 2H, Ar-H), 7.83 (m, 2H, Ar-H); HRMS
for C20H18N2O3S, calcd. (M þ H)þ: 367.1116; found:
367.1162 (M þ H)þ.

5-(10-Benzenesulfonylindol-30-yl)-2-(i-butyl)oxazole (2e). m.p.
182–184�C (Lit. [5] m.p. 185�C); 1H NMR (400 MHz,
CDCl3): dH ¼ 1.13 (d, 6H, J ¼ 6.6 Hz, 2CH3), 2.26 (m, 1H,
CH), 2.70 (d, 2H, J ¼ 7.6 Hz, CH2), 7.17 (s, 1H, Ar-H), 7.26–
7.39 (m, 5H, Ar-H), 7.52 (s, 1H, Ar-H), 7.83 (dd, 2H, J ¼ 1.2,

8.0 Hz, Ar-H), 7.95–7.97 (dd, 2H, J ¼ 1.2, 7.6 Hz, Ar-H);
MS(EI) for C21H20N2O3S, calcd. (M þ H)þ: 381.1, found:
381.0 (M þ H)þ.

5-(10-Benzenesulfonylindol-30-yl)-2-benzyloxazole (2f). m.p.

140�C (Lit. [5] mp 138–142�C); 1H NMR (400 MHz, CDCl3):
dH ¼ 3.28 (s, 2H, CH2), 7.16 (s, 1H, Ar-H), 7.26–7.59 (m,
10H, Ar-H), 7.58 (s, 1H, Ar-H), 7.83 (dd, 2H, J ¼ 1.2, 8.0 Hz,
Ar-H), 8.06 (dd, 2H, J ¼ 1.2, 7.6 Hz, Ar-H); MS(EI) for
C24H18N2O3S, calcd. (M þ H)þ: 415.1, found: 415.2 (M þ
H)þ.

5-(10-Benzenesulfonylindol-30-yl)-2-butyloxazole (2g). m.p.
148�C; 1H NMR (400 MHz, CDCl3): dH ¼ 0.96 (t, 3H, J ¼
6.8 Hz, CH3), 1.43 (m, 2H, CH2), 1.77 (m, 2H, CH2), 2.83
(t, 2H, J ¼ 6.7 Hz), 7.15 (s, 1H, Ar-H), 7.24–7.29 (m,

5H, Ar-H), 7.55–7.82 (5H, m, Ar-H); HRMS for
C21H20N2O3S, calcd. (M þ H)þ: 381.1273; found:
381.1285 (M þ H)þ.

5-(10-Benzenesulfonylindol-30-yl)-2-(pyridin-300-yl)oxazole
(2h). m.p. 194�C; 1H NMR (400 MHz, CDCl3): dH ¼ 7.24 (s,

1H, Ar-H), 7.32–7.36 (m, 5H, Ar-H), 7.45 (d, 1H, J ¼ 7.56
Hz, Ar-H), 7.51 (dd, 2H, J ¼ 1.7, 8.0 Hz, Ar-H), 7.55–7.59
(m, 4H, Ar-H), 7.76 (dd, 2H, J ¼ 1.8, 7.6 Hz, Ar-H); HRMS
for C22H15N3O3S, calcd. (M)þ: 401.0834; found: 401.1001
(M)þ.

General procedure for the preparation of 2-substituted-

5-(30-indolyl)oxazoles 3. A stirred solution of oxazole 2 (0.19
mmol) and sodium hydroxide (0.02 g, 0.50 mmol) in aqueous
ethanol (6 mL) was refluxed for 2 h. After removal of ethanol
under vacuum, the aqueous phase was extracted with dichloro-
methane (3 � 5 mL). The combined organic phase was dried
over anhydrous sodium sulfate and concentrated under
vacuum.

2-(30-Pyridinylmethyl)-5-(30-indolyl)oxazole (3a). Yield
95%; m.p. 195–198�C; 1H NMR (200 MHz, CDCl3): d ¼ 4.39
(s, 2H, CH2), 7.15–7.40 (m, 7H, Ar-H), 7.69 (s, 1H, Ar-H),
8.00 (s, 1H, Ar-H), 8.61 (s, 1H, Ar-H); 13C NMR (50 MHz,

CDCl3): d ¼ 39.68, 110.28, 111.49, 112.51, 119.95, 120.48,
122.40, 123,79, 125.04, 127.08, 128.72, 129.11, 136.49,
137.92, 150.41, 169.82; HRMS for C17H13N3O, calcd. (M)þ:
275.1059; found: 275.1123 (M)þ.

2-(Phenyl)-5-(30-indolyl)oxazole (3b). Yield 81%; m.p. 213–

216�C (Lit. [5] m.p. 216�C); 1H NMR (400 MHz, CDCl3): d
¼ 7.19–7.26 (m, 2H, Ar-H), 7.42–7.52 (m, 4 H, Ar-H), 7.58
(s, 1H, Ar-H), 7.67 (d, 1H, J ¼ 2.8 Hz, Ar-H), 7.87–7.89 (m,

1H, Ar-H), 8.09–8.11 (m, 2H, Ar-H), 11.03 (s, 1H, NH); 13C
NMR (100 MHz, CDCl3): d ¼ 103.86, 111.63, 119.00, 119.91,
120.16. 121.87, 122.43, 123.47, 125.26, 127.15, 128.27,
129.26, 136.15, 147.97, 158.38; MS(EI) for C17H12N2O, calcd.
(M þ H)þ: 261.1; found: 261.1 (M þ H)þ.

2-(Methyl)-5-(30-indolyl)oxazole (3c). Yield 83%; m.p.
201�C (Lit. [8] mp 204–205�C); 1H NMR (400 MHz, CDCl3):
d ¼ 2.53 (s, 3H, CH3), 7.10 (s, 1H, Ar-H), 7.17–7.25 (m, 2H,
Ar-H), 7.44 (d, 1H, J ¼ 7.60 Hz, Ar-H), 7.50 (d, 1H, J ¼ 2.56
Hz, Ar-H), 7.80 (d, 1H, J ¼ 7.64 Hz, Ar-H), 10.12 (s, 1H,

NH); 13C NMR (100 MHz, CDCl3): d ¼ 13.39, 104.53,
111.27, 118.89, 119.07, 119.76, 121.50, 121.86, 123.47,
135.95, 147.18, 158.34; MS(EI) for C12H10N2O, calcd. (M þ
H)þ: 199.1; found: 199.1 (M þ H)þ.

2-(Propyl)-5-(30-indolyl)oxazole (3d). Yield 81%; m.p.

124�C (Lit. [1b] m.p. 128–130�C); 1H NMR (400 MHz, DMSO-
d6): dH ¼ 1.05 (t, 3H, J ¼ 6.9 Hz, CH3), 1.88 (m, 2H, CH2),
2.82 (t, 2H, J ¼ 7.1 Hz, CH2), 7.12–7.53 (5H, m, Ar-H), 7.83
(m, 1H, Ar-H), 9.58 (s, 1H, NH); HRMS for C20H18N2O3S,

calcd. (M þ H)þ: 367.1116; found: 367.1162 (M þ H)þ.
2-(Isobutyl)-5-(30-indolyl)oxazole(3e). Yield 74%; m.p.

143�C (Lit. [1c] m.p. 147–148�C); 1H NMR (400 MHz,
DMSO-d6): dH ¼ 1.06 (d, 6H, J ¼ 6.6 Hz, 2CH3), 2.27 (m,
1H, CH), 2.76 (d, 2H, J ¼ 7.8 Hz, CH2), 7.20 (s, 1H, Ar-H),

7.26–7.29 (m, 2H, Ar-H), 7.44 (d, 1H, J ¼ 7.8 Hz), 7.53 (d,
1H, J ¼ 2.93 Hz, Ar-H), 7.87 (d, 1H, J ¼ 7.8 Hz, Ar-H), 9.30
(s, 1H, NH); MS(EI) for C15H16N2O, calcd. (M þ H)þ: 241.1,
found: 241.3 (M þ H)þ.

2-(Benzyl)-5-(30-indolyl)oxazole (3f). Yield 79%; m.p.

174�C (Lit. [5] m.p. 172�C); 1H NMR (400 MHz, DMSO-d6):
dH ¼ 3.24 (s, 2H, CH2), 7.19 (s, 1H, Ar-H), 7.22–7.25 (m, 5H,
Ar-H), 7.56 (d, 1H, J ¼ 2.53 Hz, Ar-H), 7.79 (dd, 2H, J ¼
1.2, 8.0 Hz, Ar-H), 7.93 (dd, 2H, J ¼ 1.2, 7.6 Hz, Ar-H), 9.82
(s, 1H, NH); MS(EI) for C18H14N2O, calcd. (M þ H)þ: 275.1,
found: 275.0 (M þ H)þ.

2-(Butyl)-5-(30-indolyl)oxazole (3g). Yield 84%; m.p. 119�C
(Lit. [1b] m.p. 123–125�C); 1H NMR (400 MHz, DMSO-d6):
dH ¼ 1.01 (t, 3H, J ¼ 7.0 Hz, CH3); 1.45 (m, 2H, CH2), 1.80

(m, 2H, CH2), 2.84 (t, 2H, J ¼ 6.8 Hz), 7.15 (s, 1H, Ar-H),
7.53 (d, 1H, J ¼ 2.52 Hz, Ar-H), 7.62–7.92 (4H, m, Ar-H),
9.10 (s, 1H, NH); HRMS for C21H20N2O3S, calcd. (M þ H)þ:
381.1273; found: 381.1285 (M þ H)þ.

2-(Pyridin-300-yl)-5-(30-indolyl)oxazole (3h). Yield 79%,

m.p. 142–144�C; 1H NMR (400 MHz, DMSO-d6): dH ¼ 7.22
(s, 1H, Ar-H), 7.47 (d, 1H, J ¼ 7.60 Hz, Ar-H), 7.53 (dd,
2H, J ¼ 1.7, 8.0 Hz, Ar-H), 7.57–7.62 (m, 4H, Ar-H),
7.78 (dd, 2H, J ¼ 1.8, 7.8 Hz, Ar-H), 9.58 (s, 1H, NH);
HRMS for C16H11N3O, calcd. (M)þ: 261.0902; found:

261.1102 (M)þ.
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An easy, safe, effective and handy method for oxidative aromatization of Hantzsch 1,4-dihydropyri-

dines catalyzed by hypervalent iodine (iodosobenzene) and potassium bromide to corresponding
pyridine derivatives in high-yields and within short span of time was described. Dealkylation in case of
4-n-alkyl substituted 1,4-dihydropyridines was not obtained.

J. Heterocyclic Chem., 47, 1429 (2010).

INTRODUCTION

Hantzsch 1,4-dihydropyridines, six member nitrogen,

containing heterocyclic compound, are often regarded as

the class of the naturally reduced nicotinamine adenine

dinucleotide [NADH] coenzyme that functions as redox

reagent for biological reactions. 1,4-Dihydropyridines

motif is found in a number of chemotherapeutic agents

for the treatment of the cardiovascular disease [1,2]

such as hypertension and angina pectoris, for example,

amlodipine, felodipine, nifedipine, nicardipine, nimodi-

pine, and nitrendipine. These compounds generally

undergo oxidative metabolism in the liver by the action

of cytochrome P450 to form the corresponding pyridine

derivatives. Some representatives of this class show cer-

tain pharmacological activities such as acaricidal, insec-

ticidal, bactericidal, and herbicidal activities [3].

Because of the relevance of this oxidative event to the

biological NADH redox process [4–6], this transforma-

tion has attracted the attention of several research

groups.

A variety of reagents have been utilized for this oxi-

dative conversion: nitric acid [7], nitric oxide [8], urea

nitrate [9], peroxodisulfate-Co(II) [9], clay-supported

ferric and cupric nitrate[10], BrCCl3/hm [11], N-methyl-

N-nitroso-p-toluenesulfonamide [12], DDQ [13],

Zr(NO3)4 [14], Mn(OAc)3 [15], Pd/C [16], I2/MeOH

[17], manganese dioxide–bentonite clay [18], chromium

trioxide [19], potassium permanganate [20], pyridinium

chlorochromate [21], ceric ammonium nitrate (CAN)

[22], clayfen [23], bismuth trinitrate [24], ruthenium tri-

chloride [25], Fe(ClO4)3/HOAc [26], tert-butylhydroper-

oxide [27], silica gel supported ferric nitrate (silfen)

[28], MnO2 [29], and vanadium salts [30].

Despite a plethora of methods for this protocol,

extended reaction times, poor yields and use of strong

or toxic oxidant has led to the investigation of many al-

ternative procedures. Therefore, development and intro-

duction of convenient, milder, and efficient method for

the oxidation of 1,4-dihydropyridines to the correspond-

ing pyridines is of practical importance and is still in

demand.

Iodosobenzene (PhIO) has wide synthetic application

as a starting material in the preparation of numerous io-

dine (III) compounds and in oxidation reactions [31].

Because of poor solubility of polymerized iodosoben-

zene [(PhIO)n] in organic solvent, its oxidizing property

is not much examined as compared with the other

hypervalent organoiodanes. Activation is required to car-

ryout the oxidation reaction with iodosobenzene. Litera-

ture review shows that the aromatization of Hantzsch

1,4-dihydropyridines by using hypervalent iodine (IBX,

HTIB, PIFA, and IBD) has been reported earlier [32].

To my knowledge oxidative aromatization of 1,4-DHPs

with iodosobenzene has not been reported in the litera-

ture. Although reported hypervalent iodine based aroma-

tization of Hantzsch 1,4-dihydropyridines are efficient,

but these methods suffer from relatively acidic by prod-

ucts [32], long reaction time[32(d)] and high-tempera-

ture [32(e)]. Therefore, the biological importance of 1,4-

dihydropyridines oxidation and my ongoing attention to

VC 2010 HeteroCorporation
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the development of new methodology [32(b)], prompted

me to investigate the aromatization of 1,4-DHPs by

iodosobenzene with KBr in aqueous acetonitrile.

RESULTS AND DISCUSSION

A long series of 1,4-DHP derivatives were synthe-

sized to study their catalytic conversion to the analogous

pyridines. I used iodosobenzene with KBr as catalyst to

have an effect on these organic transformations. Iodoso-

benzene with KBr serves as an excellent oxidative cata-

lyst for a variety of 4-substituted Hantzsch 1,4-DHPs

system as shown in the generalized Scheme 1 and

results are reported in Table 1. In a preliminary experi-

ment, oxidative aromatization 4-phenyl substituted 1,4-

DHP was carried out using iodosobenzene in aqueous

acetonitrile at room temperature. It gave none or insig-

nificant amount of the corresponding pyridine. However,

when KBr is added in the reaction mixture, there is rec-

ognizable change in the yield of the oxidized product.

The reaction is fast and gives quantitative yield. Reac-

tion was smooth, clean, and occurred at room tempera-

ture with short span of time (less than 5 min). There-

fore, I investigated the activation of PhI¼¼O in this reac-

tion with a variety of alkali metal salts. As a result, the

addition of bromide ions such as LiBr, NaBr, and KBr

was found to amazingly activate PhI¼¼O to give 2e in

good yields [95% yield with KBr, 75% yield with NaBr

and 62% with LiBr], whereas salts excluding bromide

(LiCl, NaCl, KCl, NaF, NaOAc, NaI and KI) did not

catalyze the reaction effectively. Therefore, the most ec-

onomical alkali metal bromide, that is, KBr was chosen

for further studies. The oxidation proceeds smoothly

Scheme 1

Table 1

Solvent-less synthesis of pyridines by oxidative aromatization or oxidative dealkylation of 1,4-DHP derivatives.

Entry Substrate R Product Reaction Timea t (min) Yieldb (%) Mpc (�C) Mp reported (�C)

1 H 3 3 94 70 – 71 72-73

2 CH3 2a 3 95 oil oil

3 C2H5 2b 3 95 oil oil

4 (CH3)2CH 3 3 94 70 – 71d 72 – 73

5 C6H13 2c 5 93 oil oil

6 C6H5CH2 3 4 95 70 – 71d 72 – 73

7 4-NO2C6H4 2d 5 94 112 – 113 115 – 116

8 3-NO2C6H4 2e 5 93 61 – 62 61.5 – 62.5

9 2-NO2C6H4 2f 5 95 73 – 75 73 – 75

10 4-MeOC6H4 2g 4 94 51 – 52 49.5 – 50.5

11 3,4(OCH3)2C6H3 2h 4 91 100 – 101 100 – 101

12 4-CH3C6H4 2i 4 94 71 – 72 71 – 72

13 C6H5 2j 4 95 62 – 63 62 – 63

14 4-ClC6H4 2k 4 95 69 – 71 66 – 68

15 2,4-Cl2C6H3 2l 5 95 112 – 113 77.5 – 79.5

16 3-BrC6H4 2m 5 95 70 – 72 70 – 72

17 C6H5CH¼¼CH 2n 5 93 161 – 162 161 – 162

18 2-Furyl 2o 5 92 oil oil

19 3-Pyridyl 2p 5 92 84 – 86 84 – 86

a t: time for stirring.
b Yields are isolated.
cMelting points are uncorrected and compared with literature reports [32].
d Amount of KBr used in reaction is equivalent to iodosobenzene.
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with 1,4-dihydropyridine substrates bearing substituents

at the 4-position such as hydrogen, methyl, n-alkyl, aryl,

and heterocyclic groups. However, in the case of oxida-

tion of the 1,4-DHP with isopropyl and benzyl group at

4-poition underwent simultaneous dealkylation to give 3

as a sole product (Table 1). This may be because of ei-

ther their electron donating ability of the corresponding

radicals and these substituents are debarred with the for-

mation of dealkylated products [15] or because of the

stability of radical cation formed during the reaction via

single electron mechanism [32(a)] (Scheme 2). The

influence of various solvents on the yield of reaction

was investigated using ethyl acetate, dichloromethane,

chloroform, and aqueous acetonitrile. The reaction takes

place smoothly in the aqueous acetonitrile may be

because of solubility of iodosobenzene and KBr.

After that catalytic effect of KBr was investigated,

and it was found that only 0.1 mmol of KBr is sufficient

for 1.1 mmol of iodosobenzene (Scheme 3). However,

in case of the 1,4-DHP with isopropyl and benzyl group

at 4-poition oxidation depend upon the amount of KBr

also as shown in Scheme 3. This is because of formation

of isopropyl or benzyl bromide, and it is confirmed by

GC. However, reaction mixture was found basic in na-

ture and turn red litmus to blue when the reaction was

carried out at 0�C. It is also observed that, when the

temperature is raised to 60�C the reaction proceeds

smoothly with catalytically amount of KBr (0.1 mmol).

However, at elevated temperature, time required for

these organic transformations is very short, but the

amount of iodosobenzene required for this conversion is

doubled. This is because of hydrolysis of benzyl bro-

mide or isopropyl bromide with water to benzyl alcohol

or isopropyl alcohol, which is oxidized to corresponding

carbonyl derivatives.

In summary author have described a general and prac-

tical route for the oxidation of 1,4-dihydropyridines in

excellent yields using catalytic amount KBr with iodoso-

benzene in aqueous acetonitrile. Aromatization is clean

with this reagent, and the products are obtained in high-

yield within short span of time. Novelty of this protocol

is the reagents used in reaction are recovered as iodo-

benzene and KBr, which can be reused. Another salient

feature of this method is that any acidic byproducts are

not produced during reactions, which are toxic to the

environment.

EXPERIMENTAL

All chemicals used in this study were of the highest purity
available and purchased from Lancaster, Merck, and Fluka
companies (India). Melting points were determined on a buchi
oil heated melting apparatus and are uncorrected. 1H NMR
spectra were recorded in CDCl3 on Brucker-300 Hz spectrom-

eter using TMS as internal standard (chemical shift in d, ppm).
IR spectra were taken on a Perkin Elmer 1600, FTIR spectro-
photometer using KBr pellets and peaks are reported in cm�1.
All the starting 1, 4-DHPs were prepared according to the lit-

erature procedure [33].

Scheme 2. Proposed mechanism for aromatization of 1,4-DHPs.

Scheme 3. Proposed mechanism for debenzylation or dealkylation.
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General procedure for oxidative aromatization of 1,4-

dihydropyridines with iodosobenzene and KBr. In a typical

experimental procedure, the iodosobenzene (1.1 mmol) and

KBr (0.1 mmol) were added to aqueous acetonitrile (15%, 20

mL), and mixture was stirred at room temperature for 5 min.

To this reaction mixture an appropriate 1,4-dihydropyridine

(1.0 mmol) was added and stirred at room temperature for

time as indicated in Table 1. The progress of reaction was

monitored by TLC. After completion of the reaction and the

solvent was removed under vacuum to obtain the crude prod-

uct, which was purified by column chromatography (ethyl ace-

tate-hexane ¼ 1:5).

General procedure for oxidative aromatization of 4-iso-

propyl/4-benzyl-1,4-dihydropyridines. The iodosobenzene

(1.1 mmol) and KBr (1.1 mmol) were added to aqueous aceto-

nitrile (15%, 20 mL), and mixture was stirred at room temper-

ature for 5 min. Then 4-isopropyl/4-benzyl-1,4-dihydropyri-

dines (1.0 mmol) was added and reaction mixture was stirred

at room temperature for time indicated in Table 1. The pro-

gress of reaction was monitored by TLC. After completion of

the reaction, added acetic acid (1 mL) and the solvent was

removed under vacuum to obtain the crude product, which was

purified by column chromatography (ethyl acetate-hexane ¼
1:7).

All compounds were fully characterized by mp, IR, and 1H
NMR. These data are in full agreement with those previously
reported in literature [32].

Diethyl 2,6-dimethyl-4-methylpyridine-3,5-dicarboxylate
(2a). IR (KBr): 2981, 2870, 1726, 1568, 1446, 1285, 1220,

1106, 1045, 871, 777 cm�1. 1H NMR (CDCl3): d ¼ 1.23 (t, J
¼ 7.10 Hz, 6H, CH3), 2.19 (s, 3H, CH3), 2.51 (s, 6H, CH3),
4.25 (q, J ¼ 7.10 Hz, 4H, OCH2). Anal. Calcd. for
C14H19NO4: C, 63.38; H, 7.22; N, 5.28. Found: C, 63.23; H,

7.32; N, 5.01.
Diethyl 2,6-dimethyl-4-ethylpyridine-3,5-dicarboxylate

(2b). IR (KBr): 2992, 2879, 1731, 1576, 1438, 1286, 1112,

1045, 923, 847, 751 cm�1. 1H NMR (CDCl3): d ¼ 1.08 (t, J
¼ 7.5 Hz, 3H, CH3), 1.25 (t, J ¼ 7.11 Hz, 6H, CH3), 2.49 (s,

6H, CH3), 2.78(q, J ¼ 7.5 Hz, 2H, CH2), 4.25 (q, J ¼ 7.11

Hz, 4H, OCH2). Anal. Calcd. for C15H21NO4: C, 64.50; H,

7.58; N, 5.01. Found: C, 64.78; H, 7.78; N, 4.94.

Diethyl 2,6-dimethyl-4-n-hexylpyridine-3,5-dicarboxylate
(2c). IR (KBr): 2976, 2865, 1737, 1576, 1428, 1286, 1117,

1033, 926, 842, 755 cm�1. 1H NMR (CDCl3): d ¼ 1.06 (t, J
¼ 6.9 Hz, 3H, CH3), 1.26 (t, J ¼ 7.10 Hz, 6H, CH3), 1.33 –

1.43 (m, 8H), 2.49 (s, 6H, CH3), 2.54 (t, J ¼ 6.9Hz, 2H,

CH2), 4.25 (q, J ¼ 7.11 Hz, 4H, OCH2). Anal. Calcd. for

C19H29NO4: C, 68.03; H, 8.71; N, 4.18. Found: C, 67.98; H,

8.78; N, 4.27.

Diethyl-4-(4-nitrophenyl)-2,6-dimethylpyridine-3,5-dicar-
boxylate (2d). IR (KBr): 3012, 2977, 1723, 1557, 1518, 1349,
1116, 865, 843, 745 cm�1. 1H NMR (CDCl3): d 1.20 (t, J ¼
7.10 Hz, 6H, CH3), 2.69 (s, 6H, CH3), 4.27 (q, J ¼ 7.10 Hz,
4H, OCH2), 7.41(d, J ¼ 8.2 Hz, 2H), 8.22 (d, J ¼ 8.2 Hz,

2H). Anal. Calcd. for C19H20N2O6: C, 61.29; H, 5.41; N, 7.53.
Found: C, 61.31; H, 5.36; N, 7.50.

Diethyl-4-(3-nitrophenyl)-2,6-dimethylpyridine-3,5-dicar-
boxylate (2e). IR (KBr): 3015, 2980, 1716, 1590, 1555, 1520,
1358, 1280, 1183, 870, 785, 715 cm�1. 1H NMR (CDCl3): d
1.21 (t, J ¼ 7.11 Hz, 6H, CH3), 2.70 (s, 6H, CH3), 4.25 (q, J
¼ 7.11 Hz, 4H, OCH2), 7.58 – 8.28 (m, 4H). Anal. Calcd. for

C19H20N2O6: C, 61.29; H, 5.41; N, 7.53. Found: C, 61.15; H,
5.49; N, 7.33.

Diethyl-4-(2-nitrophenyl)-2,6-dimethylpyridine-3,5-dicar-
boxylate (2f). IR (KBr): 3005, 2983, 1725, 1605, 1548, 1512,
1358, 1278, 1191, 762, 700 cm�1. 1H NMR (CDCl3): d 1.19

(t, J ¼ 7.11 Hz, 6H, CH3), 2.70 (s, 6H, CH3), 4.28 (q, J ¼
7.11 Hz, 4H, OCH2), 7.48 – 8.25 (m, 4H). Anal. Calcd. for
C19H20N2O6: C, 61.29; H, 5.41; N, 7.53. Found: C, 61.08; H,
5.22; N, 7.63.

Diethyl-4-(4-methoxyphenyl)-2,6-dimethylpyridine-3,5-dicar-
boxylate (2g). IR (KBr): 3030, 2973, 1729, 1614, 1557, 1291,

1107, 857, 835, 779 cm�1. 1H NMR (CDCl3): d 1.20 (t, J ¼
7.12 Hz, 6H, CH3), 4.25 (q, J ¼ 7.12 Hz, 4H, OCH2), 2.66 (s,

6H, CH3), 3.82 (s, 3H, OCH3), 6.89 (d, J ¼ 8.6 Hz, 2H), 7.10

(d, J ¼ 8.6 Hz, 2H). Anal. Calcd. for C20H23NO5: C, 67.21;

H, 6.49; N, 3.92. Found: C, 67.05; H, 6.40; N, 3.88.

Diethyl-4-(4-methylphenyl)-2,6-dimethylpyridine-3,5-dicar-
boxylate (2i). IR (KBr): 3013, 2983, 1727, 1571, 1446, 1239,

1033, 821, 856, 775 cm�1. 1H NMR (CDCl3): d 1.23 (t, J ¼
7.12 Hz, 6H, CH3), 2.37 (s, 3H, CH3), 2.64 (s, 6H, CH3), 4.29

(q, J ¼ 7.12 Hz, 4H, OCH2), 7.11(d, J ¼ 6.8 Hz, 2H), 7.21 (d,

J ¼ 6.8 Hz, 2H). Anal. Calcd. for C20H23NO4: C, 70.36; H,

6.79; N, 4.10. Found: C, 70.23; H, 6.56; N, 4.33.

Diethyl-4-phenyl-2,6-dimethylpyridine-3,5-dicarboxylate (2j). IR
(KBr): 3014, 2986, 1723, 1591, 1498, 1302, 1250, 1170, 791,
760 cm�1. 1H NMR (CDCl3): d 1.23 (t, J ¼ 7.12 Hz,
6H, CH3), 4.26 (q, J ¼ 7.12 Hz, 4H, OCH2), 2.65 (s, 6H,
CH3), 7.18(m, 2H), 7.30 (m, 3H). Anal. Calcd. for
C19H21NO4: C, 69.71; H, 6.47; N, 4.28. Found: C, 69.83; H,

6.38; N, 4.32.
Diethyl-4-(4-chlorophenyl)-2,6-dimethylpyridine-3,5-dicar-

boxylate (2k). IR (KBr): 3025, 2984, 1729, 1580, 1231, 1104,
1044, 858, 658 cm�1. 1H NMR (CDCl3): d 1.24 (t, J ¼ 7.12

Hz, 6H, CH3), 4.27 (q, J ¼ 7.12 Hz, 4H, OCH2), 2.69 (s, 6H,
CH3), 7.13(d, J ¼ 9.01 Hz, 2H), 7.32 (d, J ¼ 9.01 Hz, 2H).
Anal. Calcd. for C19H20ClNO4: C, 63.07; H, 5.57; N, 3.87.
Found: C, 62.97; H, 5.44; N, 4.03.

Diethyl-4-(2, 4-dichlorophenyl)-2,6-dimethylpyridine-3,5-
dicarboxylate (2l). IR (KBr): 3008, 2986, 1730, 1560, 1480,

1280, 1228, 1108, 856, 775, 700 cm�1. 1H NMR (CDCl3): d
1.23 (t, J ¼ 7.13 Hz, 6H, CH3), 4.33 (q, J ¼ 7.13 Hz, 4H,

OCH2), 2.67 (s, 6H, CH3), 7.15–7.42 (m, 3H). Anal. Calcd.

for C19H19Cl2NO4: C, 57.59; H, 4.83; N, 3.53. Found: C,

57.77; H, 5.00; N, 3.49.

Diethyl-4-(3-bromophenyl)-2,6-dimethylpyridine-3,5-dicar-
boxylate (2m). IR (KBr): 3026, 2986, 1726, 1561, 1278, 1230,

1108, 1035, 865, 787, 698 cm�1. 1H NMR (CDCl3): d 1.22 (t,

J ¼ 7.11 Hz, 6H, CH3), 4.31 (q, J ¼ 7.11 Hz, 4H, OCH2),

2.66 (s, 6H, CH3), 7.20 – 7.44 (m, 4H). Anal. Calcd. for

C19H20BrNO4 C, 56.17; H, 4.96; N, 3.45. Found: C, 56.30; H,

5.10; N, 3.27.

Diethyl 2,6-dimethylpyridine-3,5-dicarboxylate (3). IR
(KBr): 2974, 1721, 1588, 1555, 1298, 1254, 1123, 1022, 777

cm�1. 1H NMR (CDCl3): d ¼ 1.35 (t, J ¼ 7.11 Hz, 6H, CH3),

2.74 (s, 6H, CH3), 4.28 (q, J ¼ 7.11 Hz, 4H, OCH2). Anal.

Calcd. for C13H17NO4: C, 62.14; H, 6.82; N, 5.57. Found: C,

61.92; H, 7.02; N, 5.44.
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Some molecular modifications were attempted to find antiviral active compounds in the class of triar-
ylmethanes against herpes simplex virus type 1 (HSV-1). All the synthesized compounds were evaluated
for antiviral activity with HSV-1 by a plaque reduction assay. Some of the compounds showed signifi-
cant antiviral activities.

J. Heterocyclic Chem., 47, 1434 (2010).

INTRODUCTION

In our synthetic studies on antiviral compounds, we

found that some triarylmethane derivatives showed signifi-

cant activity against herpes simplex virus type 1 (HSV-1)

in a plaque reduction assay [1–3]. Most of the compounds,

which were synthesized previously, showed a wide range

of activities against the HSV-1 virus. Molecular modifica-

tions of this class of compounds seemed interesting, and

we therefore carried out further synthetic investigation and

evaluation of this new class of derivatives.

In this series, we recently reported that the triaryl-

methane scaffold derivative 1a showed a higher level of

antiviral activity (EC50 ¼ 2.1 lM) and lower cytotoxic-

ity (IC50 ¼ 79.3 lM) than those of the corresponding

4,40-dihydroxytriphenylmethane derivative 2, showing

antiviral activity (EC50 ¼ 5.5 lM, IC50 ¼ 38.1 lM) [1].

Compound 1a is composed of a heterocyclic methylene-

dioxy group instead of the 4-methoxyphenyl group in 2.

Phosphorylated aciclovir and many nucleoside phos-

phates have also shown significant antiviral activity [4–

6]. A methane-based symmetrical tri-indolemethane 3

for enhancement of chemically induced HL-60 cell dif-

ferentiation has recently been reported [7]. The corre-

sponding tri-indolemethyl cation (turbomycin A) was

isolated from soil microbial DNA, and it exhibited broad

antibiotic activity against gram-negative and gram-posi-

tive organisms [8]. Therefore, the alteration of a phenyl

ring to other heterocycles or the introduction of phos-

phoryl ester functionalities into the products has

attracted our attention as a potential approach to find

new antiviral active compounds.

We describe here, the preparation of some new hetero-

aryl (pyridine or pyrrole ring)-substituted triarylmethane

derivatives. For the purpose of structural comparison non-

heterocyclic 4,40,400-trihydroxytriphenylmethane 4a was

chosen. We also attempted the transformation of hydroxyl

groups of products to phosphoryl ester functionalities.

Results of plaque reduction assays to assess the anti-HSV-

1 activities of these compounds are also presented.

RESULTS AND DISCUSSION

Chemistry. We have already reported [1] the proce-

dure for synthesis of compound 1a by condensation of

phenol and aldehyde using various Brønsted acids. The

reaction of phenol and aldehyde (piperonal) with sulfu-

ric acid in the shade for 1a improved the yield to 93%.

Heteroaryl-substituted triarylmethane derivatives 5a

or 7 containing pyridine or pyrrole rings were easily

synthesized in excellent yield by the reaction of phenol

and nicotinaldehyde or the reaction of pyrrole and vanil-

lin using trifluoroacetic acid (TFA) as a Brønsted acid.

For compound 6a, the reaction of bromomagnesium

phenolate of sesamol with nicotinaldehyde at a reaction

VC 2010 HeteroCorporation
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temperature of 30�C and a long reaction time (2 d) gave

an excellent result (84% yield).

The phosphorylation of hydroxyl groups of tri- or di-

hydroxytriarylmethanes 1a and 4–6b gave tris- or bis- phos-

phoryl esters (1b and 4–6a) by the reported procedures

[9,10]. Thus, the phosphorylation of hydroxygroups was

accomplished by a slight excess of (EtO)2POH in the pres-

ence of Et3N in CCl4 from 0�C to room temperature over-

night to give the products 1b and 4–6b in 11–89% yields.

Compounds 5b and 6b were obtained under the conditions

of a slight excess of (EtO)2POCl in the presence of NaH at

room temperature for 1 h in 43% and 66% yields, respec-

tively. In both methods, the yields of phosphorylated prod-

ucts depend on the solubility of the starting tri- or di-

hydroxytriarylmethanes. In fact, the addition of THF or

DMF to improve the solubility of the reaction solvent

resulted in better yields of the corresponding phosphorylated

products (see experimental).

All of the structures of the new compounds synthesized

were determined by using spectroscopic data and elemental

analyses, and the signal assignments were confirmed by

2D-NMR analyses (Tables 1 and 2).

Biological activities
Antiviral activities. The anti-HSV-1 activities of the

synthesized compounds were estimated by using plaque

reduction assays in Vero cells [11]. The results of the

assays are summarized in Table 3 together with the data

for the original compounds 1a [1] and 6a [1].

Substitution with a pyridine ring (compound 5a)

resulted in antiviral activity (EC50 ¼ 6.8 lM, IC50 ¼

Table 1

Physical data of triarylmethane derivatives (1 and 4–7)

Compound

mp (�C) (Recryst solvent)
Appearance Formula

Analysis (%) Calcd

(Found)
Formula, HR-MS

m/z Calcd (Found) IR (cm�1) (KBr)C H N

1b Pale yellow oil C28H34O10P2 54.28 6.02 0.00 C28H35O10P2 (M þ H)þ 3490 (OH)

� 1.5H2O (54.36 6.29 0.00) 593.1705 1275 (P¼¼O)

(593.1705) 1030 (PAO)

4b Pale yellow oil C31H43O12P3 49.94 6.49 0.00 C31H44O12P3 (M þ H)þ 3500 (OH)

� 2.5H2O (49.95 6.43 0.00) 701.2046 1270 (P¼¼O)

(701.2046) 1025 (PAO)

5a 239–244 (CH3CN-H2O)

colorless powder

C18H15NO2 76.96 5.53 4.99 C18H16NO2 (M þ H)þ 3240 (OH)

� 0.2H2O (77.03 5.56 5.16) 278.1181 1260 (CAO)

(278.1182) 1105 (CAO)

5b Pale yellow viscous solida C26H33NO8P2 56.28 6.10 2.52 C26H34NO8P2 (M þ H)þ 3500 (OH)

� 0.3H2O (56.27 6.18 2.50) 550.1760 1275 (P¼¼O)

(550.1757) 1030 (PAO)

6b Yellow oil C28H33NO12P2 51.59 5.35 2.15 C28H34NO12P2 (M þ H)þ 3495 (OH)

� 0.8H2O (51.63 5.34 2.11) 638.1556 1275 (P¼¼O)

(638.1557) 1025 (PAO)

7 117-120 (iso-PrOH)
pale purple crystals

C16H16N2O2 71.62 6.01 10.44 C16H16N2O2 (M
þ) 3420 (OH)

(71.64 6.09 10.43) 268.1212 3320 (NH)

(268.1214) 1230 (CAO)

a Consistent and correct mp could not be obtained because this compound is a viscous material.
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54.1 lM) similar to that of compound 6a (EC50 ¼ 7.3

lM, IC50 > 135 lM) previously reported [1]; however,

its cytotoxicity was increased to that of 2,20-dihydroxy-
triarylmethane 6a. The introduction of two pyrrole rings

with an NAH group (compound 7) resulted in no signifi-

cant antiviral activity at a concentration of 150 lM.

Thus, two hydroxyl groups on the triphenylmethane

scaffold might be necessary to show significant antiviral

potency.

The phosphorylation of hydroxyl groups of 1a, 5a,

and 6a resulted in increased cytotoxicity in both trans-

formations into 1b, 5b, and 6b, respectively. Transfor-

mation of nonheterocyclic derivative 4a into 4b also

showed a similar tendency. Phosphorylated triphenyl-

methane derivative 4b showed a higher level of anti-

viral activity than that of original compound 4a, but

antiviral activities of both heteroaryl-substituted deriv-

atives 5b and 6b were lower than those of the corre-

sponding 5a and 6a, respectively. With reference to

the phosphorylated hetero-ring substituted derivative

1b, its antiviral activity was also lower than that of

the corresponding nonphosphorylated original com-

pound 1a. Compounds synthesized in this study

showed inhibitory concentrations (EC50) ranging from

6.8 to > 150 lM. Among these compounds, we found

that 5a has the highest level of activity against HSV-

1 (EC50 ¼ 6.8 lM), but its selectivity index was 7.9.

In this study on modification of triarylmethanes by

alteration of heteroaryl rings and transformation into

phosphorylated derivatives, unfortunately, we could

not find more potent antiviral compounds than the 4,40-
dihydroxytriarylmethane 1a reported previously [1].

Throughout this work, however, it is notable that com-

pounds 5a and 6a containing a heteroaryl group (pyri-

dine) showed higher levels of antiviral activity than that

of C3 symmetrical 4,40,400-trihydroxytriphenylmethane

4a (EC50 ¼ 22.6 lM), and the C3 symmetry structure of

both compounds (a prochiral symmetrical molecule) was

destroyed by introducing a different heteroaryl ring in

the molecule. To elucidate these phenomena, further

molecular modifications of triarylmethanes and evalua-

tion of their activity against HSV-1 are underway.

EXPERIMENTAL

Melting points were determined using a micro melting point
apparatus (Yanagimoto MP-S3) without correction. IR spectra
were measured by a Shimadzu FTIR-8100 IR spectrophotome-
ter. Low- and high-resolution mass spectra (LR-MS and HR-
MS) were obtained by a JEOL JMS HX-110 double-focusing

model equipped with a FAB ion source interfaced with a JEOL
JMA-DA 7000 data system. lH- and 13C-NMR spectra were
obtained by JEOL JNM A-500. Chemical shifts were expressed
in d ppm downfield from an internal tetramethylsilane signal for
lH-NMR and the carbon signal of the corresponding solvent
[CDCl3 (77.00 ppm), CD3OD (39.50 ppm), and dimethyl sulfox-
ide (DMSO)-d6 (39.50 ppm)] for 13C-NMR. Microanalyses were
performed with a Yanaco MT-6 CHN corder. Routine monitor-
ing of reactions was carried out using precoated Kieselgel

60F254 plates (E. Merck). Centrifugal or flash column chroma-
tography was performed on silica gel (Able-Biott or Fuji Silysia
FL60B, respectively) with a UV detector. Preparation of com-
pounds (1a [1], 4a [1], and 6a [4]) have already been reported.
Commercially available starting materials including 4a were

used without further purification.
4,40-(1,3-Benzodioxol-5-ylmethylene)bisphenol (1a) [1]. To

a solution of phenol (755 mg, 8.0 mmol) and 3,4-methylene-
dioxybenzaldehyde (600 mg, 4.0 mmol) in AcOH (2.3 mL)
was added conc. H2SO4 (0.43 mL, 8.0 mmol). In the shade,

the solution was stirred for 20 h at room temperature. The
reaction mixture was poured into ice water (50 mL) and
extracted from AcOEt (100 mL � 3). The organic layer was
washed with brine and dried over MgSO4. After evaporation,
the residue was purified by centrifugal chromatography on

silica gel (1% EtOH/CH2Cl2) to give 1a (1.192 g, 3.7 mmol,
93% yield). Recrystallization from water/isoPrOH gave pale
reddish crystals.

General procedure of phosphorylation for preparation of

4,40-(1,3-benzodioxol-5-ylmethylene)bisphenylphosphoric

acid tetraethyl ester (1b). This compound was prepared
according to the method reported by Huffman et al. [9].
Thus, diethyl phosphite (3.6 mmol) was added to a stirred

solution of 1a (1.5 mmol) in CCl4 (5 mL) at 0�C, followed
by the addition of Et3N (4.2 mmol) dropwise. The reaction
mixture was stirred overnight at 0�C to room temperature
for 18 h. After dilution with CH2Cl2, the resulting mixture
was washed with water, 10% aqueous HCl, and brine and

then dried over MgSO4. After filtration and evaporation, the
residue was purified by centrifugal chromatography (SiO2:
30–40% AcOEt in n-hexane), which gave 1b (0.281 mmol,
19% yield) as a pale yellow oil.

4,40,400-Methylidynetriphenyl-phosphoric acid hexaethyl

ester (4b). In a manner similar to that for the preparation of
1b, after reaction of 4a (2.0 mmol) in CCl4 (3 mL), diethyl
phosphite (7.4 mmol) and Et3N (8.2 mmol) at temperatures in
the range of 0�C to room temperature for 17 h, purification by

flash chromatography (SiO2: 2–10% EtOH in CH2Cl2) gave 4b

(1.78 mmol, 89% yield) as a pale yellow oil.

Table 3

Antiviral activity (EC50) and cytotoxicity (IC50) against HSV-1.

EC50 (lM) I C50 (lM) IC50/EC50

1a
a 2.1 79.3 38.2

1b >16 21.3 <1.3

4a 22.6 127 5.6

4b 8.6 19.8 2.3

5a 6.8 54.1 7.9

5b >36 39.6 <1.1

6a
a 7.3 >135 >18.5

6b 49.1 87.6 1.8

7 >150 190 <1.3

a The data of the compounds from [1].
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4,40-(3-Pyridinylmethylene)bisphenol (5a). A mixture of
phenol (941 mg, 10.0 mmol) and nicotinaldehyde (536 mg, 5.0
mmol) and TFA (3.85 mL, 50 mmol) was stirred in the shade

at room temperature for 20 h. After evaporation, purification
by centrifugal chromatography (50–70% AcOEt in n-hexane)
gave 5a (1.380 g, 5.0 mmol) as a colorless solid quantitatively.
Recrystallization from CH3CNAH2O gave an analytically pure
colorless powder 5a.

4,40-(3-Pyridinylmethylene)bisphenylphosphoric acid tet-

raethyl ester (5b)

[Method A]. In a manner similar to that for the preparation
of 1b, after the reaction of 5a (1.0 mmol) in CCl4 (3 mL),
diethyl phosphate (3.7 mmol), and Et3N (4.1 mmol) in the

range of 0�C to room temperature for 18 h, purification by
centrifugal chromatography (SiO2: 3–5% EtOH in CH2Cl2)
gave 5b (0.281 mmol, 11% yield) as a pale yellow viscous
solid.

[Method B]. According to the method reported by Asaad et
al [10], NaH (60% in oil, 10 mmol) was added to a stirred so-

lution of 5a (1.0 mmol) in dry THF-CH2Cl2 (1, 3 mL) at room

temperature under an N2 atmosphere. After stirring for 0.5 h,

diethyl chlorophosphate (3.0 mmol) in dry CH2Cl2 (2 mL) was

added to the reaction mixture dropwise for 20 min and then

stirred for more 1 h. The reaction mixture was then poured

into a saturated NaHCO3 solution (40 mL) and extracted with

CH2Cl2 (30 mL � 2), and its organic layer was washed with

water, dried over MgSO4, and evaporated. The resulting prod-

ucts were purified by centrifugal chromatography (SiO2: 5%

EtOH in CH2Cl2) to give 5b (0.432 mmol, 43% yield).

6,60-(3-Pyridinylmethylene)bis-1,3-benzodioxol-5-ol (6a)

[1]. Under N2 atmosphere, a solution of sesamol (2.76 g, 20.0
mmol) in dry ether (Et2O; 50 mL) was added dropwise to a

solution of 3 M EtMgBr (6.7 mL, 20 mmol) in dry Et2O (60
mL) with stirring at room temperature, and the mixture was
kept for 10 min, then the solvent was removed in vacuo. After
addition of dry CH2Cl2 (300 mL) to the residue, a solution of

nicotinaldehyde (536 mg, 5.0 mmol) in dry CH2Cl2 (50 mL)
was added with stirring under N2 atmosphere. The resulting
mixture was sonicated at 30�C for 2 days. The reaction was
quenched with saturated aqueous NH4Cl (100 mL), and the
mixture was extracted with AcOEt (100 mL � 3). The organic

layer was dried over MgSO4 and concentrated in vacuo to give
the solid. The residue was recrystallized from MeOH to give
6a as a pale green powder (1.53 g, 4.2 mmol) in 84% yield.

Preparation of 6,60-(3-pyridinylmethylene)bis-1,3-benzo-

dioxol-5-ylphosphoric acid tetraethyl ester (6b)

[Method A]. In a manner similar to that of the preparation
of 1b, after reaction of 6a (1.0 mmol) in CCl4 (3 mL), diethyl
phosphite (3.7 mmol), and Et3N (4.1 mmol) at temperatures in
the range of 0�C to room temperature for 18 h, purification by
centrifugal chromatography (SiO2: 3–5% EtOH in CH2Cl2)

gave 6b (0.505 mmol, 51% yield) as a yellow oil.
[Method B]. In a manner similar to that for the preparation

of 5b, after the reaction of 6a (1.0 mmol) in dry THF-CH2Cl2-

DMF (3, 3, 2 mL) and 60% NaH (2.6 mmol) with diethyl
chlorophosphate (2.4 mmol) in dry CH2Cl2 (2 mL) for 1.5 h,
the reaction mixture was poured into a saturated NaHCO3 so-
lution (50 mL) and extracted with AcOEt (40 mL � 3). Cen-
trifugal chromatography (SiO2: 70–100% AcOEt in n-hexane)
gave 6b (0.663 mmol, 66% yield) as a yellow oil.

2,20-[(4-Hydroxy-3-methoxy-phenyl)methylene]bis-1H-pyrrol

(7). A mixture of pyrrole (16.4 mL, 240 mmol) and vanillin
(912 mg, 6.0 mmol) and TFA (94 lL, 1.2 mmol) was stirred
in the shade at room temperature for 20 h. After evaporation,

purification by flash chromatography (5% AcOEt in CHCl3)
gave 7 (1.288 g, 4.8 mmol) as a colorless solid in 80% yield.
Recrystallization from iso-PrOH gave analytically pure pale
violet crystals 7.

Antiviral activity assay and cytotoxicity of target

compounds. The antiviral activities of synthesized compounds
were measured using a plaque reduction assay [11] as
described in our previous article [1]. Results of antiviral activ-
ity (EC50) and cytotoxicity values (IC50) with Vero cells are

summarized in Table 3.
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Reaction of 4-phenylthiosemicarbazide with dialkyl acetylenedicarboxylate in CH2Cl2 at 0�C lead to
construction of alkyl 3-amino-2-phenyliminothiazolidine-4-one-5-ylidene acetate in a few minutes and
good yields. Alternatively, the use of thiosemicarbazide has given the corresponding 3-amino-2-imino-

thiazolidine-4-one-5-ylidene acetate, while application of di-t-butylacetylenedicarboxylate in these reac-
tions has not entailed with cyclization.

J. Heterocyclic Chem., 47, 1439 (2010).

INTRODUCTION

Thiazolidine-4-ones are important building blocks in va-

riety of pharmaceutical agents and biologically active prod-

ucts [1]. Several substituted thiazolidinones have been

found to possess hypnotic, anesthetic, sedative, anticonvul-

sant, and microbiological activities [2–4]. Some thiazoline

derivatives show interesting anti-HIV or anticancer activ-

ities and can inhibit cell division [5–10]. Because of the

various physiological activities of thiazolidinones, many

thiazolidinone derivatives have been prepared and several

new methods for the preparation of substituted thiazoli-

dine-4-one have been recently reported [11,12]. Despite

the synthetic importance of these methods, they commonly

suffer from the need to elevated temperatures and also

from long reaction times. Therefore, it is reasonable that

development of mild and efficient methods for their syn-

thesis still is more desired. In this context, we present here

a mild and expedient method for synthesis of 2-iminothia-

zolidine-4-one-5-ylidene acetate derivatives in fairly good

yields.

RESULTS AND DISCUSSION

As is shown in Scheme 1, the synthesis of 2-imino-thia-

zolidine-4-one-5-ylidene acetate was simply effected by a

two component reaction between thiosemicarbazide and an

acetylenic ester. The reaction proceeds smoothly without

using any catalyst by mixing the two reactants in dry

CH2Cl2 media at room temperature and needs no more

care on controlling the temperature or using special techni-

ques of activation. Only the thiazolidine products were

formed and separated from the reaction mixture. An

attracting feature of this reaction is the synthesis of a multi-

functionalized complex heterocycle from simple starting

materials.

Thus, 4-Phenylthiosemicarbazide (1a) and dimethyl ace-

tylenedicarboxylate undergo a smooth reaction in dry

CH2Cl2 at 0
�C to produce methyl 3-amino-2 phenylimino-

thiazolidine-4-one-5-ylidene acetate (3a) in 94% yield

(Scheme 1). In a similar manner, thiazolidine-4-ones (3c,d)

were formed on reaction between thiosemicarbazide and

the corresponding acetylenic ester in excellent yields

(Scheme 1). Surprisingly, di-tert-butyl acetylenedicarboxy-
late showed up a different behavior as instead of cyclocon-

densation with thiosemicarbazide their reaction lead to

addition of the two components and solely formation of

thiosemicarbazone derivatives (Scheme 2).

Structures of all the compounds were deduced from

their IR, 1H NMR, 13C NMR, and mass spectral data as

well as elemental analyses. The mass spectra of these

compounds displayed molecular ion peaks at the appro-

priate m/z values. The 1H NMR spectrum of 3a, for

example, in CDCl3 showed three singlet peaks arising

from resonances of methoxy d 3.48, amino d 4.89, and

olefinic protons d 7.00, along with multiplets at d 7.03–

7.42 ppm for the aromatic protons. The 13C NMR
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spectrum of 3a showed 10 signals in agreement with the

proposed structure. Partial assignments of these resonan-

ces are given in the experimental section. The 1H- and
13C NMR spectra of 3b–3d are very similar to those of

3a, except for the ester and aryl moieties, which exhibit

characteristic signals at appropriate chemical shift.

On the basis of well established chemistry of electro-

philic acetylenes [10], it is reasonable to assume that the

synthesis proceeds through initial conjugate addition of

the sulfur atom of 1 onto the acetylenic ester following

cyclocondensation of the thus formed 1:1 adduct [13,14]

to yield the products 3 (Scheme 3).

In the cases of using di-t-butyl acetylenedicarboxy-

late, the reactions are prevented from proceeding

through above mechanism due to steric hindrance of

bulky alkyl groups, so are unable to give the desired

thiazolidine products.

In conclusion, we have made a contribution to the

synthesis of thiazolidine-4-one compounds [13,14] by

using the reaction between 4-phenylthiosemicarbazide or

thiosemicarbazide with a dialkyl acetylenedicarboxylate

to produce some novel thiazolidine-4-one derivatives.

The method carries the advantage that is not only the

reaction performed under neutral conditions but also the

substrates can react by mixing without any activation or

modification.

EXPERIMENTAL

Melting points were measured on an Electrothermal 9100
apparatus. Elemental analyses for C, H, and N were performed

using a Heraeus CHN–O-Rapid analyzer. IR spectra were
measured on a Shimadzu IR-460 spectrometer. 1H and 13C
NMR spectra were recorded by a Bruker DRX-300 AVANCE
instrument with deuteriochloroform as solvent at 300 and 75

MHz, respectively. Mass spectra were recorded on a Finnigan-
MAT 8430 mass spectrometer operating at an ionization poten-
tial of 70 eV. 4-Phenylthiosemicarbazide, thiosemicarbazide,

dimethyl acetylenedicarboxylate, and diethyl acetylenedicar-
boxylate were obtained from Fluka (Buchs, Switzerland) and
were used without further purification.

Typical procedure for the preparation of compounds

3. To a stirred solution of 1 (2 mmol) in 10 mL of dichloro-
methane was added dropwise a mixture of 2 (2 mmol) in 2

mL dichloromethane at 0�C over 1 min. The reaction quickly
went to complete, as monitored by tlc on silica-gel 60 using
1:1 solution of ethyl acetate:petroleum ether, and the solid
product precipitate. After 5 min, the solid was filtered and

recrystallized from diethyl ether to afford the pure products.
Methyl 3-amino-2-phenylimino-4-oxo-1,3-thiazolan-5-ylide-

neacetate (3a). Pale yellow crystals; yield: 0.55g (99%), mp 161–
162�C; IR (KBr): m ¼ 3306, 3145 (NH2), 1731, 1645

(C¼¼O), 1694 (C¼¼C), 1608 (C¼¼N) cm�1; 1H NMR: d ¼
3.84 (3H, s, MeO), 4.89 (2H, s, NH2), 7.0 (1H, s, CH),

7.03–7.42 (5H, m, Ph) ppm; 13C NMR: d ¼ 166.6, 161.8

(C¼¼O), 149.6 (C¼¼N), 146.8 (C), 139.8 (C), 129.9

(2CH), 126.0 (CH), 121.5 (2CH), 117.3 (CH), 53.0

(CH3AO) ppm; ms: m/z (%) 277 (28, Mþ), 160 (8), 142

(1), 117 (23), 85 (86), 77 (100), 58 (63), 44 (24). Anal.
Calcd. for C12H11N3O3S (277.24): C, 51.19; H, 3.96; N,

15.14%. Found: C, 51.33; H, 3.87; N, 15.05%.
Ethyl 3-amino-2-phenylimino-4-oxo-1,3-thiazolan-5-ylide-

neacetate (3b). Pale yellow powder; yield: 0.57 g (98%), mp
160–163�C; IR (KBr): m ¼ 3299, 3146 (NH2), 1729, 1642

(C¼¼O), 1688 (C¼¼C), 1593 (C¼¼N) cm�1; 1H NMR: d
¼ 1.33 (3H, t, 3JHH ¼ 7.1, Me), 4.28 (2H, q, 3JHH ¼
7.1, CH2O), 4.88 (2H, br s, NH2), 6.99 (1H, s, CH),

7.03–7.39 (5H, m, Ph) ppm; 13C NMR: d ¼ 166.2,

161.9 (2C¼¼O), 149.7 (C¼¼N), 146.9 (C), 139.5 (C),

129.9 (2CH), 126.0 (CH), 121.5 (2CH), 117.8 (CH),

62.3 (CH2O), 14.5 (CH3) ppm; ms: m/z (%) 291 (24,

Scheme 1

Scheme 2
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Mþ), 264 (4), 142 (23), 135 (26), 107 (40), 85 (66), 77

(100), 57 (20), 44 (54). Anal. Calcd. for C13H13N3O3S

(291.28): C, 53.55; H, 4.46; N, 14.01%. Found: C,

51.78; H, 4.83; N, 14.39%.
Di-t-butyl succinal-2-ylidene-4-phenylthiosemicarbazone

(4a). Greenish white powder; yield: 0.74 g (95%), mp 152–

153�C; IR (KBr): m ¼ 3286, 3271 (NH), 1721, 1685

(2 C¼¼O), 1598 (C¼¼N), 1584 (C¼¼S) cm�1; 1H NMR:

d ¼ 1.50 (9H, s, 3CH3), 1.57 (9H, s, 3CH3), 3.44 (2H,

s, CH2), 7.25–7.70 (5H, m, Ph), 9.31 (1H, s, NH), 12.55

(1H, s, NH) ppm;13C NMR: d ¼ 176.7 (C¼¼S), 169.2,

161.2 (2C¼¼O), 138.0 (C¼¼N), 131.0 (C), 129.1 (2CH),

126.6 (C), 124.4 (2CH), 85.1 (C) 82.2 (C), 41.4 (CH2),

28.5 (3CH3), 28.30 (3CH3) ppm; ms: m/z (%) 393 (8,

Mþ), 292 (70), 264 (28), 236 (100), 190 (18), 151 (18),

136 (44), 57 (88). Anal. Calcd. for C19H27N3O4S

(393.12): C, 58.01; H, 6.87; N, 10.68%. Found: C,

58.37; H, 6.89; N, 11.01%.
Methyl3-amino-2-imino-4-oxo-1,3-thiazolan-5-ylideneacetate

(3c). Yellow crystals; yield: 0.36 g (89%), mp 181–182�C; IR
(KBr): m ¼ 3302, 3147 (NH2), 1732, 1646 (2 C¼¼O),

1694 (C¼¼C), 1608 (C¼¼N) cm�1; 1H NMR: d ¼ 3.86

(s, MeO), 4.85 (s, NH2), 5.2(s, NH), 7.01 (s, CH), ppm;
13C NMR: d ¼ 166.2, 162.8 (2 C¼¼O), 148.6 (C¼¼N),

146.1 (C), 139.8 (C), 126.3 (CH), 52.3 (MeO) ppm; ms:

m/z (%) 201 (38, Mþ), 170 (8), 142 (5), 126 (25), 85

(86), 56 (100), 44 (24). Anal. Calcd. for C6H7N3O3S

(201.3): C, 35.82; H, 3.48; N, 20.89%. Found: C, 35.34;

H, 3.27; N, 21.44%.
Ethyl3-amino-2-imino-4-oxo-1,3-thiazolan-5-ylideneacetate

(3d). Greenish yellow powder; yield: 0.39 g (91%), mp 170–
173 �C; IR (KBr): m ¼ 3291, 3143 (NH2), 1727, 1643 (2

C¼¼O), 1685 (C¼¼C), 1591 (C¼¼N) cm�1; 1H NMR: d
¼ 1.32 (t, 3JHH ¼ 7.1, Me), 4.26 (q, 3JHH ¼ 7.1,

CH2O), 4.88 (br s, NH2),5.11(s, NH), 6.90 (s, CH)

ppm;13C NMR: d ¼ 166.2, 161.9 (2 C¼¼O), 149.7

(C¼¼N), 146.9 (C), 139.5 (C), 126.0 (CH), 62.5 (CH2O),

14.4 (CH3) ppm; ms: m/z (%) ¼ 215 (28, Mþ), 170

(14), 142 (36), 135 (26), 107 (40), 85 (100), 57 (20), 44

(54). Anal. Calcd. for C7H9N3O3S (215.21): C, 39.01;

H, 4.18; N, 19.53%. Found: C, 38.88; H, 4.13; N,

20.11%.
Di-t-butyl succinal-2-ylidenethiosemicarbazone (4b). White

powder; yield: 0.54g (85%), mp 162–163�C; IR (KBr): m ¼
3286, 3273 (NH), 1724, 1685 (2 C¼¼O), 1595 (C¼¼N),

1584 (C¼¼S) cm�1; 1H NMR: d ¼ 1.52 (9H, s, 3CH3),

1.55 (9H, s, 3CH3), 3.48 (2H, s, CH2), 9.35 (2H, s, NH2),

12.50 (1H, s, NH) ppm;13C NMR: d ¼ 176.7 (C¼¼S),

169.2, 161.2 (2 C¼¼O), 138.0 (C¼¼N), 85.8 (C) 82.1 (C),

41.6 (CH2), 28.9 (3 CH3), 28.38 (3 CH3) ppm; ms: m/z

(%) 317 (18, Mþ), 216 (77), 200 (22), 156 (100), 99 (18).

Anal. Calcd. for C13H23N3O4S (317.12): C, 49.21; H,

7.25; N, 13.24%. Found: C, 49.37; H, 7.89; N, 14.01%.
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Studies on the phenylselenoetherification of some D4-alkenols in the presence of pyridine and some
Lewis acids are described. All alkenols underwent intramolecular cyclization yielding corresponding tet-
rahydrofuran or tetrahydropyran derivatives. Yield and diastereomeric ratio of the cyclic products
depend on counterion of selenylating reagent used. We found that external additives, such as pyridine
and some Lewis acids coordinating to the electrophilic and/or nucleophilic species are used to control

the course of cyclizations with high degrees of efficiency and improve the level of stereoinduction.

J. Heterocyclic Chem., 47, 1443 (2010).

INTRODUCTION

Cyclization of unsaturated alcohols leading to cyclic

ethers is well documented in a literature as convenient

pathways in the synthesis of natural products and related

compounds [1].

Substituted tetrahydrofuran and tetrahydropyran rings

are common in many natural products and play impor-

tant role as building blocks for the synthesis of various

biologically active organic target molecules [2]. Stereo-

selective synthesis [3] of substituted cyclic ethers is im-

portant since cyclic ether units are frequently found in

polyether antibiotics [4], C-glycosides [5], and polyene

mycotoxins [6]. A number of these compounds exhibit

remarkable antibiotic [4], neurotoxic [7], antiviral [8],

and cytotoxic [9] effects, which have opened perspective

for selected clinical applications [10]. This circumstance

has brought about a growing demand for cyclic ethers in

general. Since their supply cannot be covered from natu-

ral sources alone, the invention of methods for stereose-

lectively constructing the tetrahydrofuran and tetrahy-

dropyran nucleus from unsaturated alcohols has received

considerable attention [11].

Among the various kinds of ring-forming reactions,

those based on the reaction of an electrophilic reagent

with an alkene holding a suitably positioned hydroxyl

group are certainly very useful. The term of cycloetherifi-

cation is generally used to describe this kind of process

which can be promoted by several electrophilic reagents

[12]. The increasing popularity gained in recent years by

selenium reagents induced ring closure reactions [13].

Different electrophilic selenium reagents and a variety of

reaction conditions have been used and recent reviews

are highlighting the broad scope of this general process

[14]. Scheme 1 illustrates the possible modes of cycliza-

tion depending on the relative position of hydroxyl group

and the double bond in the starting alkene.

Outcome of this reaction is influenced by the nature

of selenium reagent used, and the reactivity of the sele-

nium electrophile also depends on the nature of counter-

ion. Although standard conditions can be used for these

cyclizations, the interactions between the selenium elec-

trophile, counterion, the solvent, and the substrate are

not fully understood, and we describe herein our recent

investigations toward these cyclizations.

Lewis acids are widely used as catalysts and media-

tors in many organic reactions [15] and stereoselective

synthesis [16]. However, PhSeCl in combination with

equimolar amount of ZnCl2 is known as strong chloro-

phenilselenilating reagent for olefins [17]. These find-

ings prompt us to extend the use of Lewis acids to phe-

nylselenoetherification of some D4-alkenols. Now, we

are interested in the behavior toward additives such as

Lewis acids and pyridine in the reaction conditions to

study reactivity and regiochemical and stereochemical

outcome of the cyclization.

RESULTS AND DISSCUSION

In recent years, we have studied intramolecular cycliza-

tion of some D4- and D5-alkenols by means of phenylselenyl
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halides, PhSeX (X ¼ Cl, Br) [18]. Intramolecular heter-

ocyclization is the main reaction in the case of all inves-

tigated primary and secondary alkenols, while tertiary

alkenols, under the same experimental conditions, are

not converted into cyclic products at all by PhSeBr and

in a small amount with PhSeCl. Although the additional

products are expected, we have found that all investi-

gated tertiary alkenols in the reaction with PhSeBr

afforded c- and d-bromoalkanols in high yields [19].

Recently, we found that cyclizations of D5-alkenols

can be facilitated in the presence of pyridine, Ag2O, and

some Lewis acids as catalysts [18d]. In this article, we

wish to present the extension of the method to D4-alke-

nols. These alkenols envisage to the 5-exo and/or

6-endo cyclizations. Prompted by this fact, we consid-

ered it synthetically interested to study the influence of

additives, pyridine, and some Lewis acids (ZnCl2 and

FeCl3) on reactivity and regioselectivity and stereoselec-

tivity in selenocyclization reaction.

The reactions are performed with two selenylating

reagents, PhSeCl and PhSeBr, and equimolar amount of

additives, in dichloromethane as solvent, at room tem-

perature. All reactions proceeded to form five- and/or

six-membered oxygen heterocycles bearing the phenyl-

seleno moiety. The results of our investigation are

shown in Scheme 2 and Table 1.

Primary 1a and secondary 1c alkenols gave expected

tetrahydropyran-type cyclic ether products, while tertiary

alkenols 1d–f gave anti-Markovnikoff tetrahydrofuran-type

products predominantly due to stereoelectronic effects.

Cyclization is facilitated by the presence of pyridine

and Lewis acids. It became clear that phenylselenyl hal-

ides in combination with these additives usually gave

rise to cleaner reactions and improved yields compared

with phenylselenyl halides alone. Also, the additives

increased the reaction rate dramatically. In the case of

tertiary alkenols with larger substituents 1d,f, the yields

of products decreased regarding to the effects of steric

hindrance. Depending on mechanism, this can indeed be

expected. As it can be seen from Table 1, pyridine gave

the best results, conversion to cyclic products was quan-

titative in all cases. It appears that the presence of pyri-

dine is beneficial to the cyclizations process due to its

basic properties. Function of external base was to neu-

tralize hydrohalogenic acid generated on cyclizations. In

the absence of external base, the halide counterion must

fulfill this role and an undesired acid-promoted reaction

was competitive. All additives could enhance the nucle-

ophilicity of the hydroxyl group of the alkenol and also

mediate the stabilization of oxonium ion intermediates.

Although phenylselenoetherification with nonhiral se-

lenium reagents is generally known to give low stereo-

selectivity [20], very good results were obtained in the

cyclizations of D3-alkenols [21]. However, in all cases,

stereoselectivity of the ring closure reaction was

strongly influenced by the presence and the nature of al-

lylic substituent in the starting alkenol.

In this context, we initiated our study of phenylsele-

noetherification of (Z)- and (E)-hex-4-en-1-ols 1b under

kinetic conditions using both selenium reagents and pyr-

idine, in dichloromethane at temperature ranging from

�78�C to room temperature. cis-Alcohol is envisage to

facilitate the 5-exo-favored cyclization, while trans-iso-
mer facilitate the 6-endo-unfavored cyclizations by the

Scheme 1

Scheme 2

1444 Vol 47B. M. Šmit and Z. M. Bugarčić
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Baldwin’s rules, yielded regioselectively tetrahydrofur-

ans 2b (threo and erythro) and tetrahydropyrans 3b

(trans and cis), respectively (Scheme 3).

The experimental results, summarized in Table 2,

show that more electrophilic PhSeCl was used to drive

reaction more completely and maintain better stereose-

lectivity but the poorer electrophile, PhSeBr, gave rever-

sal stereoselectivity. The results reveal the effect of

reaction temperature, which drove the reaction further

toward completion and better stereoselectivity. Superior

results are obtained with pyridine. Conversion to cyclic

ethers was quantitative with increased and reversal ste-

reoselectivity regardless to reagent used. (E)-Hex-4-en-
1-ol affords six-membered cis-izomer predominantly,

while (Z)-hex-4-en-1-ol affords five-membered erythro-
isomer as unique product.

We also studied the reactivity and stereoselectivity of

these reactions in the presence of equimolar amount of

some Lewis acids, which were considered as the per-

spective candidates. ZnCl2, FeCl3, and AlCl3 were tested

at room temperature. As it can be seen from the results

obtained, Lewis acids also promoted cyclization process

(Table 3). In all cases, reactions were high yielded. Dia-

stereomeric ratio was improved and reversal stereoselec-

tivity in the reactions with PhSeBr was not noticed. (Z)-
Hex-4-en-1-ol affords five-membered threo-isomer,

while (E)-hex-4-en-1-ol affords six-membered trans-iso-

mer predominantly. In the presence of Lewis acids,

reactivity of selenium electrophile is independent of nature

of counterion.

All used additives can bound counter ion from rea-

gent, increase electrophilicity of PhSe group, and elimi-

nate X� as a concurrent of hydroxyl group in cycliza-

tion step. They could also enhance the nucleophilicity of

hydroxyl group of the alkenol and also mediate the sta-

bilization of the oxonium ion intermediates.

In summary, we found that external additives, such as

pyridine and Lewis acids coordinating to the electro-

philic species are used to control the course of cycliza-

tions with high degrees of efficiency and improve the

level of stereoinduction. The course of cyclization can

be directed as desired by the choice of the electrophile

and the additives used in the reaction.

EXPERIMENTAL

Gas chromatography/mass spectrometry analyses were
obtained with an Agilent Technologies instrument, model 6890
N with HP-5NS columns. 1H and 13C NMR spectra were run
in CDCl3 on Varian Gemini 200-MHz NMR spectrometer. IR

spectra were obtained with Perkin-Elmer FTIR spectrophotom-
eter model Spectrum one. Microanalyses were performed by
‘‘Dornis and Colbe’’ and found to be in good agreement with
the calculated values. Thin layer chromatography was carried out
on 0.25-mm E. Merck precoated silica gel plates (60F-254)

Table 1

Phenylselenoetherification of D4-Alkenols in the presence of pyridine, ZnCl2, and FeCl3.

Alkenol

Yields (%) PhSeCl Yields (%) PhSeBr

No additives Py FeCl3 ZnCl2 No additives Py FeCl3 ZnCl2

1a 69 100 96 92 63 100 100 98

1b (E) 81 100 90 92 65 100 96 95

1b (Z) 72 100 98 96 75 100 99 98

1c 56 100 78 81 18 100 74 76

1d 37 100 71 75 0 100 60 62

1e 46 100 58 62 0 100 52 55

1f 23 100 53 58 0 100 48 52

Scheme 3
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using UV light for visualization. For column chromatography,
E. Merck silica gel (60, particle size 0.063–0.200 mm) was

used. Alkenols used as substrates are commercially available.
Reagents (PhSeCl and PhSeBr) were used as supplied by
Aldrich. Dichloromethane was distilled from calcium hydride.

General procedure. All reactions were carried out on a 1
mmol scale. To a magnetically stirred solution of 1 mmol of

alkenol and 1 mmol of additive (0.162 g FeCl3, 0.136 g
ZnCl2, or 0.134 g AlCl3) in 5-mL dry dichloromethane was
added 0.212 g solid PhSeCl (1.1 mmol) or 0.260 g PhSeBr
(1.1 mmol) at room temperature until the solid dissolved. The
reaction went to completion virtually instantaneously. Solution

was washed with saturated NaHCO3 aqueous solution and
brine. Organic layer was dried over Na2SO4, concentrated, and
chromatographed. The products were obtained after the elua-
tion of the traces of diphenyl diselenide on a silica gel–

dichloromethane column. All the products were characterized
and identified on the basis of their spectral data. Cyclic ether
products were known compounds and their spectral data have
been presented previously [18a].
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Table 2

Phenylselenoetherification of (Z)- and (E)-hex-4-en-ols at different
temperature and in the presence of pyridine.

Reagent

Yield and ratio of cyclic products/%

�78�C 0�C
Room

temperature

(E)-hex-4-en-1-ol
PhSeCl 85 (87:13) 83 (75:25) 81 (69:31)

PhSeCl/Py 100 (95:5) 100 (74:26) 100 (24:76)

PhSeBr 77 (80:20) – 65 (65:35)

PhSeBr/Py 100 (92:8) 100 (86:14) 100 (20:80)

(Z)-hex-4-en-1-ol
PhSeCl 78 (98:2) 75 (85:15) 72 (70:30)

PhSeCl/Py 100 (23:77) 100 (5:95) 100 (0:100)

PhSeBr 83 (33:67) – 75 (30:70)

PhSeBr/Py 100 (14:86) 100 (8:92) 100 (0:100)

Table 3

Phenylselenoetherification of (Z)- and (E)-hex-4-en-1-ols in the

presence of Lewis acids (ZnCl2, FeCl3, and AlCl3).

Substrate

Yield and ratio of cyclic products/%

No additives ZnCl2 FeCl3 AlCl3

PhSeCl

(E)-1b 81 (69:31) 92 (98:2) 89 (76:24) 91 (72:18)

(Z)-1b 72 (70:30) 96 (97:3) 98 (86:14) 89 (93:7)

PhSeBr

(E)-1b 65 (65:35) 95 (95:5) 96 (82:18) 99 (97:3)

(Z)-1b 75 (30:70) 98 (96:4) 99 (95:5) 95 (92:8)
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The usefulness of 3-iodoindole available for introduction of an indole unit is presented. The reaction
of 3-iodoindole with 2-bromo(or methyl)-1,4-naphthoquinone in acetic acid gave 2-bromo(or methyl)-3-
(3-indolyl)-1,4-naphthoquinone. On the other hand, the reaction of 3-iodoindole with 2-bromo-1,4-naph-
thoquinone in the presence of cesium carbonate in acetonitrile produced 2-(1-indolyl-3-iodo)-1,4-
naphthoquinone.

J. Heterocyclic Chem., 47, 1447 (2010).

INTRODUCTION

An indole unit naturally occurs in indole alkaloids

and many of the naturally occurring compounds have

physiologically important activities [1]. Some reports

have appeared concerning the reaction of indoles with

the 1,4-naphthoquinones. For example, Bu’Lock and

Mason [2] reported that the reaction of indole (1) with

1,4-naphthoquinone (2) gave 2-(3-indolyl)-1,4-naphtho-

quinone (3) in acetic acid at room temperature for 7

days without describing the yield. Prota and coworkers

[3] found that the reaction of 1 with 2 afforded 3 in

acidic ethanol at room temperature for 1 h in the moder-

ate yield.

In previous articles [4,5], we reported the syntheses

of Tyrian purple (4) (Fig. 1) [6] and its related com-

pounds using 3-iodoindoles. Moreover, we have

revealed the usefulness of 3- iodoindoles available for

introduction of an indole unit [7]. The 3-iodoindole

compounds are labile, therefore, not commercially avail-

able. However, the compounds are easily synthesized

from the corresponding indoles. This article describes

the reaction of 3-iodoindole with 1,4-naphthquinones.

RESULTS AND DISCUSSION

The reaction of 3-iodoindole (5) with 2-bromo-1,4-

naphthoquinone (6) in acetic acid at room temperature

for 3 days gave the 2-bromo-3-(3-indolyl)-1,4-naphtho-

quinone (7) in 72% yield. The mass spectrum of the

product (7) exhibits the molecular ion peak at m/z 351

and 353 in the ratio of 1 to 1. The 1H NMR spectrum

of 7 shows a doublet peak (J ¼ 2.8 Hz) at d ¼ 8.24 due

to H-20.
On the other hand, the same reaction was carried out

in the presence of cesium carbonate in acetonitrile at

room temperature for 1 day to give 2-(1-indoly-3-iodo)-

1,4-naphthoquinone (8) in 19% yield with 7 in 5% yield

(Scheme 1). The structure of the product (8) was mainly

based on the NMR spectral data and MS spectral data.

The 1H NMR spectrum shows signals at d ¼ 7.17 (sin-

glet) and 7.68 (singlet) due to H-3 and H-20, respec-

tively. The 13C NMR spectrum shows a signal at d ¼
64.28 due to C-I. The mass spectrum clearly exhibits a

molecular ion peak at m/z 399.
We have already reported the reaction of 5 with 2 in

acetic acid at 90�C for 40 min to give 3 in 74% yield

[7]. The same reaction was carried out in the presence

Figure 1. Tyrian purple.
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of cesium carbonate in acetonitrile at room temperature

for 1 day, but the iodo compound (8) was not obtained

(Scheme 2).

We next applied the reaction of Scheme 1 to 2-

methyl-1,4-naphthoquinone (9) (Scheme 3). The treat-

ment of 5 with 9 in acetic acid at room temperature for

4 days gave 2-methyl-3-(3-indolyl)-1,4-naphthoquinone

(10) in 62% yield.

The structure of the product (10) was mainly deter-

mined on the basis of the NMR spectral data and MS

spectral data. The 1H NMR spectrum shows signals at d
¼ 2.21 (singlet) and d ¼ 7.43 (singlet) due to CH3 and

H-20, respectively. The 13C NMR spectrum shows a sig-

nal at d ¼ 15.76 due to CH3. The mass spectrum clearly

exhibited a molecular ion peak at m/z 287. The same

reaction was carried out in the presence of cesium car-

bonate in acetonitrile at room temperature for a day, but

the compound (10) instead of the iodo compound was

obtained in 23% yield.

EXPERIMENTAL

The 1H NMR and 13C NMR spectra were obtained using a
JEOL JNM-A500 (500 MHz) spectrometer at room tempera-
ture. The chemical shifts are given in ppm relative to tetrame-
thylsilane as an internal reference standard. The EI mass
spectra were performed using a JEOL JMS-SX 102A mass

spectrometer. The infrared spectra were recorded using a Shi-

madzu IR 470 spectrometer in potassium bromide pellets. The
melting points were obtained using a Yanaco MS-S3 micro
melting point apparatus (hotplate type). For the preparative
column chromatography, Wakogel C-200 silica gel was
employed. Thin-layer chromatography (TLC) was accom-

plished on precoated plates of silica gel 60 F254þ366 (Merck).
2-Bromo-1,4-naphthquinone and 2-methyl-1,4-naphthoquinone
were purchased from Aldrich (USA) and Tokyo Kasei Kogyo
Co. (Tokyo, Japan), respectively.

3-Iodoindole (5). 3-Iodoindole was prepared using a modi-

fied procedure of Arnold’s method [8]. To a solution of indole
(1) (100 mg, 0.85 mmol) in methanol (10 mL) was added so-
dium hydroxide (34 mg, 0.85 mmol). After the mixture was
stirred at room temperature for 10 min, iodine (217 mg, 0.85

mmol) and an aqueous solution (1 mL) of potassium iodide
(142 mg, 0.85 mmol) was added. The mixture was further
stirred at room temperature for 10 min and the water was then
added. The resulting precipitate was collected by filtration,
washed with water, and dried in vacuo to obtain 5 (167 mg),

which was used for the following reaction without its purifica-
tion because of its lability.

2-Bromo-3-(3-indolyl)-1,4-naphthoquinone (7). A solution
of 3-iodoindole (5) (149 mg, 0.61 mmol) and 2-bromo-1,4-
naphthoquinone (6) (145 mg, 0.61 mmol) in acetic acid (10

mL) was stirred at room temperature for 3 days. After the mix-
ture was concentrated under reduced pressure, the residue was
chromatographed on silica gel with chloroform to give 7 (62
mg) in 29% yield with the starting material 6 (86 mg). The
yield based on the amount of the consumed quinone was 72%.

The product 7 was recrystallized with ethyl acetate–hexane
(1:1), mp 202–205�C; ir (potassium bromide): 3335 (NH),
1661, 1588, 1547, 1421, 1269, 745, 717 cm�1; 1H NMR

Scheme 1

Scheme 2

Scheme 3
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(CDCl3): d 7.30 (m, 1H, H-50), 7.46 (m, 2H, H-60, 70), 7.76
(m, 2H, H-40, 6), 7.99 (m, 1H, H-7), 8.13 (m, 1H, H-8), 8.17
(m, 1H, H-5), 8.24 (d, 1H, J ¼ 2.8 Hz, H-20), 8.74 (s, 1H,
NH); 13C NMR (CDCl3): d 109.00, 111.92, 113.29, 117.48,
120.44, 121.90, 123.37, 125.89, 126.89, 129.73, 130.98,

132.24, 133.31, 136.32, 142.03, 144.47, 178.39 (C¼¼O), 182.06
(C¼¼O); MS (EI) m/z (relative intensity) 353 (Mþ2, 52%), 351
(Mþ, 47), 274 (57), 273 (100), 272 (63), 217 (62), 216 (45),
189 (37); HRMS (EI) calcd. for C18H10O2NBr, M

þ 350.9895,
found 350.9884.

2-(1-Indolyl-3-iodo)-1,4-naphthoquinone (8). A mixture of
3-iodoindole (5) (142 mg, 0.58 mmol), 2-bromo-1,4-naphtho-
quinone (6) (139 mg, 0.58 mmol), and cesium carbonate (190
mg, 0.58 mmol) in acetonitrile (10 mL) was stirred at room
temperature for 1 day. The reaction mixture was filtered and

the filtrate was concentrated. The residue was chromato-
graphed on silica gel with chloroform, followed by chromatog-
raphy of TLC (silica gel; CHCl3: CH3CN ¼ 20:1) to give 8

(44 mg) in 19% yield along with 7 (11 mg) in 5% yield. The

product 8 was recrystallized with ethyl acetate–hexane (3:1),
mp 196–198�C; ir (potassium bromide): 1670, 1654, 1609,
1603, 1591, 1573, 1448, 1287, 1204, 732, 717 cm�1; 1H NMR
(CDCl3): d 7.17 (s, 1H, H-3), 7.31–7.38 (m, 2H, H-50, 60),
7.51 (dd, 1H, J ¼ 1.0, 7.5 Hz, H-70), 7.56 (dd, 1H, J ¼ 1.0,

7.5 Hz, H-40), 7.68 (s, 1H, H-20), 7.80–7.86 (m, 2H, H-6, 7),
7.17 (dd, 1H, J ¼1.0, 7.5 Hz, H-5), 8.22 (dd, 1H, J ¼ 1.0, 7.5
Hz, H-8); 13C NMR (CDCl3): d 64.28 (C-I), 112.03, 122.15,
123.10, 124.57, 125.95, 126.28, 127.34, 131.54, 131.77,
132.12, 132.84, 134.04, 134.69, 135.45, 141.95, 181.05

(C¼¼O), 184.32 (C¼¼O); MS (EI) m/z (relative intensity) 399
(Mþ, 100%), 272 (59), 244 (21), 216 (36), 136 (20); HRMS
(EI) calcd. for C18H10O2NI, M

þ 398.9756, found 398.9760.
2-Methyl-3-(3-indolyl)-1,4-naphthoquinone (10). A solu-

tion of 3-iodoindole (5) (167 mg, 0.69 mmol) and 2-methyl-

1,4-naphtoquinone (9) (118 mg, 0.69 mmol) in acetic acid (10
mL) was stirred at room temperature for 4 days. After the mix-
ture was concentrated under reduced pressure, the residue was
chromatographed on silica gel with chloroform, followed by

TLC (silica gel; CHCl3: CH3CN ¼ 20:1) to give 10 (31 mg)
in 16% yield with the starting material 9 (77 mg). The yield
based on the amount of the consumed quinone was 62%. The
product 10 was recrystallized with ethyl acetate–hexane (2:1),
mp 252–254�C; ir (potassium bromide): 3340 (NH), 1653,

1594, 1288, 746, 718 cm�1; 1H NMR (CDCl3): d 2.21 (s, 3H,
CH3), 7.15–7.18 (m, 1H, H-50), 7.22–7.26 (m, 1H, H-60), 7.32
(d, 1H, J ¼ 8.2 Hz, H-70), 7.43 (s, 1H, H-20), 7.46 (d, 1H, J ¼
8.2 Hz, H-40), 7.74 (m, 2H, H-6, 7), 8.16 (m, 2H, H-5, 8),
9.38 (broad, 1H, NH); 13C NMR (CDCl3): d 15.76 (CH3),

108.28, 111.69, 111.74, 120.37, 120.42, 122.30, 126.19,
126.70, 127.22, 132.48, 132.52, 133.46, 133.53, 135.80,
140.43, 143.30,184.76 (C¼¼O), 185.99 (C¼¼O); MS (EI) m/z
(relative intensity) 287 (Mþ, 100%), 270 (56), 230 (16), 154
(10); HRMS (EI) calcd. for C19H13O2N, M

þ 287.0946, found

287.0973.
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and Yavuz Ergün*

Department of Chemistry, Faculty of Arts and Sciences, Dokuz Eylul University,

Kaynaklar Campus, 35160, Buca-Izmir, Turkey

*E-mail: yavuz.ergun@deu.edu.tr

Received February 1, 2010

DOI 10.1002/jhet.499

Published online 27 August 2010 in Wiley Online Library (wileyonlinelibrary.com).

Novel carbazolyl-oxazolones, 3a–d, were synthesized with 3-[N-(2-hydroxycarbonylmethyl)-carboxa-
mide]-4-methyl-9H-carbazole and several aryl aldehydes for the first time. Photo physical characteriza-
tion of synthesized 2-carbazolyl-4-arylidene-5-oxazolones (3a–d) in dichloromethane, chloroform, and
toluene was performed.

J. Heterocyclic Chem., 47, 1450 (2010).

INTRODUCTION

Carbazole [1–6] and oxazolone [7,8] moieties have

received great attention by chemist not only because of

their biological properties, but also for their technologi-

cal importance. Oxazolones that are internal anhydrides

of acyl amino acids are important class of five-mem-

bered heterocycles. They are highly versatile intermedi-

ates used for the synthesis of several organic molecules,

including amino acids, peptides, antimicrobial or antitu-

mor compounds, immunomodulators, heterocyclic pre-

cursors, for biosensors coupling, and/or photosensitive

composition devices for proteins. They can be easily

prepared from N-acyl amino acids by dehydration.

5-Oxazolones also have a wide range of applications

including their use in semiconductor devices because of

their promising photophysical and photochemical activ-

ities [9]. Carbazole derivatives are important optical

materials due to their special photorefractive, electrical,

and chemical properties [2–6].

2-Aryl-4-carbazolyliden-5-oxazolones were first syn-

thesized via an Erlenmeyer reaction of the carbazole

aldehyde derivatives with several N-benzoyl glycine

derivatives and their optical properties were studied

[10,11]. We recently synthesized several 5-oxazolone

derivatives and investigated their basic photophysical and

sensor characteristics by using UV-vis and fluorescence

spectroscopy [12–18]. Herein, we prepared novel 2-carba-

zolyl-4-arylidene-5-oxazolones (3a–d) with a carbazole gly-

cine derivative for the first time. This work also describes

the photophysical characterization of 2-carbazolyl-4-aryli-

dene-5-oxazolones (3a–d) in dichloromethane, chloroform,

and toluene. We also examined the correlation between the

molecular structures and their fluorescent properties.

RESULTS AND DISCUSSION

We synthesized novel 2-carbazolyl-4-arylidene-5-oxa-

zolones (3a–d) with a carbazole glycine derivative for

the first time (Fig. 1). Thus, we aimed to combine the

advantages of carbazole structures and 5-oxazolone

derivatives. We used a carbazole glycine ester 1 deriva-

tive as a starting material, which was synthesized previ-

ously by our group [19]. Then, the hydrolysis of carba-

zole glycine ester 1 in basic conditions gave the glycine

derivative of carbazole 2 [20]. Finally, 2-carbazolyl-4-

arylidene-5-oxazolones were synthesized with carbazole

glycine derivative 2 and several aryl aldehydes by an

Erlenmeyer reaction.

Also, the absorption and emission spectral properties

of (3a–d) were also investigated in dichloromethane,

chloroform, and toluene (Table 1). The results obtained

show that the nature of the substituent groups on the

aryl moiety influences the absorption and fluorescence

emission maxima. The absorption maxima of 3a–d

derivatives were observed between 393 and 470 nm

(Table 1, Fig. 2). The excitation wavelengths were cho-

sen as 410, 473, 442, and 441 nm for 3a–d, respec-

tively, and the emission spectra were recorded.
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Emission and related excitation spectra of 3c in

dichloromethane are shown in Figure 3. The excitation

spectral data were acquired by exciting the molecule at

its emission maximum. The chromophore system is

affected by the electron donor group (carbozolyl groups)

and electron acceptor groups (4-nitrophenyl and cyano-

phenyl) of 3c and 3d derivatives. Thus, the emission

maxima are red shifted for 3c and 3d in comparison to

3a. As the nitro group is a stronger electron acceptor

than a cyano group, 3c has a longer emission wave-

length maximum. A bathocromic shift was also observed

for 3b, which has an N,N-dimethylamino moiety, a

strong electron donor group. The Stokes’ shift values

were calculated for all derivatives and the highest

Stokes’ shift values were obtained for 3c and 3d. For all

derivatives studied, the Stokes shift values are higher in

chloroform and dichloromethane, in comparison to the

values obtained in toluene. This result indicates that as

the solvents polarity decreases, the Stokes shift values

decrease as well.

HPTS was used as reference quantum yield standard

kex ¼ 400 nm, quantum yield ¼ 1, in acidic water for

3a; and kex ¼ 470 nm, quantum yield ¼ 1, in basic

water for 3c–d. Fluorescence quantum yields (UF) were

determined by the formula [21]:

U ¼ Ustd � ðFAstdg
2Þ=ðFAstdg

2
stdÞ

where F and Fstd are the areas under the fluorescence

emission curves of the samples and the standard, respec-

tively. A and Astd are the respective absorbance of the

samples and standard at the excitation wavelength,

respectively, and g and gstd the refractive indexes of

solvents used for the samples and standard, respectively.

3c and 3d in toluene exhibited the highest quantum

yield values of 0.7675 and 0.9323, respectively. This

can be explained by the charge transfer efficiency of the

molecules in the excited state. Electron accepting 4-nitro

and cyano substituents increase p-electron mobility

much more than the electron donating 4-dimethylamino

substituent at the same position resulting in high charge

separation properties of 3c and 3d. This can also be

attributed to the fact that, more polar solvents provide

Figure 1. The synthesis route and structural formulas of 3a–d.

Table 1

Absorption and fluorescence emission data for compounds 3a–d (k, nm and e, l mol�1 cm�1), stokes shifts, Dk (nm), singlet energy, Es

(kcal mol�1), and fluorescence quantum yield, U in solutions.

Compound Solvent kabmax emax kfmax Dk Es U

3a Chloroform 412 9600 484 72 69.2 0.2462

3b 462 18000 514 52 61.7 0.0025

3c 439 11600 565 126 64.9 0.0535

3d 432 34000 522 90 66.0 0.2274

3a Toluene 414 33000 438 24 68.8 0.3374

3b 467 14400 496 29 61.0 0.0056

3c 453 5000 508 55 62.9 0.7675

3d 436 9200 475 39 65.4 0.9323

3a Dichloromethane 393 36000 479 86 72.6 0.3710

3b 470 56000 520 50 60.7 0.0026

3c 430 22000 592 162 66.3 0.0300

3d 423 27000 523 100 65.5 0.1172

Figure 2. Absorption spectra of compounds 3a–3d measured in

dichloromethane (1 � 10�5 M).
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3c and 3d freedom to rotate and vibrate which serve as

the nonradiative transitions.

The photostabilities of 3a–d derivatives were recorded

with a steady-state spectrofluorimeter in dichlorome-

thane, chloroform, and toluene (Fig. 4). The data were

acquired at their maximum emission wavelengths after

exposure to xenon arc lamp for 1 h of monitoring. All

derivatives exhibited excellent photostability in three of

the solvents studied.

CONCLUSION

Four different carbazolyl–oxazolones derivatives were

synthesized for the first time. All derivatives displayed

emission maxima in the range of 438–592 nm and excel-

lent photostabilities. The highest quantum yield value was

determined for 3d in toluene, 0.9323, which is quite prom-

ising. Considering the absorption and fluorescence emis-

sion maxima, 3c and 3d are expected to be good probes for

biological applications. Our next goal is to investigate their

performance as ion sensors for biological applications.

EXPERIMENTAL

All solvents were of analytical grade and purchased from

Merck (Darmstadt, Germany), Fluka (Buchs, Switzerland), and
Riedel (Seelze, Germany). All melting points were measured
in sealed tubes using an electrothermal digital melting points
apparatus (Southend, UK) and are uncorrected. Infrared spectra
were recorded on a Perkin Elmer (Massachusetts, USA) FTIR

infrared spectrometer (spectrum BX-II). 1H NMR spectra were
obtained on a high resolution fourier transform Bruker WH-
400 NMR spectrometer (Coventry, UK) with tetramethylsilane
as an internal standard. Mass spectra were determined on the
electron impact mode by direct insertion at 70 eV with a

Micromass UK Platform II LC-MS spectrometer (Manchester,
UK). Combustion analysis of compounds was obtained on a
CHNS-932-LECO (St. Joseph, MI). Analytical and preparative
thin layer chromatographies (TLC) were carried out using

silica gel 60 F254 (Merck). Column chromatography was car-
ried out by using 70–230 mesh silica gel (0.063–0.2 mm,

Merck). UV/visible absorption spectra were recorded with
Schimadzu UV-1601 spectrophotometer (Tokyo, Japan). All
fluorescence measurements were undertaken by using Varian-
Carry Eclipse spectrofluorimeter (Mulgrave, Australia). 1-
hydroxypyrene-3,6,8-trisulfonate trisodium salt (HPTS) pur-

chased from Fluka was used as reference standard for fluores-
cence quantum yield calculations of 3a–d.

3-[N-(2-Hydroxycarbonylmethyl)-carboxamide]-4-methyl-

9H-carbazole (2). A solution of 1 (1.5 g, 5 mmol) and lithium
hydroxide monohydrate (0.21 g, 5 mmol) in 25 mL of ethanol

was stirred for 2 h. The solvent was removed under reduced
pressure and the residue was diluted with water and acidified
with concentrated hydrochloric acid. The solution was extracted
with ethyl acetate and the organic layer was dried over anhy-
drous magnesium sulphate. The solvent was evaporated under

reduced pressure and the resulting residue was recrystallized
from ether to afford 1.30 g (91%) of 2 as a white solid, mp
273�C; ir (potassium bromide): m 3403(NH), 3260 (NH), 2921
(CH), 1703 (ester C¼¼O), 1631 (amide C¼¼O) cm�1; 1H NMR

(d6-dimethyl sulfoxide): d 2.88 (s, 3H, CH3), 3.92 (d, 2H,
CONHCH2, J ¼ 6.0 Hz), 7.18 (d, 1H, J ¼ 8.0 Hz, ArH), 7.33
(d, 1H, J ¼ 8.4 Hz, ArH), 7.37–7.44 (m,1H, ArH) 7.50 (d, 1H,
J ¼ 8.4 Hz, ArH), 8.18 (d, 1H, J ¼ 8.4 Hz, ArH), 8.42 (t, 1H, J
¼ 6.0 Hz, CONHCH2), 11.40 (s, 1H, NH), 12.50 (bs,1H, OH);

ms (70 eV): m/z% 284 (7.7), 283 (65), 209 (13.1), 208 (100), 73
(26.7). Anal. Calcd. for C16H14N2O3: C, 65.11; H, 5.46; N,
10.85. Found: C, 65.03; H, 5.38; N, 10.91.

General methods for the synthesis of phenyl carbazole

oxazolones (3a–d). Aldehyde (6 mmol), 3-[N-(2-hydroxycar-
bonylmethyl)-carboxamide]-4-methyl-9H-carbazole (6 mmol),
acetic anhydride (2.49 mL, 12 mmol), and sodium acetate
(0.87 g, 6 mmol) was heated until the mixture just liquefied,
and then heating was continued for further 2 h. After comple-
tion of the reaction (determined by thin layer chromatography),

ethanol (25 mL) was added and mixture was kept at room
temperature for 18 h. The solid product thus obtained was
purified by washing with cold ethanol, hot water, and small
amount of hexane. The solid was recrystallized from hot etha-

nol to afford carbazolyl-oxazolone.
2-(4-Methyl-9H-carbazol-3-yl)-4-benzylidene-oxazol-5(4H)-

one (3a). mp: 152�C; ir (potassium bromide): m 3365 (NH),
1770 (AOAC¼¼O), 1644(AC¼¼NA), 1167(AOAC¼¼O) cm�1;
1H NMR (d6-dimethyl sulfoxide): d 3.39 (s, 3H, CH3), 7.19

(s, 1H, Ar-CH¼¼C), 7.24 (t, 1H, J ¼ 7.2 Hz, ArH), 7.43–7.56
(m, 6H, ArH), 8.00 (d, 1H, J ¼ 8.4 Hz, ArH), 8.24–8.29 (m,
3H, ArH), 11.8 (s, 1H, NH); ms (70 eV): m/z % 354 (26.9),

Figure 3. Emission and excitation spectra of 3c in dichloromethane.

Figure 4. The photostability test result of 3a–d in toluene after 1 h of

monitoring.
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353 (100), 314 (24.9), 286 (28.6), 284 (24.4), 258 (19.9), 256
(12), 230 (11.2), 208 (71.1), 73 (51.1). Anal. Calcd. for
C23H16N2O2: C, 78.39; H, 4.58; N, 7.95. Found: C, 78.23; H,
4.52; N, 8.04.

2-(4-Methyl-9H-carbazol-3-yl)-4-(4-(dimethylamino)benzyli-
dene)-oxazol-5(4H)-one (3b). mp 139�C; ir (potassium bro-
mide): m 3269 (NH), 1747 (AOC¼¼O), 1620 (AC¼¼NA), 1162
(AOAC¼¼O) cm�1; 1H NMR (d6-dimethyl sulfoxide): d 3.11
(s, 6H, N(CH3)2), 3.40 (s, 3H, CH3), 6.77 (d, 2H, J ¼ 8 Hz,
ArH), 7.13 (s, 1H, Ar-CH¼¼C), 7.24–7.52 (m, 6H, ArH), 8,14

(d, 2H, J ¼ 8 Hz, ArH), 11.9 (s, 1H, NH); ms (70 eV): m/z%
397 (16), 396 (100), 356 (8.0), 340 (7.1), 334 (4.9), 304
(11.5), 236 (18.5), 214 (75.7), 198 (69.1). Anal. Calcd. for
C25H21N3O2: C, 75.93; H, 5.35; N, 10.63. Found: C, 75.71; H,
5.41; N, 10.69.

2-(4-Methyl-9H-carbazol-3-yl)-4-(4-nitrobenzylidene)-oxazol-
5(4H)-one (3c). mp 143�C; ir (potassium bromide): m 3419
(NH), 1784 (AOC¼¼O), 1650 (AC¼¼NA), 1539 and 1508
(-NO2), 1171 (AOAC¼¼O) cm�1; 1H NMR (d6-dimethyl sulf-

oxide): d 3.34 (s, 3H, CH3), 7.25 (s, 1H, Ar-CH¼¼C), 7.45–
7.51 (m, 4H, ArH), 7.57 (d, 1H, J ¼ 8.0 Hz, ArH), 8.05 (d,
1H, J ¼ 8.8 Hz, ArH), 8.30 (d, 2H, J ¼ 8.8 Hz, ArH), 8.47
(d, 2H, J ¼ 8.4 Hz, ArH), 11.9 (s, 1H, NH); ms (70 eV):
m/z% 398 (4.8), 397 (30.1), 396 (100), 314 (14.5), 286 (16.7),

258 (19), 230 (77), 208 (7.5), 73 (36.7). Anal. Calcd. for
C23H15N3O4: C, 69.52; H, 3.80; N, 10.57. Found: C, 69.40; H,
3.73; N, 10.63.

2-(4-Methyl-9H-carbazol-3-yl)-4-(4-cyanobenzylidene)-oxazol-
5(4H)-one (3d). mp 138�C; ir (potassium bromide): m 3340

(NH), 2227 (CN), 1793(AOC¼¼O), 1644(AC¼¼NA), 1165
(AOAC¼¼O) cm�1; 1H NMR (d6-dimethyl sulfoxide): d 3.24
(s, 3H, CH3), 7.11 (s, 1H, ArACH¼¼C), 7.22 (t, 1H, J ¼ 7.6
Hz, ArH), 7.42 (d, 2H, J¼¼8.4 Hz, ArH), 7.52 (d, 1H, J ¼ 8.0
Hz, ArH), 7.84 (d, 2H, J ¼ 8.0 Hz, ArH), 7.96 (d, 1H, J ¼
8.4 Hz,ArH), 8.22 (d, 1H, J ¼ 8.0 Hz, ArH), 8.28(d, 2H, J ¼
8.4 Hz, ArH), 11.8 (s, 1H, NH); ms (70 eV): m/z% 378 (0.9),
377 (0.2), 360 (8.9), 315 (24), 314 (100), 286 (78.7), 258
(72.3), 230 (96), 73 (80.6). Anal. Calcd. for C24H15N3O2: C,

76.38; H, 4.01; N, 11.13. Found: C, 76.51; H, 4.06; N, 11.04.
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A facile synthesis of bis-b-lactams has been executed using chloromethylenedimethylammonium
chloride (Vilsmeier reagent), prepared easily from N,N-dimethylformamide and phosphorus oxychloride.

It works out as a versatile acid activator reagent for the direct [2 þ 2] ketene–imine cycloaddition of
substituted acetic acid and bis-imines in one-pot synthesis under mild conditions. Thus, this method has
been proved as a high yielding, efficient, and cheap protocol for bis-b-lactam synthesis.

J. Heterocyclic Chem., 47, 1454 (2010).

INTRODUCTION

The b-lactam skeleton is the key structural unit of the
most widely employed b-lactam antibiotics [1]. The

constant need for new drugs displaying broader antibac-

terial activity and the necessity for new b-lactam antibi-

otics to combat the microorganisms that have built up
resistance against the most traditional drugs [2] have

maintained the interest of organic chemists in b-lactams

for decades. In addition to its use in the synthesis of va-
riety of b-lactam antibiotics, the b-lactam skeleton has

been recognized as a useful building block by exploiting

its strain energy associated with four member ring [3].

Efforts have been made in exploring such new aspects
of b-lactam chemistry using pure b-lactams as versatile

intermediates for organic syntheses [4]. Ojima et al. [5]
have shown the utility of bis-b-lactams for the synthesis

of peptides. The synthesis of bis-b-lactams, in general,
has been reported by a step-wise construction of b-lac-
tam rings [6]. In continuation of our work on synthesis

of bis-b-lactams [7], we were interested in building bis-
b-lactams from bis-imines using the Staudinger cycload-

dition reaction.

Among the various methods available for the synthe-

sis of b-lactams, the Staudinger cycloaddition reaction

(ketene–imine cycloaddition reaction) is the most widely

used [8] mainly because of the simplicity in reaction

procedures. This method has been used for the synthesis

of a large number of monocyclic, bicyclic, tricyclic, and

spirocyclic b-lactams [9]. The ketenes are commonly

generated in situ from acyl halides in the presence of

tertiary amines [10]. In addition to the utilization of acyl

halides, a variety of other methods have been described

to activate carboxylic acids [11]. These methods are

conventionally useful when the acid halides are not

commercially available, difficult to prepare or when

they are unstable. Some acid activating agents include

1,1-carbonyldi-imidazole [12], triphosgene [13], ethyl

chloroformate [14], trifluoroacetic anhydride [15], p-tol-

uenesulfonyl chloride [16], phosphorus-derived reagents

[17], cyanuric chloride [18], the Mukaiyama reagent

[19], and acetic anhydride [20].

Herein this communication, we report the synthesis of

bis-b-lactams using Vilsmeier reagent. Chloromethylene-

dimethylammonium chloride (Vilsmeier reagent) has

been known as a formylating agent [21]. It has also

emerged as an efficient synthetic auxiliary for the syn-

thesis of some important class of organic compounds.

This white solid is easily synthesized by reaction of

N,N-dimethylformamide (DMF) and chlorinating agents

such as POCl3 or SOCl2 [22]. But in our methodology,

we have generated this reagent in situ using DMF and

POCl3 in dichloromethane as reported [23]. This reagent

was reported for the synthesis of monobactams by Jar-

rahpour and Zarei [24]. We have extended its applicabil-

ity in the synthesis of bis b-lactams by generating it

in situ. In this article, we wish to describe the versatility

and utility of the Vilsmeier reagent for the activation of

carboxylic acids in bis-b-lactam synthesis under simple

VC 2010 HeteroCorporation
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and mild conditions. It has proved to be a high yielding

protocol for the synthesis.

RESULTS AND DISCUSSION

We selected toluene-2,4-diamine for the preparation

of various bis-imines from different aldehydes and this

imine were used for the construction of bis-b-lactams.

The bis-imines 3a–h were prepared by refluxing tolu-

ene-2,4-diamine with 2 mol equivalent of aldehydes

(benzaldehyde, 2-hydroxybenzaldehyde, 4-hydroxyben-

zaldehyde, 2-nitrobenzaldehyde, 3-nitrobenzaldehyde,

4-methoxybenzaldehyde, 2-chlorobenzaldehyde, 4-chlor-

obenzaldehyde, and 4-methoxy-benzaldehyde in ethanol

for about 1 to 1.5 h as shown in Scheme 1 according to

known method [23]. Crude bis-imines were recrystal-

lized with hot methanol.

Chloromethylenedimethylammonium chloride 4 was

prepared from DMF and phosphorus oxychloride in

dry CH2Cl2. We have successfully employed the Vils-

meier reagent for the one-step cycloaddition reaction of

various imines 3a–h and substituted phenoxyacetic acid

to obtain bis-b-lactams 5a–h (Scheme 2). Solution

of Chloromethylenedimethylammonium chloride 4 was

added to a solution of mixture of acid, imines, and trie-

thylamine in CH2Cl2 between 0 and �5�C, and the reac-

tion mixture was stirred at room temperature for 10 h.

The usual work-up and then crystallization from hot

methanol gave pure bis-b-lactams 5a–h in high yields.

We found that this method was very efficient, simple,

and clean. The DMF and triethylammonium salt are two

by-products, which were removed by simple aqueous

work-up. In all cases the cycloaddition afforded only

cis, cis bis-b-lactams 5a–h.

The cis steriochemistry for bis-b-lactam 5a–h was

assigned on the basis of 1H NMR spectral analysis. The
1H NMR spectra showed two doublets between 5.24 and

5.56 ppm for cis-b-lactam ring protons (J ¼ 4.6 to 4.8

Hz for cis b-lactam protons). The absence of ACH¼¼N

protons in 5a–h show the azetidinone ring formation.

The IR spectra of the bis-imines 3a–h were compared

with those of the bis-b-lactams to draw conclusion on

cycloaddition. There were some guide peaks in the spec-

trum of the bis-imines and bis-lactams, which were

helpful in achieving this goal. The position and the

intensities of these peaks are expected to change

upon cycloaddition. In the spectrum of bis-imines, the

characteristic absorption around 1618–1650 cm�1 can

be assigned to (AC¼¼N) azomethine linkage, which

Scheme 1. Synthesis of bis-imines 2a–h.

Scheme 2. General synthesis of bis-b-lactam products 5a–h.
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disappears in the spectrum of the bis-b-lactams confirm-

ing the cycloaddition. In the spectrum of bis-lactams,

the characteristic absorption around 1750–1700 cm�1

can be assigned to (AC¼¼O) linkage. The mass spectra

of these compounds displayed a molecular ion peak at

their respective m/z values, which are corresponding

well with the respective molecular mass. All the com-

pounds have given the satisfactory elemental analysis.

We believe that mono-b-lactam is initially formed by

the reaction of the most stable bis-imine (I approach)

with ketene. The approach of the ketene in the Stau-

dinger cycloaddition reaction is such that the steric

interaction between the aryl group of the imine and phe-

noxy group of the ketene is minimum in the transition

state (Scheme 3) resulting in the formation of cis-b-lac-
tam. However, the formation of trans-b-lactam is unfav-

orable due to severe steric interaction between the aryl

group of imine and phenoxy group of ketene in the tran-

sition state. The mono b-lactam further undergoes cyclo-

addition reaction with the second molecule of ketene to

give bis-b-lactam (Scheme 3). The approach of the sec-

ond ketene towards the imine is from the opposite site

of the preformed azetidinone ring to give bis-b-lactam
5a. In this approach, the ketenes are generated directly

from the carboxylic acid using Vilsmeier reagent instead

of acid chloride. Thus, the Staudinger reaction of imines

with carboxylic acids using Vilsmeier reagent 4 as an

activator proceeded smoothly under milder reaction con-

ditions. As acid chlorides are usually unstable, this

approach is quite practical as starting carboxylic acid

can be easily handled and stored as compared to

respected acid chloride.

EXPERIMENTAL

The solvents and reagents used in the synthetic work were of
analytical grade obtained from Qualigens India and were purified
by distillation or crystallization, where necessary and their boil-

ing or melting points were compared with the available literature
values. Melting points were determined in open capillaries and
are uncorrected. 1H NMR spectra were recorded on a Perkin
Elmer FT NMR Cryo-magnet Spectrometer 400 MHz (Bruker)
instrument using tetramethylsilane (TMS) as an internal standard

and DMSO-d6 as a solvent. Chemical shifts are given in parts
per million (ppm). Infrared spectra were recorded on Schimadzu-
IR Prestige 21. Mass spectra were recorded on a Waters Micro-
mass Q-T of Micro spectrometer. The reactions were monitored,
and the purity of products was checked out on pre-coated TLC

plates (Silica gel 60 F254, Merck), visualizing the spots under
ultraviolet light and iodine chamber.

General procedure for the preparation of bis-imines 3a–

h. A mixture of freshly distilled benzaldehyde (2.78 g, 26.3
mmol) and toluene-2,4-diamine (2.20 g, 17.5 mmol) in ethanol
(30 mL) was refluxed for 1–1.5 h. The completion of the reac-
tion was monitored by thin layer chromatography. After disap-
pearance of the starting materials, the reaction mixture was
allowed to attain the room temperature during which solid pre-
cipitated out. It was filtered out and recrystallized from hot
methanol to afford 3a as yellow crystalline solid. Following
this procedure, bis-imines 3b–h were prepared in excellent
yield. All the bis-imines are well known in the refs. 25–27 and
identified by comparison of their physical and spectral data.

A typical procedure for the preparation of bis-b-lactams

5a–h. In a 100 mL Round Bottom Flask, (1.0 g, 3.35 mmol)

bis-imine 3a was charged followed by (10 mL) dichlorome-
thane. To it (1.48 g, 6.70 mmol), 2,4-dichlorophenoxyacetic
acid followed by (1.35 g, 13.40 mmol) triethylamine was
charged. It was chilled to �5�C. To a separate 50 mL Round

Bottom Flask, (1.2 g, 8.04 mmol), POCl3 in (10 mL) dichloro-
methane was charged. The solution was cooled to 10�C and a

Scheme 3. Approaches in the formation of cis, cis bis-b-lactam.
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solution of DMF (0.50 g, 6.7 mmol) in 5 mL dichloromethane
was added over 10 min maintaining the temperature between
10 and 15�C. When the addition was complete, the mixture
was allowed to stir at room temperature for 30 min. This Vils-
meier solution was then added gradually to the above prepared

bis-imine solution over 15 min, maintaining the temperature
between 0 and �5�C. After the addition was complete, the
reaction mixture was allowed to warm up to room temperature
and stirred for 10 h. The reaction mixture was then washed
with water (2 � 20 mL), saturated sodium bicarbonate solution

(20 mL) and saturated brine solution (20 mL). The organic
layer was then dried over anhydrous Na2SO4 and concentrated
to give the crude bis-b-lactams. It was recrystallized from hot
methanol to give pure bis-b-lactams. Following this procedure
other b-lactams 5b–h were prepared.

3-(2,4-Dichlorophenoxy)-1-(3-(3-(2,4-dichlorophenoxy)-2-
oxo-4-phenylazetidin-1-yl)-4-methyl phenyl)-4-phenylazeti-
din-2-one 5(a). This compound was obtained as white solid,
81%, m.p. 193–194�C, IR (KBr): 3120, 2965, 2970, 1755,

1365 cm�1. 1H NMR (DMSO-d6): 2.34 (s, 3H, ACH3), 6.80–
7.62 (m, 19H, Ar), 5.25 (d, 1H, J ¼ 4.7 Hz), 5.51 (d, 1H, J ¼
4.7 Hz), 5.26 (d, 1H, J ¼ 4.6 Hz), 5.56 (d, 1H, J ¼ 4.6 Hz).
MS: m/z: 704 (Mþ, 100%), 702 (71%), 706 (52%). Anal. Calc.
for C37H26Cl4N2O4: C, 63.09; H, 3.72; Cl, 20.13; N, 3.98; O,

9.09. Found: C, 63.12; H, 3.75; Cl, 20.10; N, 3.96; O, 9.12.
3-(2,4-Dichlorophenoxy)-1-(3-(3-(2,4-dichlorophenoxy)-2-oxo-

4-(2-hydroxyphenyl)azetidin-1-yl)-4-methyl phenyl)-4-(2-hydrox-
yphenyl)azetidin-2-one 5(b). This compound was obtained as
light yellow solid, 79%, m.p. 201–203�C, IR (KBr): 3300,

3122, 2960, 2965, 1760, 1368 cm�1. 1H NMR (DMSO-d6):
2.33 (s, 3H, ACH3), 5.25 (d, 1H, J ¼ 4.7 Hz), 5.51 (d, 1H, J
¼ 4.7 Hz), 5.26 (d, 1H, J ¼ 4.6 Hz), 5.56 (d, 1H, J ¼ 4.6
Hz), 6.85–7.72 (m, 17H, Ar), 12.10–12.20 (s, 2H, AOH). MS:
m/z: 736 (Mþ, 100), 737 (68%), 738 (30%). Anal. Calc. for

C37H26Cl4N2O6: C, 60.35; H, 3.56; Cl, 19.26; N, 3.80; O,
13.0. Found: C, 60.38; H, 3.53; Cl, 19.29; N, 3.83; O, 13.10.

3-(2,4-Dichlorophenoxy)-1-(3-(3-(2,4-dichlorophenoxy)-2-oxo-
4-(4-hydroxyphenyl)azetidin-1-yl)-4-methyl phenyl)-4-(4-hydrox-
yphenyl)azetidin-2-one 5(c). This compound was obtained as
light yellow solid, 82%, m.p. 185–186�C, IR (KBr): 3300,
3120, 2962, 2964, 1758, 1366 cm�1. 1H NMR (DMSO-d6):
2.33 (s, 3H, ACH3), 5.24 (d, 1H, J ¼ 4.7 Hz), 5.54 (d, 1H, J
¼ 4.7 Hz), 5.26 (d, 1H, J ¼ 4.6 Hz), 5.60 (d, 1H, J ¼ 4.6

Hz), 6.83–7.74 (m, 17H, Ar), 12.12 (s, 1H, AOH). MS: m/z:
736 (Mþ, 100), 737 (73%), 738 (42%). Anal. Calc. for
C37H26Cl4N2O6: C, 60.35; H, 3.56; Cl, 19.26; N, 3.80; O,
13.0. Found: C, 60.38; H, 3.53; Cl, 19.29; N, 3.83; O, 13.10.

3-(2,4-Dichlorophenoxy)-1-(3-(3-(2,4-dichlorophenoxy)-2-
oxo-4-(2-nitrophenyl)azetidin-1-yl)-4-methyl phenyl)-4-(2-
nitrophenyl)azetidin-2-one 5(d). This compound was obtained

as yellow solid, 75%, m.p. 190–191�C, IR (KBr): 3122, 2975,

2970, 1756, 1366 cm�1. 1H NMR (DMSO-d6): 2.12 (s, 3H,

ACH3), 6.79–8.03 (m, 17H, Ar), 5.26 (d, 1H, J ¼ 4.7 Hz), 5.51 (d,

1H, J ¼ 4.7 Hz), 5.26 (d, 1H, J ¼ 4.6 Hz), 5.55 (d, 1H, J ¼ 4.6

Hz). MS: m/z: 794 (Mþ, 100%), 795 (62%), 796 (26%). Anal.

Calc. for C37H24Cl4N4O8: C, 55.94; H, 3.05; Cl, 17.85; N, 7.05; O,

16.11. Found: C, 55.92; H, 3.10; Cl, 17.83; N, 7.08; O, 16.13.

3-(2,4-Dichlorophenoxy)-1-(3-(3-(2,4-dichlorophenoxy)-2-oxo-
4-(3-nitrophenyl)azetidin-1-yl)-4-methyl phenyl)-4-(3-nitrophe-
nyl)azetidin-2-one 5(e). This compound was obtained as yellow
solid, 72%, m.p. 214–215�C, IR (KBr): 3118, 2971, 2969,

1765, 1365 cm�1. 1H NMR (DMSO-d6): 2.13 (s, 3H, ACH3),
6.75–8.10 (m, 17H, Ar), 5.26 (d, 1H, J ¼ 4.7 Hz), 5.51 (d,
1H, J ¼ 4.7 Hz), 5.26 (d, 1H, J ¼ 4.6 Hz), 5.55 (d, 1H, J ¼
4.6 Hz). MS: m/z: 794 (Mþ, 100%), 795 (65%), 796 (32%).
Anal. Calc. for C37H24Cl4N4O8: C, 55.94; H, 3.05; Cl, 17.85;

N, 7.05; O, 16.11. Found: C, 55.90; H, 3.11; Cl, 17.83; N,
7.09; O, 16.16.

3-(2,4-Dichlorophenoxy)-1-(3-(3-(2,4-dichlorophenoxy)-2-oxo-
4-(4-methoxyphenyl)azetidin-1-yl)-4-methyl phenyl)-4-(4-
methoxyphenyl)azetidin-2-one 5(f). This compound was

obtained as brown solid, 69%, m.p. 206–208�C, IR (KBr):
3120, 2965, 2970, 1755, 1365, 1040 cm�1. 1H NMR (DMSO-
d6): 2.25 (s, 3H, ACH3), 3.85 (s, 3H, AOCH3), 6.93–7.60 (m,
17H, Ar), 5.45 (d, 1H, J ¼ 4.7), 5.50 (d, 1H, J ¼ 4.7 Hz),
5.28 (d, 1H, J ¼ 4.6 Hz), 5.66 (d, 1H, J ¼ 4.6 Hz). MS: m/z:
764 (Mþ, 100%), 765 (61%), 766 (23%). Anal. Calc. for
C39H30Cl4N2O6: C, 61.27; H, 3.96; Cl, 18.55; N, 3.66; O,
12.56. Found: C, 61.25; H, 3.86; Cl, 18.40; N, 3.90; O, 12.60.

3-(2,4-Dichlorophenoxy)-1-(3-(3-(2,4-dichlorophenoxy)-2-oxo-
4-(2-chlorophenyl)azetidin-1-yl)-4-methyl phenyl)-4-(2-chloro-
phenyl)azetidin-2-one 5(g). This compound was obtained as
white solid, 71%, m.p. 189–190�C, IR (KBr): 3122, 2965,
2970, 1765 cm�1. 1H NMR (DMSO-d6): 2.20 (s, 3H, ACH3),
6.78–7.60 (m, 17H, Ar), 5.25 (d, 1H, J ¼ 4.7), 5.50 (d, 1H, J
¼ 4.7 Hz), 5.27 (d, 1H, J ¼ 4.6 Hz), 5.56 (d, 1H, J ¼ 4.6
Hz). MS: m/z: 773 (Mþ, 100%), 774 (73%), 776 (30%). Anal.
Calc. for C37H24Cl6N2O4: C, 57.43; H, 3.13; Cl, 27.51; N,
3.52; O, 28.09. Found: C, 57.45; H, 3.15; Cl, 27.52; N, 3.50;
O, 28.10.

3-(2,4-Dichlorophenoxy)-1-(3-(3-(2,4-dichlorophenoxy)-2-oxo-
4-(4-chlorophenyl)azetidin-1-yl)-4-methyl phenyl)-4-(4-chloro-
phenyl)azetidin-2-one 5(h). This compound was obtained as
white solid, 76%, m.p. 211–212�C, IR (KBr): 3130, 2971, 2975,
1768 cm�1. 1H NMR (DMSO-d6): 2.22 (s, 3H, ACH3), 6.78–

8.10 (m, 17H, Ar), 5.24 (d, 1H, J ¼ 4.7 Hz), 5.54 (d, 1H, J ¼
4.7 Hz), 5.30 (d, 1H, J ¼ 4.6 Hz), 5.58 (d, 1H, J ¼ 4.6 Hz).
MS: m/z: 773 (Mþ, 100%), 774 (76%), 776 (34%). Anal. Calc.
for C37H24Cl6N2O4: C, 57.43; H, 3.13; Cl, 27.51; N, 3.52; O,

28.09. Found: C, 57.50; H, 3.21; Cl, 27.55; N, 3.61; O, 28.15.
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