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ABSTRACT: 2-Acetylbenzothiazole (1) reacts with
dimethylformamide dimethylacetal (DMF-DMA) to af-
ford the enaminone 2. Compound 2 reacts regioselec-
tively with some nitrilimines 5a–d and nitrile oxides
6b–d to afford the novel pyrazole and isoxazole deriv-
atives 11a–d and 12b–d, respectively, which react with
hydrazine hydrate to give the new pyrazolo[3,4-
d]pyridazine and isoxazolo[3,4-d]pyridazine deriva-
tives 13a–d and 14b–d, respectively. The enaminone 2
reacts with 1H-benzimidazole-2-acetonitrile (17) to af-
ford the pyrido[1,2-a]benzimidazole derivatives 19.
Compound 2 reacts also with 5-amino-3-phenylpyra-
zole (20) and with guanidine to afford the new pyra-
zolo[1,5-a]pyrimidine and the 2-aminopyrimidine de-
rivatives 22 and 24, respectively. q 1999 John Wiley
& Sons, Inc. Heteroatom Chem 10: 417–422, 1999

INTRODUCTION

Enaminone derivatives are highly reactive interme-
diates and are extensively used for the synthesis of
heterocyclic compounds [1–3]. On the other hand, a
great deal of interest has been focused on the syn-
thesis of functionalized benzothiazole derivatives
because of their synthetic and biological potentiali-
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ties [4–6]. In continuation of our interest in the syn-
thesis of a wide variety of heterocycles containing a
benzothiazole moiety for biological screening [7], we
report here on the synthesis of 1-(benzothiazol-2-yl)-
3-(N,N-dimethylamino)-2-propen-1-one (2) and the
regioselectivity in the 1,3-dipolar cycloaddition re-
actions of the latter compound with some nitrili-
mines 5a–d and nitrile oxides 6b–d. The behavior of
compound 2 toward some nitrogen nucleophiles is
also investigated.

Thus, treatment of 2-acetylbenzothiazole (1)
with dimethylformamide dimethylacetal (DMF-
DMA) in dry xylene under reflux afforded a bright
red crystalline product that was identified as (E)-
1-(benzothiazol-2-yl)-3-(N,N-dimethylamino)-2-pro-
pen-1-one (2) in high yield. The structure of the latter
product was established on the basis of its elemental
analysis and spectral data. For example, its 1H NMR
spectrum displayed a singlet at d 3.05 due to N,N-
dimethyl protons and two doublets at d 6.22 and 8.06
(J 4 12.2 Hz) due to olefinic protons, in addition to
an aromatic multiplet in the region d 7.33–7.92. The
value of the coupling constant (J 4 12.2 Hz) for the
ethylenic protons indicates that the enaminone 2 ex-
ists all in the E-configuration.

1,3-Dipolar cycloaddition of nitrilimines and ni-
trile oxides with alkenes is well documented [8,9]. In
this work, we studied the regioselectivity in 1,3-di-
polar cycloaddition of some nitrilimines 5a–d and
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SCHEME 1

nitrile oxides 6b–d with the enaminone 2. Thus, re-
action of the enaminone 2 with the nitrilimine 5a
(generated in situ by the action of triethylamine on
the hydrazonoyl chloride 3a) in dry benzene at room
temperature afforded a single product (as examined
by TLC and 1H NMR spectroscopy) for which the two
regioisomeric cycloadducts 9a and 15a seemed pos-
sible (Scheme 1). However, the regioisomer 9a was
assigned for the reaction product on the basis of its
1H NMR spectrum and its chemical transformation
outlined in Scheme 1. The 1H NMR spectrum of the
isolated product revealed two singlets at d 2.73 and
9.03 due to acetyl-CH3 and pyrazole-5-CH protons,
respectively, in addition to an aromatic multiplet in
the region d 7.14–8.19. A further confirmation of the

structure of compound 9a comes from its reaction
with hydrazine hydrate to afford a high yield of a
yellow-colored product, which was identified as 4-
(benzothiazol-2-yl)-7-methyl-2-phenylpyrazolo[3,4-
d]pyridazine (11a) (Scheme 1). The formation of the
5-unsubstituted pyrazole 9a is assumed to take place
via a regioselective 1,3-cycloaddition of the nitrili-
mine intermediate 5a to the enaminone 2 to form
the nonisolable intermediate 7a, followed by elimi-
nation of dimethylamine under the reaction condi-
tions. The IR spectrum of compound 9a showed two
carbonyl absorption bands at 1710 and 1641 cm11,
which disappeared in the IR spectrum of the product
11a.

Prompted by these results and in order to gen-
eralize this reaction, the enaminone 2 was allowed
to react with the nitrilimines 5b–d under the same
experimental conditions, where it afforded similarly
the corresponding pyrazole derivatives 9b–d. The
latter products underwent cyclocondensation upon
treatment with hydrazine hydrate in refluxing etha-
nol to give the pyrazolo[3,4-d]pyridazine derivatives
11b–d (Scheme 1). The structure of the products 9b–
d and 11b–d was established on the basis of their
elemental analyses and spectral data (see Experi-
mental section).

Alternatively, compound 2 reacts with nitrile ox-
ide 6b (generated in situ by the action of triethyl-
amine on the hydroximoyl chloride 4b) in dry ben-
zene at room temperature to afford a single product
for which the cycloadduct 10b or 16b can be for-
mulated. However, the appearance of a singlet signal
at d 10.04 in the 1H NMR spectrum of the reaction
product is attributed to the isoxazole-5-CH proton,
as in structure 10b, rather than the isoxazole-4-CH
proton in structure 16b. Moreover, product 10b
underwent cyclocondensation with hydrazine hy-
drate in refluxing ethanol to give a product identified
as 7-phenyl-4-(benzothiazol-2-yl)isoxazolo[3,4-d]-
pyridazine (12b). This result provided additional evi-
dence for the regioisomeric cycloadduct 10b and
ruled out the other possible regioisomer 16b.

In the same manner, the enaminone 2 reacts re-
gioselectively with the nitrile oxides 5c,d under the
same experimental conditions to afford the isoxa-
zoles 10c,d, respectively. The latter products under-
went cyclocondensation upon reaction with hydra-
zine hydrate in refluxing ethanol to afford the
isoxazolo[3,4-d]pyridazine derivatives 12c,d
(Scheme 1). The structure of these products was es-
tablished on the basis of their elemental analyses
and spectral data (see Experimental section).

Next, the behavior of the enaminone 2 toward
some nitrogen nucleophiles was also explored. Thus,
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SCHEME 2

heating equimolar amounts of compound 2 and 1H-
2-benzimidazoleacetonitrile (17) in ethanol in the
presence of a catalytic amount of piperidine resulted
in the formation of a single product (as examined by
TLC). The structure of the isolated product was iden-
tified as 3-(benzothiazol-2-yl)pyrido[1,2-a]benzi-
midazole-4-carbonitrile (19) on the basis of its spec-
tral data and elemental analysis. For example, the IR
spectrum of compound 19 revealed a nitrile absorp-
tion band at 2191 cm11, whereas its 1H NMR spec-
trum displayed only an aromatic multiplet in the re-
gion d 6.96–8.40.

On the other hand, compound 2 reacted with 5-
amino-3-phenylpyrazole (20) under the same reac-
tion conditions and gave only one isolable product,
which was identified as 7-(benzothiazol-2-yl)-2-
phenylpyrazolo[1,5-a]pyrimidine (22) (Scheme 2).
The spectral data of the isolated product 22 were in
complete agreement with the assigned structure. For
example, the IR spectrum of the reaction product
revealed no bands due to amino or carbonyl func-
tions. Moreover, its 1H NMR spectrum revealed an
aromatic multiplet in the region d 7.13–8.22, in ad-
dition to a singlet signal at d 8.57, which is due to the
5-CH proton in structure 22. Although the endo-
cyclic nitrogen in compound 20 is the most nucleo-
philic site [10,11], it is a sterically hindered site. For-
mation of compound 22 is therefore assumed to take
place via the addition of the exocyclic amino group
in 20 to the activated double bond in 2 to give the

acyclic nonisolable intermediate 21, which under-
goes cyclization and aromatization via the loss of di-
methylamine and water molecules to afford the final
isolable product 22 as depicted in Scheme 2.

Enaminone 2 also reacted with guanidine nitrate
in refluxing ethanol in the presence of anhydrous po-
tassium carbonate and afforded a high yield of a col-
orless product to which the 2-amino-4-(benzothia-
zol-2-yl)pyrimidine structure 24 is assigned based on
its elemental analysis and spectral data. The IR spec-
trum of 24 showed two absorption bands at 3467 and
3120 cm11 due to the amino group. A plausible
mechanism for the formation of compound 24 is
outlined in Scheme 2 and compound 24 is assumed
to be formed via an initial Michael-type addition of
an amino group of guanidine to the activated double
bond in 2 followed by elimination of dimethylamine
and water molecules from the intermediate 23.

EXPERIMENTAL

Melting points were measured on a Gallenkamp
electrothermal melting point apparatus and are un-
corrected. IR spectra were recorded as KBr pellets
on a Pye-Unicam SP 3-300 spectrophotometer. 1H
NMR spectra were recorded in deuterated chloro-
form or dimethylsulfoxide at 200 MHz on a Varian
Gemini NMR spectrometer using tetramethylsilane
as an internal reference, and results are expressed as
d values. Mass spectra were performed on a Shi-
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madzu GCMS-QP 1000 Ex mass spectrometer at 70
eV. Elemental analyses were carried out at the Mi-
croanalytical Center of Cairo University.

Hydrazonoyl halides 3a [12], 3b [13], 3c [14],
and 3d [15], hydroximoyl chlorides 4b [16], 4c [17],
and 4d [18], 2-acetylbenzothiazole (1) [19], 1H-2-
benzimidazoleacetonitrile (17) [20], and 5-amino-3-
phenylpyrazole (20) [21] were prepared according to
procedures in the literature.

1-(Benzothiazol-2-yl )-3-(N,N-dimethylamino)-2-
propen-1-one (2)

A mixture of 2-acetylbenzothiazole (1) (3.54 g,
20 mmol) and DMF-DMA (2.66 mL, 20 mmol) in dry
xylene (20 mL) was refluxed for 8 hours, then left to
cool to room temperature. The reddish-brown pre-
cipitated product was filtered off, washed with pe-
troleum ether, and dried. Recrystallization from ben-
zene afforded the enaminone 2 in 91% yield (4.0 g),
m.p. 159–1608C; IR (KBr) mmax/cm11 1637 (conju-
gated C4O), 1558 (C4C); 1H NMR (CDCl3) d 3.05 (s,
6H), 6.22 (d, 1H, J 4 12.2 Hz), 7.33–7.92 (m, 4H),
8.06 (d, 1H, J 4 12.2 Hz); MS, m/z 232 (M`); Found:
C, 62.16; H, 5.10; N, 11.98; S, 13.77%. C12H12N2OS
requires C, 62.05; H, 5.21; N, 12.06; S, 13.80%.

3-Aroyl-4-(benzothiazol-2-yl )carbonyl-1-
phenylpyrazoles 9a–d and 3-Aroyl-4-
(benzothiazol-2-yl )carbonyl isoxazoles 10b–d

General Procedure. To a stirred solution of the
appropriate hydrazonoyl halide 3a–d or hydroxi-
moyl chloride 4b–d (2 mmol) and the enaminone 2
(0.464 g, 2 mmol) in dry benzene (20 mL) was added
triethylamine (0.2 mL) portionwise over a period of
30 minutes, and the mixture was stirred at room
temperature for 24 hours. The precipitated triethyl-
amine hydrochloride was filtered off, and the filtrate
was evaporated under reduced pressure. The residue
was triturated with ethanol. The solid product, so
formed in each case, was collected by filtration,
washed with water, and dried. Recrystallization from
ethanol afforded the corresponding pyrazole or isox-
azole derivatives 9a–d and 10b–d, respectively.

Compound 9a. Yield (69%); m.p. 146–1488C;
IR (KBr) mmax/cm11 1710, 1641 (two C4O), 1596
(C4N); 1H NMR (CDCl3) d 2.72 (s, 3H, CH3CO), 7.41–
8.19 (m, 9H, ArH’s), 9.03 (s, 1H, pyrazole-5-CH); MS,
m/z 348 (M` ` 1), 347 (M`); Found: C, 65.76; H,
3.65; N, 11.98; S, 9.30%. C19H13N3O2S requires C,
65.70; H, 3.77; N, 12.10; S, 9.23%.

Compound 9b. Yield (76%); m.p. 161–1638C;
IR (KBr) mmax/cm11 1676, 1637 (two C4O), 1596

(C4N); 1H NMR (CDCl3) d 7.4–8.06 (m, 14H, ArH’s),
9.12 (s, 1H, pyrazole-5-CH); Found: C, 70.34; H, 3.61;
N, 10.20; S, 7.93%. C24H15N3O2S requires C, 70.46; H,
3.69; N, 10.26; S, 7.83%.

Compound 9c. Yield (75%); m.p. 135–1378C;
IR (KBr) mmax/cm11 1647 (br, two overlapped C4O),
1596 (C4N); 1H NMR (CDCl3) d 7.16–8.07 (m, 12H,
ArH’s), 9.24 (s, 1H, pyrazole-5-CH); MS, m/z 416 (M`

` 1), 415 (M`); Found:C, 63.64; H, 3.05; N, 10.16; S,
15.40%. C22H13N3O2S2 requires C, 63.60; H, 3.15; N,
10.12; S, 15.43%.

Compound 9d. Yield (81%); m.p. 235–2378C;
IR (KBr) mmax/cm11 1689, 1635 (two C4O), 1596
(C4N); 1H NMR (CDCl3) d 7.32–8.13 (m, 13H, ArH’s),
9.18 (s, 1H, pyrazole-5-CH); Found: C, 64.29; H, 3.05;
N, 11.86; S, 13.81%. C25H14N4O2S2 requires C, 64.37;
H, 3.02; N, 12.01; S, 13.74%.

Compound 10b. Yield (75%); m.p. 140–1418C;
IR (KBr) mmax/cm11 1681, 1658 (two C4O), 1596
(C4N); 1H NMR (CDCl3) d 7.48–8.08 (m, 9H, ArH’s),
10.04 (s, 1H, isoxazole-5-CH); Found: C, 64.68; H,
2.85; N, 8.42; S, 9.60%. C18H10N2O3S requires C,
64.67; H, 3.01; N, 8.38; S, 9.59%.

Compound 10c. Yield (86%); m.p. 110–1128C;
IR (KBr) mmax/cm11 1673, 1651 (two C4O), 1594
(C4N); 1H NMR (CDCl3) d 7.17–8.09 (m, 7H, ArH’s),
9.96 (s, 1H, isoxazole-5-CH); Found: C, 56.58; H,
2.31; N, 8.35; S, 18.79%. C16H8N2O3S2 requires C,
56.47; H, 2.37; N, 8.23; S, 18.84%.

Compound 10d. Yield (85%); m.p. 218–2208C;
IR (KBr) mmax/cm11 1687, 1656 (two C4O), 1592
(C4N); 1H NMR (CDCl3) d 7.51–8.20 (m, 8H, ArH’s),
10.02 (s, 1H, isoxazole-5-CH); MS, m/z 392 (M` `
1), 391 (M`); Found: C, 58.36; H, 2.24; N, 10.66; S,
16.38%. C19H9N3O3S2 requires C, 58.31; H, 2.32; N,
10.74; S, 16.38%.

Reactions of 9a–d and 10b–d with Hydrazine
Hydrate

General Procedure. A mixture of the appropri-
ate pyrazole 9a–d or isoxazole 10b–d (1 mmol) and
hydrazine hydrate (80%, 0.2 mL) in absolute ethanol
(20 mL) was refluxed for 1 hour then left to cool to
room temperature. The orange-yellow precipitated
product was filtered off, washed with ethanol, and
dried. Recrystallization from dimethylformamide
(DMF) afforded the pyrazolo[3,4-d]pyridazine and
the isoxazolo[3,4-d]pyridazine derivatives 11a–d and
12b–d, respectively.
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Compound 11a. Yield (89%); m.p. 250–2528C;
IR (KBr) mmax/cm11 1590 (C4N); 1H NMR (CDCl3) d
3.05 (s, 3H, CH3), 7.45–8.16 (m, 9H, ArH’s), 9.37 (s,
1H, 3-CH); Found: C, 66.52; H, 3.71; N, 20.55; S,
9.34%. C19H13N5S requires C, 66.46; H, 3.81; N, 20.39;
S, 9.34%.

Compound 11b. Yield (96%); m.p. 255–2578C;
IR (KBr) mmax/cm11 1590, (C4N); 1H NMR (DMSO-
d6) d 7.46–8.15 (m, 14H, ArH’s), 9.21 (s, 1H, 3-CH);
MS, m/z 406 (M` ` 1), 405 (M`); Found: C, 71.18;
H, 3.38; N, 17.39; S, 7.91%. C24H15N5S requires C,
71.10; H, 3.73; N, 17.27; S, 7.90%.

Compound 11c. Yield (87%); m.p. 296–2988C;
IR (KBr) mmax/cm11 1587, (C4N); 1H NMR, insoluble
in the common solvents; MS, m/z 412 (M` ` 1), 411
(M`); Found: C, 64.11; H, 3.14; N, 16.96; S, 15.60%.
C22H13N5S2 requires C, 64.23; H, 3.18; N, 17.02; S,
15.57%.

Compound 11d. Yield (92%); m.p. .3008C; IR
(KBr) mmax/cm11 1587 (C4N); 1H NMR, insoluble in
the common solvents; MS, m/z 463 (M` ` 1), 462
(M`); Found: C, 64.78; H, 3.11; N, 18.19; S, 13.83%.
C25H14N6S2 requires C, 64.91; H, 3.05; N, 18.17; S,
13.86%.

Compound 12b. Yield (89%); m.p. 266–268 8C;
IR (KBr) mmax/cm11 1608 (C4N); 1H NMR (DMSO-
d6) d 7.46–8.12 (m, 9H, ArH’s), 10.13 (s, 1H, 3-CH);
MS, m/z 332 (M` ` 2), 331 (M` ` 1), 330 (M`);
Found: C, 65.32; H, 3.10; N, 16.94; S, 9.71%.
C18H10N4OS requires C, 65.45; H, 3.05; N, 16.96; S,
9.70%.

Compound 12c. Yield (87%); m.p. 256–2588C;
IR (KBr) mmax/cm11 1589 (C4N); 1H NMR (DMSO-
d6) d 7.23–8.06 (m, 7H, ArH’s), 10.03 (s, 1H, 3-CH);
MS, m/z 338 (M` ` 2), 337 (M` ` 1), 336 (M`);
Found: C, 57.00; H, 2.36; N, 16.54; S, 19.00%.
C16H8N4OS2 requires C, 57.14; H, 2.40; N, 16.66; S,
19.05%.

Compound 12d. Yield (98%); m.p. .3008C; IR
(KBr) mmax/cm11 1587 (C4N); 1H NMR, insoluble;
Found: C, 58.93; H, 2.31; N, 18.02; S, 16.54%.
C19H9N5OS2 requires C, 58.90; H, 2.34; N, 18.08; S,
16.55%.

3-(Benzothiazol-2-yl )pyrido[1,2-a]
benzimidazole-4-carbonitrile (19) and 7-
(Benzothiazol-2-yl )-2-phenylpyrazolo[1,5-a]
pyrimidine (22)

General Procedure. To a mixture of the ena-
minone 2 (0.464 g, 2 mmol) and 1H-2-benzimida-

zoleacetonitrile (17) or 5-amino-3-phenyl-1H-pyra-
zole (20) (2 mmol) in absolute ethanol (20 mL) was
added piperidine (0.3 mL). The mixture was refluxed
for 12 hours then left to cool to room temperature.
The precipitated product was filtered off, washed
with ethanol, and dried. Recrystallization from DMF
afforded the corresponding pyrido[1,2-a]benzi-
midazole 19 and pyrazolo[1,5-a]pyrimidine 22 deriv-
atives in 86% and 72% yield, respectively.

Compound 19. m.p. 233–2358C; IR (KBr) mmax/
cm11 2191 (C[N), 1632 (C4N), 1610 (C4C); 1H
NMR (DMSO-d6)d 6.96–8.40 (m, 10H, ArH’s, H-1 and
H-2); Found: C, 69.82; H, 3.10; N, 17.29; S, 9.80%.
C19H10N4S requires C, 69.92; H, 3.09; N, 17.17; S,
9.82%.

Compound 22. m.p. 230–2328C; IR (KBr) mmax/
cm11 1600 (C4N); 1H NMR (DMSO-d6) d 7.15–8.02
(m, 11H, ArH’s, H-3 and H-6), 8.38 (s, 1H, H-5); MS,
m/z 328 (M`); Found: C, 69.55; H, 3.58; N, 17.16; S,
9.78%. C19H12N4S requires C, 69.49; H, 3.68; N, 17.07;
S, 9.76%.

2-Amino-4-(benzothiazol-2-yl )pyrimidine (24)

To a mixture of the enaminone 2 (0.464 g, 2
mmol) and guanidine nitrate (0.28 g, 2.3 mmol) in
absolute ethanol (20 mL), potassium carbonate an-
hydrous (0.552 g, 4 mmol) was added. The mixture
was refluxed for 10 hours then allowed to cool to
room temperature then diluted with water (10 mL).
The solid product so formed was filtered off, washed
with water, and dried. Recrystallization from DMF
afforded lustrous crystals of compound 24 in 88%
yield (0.4 g); mp. 275–2778C; IR (KBr) mmax/cm11

3467, 3120 (NH2), 1625 (C4N); 1H NMR, insoluble;
MS, m/z 228 (M`); Found: C, 57.91; H, 3.55; N, 24.41;
S, 14.12%. C11H8N4S requires C, 57.88; H, 3.53; N,
24.54; S, 14.04%.
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