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An efficient method for the synthesis of new polycyclic skeletons: triaza-benzofluorenes and triaza-
pentalenonaphthalene from bicyclic privileged structures imidazopyridine and imidazothiazole, respectively,
has been described using the Piet8pengler cyclization.

Introduction strated on monocyclic activated rings linked to either
aliphatic or aryl amines, it has not, to the best of our
knowledge, been applied to bicyclic privileged structures.
Such a strategy would furnish novel libraries of polycyclic
frameworks derived from privileged structures that, in turn,

Heterocyclic chemistry has always been one of the most-
valuable sources of novel compounds with diverse biological
activity, mainly, because of the unique ability of the
compounds to mimic the structure of peptides and to bind ) o
reversibly to protein.To medicinal chemists, the true utility coulq be “Se‘?' as a source for new chemical entities in
of heterocyclic structures is the ability to synthesize one Medical and biological research.
library based on one core scaffold and screen it against a In the first case, we selected imidazole-based bicyclic
variety of different receptors, yielding several active com- Systems, imidazopyridine and imidazothiazole, as privileged
pounds. Almost unlimited combinations of fused heterocyclic Structures (Figure 1) for our study because of their association
structures can be designed, resulting in novel polycyclic with a variety of biological activities. To convert these
frameworks with the most diverse physical, chemical, and bicyclic structures into PictetSpengler substrates, we
biological properties. The fusion of several rings leads to proposed the introduction of an arylamine at one of the
geometrically well-defined rigid polycyclic structures and, carbons in the imidazole moiety of the bicyclic ring to
thus, holds the promise of a high functional specialization facilitate the PictetSpengler cyclization. To select the
resulting from the ability to orient substituents in three- appropriate carbon in the ring for linkage with an aryl amine,
dimensional space. Therefore, efficient methodologies result-we analyzed the electrophilic substitution patterns both in
ing in polycyclic structures from biologically active hetero-  the imidazole, as well as in bicyclic structures (Figure 1).
cyclic templates are always of interest to both organic and The multiply bonded nitrogen atom present in azoles is
medicinal chemists. Since the advent of small-molecule generally known to have differential deactivating affects on
combinatorial synthesis, countless libraries of biologically the carbon atoms in the rirfgThe positionsx andy to the
interesting molecules have been synthesized using both Sond'multiply bonded N atom (N-1) are deactivated toward
and solution-phase strategfes subset of these has been electrophilic attack, whereas thg-carbon is the least
synthesized using biologically validated heterocyclic struc- gaactivated and is therefore prone toward electrophilic
tures (privileged structures) as starting points for the library g ptitution. Comparison of the resonance-contributing struc-
des_|gn3. The res_ultmg I|brar|e_s are then used to a_ddre_ss 8tures for imidazole, imidazopyridine, and imidazothiazole
variety of protein targets to identify new leads with high gy, ¢4 positions C-5 in imidazole, C-3 in imidazopyridine,

ni 4
affinity. o . and C-5 in imidazothiazole are most susceptible toward
Recently, we demonstrated application of the Piectet electrophilic substitutions (Figure 1).

ngler reaction on variety of “ nd-generation” . . .
Spengler reaction on a variety of "second-generatio Armed with these observations, we envisioned that an aryl

substrates, having an aryl amine linked to the activated mine originating from th tbon atom adiacent to th
heteroaromatic ring, resulting in the synthesis of both 6- and amine orginating tro € carbon atom adjacent to the
p-positions of the imidazo rings in both imidazo-pyridine

7-member benzoannealated heterosystem librafefow- . . . ) .
f and -thiazole may furnish bicyclic substrates for the Pictet

ing our report, two groups demonstrated the application o L ) e
the Pictet-Spengler reaction on substrates with heteroaryl- SPENgIer cyclization. In this paper, we report application of

amines linked to the activated heteroaromatic rings, therebyPrivileged structure-based bicyclic derivatives as novel
resulting in the libraries of fused heterocyclic systéms. Substrates for the PicteBpengler reaction (@ndo trig

However, while the reaction has been successfully demon-!€ading to the synthesis of novel N-rich polycyclic hetero-
systems. Among the various heterocyclic frameworks, N-rich

* To whom correspondence should be addressed. E-mail: bijoy_kundu@ polycyclic _Skele_tons are known to be associated with a wide
yahoo.com. Phone:91 522 2612411-18x4383. Fax-91 522 2623405. range of biologically activitie§.
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Figure 1. Pattern of electrophilic substitution in the imidazole and
its bicyclic derivatives.

® 0O
S
\S/ N

Scheme %
A AN
; L,
X Br NTSN NTSN
| a — b —
— +
N~ “NH, 0N
O,N HoN
1 2 3 4

aReagents and conditions: (a)lzOH, reflux, 4 h; (b) SnG2H,0 (5
equiv), GHsOH, under N atmosphere, reflux, 1.5 h.

Results and Discussion

Initially, we directed our efforts to the bicyclic imida-
zopyridine nucleus. The bicyclic substrate 2-imidazo[1,2-a]-
pyridin-2-yl-phenylaminel, required as key intermediate for

the Pictet-Spengler reaction, was synthesized in two steps

Sharma et al.

cyclization with aromatic aldehydes having electron-
withdrawing group proceeded quite fast (&5 h, Table

1, compound$f—h.). However, the reactions with aromatic
aldehydes having an electron-donating substituent and ali-
phatic aldehyde went at a slower pace-&h, Table 1,
compounds$a—e andj). The reaction with salicylaldehyde
was sluggish in comparison to that with 3-OH-benzaldehyde
because of the steric hindrance. This trend in the reactivity
also suggests thatéadoecyclization is the slowest step, even
slower than imine formation; hence, it can be considered to
be a rate-determining step. Tkeadacyclization of4 with
aldehydes could be envisioned to proceed through an
iminium intermediate analogous to the traditional Pietet
Spengler reactions, as depicted in Scheme 2. Compdund
reacts with an aldehyde in the presencepdfsOH to give

an imine which could be protonated under acidic conditions
to yield an iminium ion, followed by electrophilic substitution
at the electron-rich C-3 of the imidazole ring and subsequent
aerial oxidation to furnish the final produ6t

Interestingly, since the traditional Pictebpengler reaction
involves aliphatic amines (tryptamine/Trp-OMe), aldehydes
with an electron-donating group generally result in the imines
and do not undergendocyclization. Cook et al. attributed
the electrophilicity of the imine double bond resulting from
the condensation of amines with aldehydes as the limiting
factor for the Pictet Spengler cyclization and appligeK,
values of amines to compare the electrophillicities of
imines?!

Accordingly, we believe that in the substratethe imine

as depicted in Scheme 1 The treatment of commercially intermediate derived from the aldehydes with electron

available 2-aminopyridind with 2-nitrophenacyl bromide
2, according to the literature procedure, furnished imida-
zopyriding® 3 in a quantitative yield. Subsequent reduction
of the nitro functionality to its corresponding aryl amine was
achieved with SnGi2H,O in CHsOH to yield the key
intermediated. The latter was then subjected to the Pietet
Spengler reaction with salicylaldehyde by refluxing in
toluene in the presence pfTsOH.

As expected, the cyclization occurred at the electron-rich
imidazole moiety of the imidazopyridine ring to obtain an
oxidized product triazabenzofluorenéa as a novel N-rich
polycyclic system hitherto not reported (Scheme 2). How-
ever, we were unable to isolate intermediatand this may

be the result of spontaneous aerial oxidation of intermediate

5 in situ to generate more stable aromatic sysédevoid
of any stereochemical center.
This is in contrast to the traditional PicteSpengler

donating group is relatively more electrophilic than the imine
derived from the Trp-OMe using the same aldehyde because
the (Ka value of aryl amine (4.2 for aniline) is significantly
less than that of Trp-OMe (7.29). The reaction rate followed
the order of reactivity of the aldehyde with the amino
group: aromatic aldehydes with electron with drawing group
> aromatic aldehydes with electron donating grokp
aliphatic aldehyde.

The scope of the substrate was further studied with
ketones (Scheme 3), and the results are summarized in Table
2. Surprisingly, our initial attempts with-TSOH in toluene
failed to yield the desired produdt

The application of other traditionally used Piet&pengler
protocols, AcOH in ethanol, toluene at reflux, 5% TFA in
DCM at 0°C, and Yb(OTf), also failed to yield theende
cyclized product. However, when substrdteas treated with

reaction involving substrates based on aliphatic amines linked@c€tophenone in GIEN in the presence of TFA at reflux,

to an activated heterocyclic ring, which invariably furnishes

we obtained the desired compoundNext, we applied the

tetrahydro derivatives with a new stereochemical center. TheSa@me protocol for the condensation of compodndth other

scope of this reaction was further studied with various

aliphatic and aromatic ketones to give Piet8pengler

aliphatic and aromatic aldehydes, and the results are sum-Products7, in moderate to excellent isolated yields.
marized in Table 1. The crude product obtained after workup ~ Encouraged by our results with substréfeve extended

was purified by silica gel column chromatography using

our studies to the other fused bicyclic imidazole derivative

EtOAc/hexane as an eluant and was characterized by LC-imidazothiazole, a class of compounds known to be associ-

MS and NMR. The results suggest that substrateacted
with a wide range of aldehydes to givendocyclized
products 6 in good isolated yields. Indeed, substrate

ated with antitumor, anti-inflammatory, anthelmintic, and
MDR-reversal activitied? The synthesis of the imidazothia-
zole-based substrafel was carried out by condensation of

demonstrated differential reactivity toward aldehydes. The 2-aminothiazol® with o-nitrophenacyl bromidé by a
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Scheme 2

aReagents and conditions: (p)TsOH, toluene, 120C, 1-8 h.

Table 1. Synthesis of 5,6b,11-triazbenzo[a]fluorerGss-j

isolated time
R yield (%) (h)
6a 2-OHGsH,4 65 8
6b 3-OHGH, 72 5
6¢C 4-CHsCgHa 67 3
6d 2-OCH;CeH4 70 4.
6e 4-N(CHg),CgH4 63 7
6f 2-CICsH, 72 15
69 4-BrCsH, 70 25
6h 4-NO,CgHa 74 1
6i 2-furyl 77 5
6j CoHs 70 8
Scheme 3
X
l
o} a NT NN
4 + )J\R - - —
RHN
7
aReagent and conditions: (a) TFA, @EN, reflux, 2-4 h.
Table 2. Synthesis of
Dihydro-5,6b,11-triazbenzol[a]fluoren&s—e
isolated time
R yield (%) (h)
7a CeHs 77 3
7b p-MeO-GsH,4 66 35
7c p-NO,-CgH4 77 2
7d CHs 55 4
7e CH3CH, 57 4

literature procedure, followed by reduction of the nitro group
(Scheme 4).

Substratell was then subjected to the Pict&@pengler
reaction by being refluxed with various aldehydes in toluene
in the presence @#-TsOH (Scheme 5, Table 3). As expected,
the cyclization occurred at the imidazo moiety of the bicyclic
imidazothiazole ring to give an oxidized product triazapen-
talenonaphthalenél2 as polycyclic systems. A careful
literature survey forl2 revealed a single reference for the
synthesis of thiazolo[23':2,3]imidazo[4,5€]quinoline ob-
tained by reductive cyclization of corresponding 6-(2-nitro-
phenyl)-imidazo[2,1-b]thiazole-5-carbaldehyde, and were
found to be associated with antitumor activitn contrast,
our strategy was based one®do trigcyclization of the
iminium ion formed between an aldehyde and imidazothia-

zole-based aryl-amine substrate 2-imidazo[2,1-b]thiazol-6-

yl-phenylaminell in the presence of an acid.

Journal of Combinatorial Chemistry, 2007, Vol. 9, No. B85

o) = N N
NN g _a R = [0] NN
= HOOR 1 e Ne —
HN R
SO; HN R—
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Reactivity of Monocyclic versus Bicyclic Substrates
toward endaCyclization. Although the bicyclic substrates
successfully underwent PicteBpengler cyclization, we
decided to compare the reactivity of bicyclic substrates
toward 6endocyclization with that of monocyclic substrates
with the view to establish the generality of our modified
strategy for the PictetSpengler reaction. Accordingly, we
compared the reactivity of imidazole (monocyclic) with
imidazopyridines (bicyclic) toward the PicteSpengler
reaction. Comparison of the canonical forms of imidazole
and imidazopyridine (Figure 2) suggests that A-Il is more
stabilized than B-II. This may be attributed to the introduction
of a positive charge in electron-deficient pyridine ring
systems in the imidazolpyridine, which in turn diminishes
the stability of the corresponding cannonical form, B-II.
Hence, delocalization ofr-electrons at the C-5 of the
imidazole is more stabilized than at the C-3 of the imida-
zopyridine, thereby suggesting that C-5 in imidazole is more
prone to electrophilic substitution than C-3 of the imida-
zopyridine. Thus, the imidazopyridine appears to be relatively
deactivated than the imidazole toward an electrophile.

For experimental evidence, we compared the reactivities
of the imidazole (monocyclic) substrate 2H:Imidazol-4-
yl)-phenylaminel5 (analogous to histamine) with the other
two bicyclic substrated and 19 (derived from imidazopy-
ridine) towardendocyclization. In substratd9, an amide
group was additionally introduced on the pyridine ring of
the imidazopyridine because its electron-withdrawing nature
would further decrease the reactivity of the imidazopyridine
ring toward electrophilic substitution. The substraislb,
and19) were next subjected to PicteBpengler cyclization
by treatment withp-tolualdehyde in the presencemfTsOH,
and the results have been summarized in Table 4. We were
pleased to see that both monocycli&)and bicyclic & and
19) substrates successfully underwentecyclization and
that the difference in the activation of monocyclic and
bicyclic heterosystems had no effect on the yield of the
corresponding cyclized products except that the rate of
reaction varied from 1a 7 h and followed the order of
reactivity 15 > 4 > 19,

Thus, itis the enhanced electrophilic nature of the iminium
ion derived from the aryl amine in comparison to that of the
iminium ion derived from the aliphatic amine that acted as
a driving force forendacyclization in both monocyclic and
bicyclic substrates. It is worth mentioning that occurrence
of 6-endoecyclization in substratel9 with a relatively
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aReagents and conditions: (a)fOH reflux, 1 h 1 N HCI, reflux, 1 h; (b)o-nitrophenacyl bromide, acetone, reflux, 24zhN HCI, reflux, 1 h; (c)
SnCh2H;0 (5 equiv), GHsOH, under N atmosphere, reflux, 1 h.

Scheme 4

Scheme 8 Table 4. Comparison of Reactivity of Monocycliclb) and
Bicyclic Substrates4 and19) toward endeCyclization with
p-Tolualdehyde

CHO
Comp. Time (h) Yield (%) | Cyclized product
isolated
11 + -
1h 61
R
aReagents and conditiong-TsOH, toluene, reflux. HoN )/ 'il)\
N~ "Ry
Table 3. Synthesis of Thia-5,6b,10-triaza-pentaleno[2,1-a]- 15 R,
naphthalened2a—d R~(0-OMe)CHyCaHa
isolated time R2-CH2CeHs
R yield (%) (h) @
12a p-Chs 65 3 LAy e CL
12b p-NOg 71 1 _ N" N
12c p-N(CHz), 60 9 —
12d p-Br 63 15 . O S O
O o 4 6¢c
N N =N N
[y 3—o( 3—{() 9 w e 9
N Ne N N ~¢ N ¢ N2
A Al All Al | \
NN N N
1O b ) - O~
l . —1 Lo O\ \ \ Q
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= e\ o\ N N Hl 20
B BI Og i s © 1
Figure 2. Pattern of resonance in imidazole and imidazopyridine
nucleus.

3C NMR, ESMS, IR, and HPLC. Analytical TLC was
deactivated imidazo ring suggests that the Picggtengler ~ Performed using 2.5 5 cm plated coated with a 0.25 mm
cyclization may occur even when an aryl amine is linked to thickness of silica gel (60F-254 Merck), and visualization

a deactivated heterosystem. Indeed, a systematic study iv@s accomplished with UV light and iodine. Column
required to establish this fact by selecting monocyclic chromatography was performed using silica gel 60 Thomas

deactivated rings (triazoles/tetrazoles) attached to the aryl-Baker (106-200 mesh).'H NMR spectra (300/200 MHz)

amine as substrates foreddo-trigcyclization. are reported as follows: chemical shifts in parts per million
downfield from TMS as internal standard écale), multi-
Conclusion plicity (br = broad, s= singlet, d= doublet, t= triplet, g

In conclusion, our present methodology allows efficient = quartet, m= multiplet, o= overlapped), integration, and
preparation of a polycyclic heterosystem from bicyclic COUPling constant (Hz). AFC NMR spectra (50/75 MHz)
substrates using the PictéBpengler reaction. This in turn ~ &ré determined with complete proton decoupling and are
will set the stage for a wide application of this powerful reported in parts per million. All spectra were recorded at
reaction for the synthesis of structurally diverse and novel 25 °C. Elemental analyses were performed on a Carlo Erba
polyheterocyclic skeletons based on privileged structures. 1108 microanalyzer or Elementar's Vario EL Ill microana-
Currently work is in progress in our lab with several new lyzer. Analytical HPLC were performed on C-18 reverse-
substrates derived from deactivated heterosystems designe@hase column (250 mnx 4.6 mm). Mass spectra were
on the basis of our modified concept for the Piet8pengler ~ recorded on a Merck MS-8000 spectrometer. 2-Amino-

reaction and will be reported soon. pyridine, aldehydesp-nitrophenacylbromide, tin chloride
. _ dihydrate, etc. were purchased from Aldrich and Lancaster.
Experimental Section Melting points reported were uncorrected.

All solvents were commercially available and used without ~ 2-(2-Nitro-phenyl)-imidazo[1,2-a]pyridine (3). A solu-
purification. All products were characterized By NMR, tion of 2-amino-pyridinel (500 mg, 5.31 mmol) and
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2-bromo-1-(2-nitro-phenyl)-ethano241.29 g, 5.31 mmol)
in ethanol (20 mL) was refluxed for 4 h. After the solvent
was removed, the residue was basified to pH 8 with NagICO
solution and extracted with EtOAc (40 mL). The organic
layer was washed with water (30 mL) and brine (30 mL)
and dried over anhydrous P&0O, The organic layer was
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6 10.05 (br s, 1H), 8.71 (d, 1H} = 7.5 Hz), 8.22 (dd, 1H,
J=17.6,1.2 Hz), 8.11 (d, 1H] = 6.9 Hz), 8.02 (d, 1H) =

8.0 Hz), 7.96-7.71 (m, 4H), 7.62 (dd, 1H] = 7.6, 1.4 Hz),
7.55 (t, 1H,J = 7.8 Hz), 7.18-7.11 (m, 2H).13C NMR (50
MHz, DMSO): 6 155.3, 149.2, 146.5, 146.1, 145.0, 131.5,
131.3,131.0, 129.5, 128.8, 127.7, 126.6, 125.6, 122.6, 121.4,

evaporated to dryness under reduced pressure. The residu#20.2, 117.5, 116.1, 112.8. MS (FABj/z = 312 (M" +

was purified by silica gel chromatography using hexane
ethyl acetate (85/15, v/v) to afford 2-(2-nitro-phenyl)-
imidazo[1,2-a]pyridines.

Yield: 1.10 g (87%). Yellow solid. mp: 151152°C (lit.*6
value 15153 °C). IR (KBr): » 1620, 1595, 1525, 1360
cm L. 'H NMR (200 MHz, CDC}): 6 8.12 (d, 1HJ=6.8
Hz), 8.01 (dd, 1HJ = 7.8, 1.3 Hz), 7.78 (s, 1H), 7.74
7.60 (m, 3H), 7.48 (dd, 1H] = 7.0, 1.3 Hz), 7.24 (t, 1HJ
= 6.1 Hz), 6.83 (t, 1HJ = 6.0 Hz).*C NMR (50 MHz,
CDCl): 0 149.7, 145.7, 140.6, 132.2, 131.7, 128.9, 128.1,
126.2,125.6,123.9,118.3,113.2, 111.0. MS'(E&Zz 240.2
(M* + 1). Anal. Calcd for GsHoN3O,: C, 65.27; H, 3.79;

N, 17.56. Found: C, 65.57; H, 3.67; N, 17.45.
2-Imidazo[1,2-a]pyridin-2-yl-phenylamine (4). A solu-
tion of 2-(2-Nitro-phenyl)-imidazo[1,2-a]pyriding (500 mg,
2.09 mmol) and SnGRH,O (2.36 g, 10.45 mmol) in ethanol
(40 mL) was refluxed under nitrogen for 1.5 h. The solution
was allowed to cool down, and then it was poured into ice;
the pH was made slighitly basic (pH 8) by addition of 5%
aqueous NaHCOEtOAc (50 mL) was added to the mixture,
and it was filtered through a bed of celite. The organic layer
was finally washed with water (50 mL) and brine (50 mL)
and dried over anhydrous P&0O, The organic layer was

1). Anal. Calcd for GeH1aNsO: C, 77.16; H, 4.21; N, 13.50;

Found: C, 77.42; H, 4.42; N, 13.36.
3-(5,6b,11-Triaza-benzola]fluoren-6-yl)-phenol (6b).

Yield: 107 mg (72%). Orange solid. mp: 26204 °C. IR

(KBr): v 3426, 1589 cm!. *H NMR (200 MHz, DMSO):

0 9.92 (br s, 1H), 8.65 (dd, 1H] = 8.3, 1.4 Hz), 8.14 (t,

2H,J = 7.4 Hz), 7.97 (d, 1HJ = 8.0 Hz), 7.85-7.67 (m,

4H), 7.47 (t, 1IHJ = 7.7 Hz), 7.16-6.98 (m, 3H)}*C NMR

(50 MHz, DMSO): ¢ 158.2, 149.6, 146.5, 145.0, 141.2,

139.5, 139.0, 131.2, 130.6, 129.6, 129.13, 127.5, 126.8,

122.7,121.4,119.5, 117.9, 116.9, 115.7, 113.0. MS (FAB):

m/z 312 (M™ + 1). Anal. Calcd for GoH13N3O: C, 77.16;

H, 4.21; N, 13.50. Found: C, 77.36; H, 4.02; N, 13.75.
6-p-Tolyl-5,6b,11-triaza-benzo[a]fluorene (6c).Yield:

99 mg (67%). Pale-yellow solid. mp: 23240 °C. IR

(KBr): v 2957, 2858, 1603 cnt. *H NMR (200 MHz,

DMSO): ¢ 8.67 (dd, 1HJ = 6.4, 1.5 Hz), 8.17 (t, 2H] =

6.1 Hz), 8.01 (d, 1HJ) = 8.8 Hz), 7.85-7.77 (m, 3H), 7.70

(d, 2H,J = 7.9 Hz), 7.51 (d, 2HJ = 8.0 Hz), 7.09 (t, 1H,

J = 6.8 Hz), 2.52 (s, 3H)}*C NMR (50 MHz, DMSO): 6

153.1, 150.0, 146.2, 142.5, 137.6, 135.6, 132.1, 130.6, 129.6,

128.6,128.4,127.7,123.4, 122.6, 120.4, 120.0, 118.3, 115.6,

21.6. MS (FAB): m/z = 310 (M" + 1). Anal. Calcd for

evaporated to dryness under reduced pressure. The residu€,;H;sNs: C, 81.53; H, 4.89; N, 13.58. Found: C, 81.77,

was purified by silica gel chromatography using hexane
ethyl acetate (75/25, v/v) to afford 2-imidazo[1,2-a]pyridin-
2-yl-phenylamines.
Yield: 367 mg (84%). White solid. mp: 126127 °C.

IR (KBr): v 3451, 3300, 1597 cni. *H NMR (200 MHz,
CDCl): ¢ 8.11 (d, 1H,J = 8.0 Hz), 7.80 (s, 1H), 7.59
7.51 (m, 2H), 7.187.08 (m, 2H), 6.756.73 (m, 3H), 5.67
(br s, 2 H).*3C NMR (50 MHz, CDC}): ¢ 147.0, 146.4,

H, 4.66; N, 13.33.
6-(2-Methoxy-phenyl)-5,6b,11-triaza-benzo[a]fluo-
rene (6d). Yield: 109 mg (70%). Pale-yellow solid. mp:

240-241°C. IR (KBr): v 2924, 2828, 1598 cr. *H NMR
(200 MHz, DMSO): 6 8.89 (d, 1H,J = 8.0 Hz), 8.40 (d,
1H,J = 8.3 Hz), 8.29 (d, 1HJ = 8.8 Hz), 8.19-8.11 (m,
4H), 7.92 (d, 2HJ = 8.0 Hz), 7.58-7.43 (m, 3H), 3.80 (s,
3H). *C NMR (50 MHz, DMSO): 6 159.2, 158.5, 157.5,

144.9,129.3,128.6, 125.7,124.6, 117.7,117.5, 117.2,112.8153.2, 149.9, 142.8, 137.2, 136.0, 134.8, 132.4,131.7, 129.0,

110.0, 108.8. MS (E§ nVz210.1 (M"+1). Anal. Calcd for
CisHuNs: C, 74.62; H, 5.30; N, 20.08. Found: C, 74.77;
H, 5.50; N, 20.38.

General Procedure for the Pictet-Spengler Reaction
on Subtrate 4. A mixture of 2-imidazo[1,2-a]pyridin-2-yl-
phenylaminet (100 mg, 0.48 mmol), salicyaldehyde (&0,

48 mmol), andp-tolylsulfonic acid (9.6 mg, 0.048 mmol)

128.5, 123.5, 122.0, 120.7,119.9, 118.1, 116.1, 112.9, 56.4.

MS (FAB): m/z326 (M" + 1). Anal. Calcd for G;H15NzO:

C, 77.52; H, 4.65; N, 12.91. Found: C, 77.74; H, 4.47; N,

12.76.
Dimethyl-[4-(5,6b,11-triaza-benzo[a]fluoren-6-yl)-phen-

yl]-amine (6e). Yield: 102 mg (63%). Orange solid. mp:

>250°C. IR (KBr): v 2929, 2833, 1604 cnt. *H NMR

was refluxed in toluene (6 mL) until disappearance of amine (300 MHz, CDC}): ¢ 8.74 (dd, 1HJ = 7.8, 0.6 Hz), 8.34
on TLC. Toluene was evaporated in vacuo, and the residue-(d, 1H,J = 6.9 Hz), 8.28 (d, 1HJ = 8.1 Hz), 7.87 (d, 1H,
was dissolved in ethyl acetate (40 mL). The organic layer J = 9.0 Hz), 7.76 (t, 1HJ = 6.9 Hz), 7.68 (t, 1HJ = 6.9

was finally washed with water (25 mL) and brine (25 mL)
and dried over anhydrous B&0,. The organic layer was

Hz), 7.60 (d, 2H,J = 8.7 Hz), 7.51 (t, 1HJ = 7.5 Hz),
6.91 (d, 2H,J = 8.7 Hz), 6.80 (t, 1H,) = 6.6 Hz), 3.08 (s,

evaporated to dryness under reduced pressure. The residuéH). 13C NMR (75 MHz, CDC}): ¢ 151.4, 149.7, 149.1,

was purified by silica gel chromatography using hexane
ethyl acetate (80/20, v/v) to afford desired prodéetas
white solid.
2-(5,6b,11-Triaza-benzo[a]fluoren-6-yl)-phenol (6a).
Yield: 97 mg (65%). White solid. mp: 259260 °C. IR
(KBr): v 3428, 1584 cm!. 'H NMR (200 MHz, DMSO):

147.4,145.1, 130.2, 129.9, 129.2,129.1, 129.0, 127.6, 126.3,
125.2, 122.7, 121.2, 117.7, 112.5, 112.1, 40.5. MS*[ES
m/z 339.2 (M" + 1). Anal. Calcd for G;H1gN4:C, 78.08; H,
5.36; N, 16.56. Found: C, 78.21; H, 5.60; N, 16.41.
6-(2-Chloro-phenyl)-5,6b,11-triaza-benzo[alfluorene (6f).
Yield: 114 mg (72%). Off-white solid. mp: 246248 °C.
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IR (KBr): v 1594 cnt™. 'H NMR (200 MHz, DMSO): 6

8.69 (d, 1H,J = 7.2 Hz), 8.20 (dd, 1HJ = 7.3, 1.4 Hz),
7.99 (d, 1H,J = 8.0 Hz), 7.86-7.65 (m, 8H), 7.10 (t, 1H,
J= 6.9 Hz).13C NMR (50 MHz, DMSO+ TFA): ¢ 152.5,

Sharma et al.

reaction was monitored by TLC. GBN was evaporated
under reduced pressure. The residue was treated with an
aqueous NaHC®solution (25 mL). The reaction mixture
was extracted with ethyl acetate (25 mL), washed with water

149.1, 142.5,138.5, 136.1, 134.1, 132.4,132.1, 130.8, 129.9,(25 mL) and brine (25 mL), and dried over anhydrous
129.1, 129.0, 128.0, 123.5, 120.5, 120.1, 118.5, 118.0, 116.4Na,SO, The organic layer was evaporated under reduced

112.8. MS (FAB): m/z 330 (Mt + 1). Anal. Calcd for

CoH12CIN3: C, 72.84; H, 3.67; N, 12.74. Found: C, 72.58;

H, 3.57; N, 12.94.
6-(4-Bromo-phenyl)-5,6b,11-triaza-benzo[alfluorene (6g).
Yield: 125 mg (70%). Off-white solid. mp:>250 °C. IR
(KBr): v 1605 cm*. *H NMR (300 MHz, DMSO): ¢ 8.83
(d, 1H,J = 7.8 Hz), 8.32 (d, 1HJ = 8.4 Hz), 8.22 (t, 2H,
J=8.1Hz), 8.137.94 (m, 7H), 7.38 (t, 1H) = 6.7 Hz).
13C NMR (75 MHz, DMSO+ TFA): 6 154.0, 150.8, 144.4,

pressure. The residue was purified by silica gel chromatog-
raphy using hexaneethyl acetate (80/20, v/v) to give triaza-
benzola]fluorinesra as gray solid.
6-Methyl-6-phenyl-5,6-dihydro-5,6b,11-triaza-benzo[a]-
fluorene (7a).Yield: 115 mg (77%). Gray solid. mp: 264
205°C. IR (KBr): v 3245, 2986, 2860, 1620, 1508, 1451,
1401 cn7™. IH NMR (300 MHz, CDC}): 6 7.95 (dd, 1HJ
=7.6,1.3Hz), 7.657.60 (m, 3H), 7.46-7.29 (m, 3H), 7.19
(d, 1 H,J=7.0 Hz), 7.16-7.04 (m, 2H), 6.81 (dt, 1H] =

136.7,136.5, 133.4, 132.9, 131.9, 129.3, 129.2, 128.5, 126.9,7.5, 0.6 Hz), 6.526.48 (m, 2H), 4.22 (br s, 1H), 2.05 (s,

123.8,121.6, 121.1, 118.4, 117.3, 116.4. MS(ESWz =
375.2 (Mf + 1). Anal. Calcd for GoH1.BrNs: C, 64.19; H,
3.23; N, 11.23. Found: C, 64.39; H, 3.32; N, 11.39.
6-(4-Nitro-phenyl)-5,6b,11-triaza-benzo[a]fluorene (6h).
Yield: 120 mg (74%). Pale-yellow solid. mp>250°C. IR
(KBr): v 1566, 1519, 1348 cnt. *H NMR (300 MHz,
DMSO): ¢ 8.80 (d, 1H,J = 8.1 Hz), 8.63 (d, 2HJ = 8.7
Hz), 8.30 (d, 1HJ = 8.4 Hz), 8.24 (d, 2H)J = 8.7 Hz),
8.18-8.14 (m, 2H), 8.087.94 (m, 3H), 7.26 (t, 1HJ =
6.9 Hz).3C NMR (75 MHz, DMSO+ TFA): § 151.2,

3H). 3C NMR (75 MHz, CDC}): ¢ 146.2, 144.2, 141.8,
137.9,129.2,129.1,128.4,127.1,124.3,123.4, 123.1, 120.5,
118.3,117.3,115.5, 113.1, 112.4, 59.0, 25.9. MSHE®&Vz
312.3 (Mt + 1). Anal. Calcd for GiH;/N3s: C, 81.00; H,
5.50; N, 13.49. Found: C, 81.22; H, 5.31; N, 13.29.
6-(4-Methoxy-phenyl)-6-methyl-5,6-dihydro-5,6b,11-
triaza-benzol[a]fluorene (7b).Yield: 108 mg (66%). Gray
solid. mp: 248-249 °C. IR (KBr): v 3233, 2925, 2855,
1607, 1508, 1455 cnt. *H NMR (300 MHz, CDC}): o
7.91 (dd, 1H,J = 6.0, 3.0 Hz), 7.61 (d, 1H) = 9.0 Hz),

148.7, 147.6, 142.6, 136.8, 135.5, 131.2, 130.2, 128.0, 127.7.56 (d, 2H,J = 9.0 Hz), 7.17 (td, 1HJ = 6.0, 3.0 Hz),
9, 123.8, 122.3, 122.0, 120.0, 118.4, 116.2, 115.0, 112.3.7.10-7.02 (m, 2H), 6.87 (d, 2H] = 9.0 Hz), 6.78 (dt, 1H,

MS (ES"): m/z = 341.3 (M" + 1). Anal. Calcd a

CoH12N4Oo: C, 70.58; H, 3.55; N, 16.46. Found: C, 70.75;

H, 3.44; N, 16.52.
6-Furan-2-yl-5,6b,11-triaza-benzo[alfluorene (6i)Yield:
105 mg (77%). Off-white solid. mp: 165166 °C. IR
(KBr): » 1598 cnt. *H NMR (200 MHz, CDC}): 6 8.78
(dt, 2H,J = 8.8, 1.4 Hz), 8.26 (d, 1H] = 7.9 Hz), 7.93 (d,
1H,J = 8.8 Hz), 7.78-7.71 (m, 4H), 7.61 (t, 1HJ = 6.8
Hz), 6.96 (t, 1HJ = 6.7 Hz), 6.96-6.75 (m, 1H)3C NMR

J=16.0, 1.0 Hz), 6.5%+6.46 (m, 2H), 4.05 (br s, 1H), 3.78
(s, 3H), 1.98 (s, 3H)*3C NMR (50 MHz, CDC}): ¢ 158.8,
145.8, 143.3, 137.8, 137.7, 128.9, 127.8, 124.3, 122.3, 120.8,
117.0, 116.3, 115.1, 114.1, 113.0, 112.4, 58.0, 55.4, 26.4.
MS (FAB): m/z342 (M" + 1). Anal. Calcd for G,H19N3O:
C, 77.40; H, 5.61; N, 12.31. Found: C, 77.54; H, 5.71; N,
12.52.

6-Methyl-6-(4-nitro-phenyl)-5,6-dihydro-5,6b,11-triaza-
benzo[a]fluorene (7c).Yield: 131 mg (77%). Gray solid.

(50 MHz, CDCh): ¢ 152.0, 150.1, 148.2, 145.2, 143. 9, mp: 249-250 °C. IR (KBr): v 3250, 2926, 2855, 1595,
138.1, 130.5, 129.8, 129.3, 128.8, 127.1, 123.1, 122.0, 120.6,1518, 1458 cm’. 'H NMR (200 MHz, CDC}): 6 8.21 (d,

118.1,113.0, 112.5. MS (FAB)n/z= 286 (M" + 1). Anal.

Calcd for GgH11N3O: C, 75.78; H, 3.89; N, 14.73. Found:

C, 75.49; H, 3.77; N, 14.99.
6-Ethyl-5,6b,11-triaza-benzo[a]fluorene (6j).Yield: 83
mg (70%). White solid. mp: 144145°C. IR (KBr): v 2928,
2854, 1598 cm’. 'H NMR (300 MHz, CDC}): o 8.68-
8.66 (m, 2H), 8.17 (d, 1H] = 9.1 Hz), 7.89 (d, 1H) = 9.1
Hz), 7.73 (dt, 1HJ = 7.6, 1.3 Hz), 7.63 (t, 1HJ = 7.1
Hz), 7.53 (t, 1HJ = 7.7 Hz), 7.03 (t, 1HJ = 6.6 Hz), 3.43
(9, 2H,3= 7.5 Hz), 1.53 (t, 3HJ = 7.5 Hz).13C NMR (75

2H,J=8.7 Hz), 7.85 (d, 1HJ = 6. 4 Hz), 7.69-7.58 (M,

4H), 7.25 (t, 1HJ = 7.0 Hz), 7.01 (t, 1HJ = 7.9 Hz), 6.79

(t, 1H,J = 6.9 Hz), 6.67+6.60 (m, 2H), 4.12 (br s, 1H),

2.19 (s, 3H).13C NMR (50 MHz, CDC}): ¢ 152.6, 146.9,

146.1, 142.8,138.0, 129.2, 127.7,124.8, 124.5, 124.1, 122 4,

119.4, 117.2, 116.9, 115.1, 113.1, 112.8, 58.5, 26.2. MS

(FAB): m/z= 357 (M" + 1). Anal. Calcd for GoH19N3O:

C, 77.40; H, 5.61; N, 12.31. Found: C, 77.64; H, 5.71; N,

12.52.
6,6-Dimethyl-5,6-dihydro-5,6b,11-triaza-benzo[a]fluo-

MHz, CDCk): 6 150.8, 149.3, 146.9, 144.8, 129.4, 128.8, rene (7d).Yield: 65 mg (55%). Gray solid. mp>250°C.
128.7,127.5,126.1, 122.7,121.2,121.1, 118.3, 112.8, 30.1,IR (KBr): v 3261, 2925, 2855, 1590, 1509, 1451 ¢miH

12.2. MS (FAB): m/z = 248 (M" + 1). Anal. Calcd for

CieH1aNz: C, 77.71; H, 5.30; N, 16.99. Found: C, 77.95;

H, 5.47; N, 16.79.
5,6-Dihydro-5,6b,11-triaza-benzo[a]fluorene (7).Two
drops of TFA was added to a solution of amihé100 mg,
0.48 mmol) and acetophenone (&0, 0.48 mmol) in 5 mL
of dry CHiCN (6 mL). The solution was refluxed with

NMR (200 MHz, CDC}): ¢ 8.05 (d, 1H,J = 6.7 Hz), 7.85
(d, 1H,J = 7.5 Hz), 7.66 (d, 1H,) = 8.0 Hz), 7.19-7.02
(m, 2H), 6.82-6.74 (m, 2H), 6.55 (d, 1H] = 7.9 Hz), 3.88
(br s, 1H), 1.76 (s, 6H)*C NMR (50 MHz, CDC}): o
146.6,142.5,137.7,129.1, 124.1, 124.0, 123.2, 121. 8, 118.4,
118.1, 116.3, 113.3, 112.7, 54.5, 29.8. MS (ESm/z =
250.2 (M" + 1). Anal. Calcd for GeHisNa: C, 77.08; H,

stirring under a nitrogen atmosphere. The progress of the6.06; N, 16.85. Found: C, 77.28; H, 6.24; N, 16.66.
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6-Ethyl-6-methyl-5,6-dihydro-5,6b,11-triaza-benzo[a]-
fluorene (7e).Yield: 72 mg (57%). Gray solid. mp: 187
189°C. IR (KBr): v 3264, 2926, 2857, 1603, 1592, 1511,
1455 cntl. *H NMR (200 MHz, CDC}): 6 7.99 (d, 1H,J
= 6.8 Hz), 7.85 (d, 1HJ = 7.1 Hz), 7.68 (d, 1HJ = 9.0
Hz), 7.20 (t, 1H,J = 7.6 Hz), 7.05 (t, 1HJ = 7.5 Hz),
6.82-6.70 (m, 2H), 6.54 (d, 1H) = 7.8 Hz), 3.75 (br s,
1H), 2.30 (g, 2HJ = 7.5 Hz), 1.73 (s, 3H), 0.88 (t, 3H,
= 7.3 Hz).13C NMR (50 MHz, CDC}): 6 145.5, 141.2,
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the mixture. The suspension was passed through a bed of
celite. The organic layer was finally washed with water (25
mL) and brine (25 mL), dried over anhydrousJS&,, and
evaporated to dryness under reduced pressure. The residue
was purified by silica gel chromatography using hexane
ethyl acetate (70/30, v/v) to affortil.

Yield: 319 mg (88%). Colorless oil. IR (neat): 3352,
3297, 1604 cm*. *H NMR (300 MHz, CDC#}): 6 7.86 (s,
1H), 7.70 (dd, 2HJ = 7.9, 1.6 Hz), 7.577.53 (m, 3H),

135.7,130.3,129.2, 124.0, 123.1, 120.6, 118.5, 118.0, 117.8,7.44 (dd, 1HJ = 7.7, 1.4 Hz), 7.11 (dt, 1H) = 7.6, 1.5

114.0, 112.8, 56.3, 35.5, 28.9, 9.2. MS (EESm/z = 264.2
(M* + 1). Anal. Calcd for GiHi7/N3: C, 77.54; H, 6.51; N,
15.96. Found: 77.77; H, 6.67; N, 15.76.
4-Phenyl-thiazol-2-ylamine (9).The phenacyl bromide
8 (500 mg, 2.51 mmol) was dissolved in ethanol (20 mL)

Hz), 6.80 (s, 1H), 6.786.73 (m, 2H). MS (ES): m/z292.3
(M* + 1). Anal. Calcd for G;H13N3S C, 70.08; H, 4.50; N,
14.42. Found: C, 70.28; H, 4.62; N, 14.54.

General Procedure of the Pictet Spengler Reaction on
Substrate 11. A mixture of 2-(3-phenyl-imidazo[2,1-b]-

and treated with thiourea (191 mg, 2.51 mmol). The reaction thiazol-6-yl)-phenylaminel1 (50 mg, 0.17 mmol)p-tolu-
mixture was refluxed for 1 h. Ethanol was evaporated, and aldehyde (1L, 0.17 mmol), andp-tolylsulfonic acid (3.4

the resulting salt was refluxed with 30 mlf ® N HCI for
30 min, followed by addition of aqueous Nidolution. The
resulting solution was extracted with ethyl acetatex(30
mL) and washed with water (50 mL) and brine (50 mL).

mg, 0.017 mmol) was refluxed in toluene (2 mL) for 8 h.
Then toluene was evaporated in vacuo, and the residue was
dissolved in ethylacetate (20 mL). The organic layer was
finally washed with water (20 mL) and brine (20 mL), dried

The organic layer was dried over anhydrous sodium sulfate gver anhydrous N$Qy, and evaporated to dryness under
and evaporated to dryness under reduced pressure. Purificareduced pressure. The residue was purified by silica gel

tion was carried out on a silica gel column using hexane
ethyl acetate (75/25, v/v) to afforel

Yield: 433 mg (98%). White solid. mp: 154156 °C
(lit.*” value 153152 °C). IR (KBr): v 3253, 3157, 1599,
1517, 1481, 1440 cn. *H NMR (300 MHz, CDC}): ¢
7.80 (td, 2H,J = 7.1, 1.4 Hz), 7.39 (dt, 2H) = 6.9, 1.2
Hz), 7.31 (td, 1HJ = 7.8 Hz), 6.75 (s, 1H), 5.07 (br s, 2H).
13C NMR (50 MHz, CDC}): ¢ 168.5, 151.2, 135.2, 128.9,
127.8,126.2,102.4. MS (E3 miz=177.2 (M" + 1). Anal.
Calcd for GHgN.S: C, 61.33; H, 4.58; N, 15.90. Found:
C, 61.21; H, 4.39; N, 15.78.

6-(2-Nitro-phenyl)-3-phenyl-imidazo[2,1-b]thiazole (10).
A solution of 2-amino thiazol® (500 mg, 2.84 mmol) and
2-bromo-1-(2-nitro-phenyl)-ethano24693 mg, 2.84 mmol)
in acetone (30 mL) was refluxed for 24 h. After removal of
the solvent, the residue was refluxed foh with 2 N HCI
(50 mL). Then, the solution was basified with NbH
solution and extracted with EtOAc (2 40 mL). The organic
layer was washed with water (30 mL) and brine (30 mL),
dried over anhydrous N&Q,, and evaporated to afford a

residue, which was purified by column chromatography using MS (ES"): m/z =

hexane-ethyl acetate (80/20, v/v) to givEQ.

Yield: 182 mg (20%). Yellow oil. IR (neat)y 1531, 1352
cm L. 'H NMR (200 MHz, CDC}): 6 7.90-7.84 (m, 2H),
7.72-7.59 (m, 3H), 7.557.42 (m, 4H), 7.35 (t, 1HJ =
6.8 Hz), 6.82 (s, 1H). MS (ES: m/z = 322.2 (M" + 1).
Anal. Calcd for G/H11N3O,S: C, 63.54; H, 3.45; N, 13.08.
Found: C, 63.39; H, 3.66; N, 13.21.

2-(3-Phenyl-imidazo[2,1-b]thiazol-6-yl)-phenylamine (11).
SnCk2H,0 (1.41 g, 6.25 mmol) was added to a solution of
6-(2-nitro-phenyl)-3-phenyl-imidazo[2,1-b]thiazal® (400
mg, 1.25 mmol) in ethanol (20 mL). The reaction mixture

chromatography using hexanethyl acetate (85/15, v/v) to
afford 12 as a white solid.
7-Phenyl-6-p-tolyl-9-thia-5,6b,10-triaza-pentaleno[2,1-
ajnaphthalene (12a).Yield: 44 mg (65%). White solid.
mp: >250°C. IR (KBr): v 2924, 2854, 1599 cm. 'H NMR
(300 MHz, CDC}): ¢ 8.68 (dd, 1HJ = 8.0, 1.3 Hz), 8.23
(dd, 1H,J=8.4,1.2 Hz), 7.757.68 (m, 2H), 7.33 (d, 2H,
J=28.0Hz), 7.18-7.09 (m, 3H), 7.0%+6.96 (m, 2H), 6.75
6.72 (m, 3H), 2.19 (s, 3H)C NMR (75 MHz, CDC}): ¢
158.8, 150.2, 146.1, 143.1, 137.2,135.8, 135.7, 129.8, 127.9,
127.6,127.5,127.0, 126.8, 125.6, 124.9, 122.0, 120.8, 119.5,
108.7,19.9. MS (ES: m/z=392.4 (M" + 1). Anal. Calcd
for CxsHi7NsS: C, 76.70; H, 4.38; N, 10.73. Found: C,
76.89; H, 4.21; N, 10.51.
6-(4-Nitro-phenyl)-7-phenyl-9-thia-5,6b,10-triaza-pen-
taleno[2,1-a]naphthalene (12b).Yield: 51 mg (71%).
Yellow solid. mp: >250°C. IR (KBr): v 1598, 1515, 1345
cm™% 'H NMR (300 MHz, CDC}): 6 7.87—7.81 (m, 3H),
7.64 (d, 1H,J = 9.0 Hz), 7.43 (t, 2HJ = 7.6 Hz), 7.25
7.20 (m, 4H), 7.04 (d, 1H] = 7.0 Hz), 6.58-6.54 (m, 3H).
423.3 (M" + 1). Anal. Calcd for
CoH1aN4O.S: C, 68.23; H, 3.34; N, 13.26. Found: C, 68.09;
H, 3.56; N, 13.41.
Dimethyl-[4-(7-phenyl-9-thia-5,6b,10-triaza-pentaleno-
[2,1-a]naphthalen-6-yl)-phenyl]-amine (12c)Yield: 43 mg
(60%). Gray solid. mp:>250°C. IR (KBr): v 2924, 2841,
1601, 1501, 1451, 1413 crh 'H NMR (300 MHz,
CDCly): 6 8.65 (dd, 1HJ= 7.9, 1.3 Hz), 8.21 (d, 1H] =
8.1 Hz), 7.76-7.63 (m, 3H), 7.30 (d, 2H] = 8.8 Hz), 7.17
(d, 1H,J = 8.4 Hz), 6.98-6.93 (m, 2H), 6.7£6.68 (m,
2H), 6.26 (d, 2HJ = 8.8 Hz), 2.89 (s, 6H)**C NMR (75
MHz, CDCL): ¢ 158.6, 150.0, 149.5, 146.5, 143.2, 135.9,

was refluxed under a nitrogen atmosphere for 1 h. The 129.8,128.5, 127.5, 127.3, 126.9, 126.8, 126.6, 125.7, 124.4,
solution was allowed to cool, and then it was poured into 122.1, 120.8, 119.2, 110.8, 109.7, 39.1. MS(ESnz =

ice; the pH was made slighitly basic (pH 8) by the addition
of 5% aqueous NaHCOEtOAc (2 x 40 mL) was added to

421.4 (M" + 1). Anal. Calcd for GeHxoN4S: C, 74.26; H,
4.79; N, 13.32. Found: C, 74.01; H, 4.56; N, 13.52.
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6-(4-Bromo-phenyl)-7-phenyl-9-thia-5,6b,10-triaza-pen- 1.4 Hz), 7.32-7.28 (m, 3H), 7.20 (dt, 1H] = 7.7, 1.7 Hz),
taleno[2,1-a]naphthalene (12d).Yield: 49 mg (63%). 7.12-7.10 (m, 2H), 7.01£6.98 (m, 2H), 6.90 (dt, 1H]) =
Yellow solid. mp: 122-124°C. IR (KBr): v 1595, 1463, 7.5, 0.92 Hz), 6.84 (d, 1H] = 8.2 Hz), 4.99 (s, 2H), 4.13
1351 cntt. *H NMR (300 MHz, CDC}): 6 8.69 (d, 1H,J (s, 2H), 3.81 (s, 3H)*C NMR (50 MHz, CDC}): 6 156.9,
= 7.7 Hz), 8.45 (d, 1HJ = 8.3 Hz), 7.96-7.86 (m, 3H), 148.2,136.5, 132.0, 130.7, 130.3, 129.6, 129.2, 129.0, 128 .4,
7.41-7.25 (m, 4H), 7.17 (d, 1H) = 7.3 Hz), 7.08-7.06 127.5, 127.3, 123.8, 121.8, 121.3, 119.4, 110.7, 55.7, 50.2,
(m, 3H), 6.74 (s, 1H)**C NMR (75 MHz, CDC}): ¢ 151.1 27.0. MS (ES): m/z = 400.3 (M" + 1). Anal. Calcd for
148.9, 145.6, 144.6, 143.0, 137.6, 135.2,129.9, 129.2, 127.9C,H.1N303: C, 72.16; H, 5.30; N, 10.52. Found: C, 72.29;
127.3,127.2,126.5, 125.8, 125.4,124.7,122.3,120.9, 119.6 H, 5.57; N, 10.71.

108.9. MS (ES) m'z = 457.4 (W + 1). Anal. Calcd for 2-[1-Benzyl-2-(4-methoxy-benzyl)-1H-imidazol-4-yl]-
Ca4H1BIrNsS: C, 63.16; H, 3.09; N, 9.21. Found: C, 63.31; phenylamine (15).A solution of 1-benzyl-2-(4-methoxy-
H, 3.26; N, 9.42. benzyl)-4-(2-nitro-phenyl)-1H-imidazol&4 (150 mg, 0.38

2-(4-Methoxy-benzyl)-4-(2-nitro-phenyl)-1H-imida- mmol) and SnG2H,0 (429 mg, 1.90 mmol) was refluxed
zole (13).Cesium carbonate (489 mg, 1.50 mmol) was added in ethanol (5 mL) under a nitrogen atmosphere for 1 h. The
to a solution of 4-methoxyphenyl acetic acid (500 mg, 3.01 solution was allowed to cool, and then it was poured into
mmol) in methanol (20 mL). The reaction mixture was stirred ice; the pH is made slighitly basic (pH 8) by the addition of
for 1 h; the solvent was evaporated, amditro phenacyl- 5% aqueous NaHC® O EtOAc (40 mL) was added to the
bromide2 (735 mg, 3.01 mmol) in DMF (10 mL) was added. mixture. The suspension was passed through a bed of celite.
The reaction mixture was stirred overnight at RT (room The organic layer was finally washed with water 220
temperature). DMF was evaporated under reduced pressuremL) and brine (2x 20 mL) and dried over anhydrous Na
and xylene (30 mL) added to the residue. The cesium SO, The organic layer was evaporated to dryness under
bromide salt was filtered; ammonium acetate (10 g) was reduced pressure. The residue was purified by silica gel
added to the filtrate, and the reaction mixture was refluxed chromatography using hexanethyl acetate (80/20, v/v) to
for 1.5 h using a DeanStark apparatus. After it was cooled, afford 15.
the reaction mixture was diluted with ice water and ethyl  Yield: 122 mg (88%). Off-white solid. mp:>250 °C.
acetate (3x 40 mL). The organic layer was washed with a IR (KBr): v 3032, 2930, 2842, 1611, 1493, 1459, 1309tm
saturated solution of sodium bicarbonate (50 mL), followed H NMR (300 MHz, CDC}): 6 7.36-7.28 (m, 4H), 7.21
by brine (50 mL), dried over anhydrous }D;, and (t, 1H,J = 7.8 Hz), 7.12 (d, 1HJ) = 7.2 Hz), 7.06-7.03
evaporated to dryness under reduced pressure. Purificatior(m, 4H), 6.91+6.83 (m, 2H), 6.73-6.65 (m, 2H), 5.04 (s,
was carried out on a silica gel column using hexaethyl 2H), 4.13 (s, 2H), 3.81 (s, 3H). MS (E3 m/z = 370.3
acetate (80/20, v/v) to giv&3. (M* + 1). Anal. Calcd for G4H»5N3O: C, 78.02; H, 6.27;

Yield: 186 mg (20%). Yellow solid. mp: 169171 °C. N, 11.37. Found: C, 78.28; H, 6.10; N, 11.25.
IR (KBr): v 3013, 2928, 2827, 1605, 1529, 1463, 1354tm 3-Benzyl-2-(4-methoxy-benzyl)-4-p-tolyl-3H-imidazo-
IH NMR (200 MHz, CDC}): ¢ 7.86 (d, 1H,J = 7.6 Hz), [4,5-c]quinoline (16).A mixture of 2-[1-benzyl-2-(4-meth-
7.64 (d, 1H,J = 7.9 Hz), 7.54 (t, 1HJ) = 7.6 Hz), 7.3% oxy-benzyl)-1H-imidazol-4-yl]-phenylamirib (50 mg, 0.14
7.23 (m, 3H), 7.12 (s, 1H), 6.95 (d, 2H,= 7.6 Hz), 4.12 mmol), p-tolualdehyde (1%L, 0.14 mmol), ancp-tolylsul-
(s, 2H), 3.95 (s, 3H)'3C NMR (50 MHz, CDC}): o 157.3, fonic acid (2.7 mg, 0.014 mmol) was refluxed in toluene (2
148.7, 135.0, 132.2, 131.9, 131.3, 130.9, 129.9, 129.0, 126.8 mL) for 1 h. Then toluene was evaporated in vacuo, and the
123.9,121.7,111.3,56.1, 30.5. MS (BSm/z= 310.2 (M" residue was dissolved in ethyl acetate (30 mL). The organic
+ 1). Anal. Calcd for GH1sN3O3: C, 66.01; H, 4.89; N, layer was finally washed with water (20 mL) and brine (20
13.58. Found: C, 65.88; H, 4.62; N, 13.41. mL), dried over anhydrous N80, and evaporated to

1-Benzyl-2-(4-methoxy-benzyl)-4-(2-nitro-phenyl)-1H- dryness under reduced pressure. The residue was purified
imidazole (14). 2-(4-Methoxy-benzyl)-4-(2-nitro-phenyl)- by silica gel chromatography using hexarathyl acetate (80/
1H-imidazole13 (200 mg, 0.65 mmol) was treated with NaH 20, v/v) to afford16.
(17.0 mg, 0.71 mmol) in DMF (3 mL) at RT for 15 min; Yield: 39 mg (61%). White solid. mp: 168169 °C. IR
then benzyl bromide (7%L, 0.65 mmol) was added (KBr): v 2932, 2847, 1603 cnt. *H NMR (300 MHz,
portionwise over a period of 15 min. The reaction was CDCL): ¢ 8.73-8.69 (m, 1H), 8.248.20 (m, 1H), 7.7%+
monitored by TLC. After the completion of the reaction, the 7.67 (m, 2H), 7.23+7.06 (m, 9H), 6.89 (dt, 1H}= 7.5, 0.7
mixture was poured into ice-cold water (50 mL) and was Hz), 6.80 (d, 1H,J = 8.0 Hz), 6.38 (d, 2H,J = 7.0 Hz),
extracted with ethyl acetate (25 mL). The ethyl acetate layer 5.13 (s, 2H), 4.36 (s, 2H), 3.74 (s, 3H), 2.38 (s, 3HLC
was washed with water (2 20 mL) and brine (20 mL). NMR (50 MHz, CDC}): ¢ 156.4, 147.8, 145.2, 143.7, 138.4,
The organic layer was dried over sodium sulfate and 136.3, 135.5,129.9, 129.4, 128.7, 128.3, 127.5, 127.2, 126.9,
evaporated to dryness under reduced pressure. Purificatiorl26.4, 125.1, 124.2, 121.7, 120.9, 110.4, 100.0, 55.3, 48.2,
was carried out on a silica gel column with hexane/EtOAc 27.8, 21.3. MS (ES): m/z470.4 (M" + 1). Anal. Calcd for

(80/20, viv) to affordl4. CsHo7N3O: C, 81.85; H, 5.80; N, 8.95. Found: C, 81.79;
Yield: 212 mg (82%). Red oil. IR (neat): 2937, 2804, H, 5.67; N, 8.71.
1637, 1531, 1354 cn. *H NMR (300 MHz, CDC}): ¢ 2-Amino-nicotinamide (17).A solution of nicotinic acid

7.99 (dd, 1HJ = 7.9, 1.4 Hz), 7.63 (dd, 1H] = 8.0, 1.2 (500 mg, 3.62 mmol)N-methymorpholine (438.L, 3.98
Hz), 7.55 (dt, 1HJ = 7.6, 1.3 Hz), 7.35 (dd, 1H] = 7.8, mmol), and isobutyl chloroformate (518, 3.98 mmol) in
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dry THF (15 mL) was stirred at-15 °C for 10 min. Then
NH4OH (40 mL) was added to reaction mixture. The reaction
mixture was stirred for 1 h. After completion of the reaction,
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NMR (50 MHz, DMSO): 6 164.4, 146.5, 144.6, 142.4,
130.1, 129.3, 129.01, 128.0, 120.4, 116.8, 116.6, 116.1,
112.5,110.9. MS (ES: m/z253.2 (M" + 1). Anal. Calcd

the solvent was evaporated, and residue was extracted withfor C;4H1,N4,O: C, 66.65; H, 4.79; N, 22.21. Found: C,

EtOAc (2 x 50 mL), washed with saturated NaHgO
solution (2 x 25 mL), water (30 mL), and brine (30 mL),
and dried over NgsO, The organic layer was evaporated
to obtain a residue, which was purified by column chroma-
tography using CHGHMeOH (95/05, v/v) to affordl7.
Yield: 253 mg (51%). White solid. mp: 2601 °C
(lit.*8value mp 199-202°C). IR (KBr): v 3456, 1670 cm’.
H NMR (300 MHz, CDC}): ¢ 8.07 (dd, 1HJ = 3.8, 1.7
Hz), 7.92 (d, 1HJ = 7.6 Hz), 7.877.86 (m, 2H), 6.85 (br
s, 2H), 6.56-6.52 (m, 1H)*3C NMR (75 MHz, DMSO): ¢
169.1, 158.3, 150.6, 136.3, 110.4, 108.0; MS{ESn/z =
138.1 (M" + 1). Anal. Calcd. for GH/N3O: C, 52.55; H,
5.14; N, 30.64. Found: C, 52.46; H, 5.44; N, 30.57.
2-(2-Nitro-phenyl)-imidazo[1,2-a]pyridine-8-carboxyl-
ic Acid Amide (18). A solution of 2-amino-nicotinamide
17 (400 mg, 2.92 mmol) and 2-bromo-1-(2-nitro-phenyl)-
ethanone? (713 mg, 2.92 mmol) in ethanol (10 mL) was
refluxed for 7 h. After removal of the solvent, the residue
was basified with NaHC@solution (25 mL) and extracted
with EtOAc (50 mL). The organic layer was washed with
water (25 mL) and brine (25 mL), and dried over anhydrous

66.54; H, 4.66; N, 22.08.
6-p-Tolyl-5,6b,11-triaza-benzo[alfluorene-10-carboxyl-
ic Acid Amide (20). A mixture of 2-(2-amino-phenyl)-
imidazo[1,2-a]pyridine-8-carboxylic acid amid® (50 mg,
0.20 mmol), p-tolualdehyde (22uL, 0.20 mmol), and
p-tolylsulfonic acid (3.8 mg, 0.02 mmol) was refluxed in
toluene (3 mL) for 7 h. Then, the toluene was evaporated in
vacuo, and the residue was dissolved in ethyl acetate (30
mL). The organic layer was finally washed with water (25
mL) and brine (25 mL) and dried over anhydrous,Si@,.
The organic layer was evaporated to dryness under reduced
pressure to afford a crude material, which was purified by
silica gel column using hexanethyl acetate (80/20, v/v)
to afford 20.

Yield: 44 mg (63%). Yellow solid. mp:>250 °C. IR
(KBr): v 2927, 2818, 1675, 1598 crh *H NMR (300 MHz,
CDCly): 6 10.42 (br s, 1H), 8.79 (dd, 1H,= 6.7, 1.3 Hz),
8.59 (dd, 1H,J = 5.9, 1.2 Hz), 8.368.30 (m, 2H), 7.85
(dt, 1H,J = 7.6, 1.5 Hz), 7.77 (dt, 1H) = 7.2, 1.1 Hz),
7.64 (d, 2HJ = 7.9 Hz), 7.48 (d, 2HJ = 7.9 Hz), 6.98 (t,
1H,J = 7.1 Hz), 6.21 (br s, 1H), 2.56 (s, 3H¥C NMR

NaSOy; then, the organic layer was evaporated. The residue(75 MHz, DMSO): ¢ 161.8, 150.0, 148.2, 145.5, 141.5,

was purified by column chromatography using hexagtayl
acetate (75/25, v/v) to afforii8.
Yield: 552 mg (67%). Yellow solid. mp: 235236 °C.
IR (KBr): v 3304, 1677, 1598, 1522, 1374 cin*H NMR
(300 MHz, DMSO): ¢ 9.07 (br s, 1H), 8.79 (dd, 1H] =
7.6, 1.2 Hz), 8.53 (s, 1H), 8.05 (dd, 18,= 7.2, 1.0 Hz),
8.00 (dd, 1HJ = 7.6, 1.1 Hz, br (0) 1H), 7.87 (dd, 1H,=
7.9, 1.1 Hz), 7.76 (dt, 1H) = 7.6, 1.5 Hz), 7.62 (dt, 1H]J
=7.7,1,1Hz), 7.14 (t, 1H] = 7.0 Hz).**C NMR (75 MHz,
DMSO): 6 163. 9, 149.2, 143.1, 139.4, 132.3, 130.8, 130.5,
129.8, 129.1, 125.5, 123.8, 120.7, 113.0, 112.4. MS'{ES
m/z = 283.1 (M" + 1). Anal. Calcd for G4H10N4Os: C,
59.57; H, 3.57; N, 19.85. Found: C, 59.48; H, 3.49; N, 19.79.
2-(2-Amino-phenyl)-imidazo[1,2-a]pyridine-8-carboxyl-
ic Acid Amide (19). A solution of 2-(2-Nitro-phenyl)-
imidazo[1,2-a]pyridine-8-carboxylic acid amid& (200 mg,
0.71 mmol) and SnGRH,O (801 mg, 3.55 mmol) in ethanol
(15 mL) was refluxed under nitrogen for 1 h. The solution
was allowed to cool, and then it was poured into ice; the pH
was made slighitly basic (pH 8) by addition of 5% aqueous
NaHCG;. EtOAc (35 mL) was added to the mixture. The

suspension was passed through a bed of celite. The organic

layer was finally washed with water (25 mL) and brine (25
mL) and dried over anhydrous B&0,. The organic layer

was evaporated to dryness under reduced pressure. The crude

material was purified by silica gel chromatography using
hexane-ethyl acetate (70/30, v/v) to affortP.

Yield: 155 mg (87%). Yellow solid. mp: 223225 °C.
IR (KBr): v 3458, 3398, 3338, 1699 crh *H NMR (300
MHz, DMSO): ¢ 9.20 (br s, 1H), 8.75 (d, 1Hl = 6.6 Hz),
8.40 (s, 1H), 8.08 (br s, 1H), 8.00 (d, 18= 7.1 Hz), 7.59
(dd, 1H,J = 6.4, 1.3 Hz), 7.13-7.06 (m, 2H), 6.80 (d, 1H,
J=8.07 Hz), 6.66 (t, 1HJ) = 7.4 Hz), 5.91 (br s, 2H)3C

136.1, 131.4, 130.0, 129.4, 128.4, 127.8, 122.8, 121.6, 120.7,
119.2, 118.7, 116.4, 113.9, 112.6, 20.4. MS(ESm/z =
353.5 (M" + 1). Anal. Calcd for G,H16N4O: C, 74.98; H,
4.58; N, 15.90. Found: C, 74.84; H, 4.48; N, 15.77.
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