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The reaction of 4,5-diphenylimidazol-2-thione (1) with aromatic ketones 2a-i using the acidified acetic
acid method afforded the 4,5-diphenyl(2-imidazolylthio)acetophenones 3a-h in good yields. While, the
cyclized product 4i was obtained directly upon reaction of 1 with a-acetyl naphthalene. Compounds 3a-h
were cyclized directly to the corresponding 3-aryl-5,6-diphenylimidazo[2,1-b]thiazoles (4a-¢) and (4e-h).
In the same manner the reaction of 1 with aliphatic and/or alicyclic ketones gave the 3-(4,5-diphenyl-2-
imidazolylthio)acetone derivatives 5a-d, 2-(4,5-diphenylimidazolylthio)cycloalkanones 8a,d and the tri-
cyclic compounds 9b-c respectively. The cyclized compounds 6a-d and 9a,d were obtained by cyclization
of 5a-d and 8a,b respectively. Oxidation of 1 gives the corresponding bis(4,5-diphenyl-2-imidazolyl)-
disulfide (10) in 90% yield. Some of the synthesized compounds were tested for antifungal and antibacter-

ial activity.
J. Heterocyclic Chem., 37, 943 (2000).

Introduction.

The synthesis of imidazo[2,1-b]thiazoles have been
recetving attention during recent years as antitumor, anti-
inflammatory, cardiotonic and diuretic agents [1]. The
synthetic methods of imidazo[2,1-b]thiazoles have
appeared in the literature using either 2-aminothiazoles
[1-3] or 2-mercaptoimidazoles [4-13] as starting materi-
als, reacting with the proper a-haloketones, followed by
cyclization.

The disadvantages of these methods are the many steps,
long reaction times, highly toxic substances like o-halo-
ketones, and poor overall yields. In this paper, we wish to
report the synthesis of 5,6-diphenylimidazo[2,1-5]thi-
azoles using our novel method [14] of reacting 4,5-di-
phenyl-2-mercaptoimidazol (1) with aromatic or aliphatic
ketones in acetic acid containing catalytic amounts of
concentrated sulphuric acid. This method has the advan-
tages of an efficient high yielding synthesis, utilizing easily
handled chemicals.

Results and Discussion.

In continuation of our studies of heteroaryl thioaceto-
phenones and their cyclization to fused heterocycles [ 14},
we report here that the interaction of 4,5-diphenylimida-
zol-2-thione (1) with aromatic ketones 2a-i in boiling
acetic acid, containing a few drops of concentrated sulfu-
ric acid, for two hours afforded the 4,5-diphenylimida-
zolylthioacetophenone derivatives 3a-h in very good
yields. The cyclized product 4i was obtained directly
upon reaction of 1 with a-acetyl naphthalene. Compounds
3a-h were cyclized directly to the corresponding
3-aryl-5,6-diphenylimidazo[2,]-b]thiazoles (4a-c, 4e-h)
on refluxing the reaction mixture for two hours in the

presence of acetic anhydride as cyclizing agents. The
cyclization of 3g has been reported |7] using Ac,O/AcONa
as cyclizing agent. This resulted in the formation of
2-(p-bromobenzoyl)-3-methylimidazo(2,-b]thiazole via
N-acetylation followed by cyclization, Scheme 1.

To ascertain the role of AcOH/Ac,0O in the presence of
H,SO, as cyclizing agent, cyclization of 3b,c,g,h were
carried out using poly phosphoric acid as previously
described [9]. The compounds 3b,c,g,h and 4b,c,g,h were
found to be identical in all respects with those obtained
using our reaction conditions. Interestingly enough, inter-
action of 1 with ethyl benzoylacetate under the same reac-
tion conditions gave 4a instead of the compound 4a'. The
formation of 4a may be explained as a result of ester
hydrolysis followed by decarboxylation of the expected
product 2-ethoxycarbonyl-3,5,6-triphenylimidazo(2,1-b]-
thiazole (4a'). This was confirmed by tlc, ir, mp and
mixed mp, Scheme 1.

Similarly, reaction of 4,5-diphenylimidazole-2-thione
(1) with aliphatic ketones such as acetone, butanone, pen-
tan-2-one, phenylacetone, acctylacetone and ethyl aceto-
acetate using the acidified acetic acid method gave
3-(4,5-diphenylimidazolylthio)acetone derivatives (5a-d)
in good yield. Addition of Ac,O and refluxing the reac-
tion mixture for two hours gave the cyclized products
6a-d directly. The structure of compounds 6a-d was con-
firmed by cyclization of 5a-d using poly phosphoric acid
as previously described [8]. While on reaction of 1 with
acetylacetone using the same method, the cyclized prod-
uct 6e was obtained in 65% yield. Also, 3-methyl-5,6-
diphenylimidazo[2,1-b]thiazole (6a) was obtained when
ethyl acetoacetate reacted with 1 under the same reaction
conditions, Scheme 2.
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Alicyclic ketones like cyclopentanone, cyclohexanone,
cycloheptanone and cyclooctanone (7a-d) were allowed
to react with 1 in the same conditions (AcOH/H,SOy)
afforded the 2-(4,5-diphenyl-2-imidazolylthio)cycloalkanone
(8a,d) and the cyclized products 2,3-cycloalkano-5,6-di-
phenylimidazo[2,1-b]thiazoles (9b,c). Compounds 8a,d
were cyclized to the corresponding 9a,d either by addition
of Ac,O to the reaction mixture or using poly phosphoric
acid as the cyclizing agent, Scheme 3.

In our previous work [14] we thought that the mecha-
nism of the formation of the title compounds can, there-
fore, be explained by the nucleophilic attack of
o-aryl/alkyl-o-hydroxymethylene carboxylate [formed by
esterification of the enol form] on the dimeric disulfide
(10) to give the carbonium ion intermediate followed by
oxygen-acetyl bond fission to give the title compounds
(route a) or intramolecular cyclization to yield the
cyclized compounds (route b) directly.
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The suggested mechanism of the reaction was con-
firmed chemically by refluxing 1 in AcOH/H* for 30 min-
utes which gave the disulfide 10 in 90% yield. The disul-
fide 10 was established not only using elemental analysis
but also with spectral data such as ir, nmr and ms. F. Freeman
et al. [15] synthesized the disulfide 10 by electrochemical
oxidation of 1 in 2 moles of ethanolic HCI as a dihydro-
chloride salt (72%). Here we present another explanation of
the reaction mechanism as shown in Scheme 4.

The structures of the synthesized compounds were con-
firmed by elemental analysis and spectral data. Some of
these compounds with expected biological activity were
tested againist bacteria and fungus and showed satisfactory
effects.

an=1;d: n=4

Biological Activity.

The antimicrobial activities of the synthesized com-
pounds were determined by the usual disc assay [16-17]
at a concentrations of (10-3 mole) per disc. Nutrient agar
media with the following composition in g/}: beef extract,
3; peptone, 5; NaCl, 5 and agar 20, were used for bacterial
cultures. Fungi were grown on Sabovroud's dextrose agar
containing (g/l): glucose 40; peptone 10 and agar 20.
Inhibition zones (in mm) around filter paper discs (3 mm
in diameter) were measured and the average of three readings
was considered. Clotrimazol was used as standard refer-
ence, Table 1.
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Table 1

Biological Screening of the Selected Compounds on Some Bacteria and Fungus

Bacelleus
Cereus (+ Ve)

Compound Staphylococus
No. Aubhrus (+ Ve)

1 _ -
3a - -
3b - 0.6
3¢ - -
3d - -
3e - -
3f - -
3g - 0.7
3h -
4a
4b
4c - -
4¢ - 0.7
4f - s
4g -
4h - -
4i - 0.9
Sa - 0.7
5b - 0.9
5c - -
5d - -
6a - 0.7
6b - -
6¢ - -
6d - -
Ge - -
8a 0.9 0.6
8d -
9a - -
9b - -
9¢
9d
10 DMF
Clotrimazol 3

[ S I}

EXPERIMENTAL

Melting points were uncorrected. The ir spectra were mea-
sured on a Shimatzu-470 spectrophotometer using KBr tech-
nique (v cm!). Elemental analyses were performed using
Perkin-Elmer elemental analyzer 240-C. The 'H nmr were
recorded on a Varian EM-390, 90 MHz spectrometer. TMS was
used as an internal standard, & ppm. Mass spectra were per-
formed on Shimatzu-GC.MS-QP 1000EX spectrometer using
the direct inlet system. The starting materials were commercially
available, Aldrich and Merck Chemical Company, and the sol-
vents were distilied and dried before using.

General Procedures for Synthesis of 4,5-Diphenylimidazolylthio
Acctophenone Derivatives (3a-h) and 4i.

A mixture of 4,5-diphenylimidazole-2-thione (1, 2.5 g, 10 mmoles)
and p-substituted acetophenones (10 mmoles) was refluxed in
acetic acid (20 ml) containing a few drops of concentrated
H,S0, for 2-3 hours. The reaction mixture was cooled and neu-
tralized with NH4OH solution. The resulling precipitate was col-
lected by filtration, washed with water several times and dried
under vacuum. The crude product was crystallized from the

Pscudomones Yeast
(- Ve) (Fungi)

Serraha
(— Ve)

0.7
0.8
= = 1.0
= = 0.7
- = 1.1

- 1.1
- - 0.7
& - 0.8
& - 0.8

0.9

= 1.0
R = 0.7

0.7

0.8

proper solvent 1o give the corresponding 3a-h as colorless crys-
tals and the cyclized product 4i in 80% yield.

2-Benzoylmethylthio-4,5-diphenylimidazole (3a).

This compound was obtained as colorless crystals from
ethanol, mp 194-196 °C, Lit. mp 180-181 °C [10], 80% yield; ir:
v 3400 (NH), 1670 (CO), 1590 (C=N), 1490 (C=C) cmr!, 'H nmr
(DMSO-dg): 84.8 (s, 2H, CHy), 7.15-8.15 (m, 15H, Ar-H), 12.5 ppm
(br, IH, NH); ms: m/z 370.8 [M*] (87.2), 371.8 [M*1] (17.3),
369.8 [M-1](100).

Anal. Caled. for Cy3H gN,OS (370.5): C, 74.57, H, 4.9, N,
7.56; S, 8.65. Found: C, 74.50; H, 5.01; N, 7.63; S, 8.90.

2-p-Chiorobenzoylmethylthio-4,5-diphenylimidazole (3b).

This compound was obtained from the reaction of 1 and
p-chloroacetophenone as faint yellow crystals after crystalliza-
tion from ethanol, mp 207 °C, 92% yield; ir: v 3400 (NH), 1660
(C=0), 1580 (C=N), 1480 (C=C) cm’!; 'H nmr (DMSO-d): &
4.6 (s, 2H, CHy). 7.15-8.10 (m, 14H, Ar-H). 12.25 ppm (s. H,
NH).

Anal. Caled. for Cy3H|7N,CIOS (404.9): C, 68.23; H. 4.23;
N, 6.92; S, 7.92; Cl, 8.76. Found: C, 68.50; H, 432, N, 6.73; §,
8.01; CI. 8.80.
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2-p-Methylbenzoylmethylthio-4,5-diphenylimidazole (3¢).

This compound was obtained as colorless crystals after crys-
tallization from ethanol, mp 189-191 °C, Lit. mp 185 °C [9],
87% yield; ir: v 3500 (NH), 1660 (C=0), 1590 (C=N), 1490
(C=C) cm-}; 'H nmr (CDC13): § 2.45 (s, 3H, CH3). 4.45 (s, 2H,
CH,), 7.20-7.95 ppm [m, 15H, (14H, Ar-H and 1H, NH)] after
deuteration became (14H, Ar-H)

Anal. Caled. for CoyHogN,OS (384.5): C, 74.97; H, 5.24; N,
7.29; S, 8.34. Found: C, 75.02; H, 5.20; N, 7.36; S, 8.50.

2-p-Methoxylbenzoylmethylthio-4.5-diphenylimidazole (3d).

This compound was obtained as colorless crystals after crys-
tallization from ethanol, mp 172 °C, 79% yield; ir: v 3350 (NH),
1660 (C=0), 1590(C=N), 1500 (C=C) cm!; 'H nmr (CDCI5): &
3.9 (s, 3H, OCHy), 4.50 (s, 2H, CH,), 7.00-8.2 (m, 14H, Ar-H),
9.0 ppm (br, 1H, NH).

Anal. Caled. for Co4H,oN,0,8 (400.5): C, 71.98; H, 5.30; N,
6.99; S, 8.19. Found: C, 71.56, H, 5.37, N, 7.30; S, 8.19.

2-p-Hydroxybenzoylmethylthio-4,5-diphenylimidazole (3e).

This compound was obtained as colorless crystals from
ethanol, 85% yield, mp 255 °C; ir: v 3500 (br, OH), 3250 (NH),
1640 (C=0), 1590 (C=N), 1560 (C=C) cm-!; 'H nmr (DMSO):
& 4.5 (s, 2H, CH,), 6.75-7.90 (m, 15H, 14H, Ar-H and 1H
(OH)), 12.15 ppm (br, I1H, NH).

Anal. Caled. for Cy3H gN,O,S (386.5): C, 71.48; H, 4.69; N,
7.25; S, 8.30. Found: C, 71.42; H, 5.00; N, 7.20; S, 8.50.

2-p-N-Acetylaminobenzoylmethylthio-4,5-diphenylimidazole
(3f).

This compound was obtained from the reaction of 1 with
p-aminoacetophenone as pale brown crystals from ethanol, mp
229-230 °C, 83% yield; ir: v 3555 (-NHCO-), 3250 (NH), 1720
(C=0), 1660 (-CONH), 1580 (C=N), 1520 (C=C) cm-!, 'H nmr
(DMSO): & 2.1 (s, 3H, NHCOCH3), 4.6 (s, 2H, CH,), 7.1-8.0
fm, 15H, (14H, Ar-H and 1H, NH)}, 9.8 ppm (s, IH,
NHCOCH,).

Anal. Caled. for CysH, N3SO, (427.5): C, 70.24; H, 4.95, N,
9.83; S, 7.50. Found: C, 70.17; H, 5.30; N, 10.00; S, 7.58.

2-p-Bromobenzoylmethylthio-4,5-diphenylimidazole (3g).

This compound was obtained as yellow crystals after crystal-
lization from ethanol, mp 200 °C, Lit. mp 190 °C [9], 87% yield,
ir: v 3450 (NH), 1665 (C=0), 1580 (C=N). 1520 (C=C) cm"!;
'H nmr (DMSO): 8 4.6 (s, 2H, CH,), 7.25-8.00 (m, 14H, Ar-H),
12.3 ppm. (s, JH, NH).

Anal. Caled. for Co3H7N;BrOS (449.4): C, 61.48; H, 3.81;
N, 6.23; S, 7.13; Br, 17.79. Found: C, 61.44; H, 4.05; N, 6.57, S,
7.23; Br, 18.00.

2-p-Nitrobenzoylmethylthio-4,5-diphenylimidazole (3h).

This compound was obtained as yellow crystals after crystal-
lization from ethanol, mp 193 °C, Lit. mp 188 °C [9], 85%
yield; ir: v 3300 (NH), 1680 (C=0), 1590 (C=N), 1510 (C=C)
cm !y 'H nmr (DMSOY): 8 4.6 (s, 2H, CH,), 7.15-8.03 ppm [m,
I5H, (14H, Ar-H and 1H, NH)}; ms m/z 415.7 [M*] (3.6), 252
(22.3), 251.7 (100).

Anal. Caled. for Cy3H7N103S (415.5): C, 66.49; H, 4.12, N,
10.11; S, 7.72. Found: C, 66.70; H, 4.05; N, 10.30; S, 7.91.
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3-a-Naphthyl-5,6-diphenylimidazo| 2,1 -b]thiazole (4i).

This compound was obtained as colorless crystals from the
reaction of 1 with a-acetylnaphthalene after crystallization from
benzene/methanol mixture, mp 190 °C, 80% yield; ir: v 1590
(C=N), 1520 (C=C) cm!; 'H nmr (CDCly): 8 6.7 (s, IH, CH),
6.8-7.9 ppm (m, 17H, Ar-H).

Anal. Caled. for Cy7H gN,S (402.1): C, 80.57; H, 4.51. N,
6.96; S, 7.95. Found: C, 79.99; H, 4.35; N, 7.17, §, 8.05.

General Methods for Synthesis of 3-Aryl-5,6-diphenylimidazo-
[2,1-b]thizoles (4a-h).

Method A.

A mixture of 4,5-diphenylimidazole-2-thionc (1, 2.5 g, 10
mmoles) and p-substituted acetophenone (10 mmoles) was
refluxed in acetic acid (20 ml) containing a few drops of concen-
trated H,SQy for two hours. Then acetic anhydride (7 ml) was
added to the reaction mixture and refluxing was continued fur-
ther for two hours. The reaction mixture was cooled and worked
up as described above.

Method B.

A mixture of 3a-h (5 mmoles) and poly phosphoric acid (10 mi)
was heated in an oil bath at 140 °C for 3 hours. The reaction
mixture was cooled and worked up as described above.

3.,5,6-Triphenylimidazo[2,1-b]thiazole (4a).

This material was obtained as colorless crystals {from ethanol;
mp 162 °C, (82%); ir: v 1580 (C=N), 1480 (C=C) cm"!; 'H nmr
(CDCl5): 8 6.56 (s, H, CH), 6.9-7.6 ppm (m, 15H, Ar-H).

Anal. Calcd. for Cy3H ¢N,S (352.5): C, 78.38; H, 4.58, N,
7.95; S,9.10. Found: C, 78.31; H, 4.48; N, 8.05; S, 9.00.

3-(p-Chlorophenyl)-5,6-diphenylimidazo2,1-b]thiazole (4b).

This material was obtained as faint yellow crystals from
ethanol; mp 154 °C, Lit. mp 156 °C [9], 88% vyield; ir: v 1590
(C=N), 1560 (C=C) ecm'!; 'H nmr (CDCly): 8 6.6 (s, 1H, CH),
6.9-7.7 ppm (m, 14H, Ar-H). ms m/z (%) = 387 [M*] (13.7).
388 [M+1] (32.7), 389 [M+2] (34), 386 (100).

Anal. Calcd. for Cp3H | sN,CIS (386.9): C, 71.40; H, 3.91, N,
7.24; S, 8.29; Cl, 9.16. Found: C, 71.49; H, 4.00; N, 7.22; S,
8.30; Cl1,9.14.

3-(p-Tolyl)-5,6-diphenylimidazo[2,1-b]thiazole (4c).

This compound was obtained as colorless crystals from
ethanol; mp 137 °C, Lit. mp 148 °C [9], 88% yield: ir: v 1590
(C=N), 1520 (C=C) em™': 'H nmr (CDC13): 8 2.2 (s, 3H, CHy).
6.55 (s, IH. CH), 6.8-7.6 ppm (m, 14H, Ar-H).

Anal. Caled. for Co4H |gN,S (366.5): C, 78.66; H, 495, N,
7.64; §, 8.75. Found: C, 78.53; H, 5.01; N, 7.80; S, 8.63.

3-(p-Hydroxyphenyl)-5,6-diphenylimidazo[2,1-b]thiazole (de).

This compound was obtained as colorless crystals from
ethanol; mp 150 °C, 76% yield; ir: v 3400 (OH), 1590 (C=N),
1500 (C=C) cm!; 'H nmr (CDC13): 8 6.7 (s, 1H, CH),
7.00-7.75 ppm [m, I5H, (14H, Ar-H and 1H, OH)].

Anal. Caled. for C3H gN,OS (368.5): C, 74.98; H, 438, N,
7.60; S, 8.70. Found: C. 74.49; H. 4.80; N, 7.80; S, 8.76.

3-(p-Acetanilido)-5,6-diphenylimidazo[2,]-b]thiazole (4f).

This compound was obtained as colorless crystals from
ethanol, mp 215 °C, 83% yield; ir: v 3550 (NHCO), 1660
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(CONH), 1580 (C=N), 1520 (C=C) cm-!, 'H nmr (CDCl;): &
2.15 (s, 3H, CH,), 6.65 (s, 1H, CH), 6.9-7.6 (m, 14H, Ar-H),
9.45 ppm (s, |H, NH); ms: m/z 409.8 [M+*] (34.1), 410.8 [M+!]
(9.4), 408.8 {M-2] (100), 407.9 (24.9).

Anal. Caled. for Cy5HgN;OS (409.5): C, 73.33; H, 4.68, N,
10.26; S, 7.83. Found: C, 73.00; H, 4.80; N, 10.40; S, 8.00.

3-(p-Bromophenyl)-5,6-diphenylimidazo[2,1-b]thiazole (4g).

This compound was obtained as yellow crystals from ethanol,
mp 170 °C, Lit. mp 167 °C [9], 79% yield; ir: v 1590 (C=N),
1560 (C=C) cm-!; IH nmr (CDCl3): 8 6.55 (s, 1H, CH),
6.75-7.65 ppm (m, 14H, Ar-H); ms: m/z (%) = 431.6 [M*]
(100), 432.6 [M+1](38), 433.6 [M+2] (11.3), 429.6 (98.9).

Anal. Caled. for Cp3H sN,BrS (431.4): C, 64.04; H, 3.51, N,
6.49; S, 7.43, Br, 18.52. Found: C, 64.00; H, 3.40; N, 6.30; S,
7.33, Br, 18.59.

3-(p-Nitrophenyl)-5,6-diphenylimidazo[2,1-b]thiazole (4h).

This compound was obtained as yellow crystals from ethanol,
mp 220-222 °C, Lit. mp 220° [9], 73% yield; ir: v 1590 (C=N),
1500 (C=C) cm!; 'H nmr (CDCl3): 8 6.75 (s, 1H, CH), 7.7-8.0
(m, 14H, Ar-H).

Anal. Caled. for C23H|5N302S (3975) C, 695], H, 380, N,
10.05; S, 8.07. Found: C, 69.05; H, 3.80; N, 10.05; S, 8.17.

General Procedure for Synthesis of 3-(4,5-Diphenyl-2-imid-
azolylthio)acetone Derivatives (Sa-d) and (8a,d) and the
Cyclized Compounds 6e and 9b,c.

A mixture of 4,5-diphenylimidazole-2-thione (1, 2.5 g, 10
mmoles) and aliphatic or alicyclic ketones (10 mmoles) was
refluxed in acetic acid (20 ml) containing a few drops of concen-
trated H,80, for 2-3 hours. The reaction mixture was cooled
and neutralized with iced NH4OH and extracted with chloro-
form. The combined extract was dried over molecular sieve. The
chloroform was removed using rotatory evaporator and the
resulting solid product was crystallized from the proper solvent
to give the corresponding 5a-d, 6e, 8a,d and 9b,c respectively.

2-Acetylmethylthio-4,5-diphenylimidazole (5a).

This compound was obtained as pale brown crystals from
(benzene/pet. ether), mp 142-145 °C, Lit. mp 147 °C [10], 78%
yield; ir: v 3400 (NH), 1720 (C=0), 1590 (C=N), 1480 (C=C)
cem-!; TH nmr (DMSO): 8 2.4 (s, 3H, CHy), 4.05 (s, 2H, CHy),
7.2-1.7 (m, 10H, Ar- H), 12.25 ppm (s, 1H, NH).

Anal. Caled. for CgH¢N,OS (308.4): C, 70.10; H, 5.23; N,
9.08; S, 10.40. Found: C, 70.10; H, 5.38; N, 9.48; S, 10.43.

3-(4,5-Diphenyl-2-imidazolylthio)-2-butanone (5b).

This compound was obtained as colorless crystals from ben-
zene/hexane mixture, mp 128-130 °C, 79% yield; ir: v 3400
(NH), 1700 (C=0), 1595 (C=N), 1480 (C=C) cm"!; 'H nmr
(CDCl3): & 1.45 (d, 3H, CH3CH), 2.3 (s, 3H, CH;CO), 4.05 (q,
CHCH,), 7.1-7.6 (m, 10H, Ar-H), 10.2 ppm (br, 1H, NH).

Anal. Caled. for C1gHgN,OS (322.4): C, 70.78; H, 5.63; N,
8.69; S, 9.99. Found: C, 70.37; H, 5.49; N, 8.26; §, 10.01.

3-(4,5-Diphenyl-2-imidazolylthio)-2-pentanone (5c).

This compound was obtained as colorless crystals from ben-
zene/hexane mixture, mp 133-135 °C, 80% yield; ir: v 3400
(NH), 1700 (C=0), 1590 (C=N), 1490 (C=C) cm-!; 'H nmr
(CDCly): 8 0.95 (t, 3H, CH,CH3), 1.8 (m, 2H, CHCH,CH3),
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2.25 (s, 3H, CH5CO), 3.85 (t, 1H, CHCH,CH3), 7.2-7.6 (m,
10H, Ar-H), 10.8 ppm (br, 1H, NH).

Anal. Caled. for CogHyoN,08 (336.5): C, 71.40; H, 5.99; N,
8.33; S, 9.53. Found: C, 71.47; H, 6.00; N, 8.05; S, 9.68.

3-(4,5-Diphenyl-2-imidazolylthio)-2-pentanone (5d).

This compound was obtained as pale brown crystals from
benzene/hexane mixture, mp 100-102 °C, 82% yield; ir: v 3400
(NH), 1700 (C=0), 1590 (C=N), 1490 (C=C) em"!; 'H nmr
(CDCly): & 2.25 (s, 3H, CHjy), 5.55 (s, IH, CH), 7.1-7.7 (m,
15H, Ar-H), 10.6 ppm (br, 1H, NH).

Anal. Calcd. for Cy4H»gN,OS (384.5): C, 74.97; H, 5.24; N,
7.29; S, 8.34. Found: C, 75.02; H, 5.20; N, 7.33; §, 8.32.

2-Acetyl-3-methyl-5,6-diphenylimidazo{2,1-b]thiazole (6e).

The cyclized compound 6e was obtained as colorless crystals
from benzene after reaction of 1 with acetylacetone, mp 185-186 °C,
65% yield, Lit. mp 190 °C [8,10]; ir: v 1680 (C=0), 1580
(C=N), 1520 (C=C), cmr'!; 'H nmr (CDCl5): 8 2.2 (s, 3H, CHjy),
2.45 (s, 3H, COCH3), 7.15-7.75 (m, 10H, Ar-H); ms: m/z 332.8
[M+] (14.9), 333.5 [M*] (28.1), 334.4 [M+2] (12), 331.8 [M-1]
(100).

Anal. Caled. for CygH|gN,OS (332.4): C, 72.26; H, 4.85; N,
8.43; S, 9.64. Found: C, 72.00; H, 4.85; N, 8.82; S, 9.53.

2-(4,5-Diphenyl-2-imidazolylthio)-2-cyclopentanone (8a).

This compound was obtained as brown crystals from ben-
zene/methanol mixture, mp 175 °C, 60% yield; ir: v 3400 (NH),
1710 (C=0), 1660 (C=N), 1590 (C=C) cm!; 'H nmr (DMSO):
8 1.8 (m, 2H, CH,), 2.1 (m, 2H, CH;), 2.25 (m, 2H, CH,), 3.80
(t, 1H, SCH), 7.0- 7.7 (m, 10H, Ar-H), 10.8 ppm (br, 1H, NH).

Anal. Calcd. For CyoH ¢N,OS (334.4): C, 71.82; H, 5.42; N,
8.38; S, 9.59. Found: C, 71.86; H, 5.40; N, 8.38; S, 9.65.

2-(4,5-Diphenyl-2-imidazolylthio)-2-cyclooctanone (8d).

This compound was obtained as colorless crystals from ben-
zene/hexane mixture, mp 170-172 °C, 70% yield; ir: v 3400
(NH), 1695 (C=0), 1590 (C=N), 1495 (C=C) ¢cm"!; 'H nmr
(CDCl3): 8 1.4-2.15 (m, 10H, cyclooctanyl-H), 2.4 (t, 2H.
CH,CO), 4.1 (t, IH, SCH), 7.1-7.6 (m, 10H, Ar-H), 10.6 ppm (s,
1H, NH).

Anal. Caled. for Cy3H4N,OS (376.5): C, 73.37; H, 6.42; N,
7.44; S, 8.51. Found: C, 73.86; H, 6.36; N, 7.76; S, 8.39.

2,3-Diphenyl-5,6,7,8-tetrahydrobenzo[d]imidazo[2, | -b]thiazole
(9b).

The cyclized compound 9b was obtained as colorless crystals
from benzene/pet. ether mixture, mp 183-185 °C, 60% yield; ir:
v 1590 (C=N), 1520 (C=C) cmr'l; H nmr (CDCl3): 8 1.7 (m,
4H, 2CH,), 2.05 (t, 2H, CH;), 2.65 (t, 2H, CHy), 7.1-7.7 ppm
(m, 10H, Ar-H), ms: m/z 330.7 [M*] (100), 333 [M*2] (51),
328.5 [M-2](32).

Anal. Caled. for Cy HgN,S (330.5): C, 76.33; H, 5.49; N,
8.48; S, 9.70. Found: C, 76.00; H, 5.40; N, 8.82; §, 10.01.

2,3-Diphenyl-5,6,7,8-tetrahydro-5H-cyclohepta[dlimidazo[2,1-b]-
thiazole (9c¢).

The cyclized compound 9c was obtained as colorless crystals
from benzene/hexane mixture, mp 150 °C, 50% yield; ir: v 1590
(C=N), 1520 (C=C) cm!; 'H nmr (CDCl3): & 1.5-1.7 (m, 6H,
3CHjy), 2.2 (t, 2H, CH,), 2.6 (t, 2H, CHj), 7.0-7.7 ppm (m, 10H,
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Ar-H); ms: m/z 344.8 [M*] (76.7), 345.9 {M+*1] (19.5), 343.7
[M-1] (100).

Anal. Calcd. for C22H20N2$ (3445) C, 7671, H, 585, N,
8.13; S,9.31. Found: C, 76.95; H, 5.92; N, 7.88; S, 9.23.

General Procedure for Synthesis of 5,6-Diphenyl-3-methyl-
2-substituted Imidazo[2,1-b]thiazoles (6a-d) and 5,6-Diphenyl-
cycloalka[d]imidazo[2,1-b]thiazoles (9a,d).

According to the general procedures described above, method
A and B, the compounds 6a-d and 9a,d were obtained in good
yield.

5.6-Diphenyl-3-methylimidazo[2,1-b]thiazole (6a).

The cyclized compound 6a was obtained as colorless crystals
from benzene/methanol mixture, mp 180 °C, 40% yield: ir: v
1590 (C=N), 1490 (C=C) cm'!; 'H nmr (CDCly): § 1.9 (s, 3H,
CHs), 6.3 (s, tH, CH). 7.15-7.7 ppm (m. 10H, Ar-H).

Anal. Caled. for C gH4N;S (290.4): C, 74.45; H, 4.86; N,
9.65; S, 11.04. Found: C, 74.40; H, 4.92; N, 9.56; S, 11.08.

2,3-Dimethyl-5,6-diphenylimidazo[2,1-b]thiazole (6b).

The cyclized compound 6b was obtained as colorless crystals
from benzene/hexane mixture, mp 160-162 °C, 70% yield; ir: v
1590 (C=N), 1520 (C=C) cm’l; 'H nmr (CDCl,); 8 1.75 (s, 3H,
CHjy), 2.25 (s, 3H, CH3), 7.1-7.6 ppm (m, 10H, Ar-H); ms: m/z
304 [M*] (100), 305 [M*!] (44), 306 [M+2] (17.7), 303 [M-!]
(35).

Anal. Caled. for CjgH | ¢N,S (304.4): C, 74.97; H, 5.30: N,
9.20; S, 10.53. Found: C, 74.60; H, 5.08; N, 8.89; S, 10.80.

2-Ethyl-3-methyl-5,6-diphenylimidazo[2,1-b]thiazole (6¢).

The cyclized compound 6c was obtained as colorless crystals
from benzene/hexane mixture, mp 118 °C, 63% yield; ir: v 1590
(C=N),1490(C=C) cm-!; 'H nmr (CDCl3): & 1.2 (t, 3H,
CH,CH»), 1.7 (s, 3H, CH3). 2.6 (q, 2H, CH,CH3), 7.0-7.6 ppm
(m, 10H, Ar-H), ms: m/z 318.8 [M*] (44.9), 319.8 [M*!] (12.3),
317.8 [M-1](100), 316.6 [M-2] (15.3).

Anal. Calcd. for CygH gN,S (318.4): C, 75.44; H, 5.70; N,
8.80; S, 10.07. Found: C, 75.80; H, 5.80; N, 8.54; S, 10.00.

3-Methyl-2,5,6-triphenylimidazof2,1-b]thiazole (6d).

The cyclized compound 6d was obtained as pale brown crys-
tals from benzene/hexane mixture, mp 182 °C, 71% yield; ir: v
1590 (C=N), 1490 (C=C) c¢m-!; '"H nmr (CDCl;): & 1.9 (s, 3H,
CH3), 7.1-7.6 ppm (m, 15H, Ar-H).

Anal. Caled. for CyHgN,S (366.5): C, 78.66; H, 4.95; N,
7.64; S, 8.75. Found: C, 78.66; H, 5.05; N, 7.59; S, 8.81.

2,3-Diphenyl-6,7-dihydro-5H-cyclopenta{d]imidazo[2,1-b]thia-
zole (9a).

The cyclized compound 9a was obtained as brown crystals
from benzene/pet. ether mixture, mp 160 °C, 40% yield; ir: v
1660 (C=N), 1590 (C=C) cm"!; tH nmr (CDCly): & 2.45 (m, 2H,
CHj), 2.9 (m, 2H. CHy), 3.4 (m, 2H, CHj), 7.1-7.9 ppm (m,
10H, Ar-H).

Anal. Caled. for CyoH ¢N,S (316.4): C, 75.92; H, 5.10; N,
8.85; S, 10.13. Found: C, 76.00; H, 5.15, N, 8.79; §, 10.13.

2,3-Diphenyl-5,6,7,8,9,10-hexahydrocyclooctajd]imidazo(2,1-5]-
thiazole (9d).

The cyclized compound 9d was obtained as colorless crystals
from benzene/methanol mixture, mp 160 °C, 69% yield; ir: v
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1590 (C=N), 1510 (C=C) cm"}; 'H nmr (CDCl3): 8 0.7-2.8 (m,
12H, cyclooctenyl-H), 6.9-7.5 ppm (m, 10H, Ar-H); ms: m/z
358.8 [M*] (25.8), 359.8 [M+1] (10), 357.7 [M-1] (85.2), 352.8
(18.3), 351.8 (100).

Anal. Calcd. for C;3H.N,S (358.5): C, 77.06; H, 6.19; N,
7.81; S, 8.94. Found: C, 77.26; H, 6.50; N, 7.80; S, 9.10.

Bis-(4,5-diphenyl-2-imidazolyl)disulfide (10).

4,5-Diphenylimidazole-2-thione (1, 2.5 g, 10 mmoles) was
refluxed in acetic acid (20 ml) containing a few drops of concen-
trated H,SO4 for 30 minutes. The reaction mixture was cooled
and neutralized by NH4OH solution. The resulting precipitate
was crystallized from chloroform to give the corresponding
disulfide 10 in 90% yield, mp 175 °C; 'H nmr (DMSO): §
7.0-7.75 [m, 22H (20H. Ar-H and 2NH)]; ms: m/z 502.8 [M+]
(12.17), 470 (90.29), 438 (32.35), 218.1 (100).

Anal. Caled. for CqgHyoNyS, (502.7): C, 71.69; H, 4.41; N,
11.15; S, 12.76. Found: C, 71.87; H, 4.14; N, 11.31, S. 12.74.
The dihydrochloride was separated by adding concentrated HCI
to the disulfide solution in chloroform, mp 220 °C, Lit. mp
220-222 °C[15].

Anal. Calcd. for C3oH4N4Cl5S, (575.6): C, 62.60; H, 4.20;
N, 9.73; S, 11.14; Cl, 12.32. Found: C, 62.68; H, 4.18; N, 9.65;
S, 11.15; Cl, 12.68.
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