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Abstract

We describe here a hetero Michael-type reaction, involving maleimides and 2-
cyanoacetichydrazide or 2-mercaptobenzimidazole, followed by an opening cyclization reaction
with isothiocyanates. This reaction allows the preparation of new 2-thioxoimidazolidin-4-one
and thiazolo[3,2-a]benzimidazole derivatives depending on the nucleophile used.

Keywords: Thioxoimidazolin-4-one, hetero Michael reaction, thiazolobenzimidazoles,
maleimide

Introduction

2-thioxoimidazolin-4-one (thiohydantoins) framework is often encountered in compounds
dealing with biological activity. As examples, thiohydantoin 1 is an efficient inhibitor of muscle
and liver glycogen phosphorylases! and has also showed herbicidal activity by inhibition of
purine biosynthesis.? Substituted 4-methylene-2-thiohydantoins 2 have displayed Cycline
Dependant Kinases (CDK) inhibition in a micromolar range® or antileishmanial activity®
whereas compounds 3 are Fatty Acid Amide Hydrolase (FAAH) inhibitors* and compounds 4
are claimed to be active for treatment of hormone refractory prostate cancer.®

So, it is not surprising if a lot of patents have described the use of this attractive skeleton for
a range of activity which cover from compounds for biological use® till fire retardants materials.’
Besides conventional methods used for their synthesis, solid phase,® use of ionic liquids® and
microwaves-assisted approaches have been published.’® On the other hand, the benzimidazole
structure is also a scaffold often endowed with different types of biological activities including
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antitumor,'! antimicrobial'> or antiviral*® properties. Thiazole nucleus fused with a
benzimidazole skeleton, namely thiazolobenzimidazoles, have been reported to exhibit biological
properties too, such as anti-HIV* or anti-microbial'® agents. We wish to report here the synthesis
of new 2-thioxoimidazolin-4-one and thiazolobenzimidazoles derivatives by hetero Michael
reactions on N-substituted maleimides.
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Figure 1. Thiohydantoins with described biological activities.

Results and Discussion

2-Thioxoimidazolin-4-one derivatives

Previous investigations from our laboratory!® have shown that 2-thioxoimidazolin-4-one
derivatives 7 could be easily obtained by Michael addition of 3-ethylhydrazinoacetate on N-
substituted maleimide 5, leading to 3,4-dihydro maleimides 6 which reacted smoothly with

substituted isothiocyanates to give compounds 7 (Schemel).
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Scheme 1. Synthesis of compounds 7a-h.
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We wish to report here an extension of this methodology using 2-cyanoacetic hydrazide as
nucleophile. This compound, by its carbonyl and cyano functions, is enabling to react with
bidendate reagents. Moreover, the active hydrogen of this molecule can also take part in a wide
range of condensation and substitutions reactions.*’

Thus, condensation of maleimide 5a-d with 2-cyanoacetic hydrazide in refluxing ethanol led
to compounds 8a-d in fair to good yields. Spectral data (*H and *C NMR) were in complete
accordance with the proposed structures and showed that these compounds existed under a
tautomeric equilibrium between the keto (1) and enol (II) form in an average ratio of 3/1. For
example concerning succinimide 8d, protons of CH>-CH fragment showed characteristic patterns
of an ABX system (Scheme 2).
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Scheme 2. Preparation of 2-thioxoimidazolidines 9a-d.

The chemical shift observed for the doublet of doublet corresponding to proton Ha was 6=
2.69 ppm (J = 4 and 18 Hz) in the form (I) while it was 6= 2.85 ppm (J = 5 and 18 Hz) in the
form (I1). For proton Hy, the observed chemical shift was 6= 3.05 ppm (J = 8 and 18 Hz) in form
() and 2.95 ppm (J = 8 and 18 Hz) in form (Il). Same observations could also be made on
protons He and Hs. In form (1) He and Hs give two doublets respectively at 3.62 (He) and 3.67 (Hr)
ppm (J = 18 Hz), while in form (Il) the signals corresponding to these protons was shifted to
3.90 (He) and 4.08 (Hf) ppm (J = 19 Hz). As described previously, condensation of succinimides
8a-d with phenylisothiocyanate furnished the corresponding 2-thioxoimidazolidines 9a-d
resulting of the opening-recyclization reaction. For these compounds 9, it should be noted that no
tautomeric form was observed, contrary to compounds 8. Here too, the structures of these new
compounds were confirmed by careful examination of spectral data, showing mainly in the IR
spectra a band around v = 1500 cm™ and in the 33C NMR spectra a signal at 184 ppm attributed
to the thiocarbonyl group.

Next, we envisaged to test the reactivity of the 2-cyanoacetic appendage. So, Knoevenagel
condensation of compound 8d with benzaldehyde in refluxing ethanol containing a catalytic
amount of piperidine®® resulted in the formation of benzylidene 10 which reacted smoothly with
phenylisothiocyanate to furnish the 2-thioxoimidazolidine derivative 11 in good yield (Scheme
3), the structure of which was in accordance with all spectral data.
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Scheme 3. Synthesis of compound 11.

Thiazolo[3,2-a]benzimidazole derivatives

Finally we envisaged to test the reactivity of other nucleophiles on hetero Michael addition to
maleimide and for this purpose we tried the addition of 2-mercaptobenzimidazole 12. This latter
was chosen as this framework is endowed with a lot of biological activities.!*** Several methods
have been developed for the synthesis of thiazolo[3,2-a]framework using the nucleophilicity of
the thiol function of 2-mercaptobenzimidazole.'® A recent work has also described the synthesis
of target molecule by opening thiiranes with 2-chlorobenzimidazole.?® Thus maleimides 1a,b,d
reacted with 12 in refluxing acetic acid in presence of concentrated sulphuric acid to afford in
each case the corresponding thiazolobenzimidazole 13a,b,d in average yields (Scheme 4).

i N
Acetic acid \
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Scheme 4. Synthesis of thiazolobenzimidazole 13a,b,d.

Formation of compounds 13 resulted from initial attack of the mercapto group on the double
bond of maleimide followed, as described previously, by ring opening of the maleimide by the
amino group of the benzimidazole ring. Spectral data obtained from compounds 13 were in
complete accordance with the expected thiazolobenzimidazole structures: in *H NMR spectrum
of each derivative, together with the expected signals, one can noticed the presence of three new
signals at around 2.95, 3.30-4.95 and 11.30 ppm, due respectively to CH, CH, and NH2 protons.
Moreover in C NMR spectrum, signals at 38.6, 62.4 and 177.9 ppm were assigned to CH, CH.
and C=0 carbons beside all others carbons at the expected regions.

In conclusion, we have described new 2-thioxoimidazolidine and new thiazolo[3,2-a]-
benzimidazole derivatives. The use of 2-cyanoacetic hydrazide as nucleophile in the hetero-
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Michael reaction on maleimide, followed by the reaction with isothiocyanates, has permitted an
entry to polyfunctionalized heterocyclic structures due to its intrinsic reactivity. The extension of
this methodology, together with the use of the variety of reactions which could be realized®
starting from this brick, is actually under progress.

Experimental Section

General. Unless otherwise specified, reagents were obtained from commercial suppliers.
Solvents were dried and freshly distilled following the usual procedures. Product organic
solutions were dried over sodium sulfate prior to evaporation of the solvents under reduced
pressure on a rotatory evaporator. Thin layer chromatography was performed on TLC precoated
aluminium backed silica plates and spots were visualized using UV light (254 nm) before using
ethanolic phosphomolybdic acid solution (heating). Column chromatography was carried out on
silica gel (70-230 mesh).Melting points were measured in open capillary tubes on a BUCHI B-
540 apparatus. *H and *3C NMR spectra were measured at 400.13 and 100.61 MHz respectively
using TMS as internal reference. Chemicals shifts are reported in ppm relative to TMS. Signals
are quoted s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), br (broad) and coupling
constant (J) values are given in Hz. Infrared spectra were recorded on a Shimadzu FTIR 8400s
spectrophotometer. High Resolution Electro Spray Impact Mass Spectra (HR-ESI-MS) were
obtained from the Centre Régional de Mesures Physiques de I'Université Blaise Pascal
(Clermont 11), France. Elemental analyses (C, H, O, N) were performed at the Centre de
Microanalyses du CNRS, Lyon, France.

General procedure for preparation of compounds (8)

A mixture of cyanoacetic acid hydrazide (1 equivalent) and the corresponding maleimide 5a-d

(1 equivalent) in ethanol was refluxed for 12 hours. After cooling the precipitate was filtered and
the resulting solid was crystallized from methanol.
2-Cyano-N'-(2,5-dioxopyrrolidin-3-yl)acetohydrazide (8a). Yield 52%; white solid; mp 102-
103 °C, IR (KBr, v cm™) ) 3348 (m), 3282 (w), 3194 (m), 3136 (w), 2260 (m), 1703 (s), 1685 (s),
1622 (m); *H NMR (400 MHz, DMSO-dg) § 11.25 (1H, br s, NH (1, I1)), 9.68 (1H, d, 3J =5.5
Hz, Ha(1)), 9.07 (1H, s, Ha(Il)), 5.67 (1H, d, 3J = 3.5 Hz, Hc(11)), 5,64 (1H, t, 3J = 4.5 Hz, Hc(l)),
4.05-3.95 (3H, m, Hx(l, I1) and Hx(1l)), 3.86 (1H, d, 2J = 19.0 Hz, He(11)), 3.63 (1H, d, 2J = 18.0
Hz, H(1)), 3.58 (1H, d, 2] = 18.0 Hz, He(1)), 2.80 (1H, dd, 2J = 18.0, 3J = 8.0 Hz, Hu(1)), 2.77
(1H, dd, 2J = 18.0, 3J = 8.0 Hz, Hu(ll)), 2.65 (1H, dd, 2J = 18.0, 3J = 5.0 Hz, Ha(11)), 2.43 (1H,
dd, 23 =18.0, 3J = 4.0 Hz, Ha(1)); 3C NMR (100 MHz, DMSO-dg) & 178.0 (C=0 imide, 1), 177.8
(C=0 imide, Il), 176.8 (C=0 imide, Il), 176.6 (C=0 imide, 1), 167.4 (C=0O amide, 1), 162.0
(C(OH)=N, II), 116.2 (CN, II), 115.8 (CN, I), 58.9 (CHx, II), 58.3 (CHx, 1), 34.9 (CHaHp, 1), 34.2
(CHaHp, 1), 23.7 (CHeHs, 1), 23.6 (CHeHy, 11); HRMS m/z calcd. for C;HgN4OsNa (M+Na)™:
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219.0491, found : 219.0494; Anal. Calcd. for C7HsN4Os: C, 42.86; H, 4.11; N, 28.56; O, 24.47.
Found: C, 42.75; H, 4.25; N, 28.65; O, 24.59.
2-Cyano-N'-(1-methyl-2,5-dioxopyrrolidin-3-yl)acetohydrazide (8b). Yield 56%; white solid;
mp 121-122 °C, IR (KBr, v cm™) 3348 (w), 3308 (m), 3198 (w), 2258 (m), 1786 (w), 1705 (s),
1654 (s); *H NMR (400 MHz, DMSO-dg) & 9.69 (1H, d, 3J = 5.5 Hz, Ha(l)), 9.29 (1H, br s,
Ha(11)), 5.78 (2H, m, Hc(l, 11)), 4.08-3.99 (2H, m, Hx(l, 11)), 3.98 (1H, d, 2] = 18.0 Hz, H¢(l1)),
3.87 (1H, d, 23 = 18.0 Hz, He(ll)), 3.63 (1H, d, 2] = 18.0 Hz, He(l)), 3.58 (1H, d, 2J = 18.0 Hz,
Hs(1)), 2.87-2.75 (8H, m, Hy(1I), Ho(I1), CHs (1, 11)), 2.67 (1H, dd, 2J = 18.0, 3J = 4.0 Hz, Ha(11)),
2.54 (1H, dd, 2J = 18.0 3J = 4.0 Hz, Ha(1)); 3C NMR (100 MHz, DMSO-ds) 5 176.5 (C=0 imide,
I1), 176.3 (C=0 imide, 1), 175.5 (C=0 imide, I), 175.3 (C=0 imide, II), 162.0 (C=0 amide, I),
161.9 (C(OH)=N, 11), 116.0 (CN, 1), 115.8 (CN, 11), 57.7 (CHx, 1), 57.2 (CHx, 1), 33.7 (CHaHb,
), 33.0 (CHaHb, 11), 24.3 (CHeHys, 11), 24.2 (CHeHs, 1), 23.7 (CHa, 11), 23.5 (CHs, 1); HRMS m/z
calcd. for CgH10N4O3Na (M+Na)*: 233.0651, found : 233.0651; Anal. Calcd. for CgH10N4QOs: C,
45.71; H, 4.80; N, 26.66; O, 22.84. Found: C, 45.49; H, 4.88; N, 26.41; O, 22.78.
2-Cyano-N'-(1-ethyl-2,5-dioxopyrrolidin-3-yl)acetohydrazide (8c). Yield 44%; white solid;
mp 99-100 °C, IR (KBr, v cm™) 3348 (w), 3306 (m) , 3267(m), 2258 (m), 1774 (s), 1701 (s),
1624 (m); *H NMR (400 MHz, DMSO-ds) & 9.78 (1H, br s, Hq(l)), 9.22 (1H, br s, Ha(I1)), 5.79
(2H, m, Hc(l, 1)), 4.20 (1H, dd, 3J = 8.0 and 4.0 Hz, Hx(Il)), 4.15 (1H, dd, 3J = 8.0 and 4.0 Hz,
Hx(1)), 3.90 (1H, d, 2J = 18.0 Hz, Hx(Il)), 3.85 (1H, d, 2J = 18.0 Hz, He(I1)), 3.65 (1H, d, 2J = 18.0
Hz, H¢(1)), 3.58 (1H, d, 2J = 18.0 Hz, He(1)), 3.40 (4H, q, 3 = 7.0 Hz, CH(1, 1)), 2.82 (1H, dd, 2J
=18.0, 3J = 8.0 Hz, Hy(1)), 2.80 (1H, dd, 2J = 18.0, 3] = 8.0 Hz, Hy(Il)), 2.64 (1H, dd, 2J = 18.0,
33 = 4.0 Hz, Ha(Il)), 2.40 (1H, dd, 2J = 18.0, 3J = 4.0 Hz, Ha(1)), 1.02 (6H, t, 3J = 7.0 Hz, CHs(l,
I1)); 33C NMR (100 MHz, DMSO-ds) § [1176.2 (C=0 imide, 11), 176.0 (C=0 imide, I), 175.2
(C=0 imide, 1), 175.1 (C=0 imide, II), 167.3 (C=0 amide, 1), 162.0 (C(OH)=N, 11), 116.4 (CN,
I1), 115.8 (CN, 1), 57.7 (CHx, 1), 57.1 (CHjx, 1), 33.8 (CH2, I, I1), 33.0 (CHaHb, I1), 32.8 (CHaHb,
), 23.7 (CHeHs, 1), 23.5 (CHeHy, 1), 12.6 (CHs, 1, 11); HRMS m/z calcd. for CoH12N4O3Na
(M+Na)*: 247.0808, found : 247.0807; Anal. Calcd. for CoH12N4O3: C, 48.21; H, 5.39; N, 24.99;
O, 21.41. Found: C, 48.37; H, 5.43; N, 25.07; O, 21.13.
2-Cyano-N’-(2,5-dioxo-1-phenylpyrrolidin-3-yl)acetohydrazide (8d). Yield 55%; white solid;
mp 179-180 °C, IR (KBr, v cm™) 3483 (m), 3288 (m), 3211 (m), 2258 (m), 1784 (s), 1710 (s),
1680 (s); *H NMR (400 MHz, DMSO-ds) 8[J 9.77 (1H, d, 3J = 5.0 Hz, Hq(l)), 9.17 (1H, br s,
Ha(11)), 7.53-7.25 (10H, m, Harom. (I, 11)), 5.88 (2H, m, Hc(l, 11)), 4.20 (1H, dd, 3J = 8.0 and 4.0
Hz, Hx(I1)), 4.17 (1H, dd, 3J = 8.0 and 4.0 Hz, Hx(I)), 3.90 (1H, d, 2J = 19.0 Hz, Hg(II)), 3.87
(1H, d, 2] = 19.0 Hz, He(11)), 3.67 (1H, d, 2J = 18.0 Hz, H¢(1)), 3.62 (1H, d, 2J = 18.0 Hz, He(l)),
3.05 (1H, dd, 2J = 18.0, 3J = 8.0 Hz, Hy(1)), 3.00 (1H, dd, 2J = 18.0, 3J = 8.0 Hz, Hy(ll)), 2.85
(1H, dd, 2J = 18.0, 3J = 4.0 Hz, Ha(11)), 2.69 (1H, dd, 2J = 18.0, 3J = 4.0 Hz, Ha(l)); 13C NMR
(100 MHz, DMSO-dg) & [1175.7 (C=0 imide, Il), 175.4 (C=0 imide, 1), 174.6 (C=0 imide, 1),
174.4 (C=0 imide, 1), 167.4 (C(OH)=N, II), 162.1 (C=0 amide, 1), 132.2 (Cipso, 1), 132.1
(CipSO, ||), 128.9 (CHarom.., ||), 128.8 (CHarom., |), 128.3 (CHarom,, ||), 128.2 (CHarom., |), 127.0
(CHarom,, 1), 126.9 (CHarom,, 1), 116.4 (CN, 1), 115.8 (CN, 1), 57.9 (CHy, 1l), 57.4 (CHjx, 1), 34.0

ISSN 1551-7012 Page 333 ©ARKAT USA, Inc.



General Papers ARKIVOC 2010 (x) 328-337

(CHaHb, 1), 33.4 (CHaHb, 1), 23.8 (CHeHf, 1), 23.5 (CHeHs, 11); HRMS m/z calcd. for
Ci3H12N4O3Na (M+Na)™: 295.0811, found : 295.0807; Anal. Calcd. for C13H12N4O3: C, 57.35;
H, 4.44; N, 20.58; O, 17.63. Found: C, 57.25; H, 4.46; N, 20.29; O, 17.87.

General procedure for preparation of compounds 9

To a solution of compounds 8a-d (10 mmol) in ethanol (20 mL) was added phenyl
isothiocyanate (10 mmol). The resulting mixture was brought to reflux for 12 hours. The solid
obtained after cooling was filtered and crystallized from ethanol to give compounds 9a-d.
N-[5-(2-Amino-2-oxoethyl)-4-0xo-3-phenyl-2-thioxoimidazolidin-1-yl]-2-cyanoacetamide
(9a). Yield 57%; white solid; mp 158-160 °C; IR (KBr, v cm™) 3340 (m), 3284 (m), 2262 (m),
1710 (m), 1697 (s), 1670 (s), 1512 (m); *H NMR (400 MHz, DMSO-ds) & [111.25 (1H, s, Ha),
7.56 (2H, s, NHy), 7.60-7.35 (m, 5H, Harom), 4.67 (1H, t, 3J = 4.0 Hz, Hy), 3.89 (1H, d, 23 =18.0
Hz, He), 3.85 (1H, d, 2J = 18.0 Hz, Hy), 2.87 (2H, d, 3J = 4.0 Hz, Ha, Hy); 3C NMR (100 MHz,
DMSO-ds) 6 183.2 (C=S), 171.5 (NH2C=0), 169.7 (C=0 thioimidazole), 162.2 (NNHC=0),
133.8 (Cipso), 128.9(CHarom.), 128.8 (CHarom.), 128.5 (CHarom.), 115.1 (CN), 59.5 (CHx), 34.9
(CHaHb), 23.9 (CHcHf); HRMS m/z calcd. for Ci4H13NsOsS (M+H)*: 332.0824, found :
332.0817; Anal. Calcd. for C14H13NsO3S: C, 50.75; H, 3.95; N, 21.14; O, 14.49; S, 9.68. Found:
C, 50.84; H, 4.09; N, 21.35; O, 14.98; S, 9.74.
2-Cyano-N-{5-[2-(methylamino)-2-oxoethyl]-4-oxo-3-phenyl-2-thioxoimidazolidin-1-
yl}acetamide (9b). Yield 66%; white solid; mp 222-224 °C, IR (KBr, v cm™) 3379 (m), 3286
(w), 2260(m), 1766 (s), 1654 (s), 1500 (m); *H NMR (400 MHz, DMSO-ds) 8[1 11.20 (1H, s,
Ha), 8.05 (1H, g, 3J = 4.5 Hz, NH), 7.65-7.35 (5H, m, Harom), 4.75 (1H, t, 3] = 4.0 Hz, Hy), 3.95
(1H, d, 2J = 18.0 Hz, He), 3.88 (1H, d, 2J = 18.0 Hz, Hy), 2.93 (2H, d, 3J = 4.0 Hz, Ha, Hb), 2.65
(3H, d, J = 45 Hz, NCHs); ¥C NMR (100 MHz, DMSO-ds) & 183.1 (C=S), 171.3
(NH(CH3)C=0), 167.8 (C=0 thioimidazole), 162.1 (NNHC=0), 133.7 (Cipso), 128.8 (CHarom.),
128.7 (CHarom), 128.4 (CHarom,), 115.0 (CN), 59.5 (CHy), 33.3 (CHaHb), 25.5 (NCHz), 23.8
(CHeHf); HRMS m/z calced. for C15H16Ns03S (M+H)™: 346.0971, found : 346.0974; Anal. Calcd.
for C1sH1sNsO3S: C, 52.16; H, 4.38; N, 20.28; O, 13.90; S, 9.28. Found: C, 51.95; H, 4.29; N,
20.37; O, 14.24; S, 9.15.
2-Cyano-N-{5-[2-(ethylamino)-2-oxoethyl]-4-0x0-3-phenyl-2-thioxoimidazolidin-1-
yl}acetamide (9c). Yield 53%; white solid; mp 145-146 °C, IR (KBr, v cm™) 3369 (m), 3169
(w), 2258 (m), 1766 (s), 1708 (s), 1647 (s), 1500 (m); *H NMR(400MHz, DMSO-ds) & 11.20
(1H, s, Ha), 8.05 (1H, t, 3J = 4.5 Hz, NHC;Hs), 7.60-7.30 (5H, m, Harom), 4.75 (1H, t, 3J = 4.0
Hz, Hy), 3.89 (1H,d, 2J = 18.0 Hz, He), 3.85 (1H, d, 2] = 18.0 Hz, Hy), 3.10 (2H, m, NCH,), 2.86
(2H, d, 3J = 4.0 Hz, Ha, Hp), 1.00 (3H, t, 3] = 7.0 Hz, CH3); 3C NMR (100 MHz, DMSO-dg) &
183.1 (C=S), 171.4 (NH(C2H5)C=0), 167.1 (C=0 thioimidazole), 162.2 (NNHC=0), 133.8
(Cipso), 128.9 (CHarom.), 128.8 (CHarom.), 128.5 (CHarom.), 115.1 (CN), 59.6 (CHy), 33.5 (CHaHp),
33.1 (NCHy), 23.9 (CHeHs), 14.5 (CH3); HRMS m/z calcd. for C16H1sNsO3S (M+H)*: 360.3541,
found : 360.3543; Anal. Calcd. for C20H17NsO03S: C, 53.47; H, 4.77; N, 19.49; O, 13.35; S, 8.92.
Found: C, 52.70; H, 4.73; N, 19.53; O, 13.82; S, 8.73.
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N-[5-[2-Anilino-2-oxoethyl)-4-0x0-3-phenyl-2-thioxoimidazolidin-1-yl]-2-cyanoacetamide)
(9d). Yield 57%; white solid; mp 258-259 °C; IR (KBr, v cm™) 3335 (m), 3190 (m), 2260 (m),
1763 (s), 1710 (s), 1668 (s), 1502 (m); *H NMR (400 MHz, DMSO-ds) & [1[111.29 (1H, s, Ha),
10.20 (1H, s, NHPh)), 7.60-7.45 (4H, m, Harom), 7.50 (1H, tt, 3J = 7.0 Hz, J = 1.5 Hz, Harom.),
7.40-7.30 (4H, m, Harom), 7.05 (1H, tt, 3 = 7.5 Hz, 4] = 1.0 Hz, Harom), 4.81 (1H, dd, 33 =4.0
Hz and 3.5 Hz, Hy), 3.90 (1H, d, 2J = 18.0 Hz, He), 3.85 (1H, d, 2J = 18.0 Hz, Hy), 3.17 (1H, dd,
2] = 18.0 Hz, ) = 3.5 Hz, Ha), 3.13 (1H, dd, 2J = 18.0 Hz, 3J = 4.0 Hz, Hp); **C NMR (100
MHz, DMSO-dg) & 183.1 (C=S), 171.3 (NH(Ph)C=0), 166.6 (C=0O thioimidazole), 162.3
(NNHC=0), 138.7 (CipSO), 133.7 (CipSO), 129.0 (CHarom.), 128.8 (CHarom.), 128.7 (CHarom.),
128.5 (CHarom.), 123.4 (CHarom.), 119.1 (CHarom.), 115.1 (CN), 59.5 (CHx), 34.5 (CHaHb), 23.9
(CHeHy); HRMS m/z calcd. for C20H1sNs03S (M+H)*: 408.1131, found : 408.1130; Anal. Calcd.
for CooH17Ns0sS: C, 58.96; H, 4.21; N, 17.19; O, 11.78; S, 7.87. Found: C, 58.83; H, 4.26; N,
17.14; O, 12.03; S, 7.36

2-Cyano-N'(2,5-dioxo-1-phenylpyrrolidin-3-yl)-3-phenylacrylo hydrazide (10). To a solution
of 8d (1 mmol) in ethanol (20 mL) containing a catalytic amount of piperidine, benzaldehyde (10
mmol) was added. The reaction mixture was heated at reflux for 12 hours. The resulting solid
formed was collected by filtration. Yield 58%; yellow solid; mp 163-165 °C; IR (KBr, v cm™)
3298 (w), 3059 (w), 1780 (s), 1708 (s), 1651 (m), 1604 (m); *H NMR (400 MHz, DMSO-ds)
6 [110.25 (1H, br s, Hqg), 8.16 (1H, s, Hg), 7.95 (2H, m, Harom.), 7.65-7.55 (3H, m, Harom.), 7.50
(2H, t, 3J = 7.5 Hz, Harom), 7.30 (2H, d, 3J = 7.5 Hz, Harom.), 6.09 (1H, brs, Hc); 4.28 (1H, dd, 3J
= 8.5 and 4.0 Hz, Hy), 3.10 (1H, dd, 2J = 18.0, 3J = 8.5 Hz, Ha), 2.80 (1H, dd, 2= 18.0, % = 4.0
Hz, Hp); ¥C NMR (100 MHz, DMSO-ds) & 175.3 (C=0 imide), 174.7 (C=0 imide), 161.0
(NNHC=0), 150.8 (CH=C), 132.4 (Cipso), 132.2 (Cipso), 131.8 (CHarom,), 130.0 (CHarom.),
129.2 (CHarom.), 128.9 (CHarom.), 128.5 (CHarom.), 126.9 (CHarom.), 115.8 (CN), 104.8 (C=CH),
57.3 (CHy), 34.4 (CHaHb); HRMS m/z calcd. for C2oH16N4O3: 383.1106, found : 383.1120.
N-(4-(2-Anilino-2-oxoethyl)-5-o0xo-1-phenyl-2-thioxopyrrolidin-3-yl)-2-cyano-3-phenyl-
acrylamide (11). A solution of compound 10 (1 mmol.) in ethanol (20 mL) was refluxed with a
large excess of phenyl isothiocyanate during 5 hours. The yellow solid formed is collected by
filtration. Yield 45%; yellow solid; mp 216-218 °C; IR (KBr, v cm™) 3258 (w), 3129 (w), 2220
(m), 1753 (s), 1686 (s), 1647 (m), 1595 (m), 1271 (w); *H NMR (400 MHz, DMSO-ds) & 11.62
(1H, s, Hg), 10.19 (1H, s, NHPh), 8.32 (1H, s, Hg), 7.95 (2H, d, 3J = 6.5 Hz, Harom), 7.65-7.55
(7H, m, Harom), 7.50 (1H, t, 3J = 7.0 Hz, Harom.), 7.45 (2H, d, 3J = 7.5 Hz, Harom), 7.35 (2H, t, 3J
= 7.5 Hz, Harom), 7.05 (1H, t, 3J = 7.5 HZ, Harom.), 4.87 (1H, t, 3J = 4.0 Hz, Hy), 3.20 (2H, dd, 2] =
17.9 Hz, 3J = 4.0 Hz, Ha); 3.17 (1H, dd, 2 =17.9, 3] = 4.0 Hz, Hy); *C NMR (100 MHz,
DMSO-dg) 6 184.7 (C=S), 170.0 (C=0 thioimidazole), 166.0 (C=0 amide), 160.7 (NNHC=0),
153.1 (CH=C), 138.8 (Cipso), 133.7 (Cipso), 131.3 (Cipso), 130.2 (CHarom.), 129.3 (CHarom.),
128.9 (CHarom), 128.8 (CHarom), 128.7 (CHarom.), 128.6 (CHarom), 128.4 (CHarom), 123.2
(CHarom.), 119.0(CHarom.), 115.3 (CN), 103.3 (C=CH), 59.9 (CHyx), 35.0 (CHaHp); HRMS m/z
calcd. for C27H22Ns03S (M+H)*: 496.1443, found : 496.1448.
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General procedure for preparation of compounds 13

To a mixture of 2-mercapto benzimidazoles 12 (1 mmol), appropriate substituted maleimide 5
(2.1 mmol) and sulphuric acid (1.1 mmol) was added glacial acetic acid (5 mL). The resulting
solution was heated under reflux for 10 hours. After cooling, the solution was treated with
NHsOH until neutralization. The resulting solid formed was collected by filtration, washed
several times with water, dried and crystallized from ethanol to give the corresponding
compounds 13a-d.

2-(3-Oxo0-2,3-dihydro[1,3]thiazolo[3,2-a]benzimidazol-2-yl) acetamide (13a). Yield 43%;
white solid; mp 190-192 °C, IR (KBr, v cm™) 3227 (w), 1780 (s), 1708 (s); *H NMR (400MHz,
DMSO-dg) 6 12.70 (1H, s, NH), 11.50 (1H, s, NH), 7.42 (2H, m, Harom.), 7.25 (2H, m, Harom.),
4,73 (1H, dd, 3J = 9.5 and 5.5 Hz, Hy), 3.23 (1H, dd, 2J = 18.0 Hz, 3J = 9.5 Hz, Ha), 2.95 (1H, dd,
2) =18, %) =55 Hz, Hy); 3C NMR (100 MHz, DMSO-ds) 5 176.4 (C=0 amide), 176.3 (C=0
thioimidazole), 1475 (C:N), 143.4 (Cipso), 135.1 (Cipso), 121.9 (CHarom.), 121.2 (CHarom.), 1175
(CHarom), 110.5 (CHarom), 42.6 (CHy), 37.5 (CHaHb); HRMS m/z calcd. for Ci11H10N302S
(M+H)*: 248.0504, found : 248.0494; Anal. Calcd. for C11H9N3O:S: C, 53.43; H, 3.67; N, 16.99;
0, 12.94; S, 12.97. Found: C, 53.04; H, 3.75; N, 16.80; O, 13.08; S, 12.88.
N-Methyl-2-(3-0x0-2,3-dihydro[1,3]thiazolo[3,2-a]benzimidazol-2-yl)  acetamide (13b).
Yield 46%; white solid; mp 156-157 °C, IR (KBr, v cm™) 3195 (m), 1766 (s), 1697 (s); *H NMR
(400MHz, DMSO-ds) 6 12.61 (1H, br s, NH), 7.40 (2H, m, Harom.), 7.30 (2H, m, Harom), 4.76
(1H, dd, 3J = 9.5 and 5.0 Hz, Hx), 3.31 (1H, dd, 2J = 18.0 Hz, 3J = 9.5 Hz, Ha), 2.90 (1H, dd, 2] =
18.0 Hz, 3J = 5.0 Hz, Hp), 2.85 (3H, s, CH3); *C NMR (100 MHz, DMSO-ds) & 175.4 (C=0
amide), 175.2 (C=0 thioimidazole), 147.6 (C=N), 134.5 (Cipso), 132.1 (Cipso), 122.2 (CHarom.),
109.4 (CHarom.), 41.2 (CHy), 36.5 (CHaHp), 24.9 (CH3); HRMS m/z calcd. for C12H12N302S
(M+H)*: 262.2805, found : 262.2803; Anal. Calcd. for C12H11N30O2S: C, 55.16; H, 4.24; N,
16.08; O, 12.25; S, 12.27. Found: C, 54.59; H, 4.23; N, 15.92; O, 12.64; S, 12.60.
2-(3-Ox0-2,3-dihydro[1,3]thiazolo[3,2-a]benzimidazol-2-yl)-N-phenylacetamide (13d). Yield
42%; white solid; mp 258-260 °C, IR (KBr, v cm™) 3169 (m), 1751 (s), 1668 (s); 'H NMR
(400MHz, DMSO-ds) & 12.63 (1H, [10Is, NH), 7.56-7.13 (9H, m, Harom), 4.86 (1H, dd, 3J=9.5
and 5.0 Hz, Hy), 3.46 (1H, dd, 2J = 18.0 Hz, 3J = 9.5 Hz, Ha), 3.09 (1H, dd, 2J = 18.0 Hz, 3J =
5.0 Hz); 3C NMR (100 MHz, DMSO-ds) § 174.5 (C=0 amide), 174.2 (C=0 thioimidazole),
148.9 (C=N), 138.9 (Cipso), 138.5 (Cipso), 130.8 (Cipso), 128.7 (CHarom.), 124.4 (CHarom), 123.2
(CHarom.), 121.6 (CHarom), 115.4 (CHarom.), 41.4 (CHy), 36.6 (CHaHy); HRMS m/z calcd. for
C17H14N302S (M+H)+Z 324.0813, found : 324.0807; Anal. Calcd. for C17H13N30,S: C, 48.45; H,
3.59; N, 9.97; O, 22.78; S, 15.22. Found: C, 48.05; H, 3.61; N, 9.94; O, 22.82; S, 15.53.
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