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   Abstract 

 Cyclocondensation of 2-[bis(methylthio)methylene]malononitrile 
and 2-amino-benzenthiol afforded 2-(benzo[ d ]thiazol-2-yl)
malononitrile. This compound, on treatment with phosphorus 
pentasulfi de, gave the corresponding thioamide derivative in a 
regioselective manner. Reaction of this compound with several 
 α -bromocarbonyl compounds gave new 2-[( E )-(benzo[ d ]thiazol-
2(3 H )-ylidene)(cyano)methyl]thiazoles.  

   Keywords:     α -bromocarbonyl compounds; benzo[d]thiazole;  
  Hantzsch ’ s synthesis;   heterocyclization;   phosphorus penta-
sulfi de;   regioselective synthesis;   thiazole.     

  Introduction 

 Heterocycles are widely used in the development of modern 
pharmaceuticals, this being one of the reasons why continu-
ous efforts are made towards the design of amenable synthetic 
approaches for the synthesis of new heterocyclic systems. 
Thiazoles play a prominent role in nature as they are found 
in numerous biologically active compounds. For example, 
the thiazolium ring present in vitamin B 1  and its coenzyme 
complex plays an important role in the decarboxylation of 
 α -keto-acids. A large number of thiazole-based derivatives 
have emerged as potential pharmaceutical candidates for the 
treatment of infl ammation, cancer, hyperlipidemia, hyperten-
sion, and HIV infections (Metzger , 1984 ; Kumar et al. , 1993 ; 
Bell et al. , 1995 ; Tsuruni et al. , 1995 ; Miwatashi et al. , 2005 ; 
Papadopoulou et al. , 2005 ; Wang et al. , 2005 ). 

 Several methods for the synthesis of thiazole deriva-
tives have been developed (Cook et al. , 1949 ; Dubs and 
Stuessi , 1976 ; van Leusen and Wildeman , 1977 ; Sowinski 
and Toogood , 1996 ), the most widely used method being 
Hantzsch ’ s synthesis utilizing thioamides and  α -halocarbonyl 
compounds as the starting materials (Flaig and Hartmann , 
1997 ). Useful variants include the use of an  α -diazoketone 
in place of the  α -halocarbonyl component (Kim et al. , 1995 ), 
reaction of 2-acylaminoketones with phosphorus pentasulfi de 

and, in an adaptation of the Robinson-Gabriel synthesis, the 
conversion of 1,3-diketones into their 2-phenyl-iodonium 
derivatives and reaction of these with thioureas producing 
2-amino-5-acyl-thiazoles (Moriarty et al. , 1992 ; Kamproudi 
et al. , 1996 ). 

 Some heterocycles containing a thiazolecarbonitrile moiety 
have already been synthesized by employing the Hantzsch ’ s 
method (Hussain et al. , 1988 ; Dawood , 2001 ; Abdelhamid 
and Abdelaziz , 2008 ), and we previously described the regio-
selective synthesis of new 2-( E )-cyano(thiazolidin-2-ylidene)
thiazoles by the reaction of ( E )-2 – cyano-2-(thiazolidin-
2-ylidene)ethanethioamide with various  α -bromocarbonyl 
compounds. Corresponding thioamide was prepared as a pure 
geometric isomer by the reaction of 2-(thiazolidin-2-ylidene)
malononitrile with sodium hydrosulfi de hydrate, as shown in 
Scheme  1  (Bakavoli et al. , 2009 ). 

 In connection with our interest in the synthesis of new 
polyfunctionalized thiazoles as potential precursors for the 
synthesis of biologically important fused thiazoles, we have 
studied the reaction of ( E )-2-(benzo[ d ]thiazol-2(3 H )-ylidene)-
2-cyanoethanethioamide ( 2a ) with several  α -bromocarbonyl 
compounds in order to synthesize the new 2-[( E )-(benzo[ d ]
thiazol-2(3 H )-ylidene)(cyano)methyl]thiazoles  3a – f  (Scheme 2).  

  Results and discussion 

 Products  3a – f  were prepared in a three-step procedure start-
ing from the dinitrile  1  (Scheme  2  ). The reaction of benzo[ d ]
thiazole  1  with phosphorus pentasulfi de, in principle, can 
afford the  E  ( 2a ) or  Z  ( 2b ) isomer of 2-(benzo[ d ]thiazol-2(3 H )-
ylidene)-2-cyanoethanethioamide. An unequivocal decision 
between these two geometric isomers was possible on the basis 
of our previously reported work on 2-( E )-cyano(thiazolidin-
2-ylidene)thiazoles (Bakavoli et al. , 2009 ). In this context, the 
 E  isomer is preferred over its  Z  counterpart. Subsequent reac-
tion of isomer  2a  with various  α -bromocarbonyl compounds 
led to the formation of the new thiazole derivatives  3a – f . 

 The structural assignments of compounds  2a  and  3a – f  were 
based on their analytical and spectral data. For example,  1 H 
nuclear mass resonance (NMR) spectrum of dinitrile  1  was 
devoid of any exchangeable proton signal, which is a good 
evidence for formation of the thiazole ring in the product. 
Product  2a  of the reaction of compound  1  with phosphorus 
pentasulfi de showed two broad signals due to NH 2  and NH 
groups at 8.49 ppm and 12.97 ppm, respectively, indicating 
the transformation of the product into a thioamide derivative. 
 1 H NMR spectra of products  3a – f  showed multiplet signals 
at 7.18 – 8.02 ppm attributed to four aromatic protons of the 
benzo[ d ]thiazole system, and broad signals due to the NH 
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group at 12.71  –  13.18 ppm. The infrared (IR) spectra of  2a  
and  3a – f  showed absorption bands at 3,413  –  3,446 cm -1  cor-
responding to NH groups. All this evidence plus the mass 
spectral and microanalytical data strongly support the given 
structures.  

  Conclusions 

 In summary, several new functionalized thiazoles have been 
synthesized regioselectively by the reaction of a thioamide 
 2a  with several  α -bromocarbonyl compounds. The thioa-
mide itself was synthesized in a regioselective manner by the 
reaction of functionalized benzo[ d ]thiazole with phosphorus 
pentasulfi de. The geometry of the suggested  E -regioisomer is 
consistent with our previous work. 

  Experimental section 

 Melting points were recorded on an Electrothermal type 9100 
melting point apparatus and are uncorrected. The IR spectra were 
determined using KBr disks with a 4300 Shimadzu spectrometer 
and only major absorptions are listed. The  1 H NMR (100 MHz) 

spectra were recorded on a Bruker AC 100 spectrometer in DMSO-
 d  6 . Chemical shifts are reported in ppm downfi eld from tetra-
methylsilane (TMS)  as internal standard; coupling constants  J  are 
given in hertz. Low-resolution mass spectra (EI, 70 eV) were 
measured on a Varian Mat CH-7 instrument. Elemental analyses 
were performed on a Thermo Finnigan Flash EA microanalyzer. 
Acetonitrile was distilled from CaCl 2 . 

 Compound  1  was obtained according to the published method 
(Huang and Shi,  1990 ). All other chemicals used in this study were 
commercially available. 

   (E )-2-(Benzo[ d ]thiazol-2(3 H )-ylidene)-2-cyanoethane-

thioamide (2a)     This compound was synthesized according to 
a procedure reported by Kaboudin and Elhamifar  (2006)  with slight 
modifi cation as follows. A solution of P 4 S 10  (4.6 g, 0.02 mol) in ab-
solute ethanol (20 ml) was stirred for 1 h. Dinitrile  1  (2.0 g, 0.01 mol) 
was added and the resulting mixture was heated under refl ux for 5 h. 
The reaction mixture was cooled to room temperature and the pre-
cipitated solid was fi ltered, washed with water (1 × 10 ml) and ethanol 
(2 × 5 ml), dried in air, and crystallized from CH 3 CN to give  2a ( 2.05 
g, 88 % ); yellow needles; mp 251 – 252  °  C; IR:  ν  3,431, 3,295, 2,173, 
1,615 cm -1 ;  1 H NMR:  δ  7.57 (m, 3H, H-1,2,3), 7.85 (d,  J  = 7.2 Hz, 
1H, H-4), 8.49 (br., 2H, NH 2 ), 12.97 (br., 1H, NH); MS  m / z  233 (M  +  , 
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5), 199 (100). Analysis calculated for C 10 H 7 N 3 S 2 : C, 51.48; H, 3.02; 
N, 18.01; S, 27.49. Found: C, 51.40; H, 2.99; N, 18.06; S, 27.55.   

  General procedure for the preparation 

of products 3a – f 

 A suspension of thioamide  2a  (0.47 g, 2 mmol), the appropriate 
 α -bromocarbonyl compound (2 mmol) and sodium bicarbonate 
(0.17 g, 2 mmol) in N,N-dimethylformamide (DMF) (4 ml for  3a – d  
and 8 ml for  3e,f ) was stirred at room temperature for 2 h. After dilu-
tion with water (10 ml), the resultant solid was fi ltered off, washed 
with water (1 × 10 ml) and ethanol (1 × 10 ml), dried in air, and crystal-
lized from CH 3 CN to give compound  3a  –  f . 

  Ethyl 2-[( E )-(Benzo[ d ]thiazol-2(3 H )-ylidene)(cyano)

methyl]thiazole-4-carboxylate (3a)     This compound was 
obtained from  2a  and ethyl bromopyruvate; yield 0.46 g (70 % ); 
yellow needles; mp 197 – 199  °  C; IR:  ν  3,433, 2,198, 1,647 cm -1 ; 
 1 H NMR:  δ  1.32 (t,  J  = 6.8 Hz, 3H, CH 3 ), 4.30 (q,  J  = 6.8 Hz, 2H, 
CH 2 ), 7.42 (m, 3H, H-1,2,3), 7.89 (d,  J  = 7.5 Hz, 1H, H-4), 8.18 
(s, 1H, C = C-H), 12.92 (br., 1H, NH); MS  m / z  329 (M  +  , 7), 283 (100). 
Analysis calculated for C 15 H 11 N 3 O 2 S 2 : C, 54.69; H, 3.37; N, 12.76; 
S, 19.47. Found: C, 54.65; H, 3.32; N, 12.81; S, 19.49.  

  ( E )-2-[Benzo[ d ]thiazol-2(3 H )-ylidene]-2-(4-methylthiazol-

2-yl)acetonitrile (3b)     This compound was obtained from  2a  and 
bromoacetone; yield 0.39 g (72 % ); yellow needles; mp 202 – 203  °  C; 
IR:  ν  3,446, 2,173 cm -1 ;  1 H NMR:  δ  2.30 (s, 3H, CH 3 ), 6.75 (s, 1H, 
C = C – H), 7.27 (m, 2H, Ar – H), 7.80 (m, 2H, Ar – H), 12.71 (br., 1H, NH); 
MS  m / z  271 (M  +  , 4), 269 (100). Analysis calculated for C 13 H 9 N 3 S 2 : C, 
57.54; H, 3.34; N, 15.48; S, 23.63. Found: C, 57.51; H, 3.39; N, 15.54; 
S, 23.56.  

  ( E )-2-[Benzo[ d ]thiazol-2(3 H )-ylidene]-2-(4-phenylthiazol-

2-yl)acetonitrile (3c)     This compound was obtained from  2a  and 
phenacyl bromide; yield 0.54 g (81 % ); white needles; mp 272 – 274  °  C; 
IR:  ν  3,444, 2,192 cm -1 ;  1 H NMR:  δ  7.39 (m, 6H, Ar – H), 8.02 (m, 4H, 
Ar – H, C = C – H), 12.83 (br., 1H, NH); MS  m / z  333 (M  +  , 24), 331(100). 
Analysis calculated for C 18 H 11 N 3 S 2 : C, 64.84; H, 3.33; N, 12.60; S, 
19.23. Found: C, 64.79; H, 3.41; N, 12.52; S, 19.28.  

  ( E )-2-[Benzo[ d ]thiazol-2(3 H )-ylidene]-2-[4-(4-chloro-

phenyl)thiazol-2-yl]acetonitrile (3d)     This compound was 
obtained from  2a  and  p -chloro- α -bromoacetophenone; yield 0.61 
g (83 % ); red needles; mp 276 – 277  °  C; IR:  ν  3,413, 2,175 cm -1 ;  1 H 
NMR:  δ  7.39 (m, 5H, Ar – H), 7.96 (m, 4H, Ar – H, C = C – H), 12.89 
(br., 1H, NH); MS  m / z  368 (M  +  , 18), 153 (100). Analysis calculated 
for C 18 H 10 ClN 3 S 2 ; C, 58.77; H, 2.74; N, 11.42; S, 17.43. Found: 
C, 58.69; H, 2.82; N, 11.39; S, 17.38.  

  ( E )-2-(5-Acetyl-4-methylthiazol-2-yl)-2-[benzo[ d ]thiazol-

2(3 H )-ylidene]acetonitrile (3e)     This compound was obtained 
from  2a  and 3-bromo acetylacetone; yield 0.54 g (87 % ); green nee-
dles; mp 264 – 266  °  C; IR:  ν  3,421, 2,194, 1635 cm -1 ;  1 H NMR:  δ  2.45 
(s, 3H, COCH 3 ), 2.61 (s, 3H, CH 3 ), 7.18 (m, 2H, Ar – H), 7.95 (m, 2H, 
Ar – H), 13.18 (br., 1H, NH); MS  m / z  313 (M  +  , 9), 107 (100). Analysis 
calculated for C 15 H 11 N 3 OS 2 ; C, 57.49; H, 3.54; N, 13.41; S, 20.46. 
Found: C, 57.43; H, 3.48; N, 13.50; S, 20.51.  

  Ethyl 2-[( E )-(benzo[ d ]thiazol-2(3 H )-ylidene)(cyano)

methyl]-4-methylthiazole-5-carboxylate (3f)     This com-
pound was obtained from  2a  and ethyl 2-bromoacetoacetate; yield; 

0.58 g (85 % ); green needles; mp 231 – 233  °  C; IR:  ν  3,437, 2,183, 
1697 cm -1 ;  1 H NMR:  δ  1.26 (t,  J  = 7.0 Hz, 3H, CH 2 C H   3  ), 2.58 (s, 3H, 
CH 3 ), 4.23 (q,  J  = 7.0 Hz, 2H, OCH 2 ), 7.24 (m, 2H, Ar – H), 7.95 (m, 
2H, Ar – H), 12.96 (br., 1H, NH); MS  m / z  343 (M  +  , 10), 271 (100). 
Analysis calculated for C 16 H 13 N 3 O 2 S 2 : C, 55.96; H, 3.82; N, 12.24; 
S, 18.67. Found: C, 56.01; H, 3.78; N, 12.27; S, 18.71.      

   References 

   Abdelhamid, A. O.; Abdelaziz, H. M. Utility of 2-[4-(3-oxobenzo[f]-
2 H -chromen-2-yl)-1,3-thiazol-2-yl]ethanenitrile in heterocyclic 
synthesis.  J. Heterocycl. Chem.   2008 ,  45 , 1719 – 1728.  

   Bakavoli, M.; Beyzaei, H.; Rahimizadeh, M.; Eshghi, H.; Takjoo, 
R. Regioselective synthesis of new 2-( E )-cyano(thiazolidin-
2-ylidene)thiazoles.  Molecules   2009 ,  14 , 4849 – 4857.  

   Bell, F. W.; Cantrell, A. S.; Hoberg, M.; Jaskunas, S. R.; Johansson, 
N. G.; Jordon, C. L.; Kinnick, M. D.; Lind, P.; Morin, J. M.; 
Oberg, B.; et al. Phenethylthiazolethiourea (PETT) compounds, 
a new class of HIV-1 reverse transcriptase inhibitors. Synthesis 
and basic structure-activity relationship studies of PETT analogs. 
 J. Med. Chem.   1995 ,  38 , 4929 – 4936.  

   Cook, A. H.; Heilbron, I.; MacDonald, S. F.; Mahadevan, A. P. 
Studies in the azole series. Part XII. Some thiazolopyrimidines. 
 J. Chem. Soc.   1949 , 1064 – 1068.  

   Dawood, K. M. An effi cient route to trans-4,5-dihydrothiophenes 
and thiazoles via nitrogen and sulfurylides.  Synth. Commun.  
 2001 ,  31 , 1647 – 1658.  

   Dubs, P.; Stuessi, R. Simple new syntheses of 2,4-disubstituted and 
2,4,5-trisubstituted 1,3-thiazoles.  Synthesis   1976 , 10, 696 – 697.  

   Flaig, R.; Hartmann, H. Synthesis of  N -substituted 2,4-diaminothia-
zoles and their salts.  Heterocycles   1997 ,  45 , 875 – 888.  

   Huang, Z.-T.; Shi, X. Synthesis, reactions, and tautomerism of 
ketene N,S-acetals with benzothiazoline ring.  Chem. Ber.   1990 , 
 123 , 541 – 547.  

   Hussain, S. M.; El-Reedy, A. M.; El-Sharabasy, S. A. Reactions with 
 α -thiocarbamoylcinnamonitriles: Synthesis of pyrazolo [1,5-a] 
pyrimidines.  Tetrahedron   1988 ,  44 , 241 – 246.  

   Kaboudin, B.; Elhamifar, D. Phosphorus pentasulfi de: a mild and 
versatile reagent for the preparation of thioamides from nitriles. 
 Synthesis   2006 , 2, 224 – 226.  

   Kamproudi, H.; Spyroudis, S.; Tarantili, P. Synthesis of thiazoles 
form the reaction of phenyliodonium ylids of cyclic b-dicarbo-
nyl compounds with thioureas.  J. Heterocycl. Chem.   1996 ,  33 , 
575 – 578.  

   Kim, H.-S.; Kwon, I.-C.; Kim, O.-H. Synthesis of 2-substituted-
4-carbethoxythiazoles.  J. Heterocycl. Chem.   1995 ,  32 , 937 –
 939.  

   Kumar, Y.; Green, R.; Borysko, K. Z.; Wise, D. S.; Wotring, L. L.; 
Townsend, L. B. Synthesis of 2,4-disubstituted thiazoles and sel-
enazoles as potential antitumor and antifi larial agents: 1. Methyl 
4-(isothiocyanatomethyl)thiazole-2-carbamates, -selenazole-2
-carbamates, and related derivatives.  J. Med. Chem.   1993 ,  36 , 
3843 – 3848.  

   Metzger, J. V. Thiazoles and their benzo derivatives. In:  Compre-
hensive Heterocyclic Chemistry ; Katritzky, A. R., Rees, C. W., 
Eds. Pergamon Press: New York, 1984; Vol. 6, p. 235.  

   Miwatashi, S.; Arikawa, Y.; Kotani, E.; Miyamoto, M.; Naruo, K. I.; 
Kimura, H.; Tanaka, T.; Asahi, S.; Ohkawa, S. Novel inhibitor of 
p38 MAP kinase as an anti-TNF- α  drug: discovery of  N -[4-[2-
ethyl-4-(3-methylphenyl)-1,3-thiazol-5-yl]-2-pyridyl]benzamide 
(TAK-715) as a potent and orally active anti-rheumatoid arthritis 
agent.  J. Med. Chem.   2005 ,  48 , 5966 – 5979.  

AUTHOR’S COPY | AUTORENEXEMPLAR 

AUTHOR’S COPY | AUTORENEXEMPLAR 



154  M. Bakavoli et al.

   Moriarty, R. M.; Vaid, B. K.; Duncan, M. P.; Ley, S. G.; Prakash, O.; 
Goyal, S. A one-pot synthesis of 2-amino- and 2-(arylamino)-
substituted thiazoles and selenazoles using [hydroxy(tosyloxy)
iodo]benzene, barbonyl compounds and thioureas or selenou-
reas: A modifi cation of the Hantzsch synthesis.  Synthesis   1992 ,  
9, 845 – 846.  

   Papadopoulou, C.; Geronikaki, A.; Hadjipavlou-Litina, D. Synthesis 
and biological evaluation of new thiazolyl/benzothiazolyla-
mides, derivatives of 4-phenyl-piperazine.  Farmaco .  2005 ,  60 , 
969 – 973.  

   Sowinski, J. A.; Toogood, P. T. Synthesis of an enantiomerically pure 
serine-derived thiazole.  J. Org. Chem.   1996 ,  61 , 7671 – 7676.  

   Tsuruni, Y.; Ueda, H.; Hayashi, K.; Takase, S.; Nishikawa, M.; 
Kiyoto, S.; Okuhara, M. WS75624 A and B, new endothelin 

converting enzyme inhibitors isolated from Saccharothrix sp. 
No. 75624. I. Taxonomy, fermentation, isolation, physico-chem-
ical properties and biological activities.  J. Antibiot.   1995 ,  48 , 
1066 – 1072.  

   van Leusen, A. M.; Wildeman, J. Synthesis of 1,3-thiazoles from 
carbon disulfi de and tosylmethyl isocyanide under phase-transfer 
conditions.  Synthesis   1977 , 7, 501 – 502.  

   Wang, W. L.; Yao, D. Y.; Gu, M.; Fan, M. Z.; Li, J. Y.; Xing, Y. C.; 
Nan, F. J. Waste-free solid-state organic syntheses: Solvent-free 
alkylation, heterocyclization, and azo-coupling reactions.  Bioorg. 
Med. Chem. Lett.   2005 ,  15 , 5284 – 5287.     

Received June 21, 2011; accepted July 29, 2011

AUTHOR’S COPY | AUTORENEXEMPLAR 

AUTHOR’S COPY | AUTORENEXEMPLAR 


