
2360 

THE REACTION OF 2-CYANO-3-(5-PHENYLSULPHONYL-2-THIENYL) 
ACRYLONITRILE WITH NUCLEOPHILES 

Rudolf KADA, Viera KNoPPovA, l a roslav KovAc and Miroslav BALAG 

Department of Organic Chemistry, 
Slovak Instilllie of Technology, 880 37 Bratislava 

Received August 31st, 1979 

5-Phenylsulphonyl- and 5-phenylthio-2-thiophenaldehydes react with malonodinitrile and methyl 
cyanoacetate under the conditions of Knoevenagel reaction to give the corresponding condensa­
tion products. It has been found that when 2-cyano-3-(5-phenylsulphonyl-2-thienyl)-acrylo­
nitrile is treated with nucleophiles the phenylsulphonyl group is substituted . 

It is known 1 - 4 that nucleophilic substitution of arylthio-, heteroarylthio- and aryl­
sulphonyl groups with N- and S-nucleophiles takes place readily in 5-substituted 
furfurylidenemalononitriles and methyl 2-cyano-3-( 5-arylthio-2-furyl)-, 2-cyano­
-3-( 5-heteroarylthio-2-furyl)- and 2-cyano-3-( 5-phenylsulphonyl-2-furyl)acrylates. 

The present work describes syntheses and SN reactions of analogous thiophene 
derivatives, i.e. 2-cyano-3-(5-phenylthio-2-thienyl)- and 2-cyano-3-(5-phen..yl:ul-
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la, Y = CN; R = C6H5 Ib, Y = CN 
Ila, Y = COOCH3 ; R = C6H5 Ilb, Y = COOCH3 

IlIa, Y = CN R = CH3 

/llb, Y = CN; R = i-C3 H7 
Illc, Y = CN; R = i-C6Hll 
IIld, Y = CN; R = 4-CI-C6H4 
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phonyl-2-thienyl)acryloni triles , and methyl 2-cyano-3-(5-phenylthio-2-thienyl)- and 
2-cyano-3-(5-phenylsulphonyl-2-thienyl)acrylates. The compounds were prepared 
by treatment of 5-phenylthio- and 5-phenylsulphonyl-2-thiophenaldehydes with 
malonodinitrile and methyl cyanoacet a te under the conditions of Knoevenagel 
condensation (Scheme 1). 5-Phenylsulphonyl-2-thiophenaldehyde was obtained 
by reacting 5-bromo-2-thiophenaldehyde with sodium benzenesulphinate in dimethyl­
formamide at 140°C, and 5-phenylthio-2-thiophenaldehyde was prepared from 
5-bromo-2-thiophenaldehyde and sodium thiopheno late by a reaction in acetone 
a t room temperature. 

The studied thiophene derivatives , i.e. 2-cyano-3-( 5-phenylsulphonyl-2-thien yl) 
acrylonitrile and methyl 2-cyano-3-(5-phenylsulphon yl-2-thienyl)acrylate do not 
react with N-nucleophiles (piperidine, morpholine, pyrrolidine) to give products 
of substitution of the phenylsulphonyl group. Their reactions were carried o ut in 
various solvents (sulpholane, dimethyl sulphoxide, ethanol, acetone, tetrahydro­
furan) and under a variety of reaction conditions (25 - 80°C, 2 - 24 h). A mixture 
of products was formed from which, occasionally, unreacted substrate could be 
recovered. It has been found, by monitoring the reactions spectrophotometrically, 
that the last UV absorption band of 2-cyano-3-(5-phenylsulphonyl-2-thienyl)acrylo­
nitrile (A,m 344 nm) disappeared immediately upon the addition of the nucleophile, 
but the band indicative of the formation of the expected substitution product has not 

appeared even after prolonged reaction time. 
It is probable that , with furan type substrates, the determining role in the nucleo­

philic substitution of the phenylsulphonyl group is played by the more electronega­
tive oxygen hetero atom, in the presence of which the electron defficiency at the 
position 5 becomes more pronounced , as compared with the corre5ponding thio­
phene derivatives. Therefore, we have carried out reactions with S-nucleophiles 
(sodium thiolates) with which the reactions took place readily. Apart from acetone, 
sulpholane and dimethyl sulphoxide could be used as solvents, and in all cases the 
yields of the products were was confirmed also by mass spectrometry. 

EXPERIMENTAL 

Electron spectra for 3.10- 5-7. 10- 5M solutions in methanol were measured in I cm cells with 
the accuracy of ± 1 nm using a Specord UV VIS spectrometer. 

5-Phenylsulphonyl-2-thiophenaldehyde 

A mixture of sodium benzenesulphinate (0·1 mol) and 5-bromo-2-thiophenaldehyde (0·1 mol) 
in dimethylformamide (300 ml) was heated a t 130 - 140°C for 4- 5 h . After coo ling, the mixture 
was poured into water (600 ml), the separated oil was extracted with chloroform, the extract 
dried with anhydrous sodium sulphate and concentrated. Crystallization from ethanol gave 
18·7 g (74·5%) of the title product, m.p . 72-73°C. For Cll H s 0 3 SZ (252·2) calculated: 52·36%C, 
3·20% H , 25-42% S; found : 52·41 % C, 3·14% H, 25 ·24% S. 
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TABLE I 

Physico-Chemical Characteristics for the Prepared Substances 

Compound Formula M.p., oC 
Calculated/Found 

)'max , nm 

Xor R (m.w.) (yield, %) 
%C % H % N % S 

(log e) 

Ia C14HsN2S2 65 62·66 3·00 10·44 23·90 205 249 299 412 

C6 H sS (268'4) (92) 62-47 2·85 10·26 23 ·75 (4,33) (3-86) (3 '78) (4,30) 

Ib C14HsN 202S2 165-167 55·98 2-68 9·33 21 ·35 205 241 344 

C6 H sS02 (300'4) (86 '5) 55·64 2·57 9·28 21 ·12 (4'17) (3-88) (4,40) 

lIa ClsHllN0 2S2 89-90 59·78 3·68 4·65 21·28 205 247 303 400 

C6 H sS (301'4) (88) 59·65 3·51 4·62 21 ·08 (4 '32) (4'09) (4'00) (4'25) 

~ lIb C 15H l1 N 0 4S2 173 - 174 54·03 3·33 4·20 19·24 205 242 341 
[ 
g" C6 H sS02 (333-4) (88) 53·88 3·25 4·08 19·09 (4'22) (3 '90) (3'38) 

() lIla C9 H6 N 2S2 168-170 52·39 2·93 13-58 31·08 206 244 283 347 

I R = CH3 (206'3) (58) 52-44 2-81 13-58 31 ·87 (3 '95) (H9) (3 ,54) (4'18) 
~ 
I» 

~ IlIb C IIHI0N3S2 154-156 56·37 4·30 11 ·95 27·36 205 245 282 346 ~ 
~ 

R = i-C3H7 (234'3) (63) 56'20 4·23 11 ·79 27·22 (4'08) (3 ,76) (HO) (4-25) 
~ 

? IIIe C13H14N2S2 162 - 163 59·50 5·37 10·67 24-44 206 242 2M 343 0 
'0 

~ R = i-CsHll (262'4) (61) 59·34 5·25 10·48 24·31 (4,05) (3 ·77) (3,63) (4 '30) '0 
0 

3 < 
3 J'-
c: IIId C14H7ClN2S2 108 - 110 55·52 2·33 9-25 21 '17 205 228 252 306 417 

~ ::l 

~ 
R = 4-Cl- C6 H4 (302-8) (91) 55·39 2·19 ' 9·13 21 ·10 (4'38) (4'15) (3'97) (3-87) (4'29) 0 
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5-Phenylthio-2-thiophenaldehyde 

A mixture of sodium thiophenolate (0 '05 mol) and 5-bromo-2-thiophenaldehyde (0·05 mol) 
in acetone (50 - 100 ml) was stilTed at room temperat ure for 2- 3 h, filtered, decolorized with 
charcoal, and concentrated. The crude product was recrystallized from ethanol to give 7·1 g 
(65%) of material melting at 86-88°C. For C 11 HsOS2 (220'2) calculated: 59'99% C, 3'66% H, 
29·12% S; found : 59'72% C, 3'55% H, 29'02% S. 

2-Cyano-3-(5-X-2-thienyl}acrylonitriles (la, /b) and Methyl 2-Cyano-3-(5-X-2-thienyl)acry­
lates (I/a, lib) 

A solution of malonodinitrile (0'02 mol) in ether (10 ml), or methyl cyanoacetate (0 '02 mol) 
in ethanol (10 m1) was added to a solution of 5-X-2-thiophenaldehyde (0'02 mol) in the same 
solvent. Ethanolic 10% sodium ethoxide (5-10 drops) was added with stirring and the product, 
separated during a reaction period of 2 h, was filtered and recrystallized from a suitable solvent. 
Physico-chemical constants of thus prepared substances are given in Table I. 

2-Cyano-3-(5-R-S-2-thienyl}acrylonitriles 

A solution of a thiol (0'001 mol) in acetone was added to a mixture of 2-cyano-3-(5-phenyl­
sulphonyl-2-thienyl)acrylonitrile (0'001 mol) and anhydrous sodium carbonate (0 '001 mol) in ace­
tone (20-30 ml). Depending upon the nucleophilic reagent, the mixture was stirred for 0'5- 3 h 
during which time sodium benzenesulphinate separated. The mixture was filtered , the filtrate 
treated with charcoal, concentrated and the product was crystallized from a suitable solvent. 
For physico-chemical constants and elemental analyses of the prepared substances see Table 1. 

REFERENCES 

1. Kada R., Knoppova Y., Kovac J.: Syn . Commun. 7, 157 (1977) . 
2. Kada R., Knoppova Y., Kovac J., Yecera Z.: This Journal in press. 
3. Knoppova Y., Kada R., Kovac J.: This Journal 43, 3409 (1978). 
4. Knoppova Y., Kada R., Kovac J .: This Journal 44, 2417 (1979) . 

Translated by the author (J. K.) . 

Collection Czechoslov. Chern . Cornrnun. [Vol. 451 [19801 




