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2 - A m i n o - 3 - c y a n o - 4 - N - a r y l c a r b a m o y l - 5 - m e t h y l t h i o p h e n e s  were  obtained by condensat ion of 
a ry l amides  of ace toace t ic  acid with su l fur  and malononi t r i le  in absolute  alcohol.  4 - A m i n o - 6 -  
N - a r y l c a r b a m o y l - 5 - m e t h y l t h i e n o  [2,3-d]pyrimidines a re  f o rmed  by reac t ion  of the condensa-  
t ion products  with f o r m a m i d e .  

2-Aminothiophenes  containing alkyl o r  a ry l  groups in the 3,4 posi t ions were  obtained by Knoevenagel  
condensat ion of carbonyl  compounds with su l fur  and ni t r i les  containing an act ive methylene group [1, 2]. 

We have c a r r i e d  out a condensat ion of the Knoevenagel  type using anilides of ace toace t ic  acid, ma lono-  
n i t r i le ,  and sulfur  in ethanol.  One might  have  expected  the fo rmat ion  of 2 -amino-3-cyanoth iophenes  of the 
I o r  II type: 

ArHN..,TT_~_~CN ArNHCO /CN ArNHCO-..~CN 

CH3C O ~CN 

II I a-d 

a Ar=C~Hs; b Ar=4-CH3C6H4;c Ar=4-CICoH4; d Ar=2,$-CI2C6H 3 

We have shown that  the reac t ion  leads p r i m a r i l y  to der iva t ives  of the I type (Table 1). A sma l l  
amount of 3 - c y a n o - 4 - m e t h y l - 5 - a n i l i n o - 2 - p y r i d o n e  was i so la ted  as a s ide product ;  the s t r u c t u r e  of the s ide 
produc t  was conf i rmed  by a l t e rna t ive  synthes is  by a known method for  the p repa ra t ion  of pyridone [3] f rom 
ace toace t ic  acid anflide and malononi t r i le  in d ime thy l fo rmamide  in the p r e sence  of an organic  base .  

The IR s p e c t r a  of 2 -amino-3-cyano th iophenes  I, contain four absorp t ion  bands of f r ee  and bonded 
amino groups at 3200-3500 cm -t [4, 5]. The absorp t ion  band at 2220 cm -I is affi l iated with the s t re tch ing  
v ibra t ions  of a n i t r i le  group bonded to an a roma t i c  he te rocyc le  [4, 5]. The intense broad absorp t ion  band 
with two m a x i m a  at  1610 and 1645 and a shoulder  at 1660 cm -1 apparent ly  co r re sponds  to the deformat ion  
v ibra t ions  of the a rom a t i c  r ings ,  the s t re tch ing  vibrat ions  of the oxo group,  and the deformat ion  vibrat ions  
of the amino group [4, 5]. 

The p r e s e n c e  of vicinal  functional amino and ni t r i le  groups made it poss ib le  to c a r r y  out the r e a c -  
tion of subst i tu ted  thiophene with f o r m a m i d e .  4-Aminothieno[2 ,3-d]pyr imidines  III (Table 2) were  isola ted 
in quant i ta t ive y ie lds .  On the basis  of the avai lable  data [2, 6, 7], the following s cheme  can be a s sumed  for 

I a-d + ~ H2 
o~C\~  

the reac t ion :  

CH:3f~.S/~-N=C H N H2 ~ 

i | l  a-d 

To choose between s t r u c t u r e s  of the I o r  II types ,  we c a r r i e d  out the hydrolys is  of both the 2 - a m i n o -  
thiophene der iva t ives  and the 4-aminoth ieno [2 ,3-d]pyr imidines .  The hydro lys i s  of compounds of the I type 
by refluxing in alcoholic a lkal i  apparen t ly  proceeds  with c leavage  of the thiophene r ing,  and the reac t ion  
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TABLE 1.  
(Ia-d) 

Com- 
pOUnd 

l a  

Ib 

Ic 

ld 

2 -Amino-3-cyano-4-N-arylcarbamo yI- 5-methylthiophenes 

Ar 

C6Hs 199 

4-CH~C6H4 232 

4-CIC8H4 226 

2,5-C12C8H~ 312 

Mp,.d t Empirical for- 
";C_~ ] muia" . . . . . .  I l l  

CI3HnN~OS I 60,414, 4 
60,614,2 

CI4HI~N3OS 62,0 4,8 
61,8 4,9 

CmHmC1N3OS a 53,5[ 3,6 
t53,4i3,6 

ClsHgCI2Ns OSb t 47,5 [ 2,8 
147,612,6 

16,2] 12,4 60,7 
16,5 i 12,3 I 
15,31 I 1,9162,0 
15,6111,71 
14,0 ]11,0153,5 
14,3110,8 I 
12,6 9,7 47,9 
12,7 9,8 

4,3 16,3 

4,8 15,5 

3,5 14,4 

2,8 12,9 

12,5 70 

tl,8 63 

11,0 60 

9,8 68 

aFound,  %: C1 12.3, 12.1.  Calcula ted ,  %: C1 12.2.  
bFound,  %: C1 21.7, 21.5.  Calcula ted ,  %: C1 21.4.  

TABLE 2.  4 - A m i n o - 5 - N - a r y l c a r b a m o y l - 6 - m e t h y l t h i e n o [ 2 , 3 - d ] -  
pyrimidines (Ula-d) 

Corn- MC p 
p o u n d  Ar , ' 

Ilia 

Illb 

IIlc 

l I Id  

CsHs 314 

4-CHaC6H4 315 

4-CIC61-I4 316 

2,5-C12C6H3 345 

Empirical for- 
mula 

CI~H~zN4OS 

CIsHI4N4OS 

C~4HIICIN4OS a 

C:4H,oCI2N4OS b 

Found, % 

H N 

59,3 4,5 19,g 
59,1 4,5 20,C 

60,7 5,1 18,5 
60,2 4,9 18,5 

52,9 3,3 17,4 
52,3 3,4 17,7 
47,5 3,0 15,4 
47,3 2,7 15,7 

10,9 
11,1 
10,4 
10,6 
9,9 
9,8 
8,9 
8,8 

Calc., % 

C H 

59,t 4,3 

60,4 4,7 

52,7 3,5 

47,6 2,9 

N i S i 

19,7 :~ 11,3 

18,8 / 10,7 i 

i 
17,6 10,o 

[ 
15,9 ! 9,1 

aFound,  %: C1 11.0, 1 1 . 0 .  Calcula ted ,  %: C1 11.1. 
bFound,  %: C1 19.8, 20.1.  Ca lcu la ted ,  %: C1 20.1.  

p roduc t s  could not be iden t i f i ed .  Hydro lys i s  in ace t ic  acid leads to 2 - a c e t a m i d o - 3 - c y a n o - 4 - c a r b o x y - 5 -  
methyl th iophene  (IV); the n i t r i l e  g roup  is not involved in this r eac t ion ,  in a c c o r d a n c e  with the data  in [8]. 

4 -Amino th i eno  [2 ,3 -d]pyr imid ine  IIIa is h y d r o l y z e d  to 4 - a m i n o - 5 - c a r b o x y - 6 - m e t h y l t h i e n o  [2 ,3-d]-  
py r imid ine  (V) in an a lcohol  so lu t ion  of p o t a s s i u m  hydrox ide .  

Thus the p r e s e n c e  of an N - a r y l c a r b a m o y l  grouping  in the p roduc t s  of condensa t ion  of ace toace t i c  
ac id  ani l ides  with ma lonon i t r i l e  and su l fur  is c o n f i r m e d ;  this is ev idence  in f avor  of s t r u c t u r e s  of the I and 
III type fo r  the p roduc t s .  

E X P E R I M E N T A L  

The individual i t ies  of  al l  of the s y n t h e s i z e d  compounds  w e r e  c o n f i r m e d  by t h i n - l a y e r  c h r o m a t o g r a p h y  
(TLC) on a f ixed l a y e r  of s i l i c a  g e l - g y p s u m  in c h l o r o f o r m - a c e t o n e - c a r b o n  t e t r a c h l o r i d e  (3 : 3 : 5). The IR 
s p e c t r a  of KBr  pel lets  of the compounds  w e r e  r e c o r d e d .  

2 - A m i n o - 3 - c y a n o - 4 - N - p h e n y l c a r b a m o y l - 5 - m e t h y l t h i o p h e n e  (Ia, Table  1). A 3.6 g (0.02 mole) s a m p l e  
of ace toace t i c  ac id  anil ide and 0.8 g (0.025 g - a tom)  of su l fu r  w e r e  d i s s o l v e d  in 10 ml  of anhydrous  ethanol  
while heat ing on a wa te r  bath,  a f t e r  which the so lu t ion  was cooled  to r o o m  t e m p e r a t u r e ,  and 1.32 g (0.02 
mole) of ma lonon i t r i l e  and 2 ml  of morpho l ine  w e r e  added.  The r e a c t i o n  mix tu r e  began  to da rken  and 
w a r m e d  up to 60-65~ it was hea ted  at 60 ~ for  30 min.  It was then cooled  to r o o m  t e m p e r a t u r e ,  dur ing which 
a b r i c k - r e d  p rec ip i t a t e  f o r m e d ;  the a lcohol  so lu t ion  was di luted with a twofold to th ree fo ld  amount  of wa te r  
for  comple te  p rec ip i t a t ion .  The p rec ip i t a t e  was r e m o v e d  by  f i l t ra t ion  and washed  with e thanol .  C r y s t a l -  
l izat ion f r o m  ethanol  (ch lo roform)  gave a s m a l l  amount  (0.1-0.2 g) of  insoluble  3 - c y a n o - 4 - m e t h y l - 6 - p h e n y l -  
a m i n o - 2 - p y r i d o n e  with mp 266 ~ Dilut ion of the a lcohol  so lu t ion  with w a t e r  gave 3.6 {70%) of Ia .  

Thiophene de r iva t ives  I b - d  (Table 1) w e r e  s i m i l a r l y  obta ined.  

4 - A m i n o - 5 - N - p h e n y l c a r b a m o y l - 6 - m e t h y l t h i e n o [ 2 , 3 - d ] p y r i m i d i n e  (IIIa, Table  2). A mix tu re  of 0.73 g 
(0,28 m01e) of Ia  and 5 ml  of  f o r m a m i d e  was hea ted  at  190 ~ on an oil ba th  fo r  15 min .  It was then cooled,  
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and IIIa was crystal l ized to give 0.8 g (about 100%) of shiny colorless plates with mp 314 ~ (from dioxane). 
IR spectrum: v NH 2 3512, 3406; 5NH 2 1625; vC= O 1680 cm -1. 

4-Aminothieno[2,3-d]pyrimidine derivatives IIIb-d (Table 2) were similarly obtained. 

2-Aeetamido-2-cyano-3-carboxy-5-methylthiophene (IV). A 0.52 g (0.002 mole) sample of Ia was re -  
fluxed in a mixture of 5 ml of concentrated hydrochloric acid and 5 ml of glacial acetic acid for 4 h. The 
mixture was then cooled to room temperature and worked up to give 0.24 g (50~) of a white precipitate of 
IV with mp 324 ~ (from dioxane). IR spectrum: 2220 (C-------~ N), 1720 cm -1 (COOH). Found, %: C 48.1, 48.0; 
H 3.7, 3.5; N 12.3, 12.5; S 14.0, 14.1. CgHsN203S. Calculated, %: C 48.2; H 3.6; N 12.5; S 14.3. 

4-Amino-5-carboxy-6-methylthieno [2,3-d]pyrimidine (V). A 0.4 g (0.014 mole) :sample of IIIa was 
refluxed in alcoholic potassium hydroxide solution for 4 h. The reaction mixture was treated with hydro- 
chloric acid until it was weakly acidic, and the mixture was filtered to give 0.075 g (26~ of V with mp 333 ~ 
(from dioxane). Found, ~c: C 46.2, 45.9; H 3.2, 3.1; N 20.0, 19.7; S 15.3, 15.4. CsHTN302S. Calculated, %: 
C 46.0; H 3.4; N 20.2; S 15.4. IR spectrum: a number of absorption bands at 3200-3500 cm-1; 6 NH 2 1630 
cm-1; ~COOH 1720 cm -l ,  
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