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Abstract-Synthesis of 3-furan-2-ylidene- and 3 - t h i o p h e n - 2 - y l i d e n e - 3 . 6 -  

dihydropyridine derivatives via the reaction o f  cyanothioacetamide with 

furan-2-ylidene and thiophen-2-ylidene derivatives of malononitrile, 

ethyl cyanoacetate and benzoylacetonitrile. 

As a part of a program to examine the scope and limitations of u,0-unsaturated ni- 

triles in heterocyclic synthesis the reactivity of cyanothioacetamide 1 tow- 
ard the u,B-unsaturated nitrile derivatives La-f, readly obtainable via condensa- 

tion of 2-furancarbaldehyde and 2-thiophencarbaldehyde with malononitrile, ethyl 

cyanoacetate and benzoylacetonitrile was investigated. Although it has been recent- 

ly reported that 1 reacts with a-benzoy1;innamonitrile to yield 4,6-diaryl-1.2-di- 

h y d r o - 2 - t h i o x o - 3 . 5 - p y r i d i n e c a r b o n i t r i l e ,  via Michael addition of 1 to the activated 
double bond in the cinnamonitrile derivative, cyclisation and aromatization 5s6, 

we have found that the reaction of 1 with La-f proceeds in completely different 
way. Thus, 1 (0.01 mol) reacted with 2a,b (0.01 mol) when refluxed in ethanol 

(50 ml) containing catalytic amounts of piperidine for 2 h to yield 1:l adducts 

(as revealed from Ms). Six theoretically possible structures were considered (cf. 

structures 3-5, chart 1). Dihydropyridine structures which might be formed via a 

mechanism similar to that recently proposed were readly ruled out as 'H nmr re- 

vealed two two proton signals a t  6 2.77 and 6 2.96 ppm (020 exchangeable) in addi- 

tion to the furanyl or thicphenyl protons and one low field singlet at 6 8.15 ppm. 
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T h i s  s p e c t r a  i s  o b v i o u s l y  d i f f e r e n t  t h a n  expec ted  s p e c t r a  f o r  3a,b o r  5a.b. On t h e  

same bases t h e  t h i a z i n e  s t r u c t u r e  5 c o u l d  be r u l e d  o u t .  I n  o r d e r  t o  c o n f i r m  f u r t h e r  

s t r u c t u r e  p r o p o s e d  f o r  t h e  r e a c t i o n  p r o d u c t s  1 3 c  nmr was i n s p e c t e d .  13c nmr s p e c t r a  

2 r e v e a l e d  t h e  absence o f  any sp  c a r b o n  and  t h e  p resence  o f  o n l y  one c y a n o  g r o u p .  

Thus, s t r u c t u r e  g was c o n s i d e r e d  f o r  t h e  r e a c t i o n  p r o d u c t s .  Compounds ga,b a r e  a s -  

sumed t o  be f o r m e d  v i a  a d d i t i o n  o f  1 t o  t h e  two cyano  f u n c t i o n s  i n  3 . b  under  t h e  

c o n d i t i o n  d e s c r i b e d  above .  

Compound 1 r e a c t e d  w i t h  2c,d under  t h e  same c o n d i t i o n  as  d e s c r i b e d  above t o  y i e l d  

p r o d u c t s  o f  m o l e c u l a r  f o r m u l a  c o r r e s p o n d i n g  t o  a d d i t i o n  o f  1 t o  Zc ,d  and  e t h a n o l  

e l i m i n a t i o n .  S t r u c t u r e  1 o r  i s o m e r i c  8 was suggested f o r  t h e s e  p r o a u c t s  based on 

'H nmr w h i c h  r e v e a l e d  o n l y  one down f i e l d  s i g n a l  f o r  3H w h i c h  i s  D20 e x c h a n g e a b l e  

3  and t h u s  c a n n o t  be a s s i g n e d  f o r  p r o t o n s  l i n k e d  t o  sp  c a r b o n s  and  a  f a c t  t h a t  e x -  

c l u d e s  a l l  o t h e r  i s o m e r i c  s t r u c t u r e s  s i m i l a r  t o  t h o s e  p r e v i o u s l y  c o n s i d e r e d  and 

e x c l u d e d  f o r  t h e  r e a c t i o n  p r o d u c t  o f  1 w i t h  l a , b .  S t r u c t u r e  8 seemed t o  be most  

l i k e l y  formed as a c y l a t i o n  o f  t h e  a c t i v e  me thy lene  g r o u p  i n  2 under  r e a c t i o n  c o n -  

d i t i o n s  t o  be h i g h l y  i m p r o b a b l e  r e a c t i o n .  

Compound g e  r e a c t e d  w i t h  1 t o  y i e l d  a l s o  a  1 : l  a d d u c t .  Here  a g a i n  'H nmr d a t a  were  

c a r e f u l l y  i n s p e c t e d  i n  o r d e r  t o  d i s c r i m i n a t e  s t r u c t u r e s  s i m i l d r  t o  t h o s e  p r o p o s e d  

by  S o t o  e t  a1 . 5 ' 6  f r o m  t h e  3 - y l i d e n e  s t r u c t u r e s  we a s s i g n e d  f o r  p r o d u c t s  o f  r e a c -  

t i o n  o f  I and l a - d .  W h i l e  'H nmr d a t a  c l e a r l y  e x c l u d e  such  s t r u c t u r e s ,  two  isome-  

r i c  s t r u c t u r e s  seemed, however ,  p o s s i b l e  ( c f .  s t r u c t u r e s  9 and 10). S t r u c t u r e  2 
was c o n s i d e r e d  l e a s t  l i k e l y ,  however ,  as i f  t h e  p r o d u c t  i s  2 down f i e l d  s h i f t  o f  

t h e  two  o r t h o  p r o t o n s  w o u l d  have been e x p e c t e d .  I n  c o n t r a s t ,  if a f f o r d e d  o n l y  t h e  

t h i o p h e n y l i d e n e  d e r i v a t i v e  11 on t r e a t m e n t  w i t h  1 u n d e r  t h e  same r e a c t i o n  c o n d i -  

t i o n s .  Compound 11 c o u l d  be a l s o  d i r e c t l y  o b t a i n e d  f r o m  r e a c t i o n  o f  1 w i t h  2 - t h i o -  

p h e n c a r b a l d e h y d e .  S i m i l a r  y l i d e n e  g r o u p  exchange has been p r e v i o u s l y  r e p o r t e d  b y  

us i n  s e v e r a l  cases  and i t s  mechanism has been d i s c u s s e d  7 '8 .  

T a b l e  1: L i s t  o f  compounds g a , b ;  ga,b; 10 and fi 

- 

c o m ~ o u n d *  S o l v e n t  C o l o u r  M D Y i e l d  M o l . f o r m u l a  M+ 

6a - EtOHIDMF brown 279-81  7  0  C11H8N40S 244 

6b - EtOHIDMF y e l l o w  205-06 8  5  C11H8N4S2 260 



* 
Compound S o l v e n t  C o l o u r  Y i e l d  Mo l  . f o r m u l a  M +  

o f  c r y s t .  ( % )  m/ e  

- - -  - 

8a - E ~ O H  y e l l o w  254-56 8 0  C i i H 7 N 3 0 i S  245 

8b - E t 0 ~  y e l l o w  208 -10  75  
C11H7N30S2 

10 - EtOHIDMF o r a n g e  245 -46  9  0 C17H11N30S 305 

12 - EtOHIDMF o r a n g e  260 -62  7  5  C8H6N2S2 

* 
S a t i s f a c t o r y  e l e m e n t a l  a n a l y s e s  f o r  a l l  t h e  n e w l y  s y n t h e s i s e d  compounds w e r e  

o b t a i n e d .  

Tab le  2: S p e c t r o s c o p i c  d a t a  f o r  compounds l i s t e d  i n  T a b l e  1 

Compound ~ ~ [ c m - ' ]  ( s e l e c t e d  b a n d s )  'H NMR 6 [ppm] 

3340, 3240 (2NH2) ;  2220 

(CN); 162O(C=N a n d  6NH2) 

3400(2NH2) ;  2210(CN);  

1620(C=N a n d  6NH2) 

3380.  3250(NH2 and  NH);  

2220(CN) ;  1680(CO);  1600 

(6NH2 and  NH) 

3450. 3400.  3300(NH2 and  

NH); 2222(CN);  1670(CO);  

1600(C=N, 6NH2 and SNH) 

3400-3300.  3200(NH2) ;  

2200(CN) ; 1600-1560 (6NH2)  

3 . 1 2 ( s ,  b r ,  2H, NH2); 3 . 4 4 ( s ,  b r ,  2H, NH2) ;  

6.98(m, l H ,  f u r a n  5 - H ) ;  7 .56 (dd ,  l H ,  f u r a n  

4 -H) ;  8 . 1 5 ( s ,  l H ,  f u r a n  3-H) ;  8 . 2 8 ( s ,  l H ,  CH) 

2 . 7 2 ( s ,  b r ,  2H, NH2); 2 . 9 6 ( s ,  b r ,  ZH, NH2);  

7 .34(q ,  lH ,  t h i o p h e n  5-H);  7.77(m, 2H, t h i o -  

phen  4 .3-H) ;  8 . 1 5 ( s ,  l H ,  CH) 

3 .34 (s ,  b r ,  3H, NH2 a n d  NH); 6 . 9 2 ( q ,  lH, f u -  

r a n  5-H) ;  7 .55 (d ,  l H ,  f u r a n  4 - H ) ;  7 . 9 9 ( s ,  

I H ,  f u r a n  3-H) ;  8 . 2 2 ( s ,  I H ,  C H )  

3 . 0 1 ( s ,  b r ,  3H, NH2 a n d  NH); 7 .23-7 .34(m,  

2H. t h i o p h e n  4 ,5-H) ;  7.88-7.98(m, ZH, t h i o -  

phen  3-H and  CH) 

3 . 8 2 ( s ,  b r ,  2H, NH2);  6 .89 (m, ZH, f u r a n  

4 . 5 - H I ;  7 .44-7 .88(m,  6H, f u r a n  3-H and  

C6H5);  8 . 2 8 ( s ,  l H ,  CH) 

2 .88 (d ,  2H, NH2);  7 . 3 1 ( q ,  l H ,  t h i o p h e n  5-H) ;  

7 . 6 6 ( d d ,  l H ,  t h i o p h e n  4-H) ;  8.02(m, 2H, 

t h i o p h e n  3-H and  CH) 
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* 13c-nmr: 162.19 ( C - 2 ) ;  151 .02  ( C - 3 ) ;  81.32 (C-4) ;  154 .56  ( C - 5 ) ;  179.46 ( C - 6 ) ;  

102.48 (C-7 ) ;  116.40 ( C - 8 ) ;  133.00-127.61 ( a r o m a t i c  c a r b o n s ) .  
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