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A b s t r a c t  - The methods o f  p r e p a r a t i o n ,  chemica l  p r o p e r t i e s  and 

u t i l i t y  o f  a- cyanoth ioace tamide  i n  the s y n t h e s i s  o f  su l phu r  

and n i t r o g e n  h e t e r o c y c l i c  compounds are reviewed. 

I. INTRODUCTION 

I n  t h e  l a s t  few yea rs  we have been i n t e r e s t e d  i n  s u r v e y i n g  t h e  r e c e n t  develop-  

ments i n  t h e  c h e m i s t r y  o f  s e v e r a l  c l asses  o f  h e t e r o c y c l i c  compounds'-3. Du r i ng  t h e  

p r e p a r a t i o n  o f  o u r  p r e v i o u s  r e v i e w s  we have n o t i c e d  t h e  g rowing  v a l u e  o f  a- cyano- 

t h i o a c e t a m i d e  (CTAN, 1) and i t s  wide a p p l i c a t i o n s  i n  t h e  s y n t h e s i s  o f  s e v e r a l  

h e t e r o c y c l i c  r i n g  systems. Ploreover, l i t e r a t u r e  c i t e s  t h e  use  o f  t h i s  compound i n  

d i f f e r e n t  p o s i t i o n s  w i t h  no homogeni ty  o f  t h e  r e s u l t s  o f  i t s  r e a c t i o n s .  The above 

f i n d i n g s  p rompted  our i n t e r e s t  t o  survey  t h e  chemistry  o f  as a l l  t h e  r e v i e w s  

d e a l i n g  w i t h  t h e  s y n t h e s i s  o f  h e t e r o c y c l i c  compounds have i g n o r e d  i t s  impo r tance  

", i n  t h i s  f i e l d .  One o f  t h e  p rob lems we f aced  dur ing t h e  p r e p a r a t i o n  o f  t h i s  r e v i e w  

, . was t h e  c o n t r a d i c t i n g  r e s u l t s  o f  t h e  same r e a c t i o n s  o f  1 under n e a r l y  t h e  same re  
w 

a c t i o n  cond i t i ons .  As we know f rom o u r  own p r a c t i c a l  expe r i ence  w i t h  1 d e a l i n g  
w ' 

w i t h  i t s  c h e m i s t r y  must be  t aken  i n  a s e n s i t i v e  manner as t h e  c h a r a c t e r i z e d  comp- 

ound i s .  I n  most  cases, however, o u r  own o p i n i o n  was r e p o r t e d  and e x p l a i n e d  and a t  

I t h e  same t i m e  t h e  c o n t r a d i c t e d  r e s u l t s  a r e  d iscussed i n  v i ew  o f  s c i e n t i f i c  f ac t s .  

I n  some cases, r e a c t i o n s  w i t h  d e r i v a t i v e s  o f  1 were d i scussed  i n  d e t a i l s  and t h i s  
I m 

I seemed t o  us  as a mandatory m a t t e r  s i n c e  t h i s  i s  t h e  f i r s t  t ime, from o u r  p o i n t  o f  

view, t h a t  l i g h t s  a r e  shed i n  d e t a i l s  on t h e  chemistry  o f  t h i s  h i g h l y  a c t i v e  and 

i m p o r t a n t  compound. 



11. METHODS OF PREPARATION: 

Severa l  methods o f  p r e p a r a t i o n  a r e  r e p o r t e d  f o r  u- c y a n o t h i o a c e t a m i d e  (3) s t a r t i n g  

from d i f f e r e n t  r e a c t a n t s .  

1. From m a l o n o n i t r i l e :  

I t  h a s  been r e p o r t e d  t h a t  c o u l d  b e  p r e p a r e d  hy t h e  a c t i o n  o f  h y d r o g e n  s u l p h i d e  

on an a l c o h o l i c  s o l u t i o n  o f  m a l o n o n i t r i l e  ( 2 )  i n  t h e  p r e s e n c e  o f  c a t a l y t i c  amounts 

o f  t r i e t h y l a m i n e b - a  o r  t r i e t h a n ~ l a m i n e ~ " ~ .  

2. F r o m  cyanoacetamide: 

Low y i e l d s  o f  1 were o b t a i n e d  by t h e  a c t i o n  o f  p h o s p h a r u s  p e n t a s u l p h i d e  on cyano- 
N 

acetamide ( 2 )  i n  p y r i d i n e  o r  e t h y l  a ~ e t o a c e t a t e ' ' - ' ~ .  

3. From 1 - e t h o x y e t h y l i d e n e m a l o n o n i t r i l e :  

The p r o d u c t  o f  t h e  r e a c t i o n  o f  1-ethoxyethylidenemalononitrile (2) w i t h  h y d r o g e n  

s u l p h i d e  was f o u n d  t o  b e  dependent  o n  t h e  n a t u r e  o f  t h e  r e a c t i o n  so luen t .  Thus, 

when u s i n g  e t h a n o l  a s  a  s o l v e n t ,  t h e  t h i o a m i d e  1  was t h e  s o l e  r e a c t i o n  p r o d u c t .  
,.2 

On t h e  o t h e r  hand, u s i n g  benzene i n s t e a d  o f  e t h a n o l  a f f o r d e d  2 - c y a n o - S e t h o x y t h i o -  

c ro tonamide  (5) as t h e  i s o l a b l e  r e a c t i o n  p r o d u c t 6 .  
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A and l o g i c  mechanism accoun t i ng  f o r  the  f o r m a t i o n  o f  1 from t h e  r e a c t -  
r\l 

i o n  o f  4 and hydrogen s u l p h i d e  i n  e thano l  denotes t h a t  campound 2 i s  formed f i r s t  
N 

as an i n t e r m e d i a t e .  S ince  compound 5 i s  s o l u b l e  in d r y  e thano l  t o  t h e  e x t e n t  o f  

0.5% o n l y  a t  t h e  r e f l u x  temperature,  i t  c o u l d  r e s c t  t h e n  with hydrogen s u l p h i d e  

t o  g i v e  t h e  p o s t u l a t e d  i n t e r m e d i a t e  a d d i t i o n  p roduc t  g.  Compound 5 w u l d  t h e n  be  

c l e a v e d  under t h e  r e a c t i o n  c o n d i t i o n s  t o  g i v e  t he  i s a l a b l e  r e a c t i o n  p r o d u c t  1 t o -  
m 

6 ge the r  w i t h  e t h y l  t h i o a c e t a t e  (z). I n  suppo r t  o f  t h e  above mechanism , compound 2 
r e a c t e d  w i t h  hydrogen s u l p h i d e  t o  g i v e  compounds 1, 2 and d i th iomalonamide (g )14915 

w 

( c f .  Char t  1) .  

7 .., 
Chart 1 



111. ~HYSICAL PROPERTIES: 

oc- ~ ~ a n o t h i o a c e t a m i d e  ( 1 )  i s  an a l m o s t  c o l o u r l e s s  s o l i d  compound which can b e  .-, 
c r y s t a l l i z e d  f rom e t h a n o l  o r  b e n z e n e  a n d  d a r k e n s  o n  l o n g  s t a n d i n g .  D i f f e r e n t  

m e l t i n g  p o i n t s  a r e  r e p o r t e d  f o r  2 among which may b e  men t ioned :  

1 1 8 - 1 2 1 ' ~  ( R e f e r e n c e  No. 5) 

114-1 2D0c ( R e f e r e n c e  No. 6 )  

1 1 ~ 1 1 7 ~ ~  ( R e f e r e n c e  No. 6 )  

l l s O c  ( R e f e r e n c e  No. 7 )  

1 2 1 - 1 2 3 ' ~  ( R e f e r e n c e  No. 9 )  and 

1 1 8 - 1 2 3 ' ~  ( R e f e r e n c e  No. 1 0 )  

I t  must  b e  p o i n t e d  o u t ,  however ,  t h a t  i t  i s  a d v i s a b l e  t o  u s e  f r e s h l y  p r e p a r e d  1 
w 

a s  l o n g  s t a n d i n g  may c a u s e  d i f f e r e n t  r e s u l t s  f o r  t h e  same r e a c t i o n  u n d e r  t h e  

same e x p e r i m e n t a l  c o n d i t i o n s .  The i n t e r n a l  c o o r d i n a t e s  o f  ( F i g u r e  1 ) "  a r e  o f  

i n t e r e s t  a n d  a r e  r q o r t e d  h e r e  a s  a g u i d e  f o r  s t r u c t u r a l  e l u c i d a t i o n s .  

F i g u r e  1: I n t e r n a l  c o o r d i n a t e s  o f  1  
N 

The IR s p e c t r a l  d a t a  o f  1 a r e  r e p o r t e d  ( T a b l e  1 )  a s  t h e y  r e p r e s e n t  a model f o r  ,,, 
compar i son  o f  t h e  I R  s p e c t r a l  d a t a  o f  t h e  r e a c t i o n  p r o d u c t s  s t a r t i n g  w i t h  1. 

w 
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T a b l e  1: IR s p e c t r a l  d a t a  o f  

F r e q u e n c i e s  

(cm-' ) I-- A s s i g n m e n t s  
r e q u e n c i e s  

(cm-') 

1260 

1001 

9  55 

760 

6X 

4 21 

335 

105  

IV. CHENICAL REACTIONS: 

1. C o n d e n s a t i o n  w i t h  a r o m a t i c  a l d e h y d e s :  

Aromat ic  a l d e h y d e s  c o n d e n s e  w i t h  1  i n  t h e  p r e s e n c e  o f  b a s i c  c a t a l y s t s  t o  a f f o r d  
IV 

t h e  c o r r e s p o n d i n g  3-aryl-2-cyanothioacrylamide d e r i v a t i v e s  ( 9 ) .  S e v e r a l  e x a m p l e s  
N 

o f  were  r e p o r t e d  i n  l i t e r a t u r e  t o  b e  s y n t h e s i s e d  v i a  t h i s  r o ~ t e ~ " ~ ~ ~ ~ .  The 

s t r u c t u r e  o f  9 was e s t a b l i s h e d  v i a  s y n t h e s i s  th rough  o t h e r  r o u t e s  e i t h e r  by t h e  -" 
a c t i o n  o f  p h o s p h o r ~ s  p e n t a s u l p h i d e  i n  p y r i d i n e  on t h e  c o r r e s p o n d i n g  a m i d e s 1 3 ( 1 0 )  - 
o r  by t h e  a c t i o n  o f  h y d r o g e n  s u l p h i d e  o n  t h e  c o r r e s p o n d i n g  y l i d e n e  m a l o n o n i t r i l e s  

( 1 1 )  i n  d r y  b e n z e n e  i n  t h e  p r e s e n c e  o f  c a t a l y t i c  amount s  o f  t r i e t h y l a m i n e 6  ( c f .  
w 

C h a r t  2). 

5 B r u n s k i l l  e t  a l .  r e p o r t e d  t h a t  t h e  p r o d u c t s  o b t a i n e d  by t h e  a c t i o n  o f  a r o m a t i c  

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

m e l t i n g  t e m p e r a t u r e s  i n  a g r e e m e n t  w i t h  l i t e r a t u r e  v a l u e s .  The t h i o a c r y l a m i d e  

s t r u c t u r e  (2) was i n  a c c o r d  w i t h  t h e  NNR s p e c t r a  f o r  compounds d e r i v e d  f rom 

h e t e r o c y c l i c  a l d e h y d e s  and  2- a n d  4- s u b s t i t u t e d  b e n z a l d e h y d e s .  However .  f o r  t h e  

r e a c t i o n s  w i t h  b e n z a l d e h y d e ,  4-bromobenzaldehyde,  4 - c h l o r o b e n z a l d e h y d e  and  4- 

n i t r o b e n z a l d e h y d e  t h e  r e a c t i o n  p r o d u c t s  had  more complex s p e c t r a .  T h e s e  p r o d u c t s  

were  f o r m u l a t e d  a s  t h e  2 , 4 - d i a r y l  d e r i v a t i v e s  o f  6-amino-3,Edicyano-3.4-dihydro- 

2H- th iopyran-%th iocarboxamide  (12) .  Compounds 12 were  a s sumed  t o  b e  fo rmed  v i a  
-2- *rV 



t h e  O ie l s -A lde r  s e l f  condensat ion  r e a c t i o n  o f  t h e  co r respond ing  t h i o a c r y l a m i d e  

d e r i v a t i v e s  (2) ( c f .  Char t  2). 

Chart 2 

The IR s p e c t r a  o f  Lz had an e x t r a  band i n  t h e  r e g i o n  o f  t h e  NH group (3400-3500 

cm-I)  end a broadened CN band. mass s p e c t r a l  s t u d i e s  showed no spec ies  o f  g r e a t e r  

mass t h a n  t h e  p a r e n t  i o n  o f  t h e  monomeric compound, presumably i n d i c a t i n g  t h e  

d i s s o c i a t i o n  a t  t h e  p r o p e r  temperature.  

Conc lus ive  ev idence f o r  t h e  c o r r e c t n e s s  o f  t h e  s t r u c t u r e  A$ ;:was p r o v e d  by t h e  NNR 

spec t ra  ( i n  omso) o f  2 and ,I; a t  h i g h e r  temperatures.  A t  1 0 0 ~ ~  a l l  t h e  s y n t h e s i s e d  

compounds had t h e  s p e c t r a l  c h a r a c t e r i s t i c s  o f  t h e  monomeric t h i o a c r y l a m i d e s  (2). 
A t  l o w  t empera tu res  t h e  s p e c t r a  i n d i c a t e d  t h e  p resence  o f  a m i x t u r e  o f  t h e  mono- 
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m e r i c  ( 9 )  a n d  t h e  d i m e r i c  ( 1 2 )  f o r m s  f o r  t h o s e  c a s e s  which were  i n i t i a l l y  p u r e  d i -  - Md 

m e r i c  f o r m s  (Jz). E v e n  a t  2 9 ' ~  t h e  t h i o p y r a n  (12) s l o w l y  d i s s o c i a t e d  t o  an equ i -  ,.,* 
l i b r i u m  m i x t u r e  o f  9 and A$ T h e  d i s s o c i a t i o n  was c o m p l e t e l y  r e v e r s i b l e  and c o u l d  

b e  a c h i e v e d  a l s o  s t a r t i n g  f r o m  e i t h e r  t h e  t h i o a c r y l a m i d e  (2)  o r  t h e  t h i o p y r a n  

( 1 2 ) .  F o r  t h e  s y s t e m  where  Ar=Ph, t h e  e q u i l i b r i u m  c o n s t a n t  a t  22'~ was f o u n d  t o  b e  
N* 

0.24b mole' ( f r o m  i t s  NNR s p e c t r u m )  c o r r e s p o n d i n g  t o  A G Z g 5 =  3.46 kJ mol-'. T h e s e  

r e s u l t s  a r e  e n t i r e l y  i n  a c c o r d  wi th  a r e v e r s i b l e  D i e l s - A l d e r  h e t e r a d i e n e  c y c l o -  

1 6  a d d i t i o n  r e a c t i o n  . 
I n  c o n t r a s t  t o  t h e  a b o u e  f i n d i n g s ,  d i m e r i z a t i o n  h a s  heen r e p o r t e d l 7  f o r  2-cyano- 

c i n n a m i d e  (1:) Ar=Ph; t h e  o x y g e n  a n a l o g u e  o f  9, A r = ~ h )  b u t  t h i s  i s  n o t  a t h e r m a l  
lu 

p e r i c y c l i c  r e a c t i o n .  The p r o p o s e d  mechanism i n u o l v e s  a b a s e c a t a l y z e d  Michae l  

c o n d e n s a t i o n  r e a c t i o n  f o l l o w e d  by c y c l i z a t i o n  t o  t h e  p i p e r i d o n e  ( 1 3 )  r a t h e r  t h a n  
NU 

t h e  p y r a n  a n a l o g o u s o f  12. 
NN 

CN II / OCHC ~ h - C H -  d H -  C - N H ~  
Ph- C H  = C 

b I 
N H - C  - C C H - P h  

II I 

G r i n s t e i n  and  5 e r i n a 1 2  r e p o r t e d  t h a t  t h e  b a s e  c a t a l y z e d  c o n d e n s a t i o n  r e a c t i o n  o f  

s a l i c y l a l d e h y d e  w i t h  A a f f o r d e d  2-cyano-3-(2-hydroxypheny1)-thioacrylamide (3%). 
On t h e  o t h e r  hand ,  B r u n s k i l l  e t  a l ? '  r e p e a t e d  t h e  same r e a c t i o n  and  c l a i m e d  t h a t  

t h e y  o b t a i n e d  a c r y s t a l l i n e  m a t e r i a l  w i t h  t h e  same m e l t i n g  p o i n t  as  t h a t  f o r  t h e  

r e a c t i o n  p r o d u c t  o b t a i n e d  by G r i n s t e i n  and 5 e r i n a q 2 .  B r u n s k i l l  e t  al!' f o r m u l a t e d  

1 t h e i r  r e a c t i o n  p r o d u c t  a s  t h e  imino  d e r i v a t i v e  15 o n  t h e  b a s i s  o f  i t s  IR and  H 
NN 

NPlR s p e c t r a l  s t u d i e s  a l t h o u g h  t h i s  compound ( 1 5 )  c o u l d  n o t  b e  o b t a i n e d  i n  an  
?* 



a n a l y t i c a l l y  p u c e  s t a t e  even a f t e r  r e p e a t e d  c r y s t a l l i z a t i o n s  f rom v a r i o u s  s o l v e n t s .  

I t  i s  r e m a r k a b l e  t o  n o t e  h e r e  t h a t  s i m i l a r  e r r o n e o u s  r e p o r t s  o n  Knoevenage l  conden- 

s a t i o n  o f  o - h y d r a x y a l d e h y d e s  a r e  n o t  uncommon19. However, warming t h e  imino  d e r i v a -  

t iue+L> w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  a f f o r d e d  t h e  c o r r e s p o n d i n g  c o u m a r i n  d e r i v a -  

t i v e  1 6 3  which was e a s i l y  p u r i f i e d  by c r y s t a l l i z a t i o n  f rom e t h a n o l .  The  s t r u c t u r e  
4 P d  

o f  E a  was c o n f i r m e d  by e l e m e n t a l  a n a l y s i s  and s p e c t r o s c o p i c  d a t a  s tud ies1 ' .  T h e  

above c o n d e n s a t i o n  r e a c t i o n  was a l s o  e x t e n d e d  t o  s y n t h e s i s e  a v a r i e t y  o f  s u b s t i -  

t u t e d  coumar in  d e r i v a t i v e s  (16b-g)  u t i l i z i n g  t h e  a p p r o p r i a t e  b e n z a l d e h y d e  d e r i v e  
&.v 

t i u e s .  O n  t h e  o t h e r  hand,  t h e  use o f  2-hydroxy-1-naphthaldehyde and S h y d r o x y -  

benzo[b]thiophene-4-carboxaldehyde r e s u l t e d  i n  t h e  f o r m a t i o n  o f  t h e  cournar in  

d e r i v a t i v e s  A? and  2 r e s p e c t i v e l y 1 ' .  23. 

The a b o v e  c o n d e n s a t i o n  r e a c t i o n  c o n s t i t u t e s  an  e a s y  and  f a c i l e  r o u t e  f o r  t h e  syn- 

t h e s i s  o f  t h i o c a r b o x a m i d e  d e r i v a t i v e s .  O t h e r  a l t e r n a t i v e  s y n t h e s e s  n e c e s s i t a t e  t h e  
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f i r s t  f o r m a t i o n  o f  t h e  c o r r e s p o n d i n g  c a r b o x a m i d e s  t h e n  t h e i r  s u b s e q u e n t  t r a n s f o r m -  

a t i o n  i n t o  t h e  c o r r e s p o n d i n g  t h i o c a r b o x a m i d e s  by t h e  a c t i o n  o f  p h o s p h o r u s  p e n t a -  

s u l p h i d e .  H a w e v e r ,  i n  a d d i t i o n  t o  t h e  f a c t  t h a t  t h e  s y n t h e s i s  a f  c a r b o x a m i d e s  i s  

t o o  l o n g 1 9 ,  t r e a t m e n t  w i t h  p h o s p h o r u s  p e n t a s u l p h i d e  u n d e r  s t a n d a r d  c o n d i t i o n s 2 4  i s  

1  e so f a r  u n s u c c e s s f u l  . 
T h e  b a s e - c a t a l y z e d  c o n d e n s a t i o n  r e a c t i o n  o f  o - a m i n o b e n z a l d e h y d e  w i t h  1  u n d e r  s i m i -  

w 

l a r  c o n d i t i o n s 1 '  a f f o r d e d  2 - a m i n o - S c y a n o q u i n o l i n e  ( 2 0 ) ~ '  f o r m e d  v i a  t h e  i n t e r -  
NV 

m e d i a c y  o f  2-aminoquino l ine -3 - th iocarboxamide  ( 1 9 )  which  r a p i d l y  l o s t  o n e  m o l e c u l e  
a* 

o f  h y d r o g e n  s u l p h i d e  t o  g i v e  t h e  f i n a l  i s a l a b l e  CZC. I n  o u r  o p i n i o n ,  h o w e v e r ,  t h e  

f o r m a t i o n  o f  M i n  t h e  r e a c t i o n  o f  1  a n d  o - a m i n o b e n z a l d e h y d e  p r o c e e d s  v i a  t h e  
1 U  N 

i n t e r m e d i a c y  o f  t h e  c o n d e n s a t i o n  p r o d u c t  1 9 a  which l o s e s  h y d r o g e n  s u l p h i d e  t o  g i v e  ,"* 

d i r e c t l y  compound 20. T h i s  e x p l a n a t i o n  f i n d s  s u p p o r t  f r om t h e  f a c t  t h a t  t h e  t h i o -  --, 
a m i d e s ,  l i k e  1 9 ,  a r e  r e p o r t e d  by t h e  same a u t h o r s "  t o  be  h i g h l y  s t a b l e  ( c f .  

N* 



s t r u c t u r e s  ?--Z). 
2 - ~ e t h y 1 - 5 e t h o x y a c r o l e i n  (21, a methy lma land ia ldehyde e q u i v a l e n t )  condensed w i t h  

26, 27 
1 to g i v e  an e x c e l l e n t  y i e l d  o f  5 c y a n 0 - 5 - r n e t h ~ l - 2 ( 1 H ) - ~ ~ r i d i n e t h i o n e  &a) . 
4 

On the  o t h e r  hand, 2-phenylmalondia ldehyde (2:) 2 E 3 2 9  r e a c t e d  w i t h  2 i n  t h e  p r e r  
30 

ence of  R -d ie thy l am inoe thano l  t o  a f f o r d  t h e  E p h e n y l  d e r i v a t i v e  (22b) . ,"- 

2. Reac t ions  w i t h  R -d i ca rbony l  compounds: 

The r e a c t i o n  o f  0 - d i c a r b o n y l  compounds w i t h  1  was found t o  be an easy and d i r e c t  
ly 

r o u t e  f o r  t h e  s y n t h e s i s  o f  s e v e r a l  L c y a n o - 2 - p y r i d i n e t h i o n e  d e r i v a t i v e s  (2:)7'2g' 

31-33. Thus, compound 1  r e a c t e d  w i t h  a c e t y l a c e t o n e  (?$a), ben roy lace tone  (3%b), 
4 

e t h y l  a c e t o n o x a l a t e  (2,4,c), e t h y l  ace tophenanoxa la te  (24d), 3 -ace toxyacety lace tone 
-d 

( )  3-acetamino-acetylacetane ( 24 f ) ,  e t h y l  a c e t o a c e t a t e  (249) and R-ke tobuty r -  
-4 *- 

aldehyde d ime thy lace ta1  (2:) t o  y i e l d  4,s-dimethyl-,  4-methyl-6-phenyl-, 6-methyl- 

4-ethoxycarbonyl - ,  6 -pheny l -4 -e thoxycarbony l - ,  4 .6-d imethyl -Eacetoxy- ,  4,6-dimeth- 

y l -Sace t y l am ino - ,  6-hydroxy-4-methyl- and 6 - m e t h y l - 3 - c y a n o - 2 - p y r i d i n e t h i o n e  

d e r i v a t i v e s  (26a-h) r e s p e c t i u e l y  i n  good y i e l d s .  
* m  
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The p y r i d i n e t h i o n e  d e r i v a t i v e s  (2)  a r e  v e r y  important s t a r t i n g  m a t e r i a l s  f o r  t h e  

s y n t h e s i s  o f  3-aminoth ieno[2 ,3 -b ]pyr id ines .  Thus, t h i r t y  s i x  t h i e n o p y r i d i n e  d e r i v -  

a t i v e s  ( 2 8  R=H, CH or C6H5; R -H o r  NO2; R2=H, CH3 or L O  C H and R - e . ~ .  LOCH3, &"' 3 1 - 2 2 5  3‘ 

C02C2H5. C02CH3, CN o r  NO2) w e r e  prepared  b y  c y c l i z a t i o n  o f  t h e  i n  sit" formed 2 7  - 
i n  t h e  p r e s e n c e  o f  a b a s e  such  a s  sodium e t h o x i d e  o r  ~ a t a s s i u m  c a r b o n a t e  a t  r e f l u x  

3 4  t e m p e r a t u r e s  . 



Moreover, Oka e t  a1?5 u t i l i z e d  t h e  above p y r i d i n e t h i o n e  d e r i v a t i v e s  (2%) as  t h e  

s t a r t i n g  m a t e r i e l s  f o r  t h e  s y n t h e s i s  o f  s e v e r a l  p y r i d o p y r i d a z i n e  d e r i v a t i v e s  v i a  

a s e r i e s  o f  r e a c t i o n s .  T h u s ,  t r e a t m e n t  o f  26 w i t h  a h a l o g e n  i n  a c e t i c  a c i d  g a v e  
,-# 

t h e  c o r r e s p o n d i n g  2 -ha logeno  d e r i v a t i v e s  29. R e d u c t i o n  o f  2: u s i n g  p a l l a d i u m  o v e r  
N* 

carbon i n  t h e  p r e s e n c e  o f  t r i e t h y l a m i n e  y i e l d e d  t h e  p y r i d i n e  d e r i v a t i v e s  m,.d 33 which 

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

a f f o r d  t h e  p y r r o l o p y r i d i n e s  31. Compounds 31 r e a c t e d  w i t h  h y d r a z i n e  h y d r a t e  i n  ,-.- --I 

a c e t i c  a c i d  t o  f u r n i s h  t h e  f i n a l l y  i s o l a b l e  p y r i d o [ 3 , 4 - d ] p y r i d a z i n e  d e r i v a t i v e s  

32  i n  g o o d  y i e l d s  ( c f .  C h a r t  3 ) .  
-1 

Chart  3 
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3. R e a c t i o n s  w i t h  =,a- u n s a t u r a t e d  k e t o n e s  and n i t r i l e s :  

Dabovn e t  ~ 1 : ~  and  S o t o  a t  a l .  4 f  379 38 r e p o r t e d  i n d e p e n d e n t l y ,  and a l m o s t  s i m u l t a -  

n e o u s l y ,  a n o v e l  method f o r  t h e  s y n t h e s i s  o f  p y r i d i n e - 2 ( 1 H ) - t h i o n e s  o t h e r  t h a n  t h e  

f e w  m e t h o d s  known i n  l i t e r a t ~ r e ~ ' ~ ' - ~ ~ .  T h e  method o f  Daboun e t  al?' i n v o l v e s  t h e  

r e a c t i o n  o f  1 w i t h  t h e  oc- b e n z o y l c i n n a m o n i t r i l e  d e r i v a t i v e s  (33 ,  X=CN)  i n  b o i l i n g  
d *d 

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

c o n j u g a t e  a d d i t i o n  f o l l o w e d  by a c y c l i z a t i o n  s t e p  ( i n v o l v i n g  t h e  amino g roup  i n  1 -, 
and  t h e  c a r b o n y l  group i n  33) and  s p o n t a n e o u s  a r o m a t i l a t i o n  t o  y i e l d  t h e  t h i o -  

p y r i d o n e  d e r i v a t i v e s  33. On t h e  o t h e r  hand,  Soto  e t  a1?r37138 r e a c t e d  1 w i t h  each  
4 

o f  t h e  a r y l i d e n e - a c e t o p h a n o n e s  ( c h a l c o n e s ,  33, X=H) and  t h e  oc- b e n z o y l c i n n a m o n i t r -  -* 

i l e s  (32, X=cN) a t  room t e m p e r a t u r e  t o  a f f o r d  t h e  t h i o p y r i d o n e  d e r i v a t i v e s  34 to -  
n* 

g e t h e r  w i t h  t h e  d i s u l p h i d e s  35. The d i s u l p h i d e s  35 were  assumed t o  b e  fo rmed  v i a  
u"l w* 

an  o x i d a t i v e  d i m a r i z a t i o n  o f  34 u n d e r  t h e  a p p l i e d  r e a c t i o n  c o n d i t i o n s .  However, 
N-. 

t h e  d i m e r i z a t i o n  r e a c t i o n  l e a d i n g  t o  t h e  f o r m a t i o n  o f  25 was p r e v e n t e d  when t h e  

r e a c t i o n  was c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  2 -mercap toe thano i  and o n l y  34 were 

t h e  r e a c t i o n  p r o d u c t s .  I t  was found  a l s o  t h a t  t h e  a d d i t i o n  o f  an o x i d i z i n g  a g e n t ,  

s u c h  a s  i o d i n e - p o t a s s i u m  i o d i d e 4 5 9 n ' ,  l a a d s  t o  t h e  f o r m a t i o n  o f  t h e  d i s u l p h i d e s  3 5  
m.., 

a s  t h e  o n l y  i s o l a b l e  r e a c t i o n  p r o d u c t s  ( c f .  Char t  4 ) .  

I n  an  i n v e s t i g a t i o n  o f  t h e  same r e a c t i o n ,  Krauze  e t  a 1 r 7  r e p o r t e d  t h a t  t h e  t h i o -  

amide  2 r e a c t e d  w i t h  t h e  a r y l i d a n e - a c e t o p h e n o n e s  ( 3 3 ,  X=H) t o  g i v e  t h e  L c y a n o -  
N# 

4.6-diaryl-3,4-dihydropyridine-2-thiones ( 3 4 a )  a s  t h e  s o l e  r e a c t i o n  p r o d u c t s .  
*d 

Very r e c e n t l y ,  E l n a g d i  e t  a1.48 s t u d i e d  t h e  r e a c t i o n  o f  w i t h  3. (X=CN, A r = 2 - f u r y l )  

i n  b o i l i n g  e t h a n o l  i n  t h e  p r e s e n c e  o f  p i p e r i d i n e  and r e p o r t e d  t h a t  t h e  r e a c t i o n  

p r o d u c t  was f o r m u l a t e d  a s  t h e  5 - ( 2 - f u r y l m e t h y l e n e ) p y r i d i n e t h i o n a  d e r i u a t i v e  36. -.., 
O n  t h e  o t h e r  hand ,  t h e  u s e  o f  t h e  2 - t h i e n y l  a n a l o g u e  (X=CN, A r = 2 - t h i e n y l )  re- 

s u l t e d  i n  t h e  f o r m a t i o n  o f  t h e  y l i d e n e  g r o u p  exchange p r o d u c t  9_ ( ~ r = 2 - t h i a n y l ) .  I t  

i s  r e m a r k a b l e  t o  n o t e  h e r e  t h a t  t h e  m e l t i n g  p o i n t  o f  2 ( R ~ = z - t h i e n y l )  r e p o r t e d  by 

E l n a g d i  e t  81:' i s  far-away from t h a t  p r e u i o s l y  r e p o r t e d  i n  l i t e r a t u r e 5 "  f o r  t h e  

same compound ( c f .  C h a r t  4).  

The  r e a c t i o n  o f  1 w i t h  t h e  a r y l i d e n e m a l o n o n i t r i l e s  2 was i n v e s t i g a t e d  by s e v e r a l  
w 

a u t h o r s  36*4814g.  Daboun e t  e l?=  r e p o r t e d  t h a t  1 r e a c t e d  w i t h 2 ;  i n  b o i l i n g  a b s o l u t e  
ly 

e t h a n o l  i n  t h e  p r e s e n c e  o f  c a t a l y t i c  amount s  o f  t r i e t h y l a m i n e  t o  g i v e  1 : l  a d d u c t s .  

S e v e r a l  i s o m e r i c  s t r u c t u r e s  (37-39) ware  t h u s  p roposed  f o r  t h e  r e a c t i o n  p r o d u c t s .  
4 -  

The  authors3 ' ,  however ,  e s t a b l i s h e d  s t r u c t u r e  39 f o r  t h e  r e a c t i o n  p r o d u c t s  b a s e d  
-d 

o n  e l e m e n t a l  a n a l y s e s ,  I R  and  'H NAR s p e c t r a l  d a t a  s t u d i e s .  



3 5 
d W  

Chart  4 



HETEROCYCLES, Vol 26, No. 1 ,  1987 

Char t  5 

A  r 

7 

HS 

CN H H 
A i E t O H i  E l 3 N  * 44 

Nlv $2 

A 6  CH z C  
/ C N  4 2 

1 'CN 
N (11) 

Nri 

C N 

3 9 

Et 3 N  CH= C, 
C 0 2 C 2 H 5  Cold 

40(Ar= 2- Furyl or EtoH- A r  
n.* Et3 N 

2-Thienyl) 
CN - 

A 
EtO H 
Et3N 

Ar -CHZ C  
,C N 
'CO 2C 2H 

( 40 )  



Fahmy a n d  mohareb4' r e p o r t e d  r e c e n t l y  t h a t  t h e  t h i o a m i d e  1  c o n d e n s e d  w i t h  b e n z a l -  
d 

m a l o n o n i t r i l e  (L?, Ar=Ph) i n  sodium e t h o x i d e  t o  y i e l d  t h e  E b e n z y l i d e n e  d e r i v a t i v e  

37 (Ar=ph) .  
n* 

Elnagd i  e t  a l f8 ,  however ,  e x t e n d e d  t h e i r  s t u d y  t o  i n v o l v e  t h e  r e a c t i o n  o f  ; w i t h  

t h e  y l i d e n e m a l o n o n i t r i l e s  ;I ( ~ r = 2 - f u r y 1  o r  2 - t h i e n y l ) .  Thus ,  t h e  a u t h o r s 4 '  r e  

p o r t e d  t h a t  2 r e a c t e d  w i t h  I 1  ( ~ 1 ~ 2 - f u r y 1  o r  2 - t h i e n y l )  i n  b o i l i n g  e t h a n o l  i n  t h e  
P* 

p r e s e n c e  o f  c a t y l t i c  amount s  o f  p i p e r i d i n e  t o  a f f o r d  t h e  5 - y l i d e n e p ~ r i d i n e t h i o n e  

d e r i v a t i v e s  37 (Ar=2-fury1 o r  2 - t h i e n y l ) .  T h i s  f i n d i n g  i s  i n  a g r e e m e n t  w i t h  t h e  
P- 

r e s u l t s  and s t r u c t u r e  p r o p o s e d  by Fahmy e t  a l r 9  F u r t h e r m o r e ,  t h e  same a u t h o r s  48 

r e p o r t e d  a l s o  t h a t  t h e  5 - y l i d e n e p y r i d i n - 6 - 0 - 2 - t h i o n e  d e r i v a t i v e s  9 (X=O o r  S )  

c o u l d  b e  s y n t h e s i z e d  by r e a c t i n g  1 w i t h  t h e  c o r r e s p o d i n g  y l i d e n e s  ftDI ( ~ r = 2 - f u r y l  01 
a 

2 - t h i e n y l )  u n d e r  t h e  same e w e r i m e n t a l  c o n d i t i o n s  ( c f .  C h a r t  5) .  

I n  a n e x t  communica t ion ,  E l n a g d i  e t  a150 r e p o r t e d  t h a t  t h e  r e a c t i o n  o f  t h e  y l i d e n e  

m a l o n o n i t r i l e s  11 w i t h  ; i n  c o l d  e t h a n o l i c  t r i e t h y l a m i n e  s o l u t i o n s  a f f o r d e d  t h e  
m* 

t h i o p y r a n  d e r i v a t i v e s  4 2  mos t  l i k e l y  fo rmed  v i a  t h e  i n t e r m e d i a c y  a f  t h e  a c y c l i c  
Nd 

38. On t h e  o t h e r  hand,  t h e  r e a c t i o n  o f  t h e  c i n n a m o n i t r i l e  d e r i v a t i v e s  40 i n  b o i l -  ,.,. ?+.' 
i n g  e t h a n o l i c  t r i e t h ~ l a r n i n e  s o l u t i o n s ,  y i e l d e d  t h e  d i h y d r o p y r i d i n e  d e r i v a t i v e s  4,ll 

formed v i a  t h e  i n t e r m e d i a c y  o f  t h e  a c y c l i c  4_3, The a u t h o r s M  r e p o r t e d  a l s o  t h a t  

compounds 44 c o u l d  a l s o  b e  p r e p a r e d  e i t h e r  by b o i l i n g  e t h a n o l i c  a q u e o u s  t r i e t h y l -  
vfl 

m i n e  s o l u t i o n s  o f  t h e  t h i o p y r a n s  4 2  o r  c o n d u c t i n g  t h e  r e a c t i o n  o f  1  and  L L i n  
fl- 4 

b o i l i n g  e t h a n o l i c  t r i e t h y l a m i n e  s o l u t i o n s  ( c f .  C h a r t  5). The  mechanism o f  E l n a g d i  

et  3 1 . ~ ~  a c c o u n t i n g  f o r  t h e  i d e n t i t y  o f  t h e  p r o d u c t s  o f  r e a c t i o n  o f  1  w i t h  e i t h e r  
-v 

11 or 40 i n v o l v e s  t h e  l o s s  o f  o n e  m o l e c u l e  o f  ammonia f rom 24, which was n o t  men- 
,.d *.-, 

t i o n e d  a t  a l l  i n  any  s t e p  o f  t h e  r e p o r t e d  mechanism. 

4. R e a c t i o n  w i t h  n i t r o s o  compounds: 

The t h i o a m i d e  1  c o n d e n s e d  w i t h  n i t r o s o b e n z e n e  and  i t s  d e r i v a t i v e s  ( 4 5 )  t o  y i e l d  
Î N.-, 

t h @  c o r r e s p o n d i n g  azomethane  d e r i v a t i v e s  (,46)12. 
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5 .  R e a c t i o n s  with ha logenated  compounds: 

The h a l o g e n a t e d  k e t o n e s  21 "were r e p o r t e d  by 5ch;ifer e t  el.'' t o  r e a c t  with 1 t o  

y i e l d  t h e  2 - t h i a z o l y l a c e t o n i t r i l e  d e r i v a t i v e s  24. 

47 
.%- 

48 (REH, CH3 and Ph) 
-.% 

D i f f e r e n t  t h i a z o l y l c o u m a r i n  d e r i v a t i v e s  (50)  could b e  s y n t h e s i z e d  s i m i l a r l y 5 Z  v i a  
r)r 

t h e  r e a c t i o n  o f  Lbromoacetylcournarin ( 4 9 )  with 1 i n  a s e r i e s  o f  s t e p s  r e p r e s e n t e d  
P A  P 

by t h e  f o l l o w i n g  equat ions:  



I t  has been r e p o r t e d  t h a t  oc- a c e t y l - a -  cyanoth ioace tamide  (_5?), o b t a i n e d  by acet- 

y l a t i o n  o f  A, c o u l d  be  c y c l i r e d  v i a  t h e  r e a c t i o n  w i t h  e t h y l  a;- brornoacetate (52) -- 
t o  g i v e  t h e  t h i a r o l e  d e r i v a t i u e  54 i n  a good y i e l d 5 3 .  The same compound 3 c o u l d  

+I 

also be o b t a i n e d  by u s i n g  oc- c h l o r o a c e t o n i t r i l e  (53)  i n s t e a d  o f  2 i n  t h e  above 

53 
r e a c t i o n  . 

Br- CH2-C02C2H5 
CH3, ,O 

C 
I 
C H - C - N H 2  + 
I 

or 
CN 5 I 

C I  - CH2- CN C N 

On t h e  o t h e r  hand, T o r n e t t a  e t  al?'  r e p o r t e d  t h a t  t h e  p r o d u c t  o f  t h e  r e a c t i o n  o f  

1 w i th  e t h y l  bromopyruvate (52) was f ound  t o  be  h i g h l y  dependent on  t h e  s o l v e n t  
m 

used i n  t h e  r e a c t i o n .  Thus, 1 and 2: r e a c t e d  i n  a m i x t u r e  o f  p y r i d i n e  and a c e t i c  
4 

ac id  t o  a f f o r d  2-amino-3-cyano-4-ethoxycaroonyl th iophene (56). When di rnethyl form- 

amide was used as a solvent ,  2 - c y a n o m e t h y l - 4 - e t h o x y c a r b o n y l t h i a z o l e  (57) was t h e  

o n l y  i s o l a b l e  r e a c t i o n  p roduc t .  Compound 25 condensed w i t h  4-chlorobenzaldehyde 

t o  g i v e  t h e  4 -ch lo robenza l  d e r i v a t i v e  $5. Compound 58 c o u l d  be i n  t u r n  syn thes is -  

ed v i a  another  r o u t e  by t h e  r e a c t i o n  o f  4-chlorabenzal-LC- cyanoth ioace tamide  9 
(ur=C6H4-C1-p) w i t h  e t h y l  bromopyruvate ($2) (cf. Cha r t  6). 

Compound 1 r e a c t e d  a l s o  w i t h  e t h y l  8 - c h l o r o a c e t o n o x a l a t e  (2)  i n  t h e  p resence  o f  

a m i x t u r e  o f  p y r i d i n e  and a c e t i c  a c i d  t o  a f f o r d  5-acetyl-2-amino-3-cyano-4-ethoxy- 

ca rbony l t h i ophene  (f!) and 2-ace ty l -5 -amino-Ech loro -4 -e thaxycarbony l -6 -methy l -  

th ieno [2 ,3 -b ]pyr id ine  (64). Clmpound 54 i s  assumed t o  be formed v i a  t h e  i n t e r -  

mediacy o f  t h e  p y r i d i n e  d e r i v a t i v e s  52 and 6331 (c f .  Cha r t  7). 
,..d 
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C = o  
I 

CH-CI + 

64 
N-" 

C 0 2  C2H 5 

c ' ~ N r - C 0 2 C ~ H ~  

H3C N' S-CH 
C0CH-j 

C h a r t  7 

- 2 2 4  - 
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6.' A c t i o n  o f  b a s e s :  

Fahmy a n d  Noharebag r e p o r t e d  v e r y  r e c e n t l y  t h a t  when J was t r e a t e d  w i t h  a b o i l i n g  

e t h a n o l i c  sodium e t h o x i d e  s o l u t i o n ,  a s i n g l e  p r o d u c t  o f  m o l e c u l a r  f o r m u l a  CgH6N4S 

o b t a i n e d .  S e v e r a l  i s o m e r i c  s t r u c t u r e s  were  t h u s  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  (c f .  s t r u c t u r e s  !_E;.). S t r u c t u r e s  5>6_3 were r u l e d  o u t  and s t r u c t u r e  6J 

1 was e s t a b l i s h e d  f o r  t h e  r e a c t i o n  p r o d u c t  b a s e d  o n  IR and H NNR s p e c t r a l  d a t a  

s t u d i e s .  moreover ,  compound 68 c o u l d  b e  s y n t h e s i s e d  v i a  a n o t h e r  r o u t e  by t h e  re- 

a c t i o n  o f  1 w i t h  m a l o n o n i t r i l e  ( 2 )  i n  e t h a n o l  i n  t h e  p r e s e n c e  o f  c a t a l y t i c  amount s  
w * 

o f  t r i e t h y l a r n i n e  ( c f .  C h a r t  8) .  

1 

i 6 7 
r"d 

-H2S EtONa 

Chart 8 



I n  an a n o t h e r  communica t ion ,  Nohareb and  ~ a h r n y ~ ~  r e p o r t e d  t h a t  ; u n d e r w e n t  s e l f  

d i m e r i z a t i o n  w i t h  e t h a n o l i c  t r i e t h y l a m i n e  s o l u t i o n  a t  room t e m p e r a t u r e  t o  g i v e  a 

p r o d u c t  o f  m o l e c u l a r  f o r m u l a  C6H8N4S2 which was f o r m u J a t e d  a s  t h e  p y r i d i n e  d e r i v a -  

t i v e  69 o r  t h e  a c y c l i c  d i t h i o a m i d e  70. However. s t r u c t u r e  2 was e s t a b l i s h e d  f o r  
r-., 

1 t h e  r e a c t i o n  p r o d u c t  b a s e d  o n  I R  and  H NNR s p e c t r a l  d a t a .  Noreover ,  compound 70 
-* 

cou ld  b e  c o u p l e d  w i t h  benzened iazon ium c h l o r i d e  i n  t h e  p r e s e n c e  o f  sodium hydro-  

x i d e  t o  g i v e  t h e  p y r i d a z i n e  d e r i v a t i v e  :? most  l i k e l y  fo rmed  v i a  t h e  i n t e r m e d i a c y  

o f  t h e  n o n - i s o l a b l e  h y d r a z o n e  d e r i v a t i v e  71 ( c f .  C h a r t  9 ) .  
#d 

72 
N?" 

Chart 9 
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7  R e a c t i o n s  w i t h  h a l o g e n s :  

I n  an a t t e m p t  t o  s y n t h e s i s e  3, 5 -d i (cyanomethy l ) -1 ,  2 , ' - t h i a d i a z o l e  (Zi') by c h l o r i n -  

a t i o n  o f  q i n  c a r b o n  t e t r a c h l o r i d e ,  tm u n e w e c t e d  p r o d u c t s  were i s o l a t e d 5 ' .  T h e s e  
d 

were N, 2 , 2 - t r i c h l o r o c y a n o a c e t i m i d o y l  c h l o r i d e  (74 )  and N, 2 . 2 - t r i c h l o r o c y a n o a c e t -  
"W 

i m i d o y l s u l p h e n y l  c h l o r i d e  (15). T h i s  r e p r e s e n t s  an u n u s u a l  c o u r s e  o f  r e a c t i o n  f o r  

t h e  t r e a t m e n t  o f  N - u n s u b s t i t u t e d  t h i o n a m i d e s  with c h l o r i n e  s i n c e  t h e  normal  r e -  

a c t i o n  s h o u l d  b e  1 , 2 , 4 - t h i a d i a r o l e  d e r i ~ a t i v e s ~ ~ .  However, t h e  f o r m a t i o n '  

NC-CCI2 -C -C I  + NC-CC(2-C-SCI  

aCSNHCH3 II I I 
N -C I  N - C I  

c12 2 -74 
m nlll 

7 5 
-4 

7 6 
NJ 

o f  an  i m i d o y l  c h l o r i d e  is  k n o w  i n  t h e  c h l o r i n a t i o n  o f  N-methy l th ionbenzamide  

P r o o f  t h a t  t h e  l o w e r  b o i l i n g  m a t e r i a l  p o s s e s s e d  s t r u c t u r e  70 r e s u l t e d  f rom compar i -  
-"N 

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

o f  m a l o n o n i t r i l e  (2)57.  S t r u c t u r e  z5 was a s s i g n e d  t o  t h e  h i g h e r  b o i l i n g  m a t e r i a l  
,w 

o n  t h e  b a s i s  o f  m i c r o a n a l y t i c a l  r e s u l t s  and  mass s p e c t r u m .  

I t  was r e p o r t e d  54 a l s o  t h a t  t h e  t y p e  o f  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  c h l o r i n e  
N 

i s  d e p e n d e n t  o n  t h e  r e a c t i o n  t e m p e r a t u r e .  Thus, low r e a c t i o n  t e m p e r a t u r e  f a v o u r s  

f o r m a t i o n  o f  75 w h e r e a s  room t e m p e r a t u r e  f a v o u r s  f o r m a t i o n  o f  compound zt. The 
P N  

anomalous  c o u r s e  o f  t h e  r e a c t i o n  a l l o w e d  t h e  s p e c u l a t i o n  t h a t  p e r h a p s  r e a c t i o n  

c o n d i t i o n s  were d i s c o v e r e d  which m i g h t  p e r m i t  t h e  s y n t h e s i s  o f  N-ch lo ro imidoy l  

c h l o r i d e s  and  N - c h l o r o i m i d o y l s u l p h e n y l  c h l o r i d e s  f rom o t h e r  N - u n s u b s t i t u t e d  t h i o n -  



amides .  T h i s  was d i s p r o v e d  when, u n d e r  t h e  same c o n d i t i o n s ,  t h i o a c e t a m i d e  (17) a n d  

t h i o n i c o t i n a m i d e  (7:) ~ i e l d e d  3,5-dimethyl-l,2,4-thiadiazole (:%a) a n d  3 .5-d i (3-  

The  c o u r s e  o f  h a l o g e n a t i o n  was a l s o  e x t e n d e d  t o  i n v e s t i g a t e  h a l o g e n a t i o n  o f  cyano -  

t h i o a c e t a m i d e  d e r i v a t i v e s .  T h u s ,  i t  h a s  b e e n  f o u n d s 3  t h a t  b r o m i n a t i o n  o f  a- cyano- 

a- a c e t y l t h i o a c e t a m i d e  (51) h a s  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  t h e  i s o t h i a z a l e  de- 
6- 

r i v a t i v e  80 i n  a g o o d  y i e l d .  - d 

0 0 
I I I I  

H3C - C - C H  - C = N  H 3 C - C  - C -  C n 
I + Br-Br 

L 
I I 

C 7 

H ~ N '  \S 

When a- a r y l h y d r a z o n o - a -  c y a n o t h i o a c e t a m i d e  ( 8 2 ,  p r e p a r e d  by t h e  a c t i o n  o f  H 5 on 
?Jd 2 

a r y l a z o m a l o n o n i t r i l e ,  8 1 )  was r e a c t e d  w i t h  b r o m i n e  i n  e t h y l  a c e t a t e ,  o x i d a t i o n  
Cd 

o c c u r r e d  a n d  E a m i n o - Z - p h e n y l - ~ c y a n 0 0 1 , 2 , 3 - t h i a d i a z o l i u m  b r o m i d e  d e r i v a t i v e s  

58 were t h u s  o b t a i n e d  . 
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H2S-Ar-NH-N : C 
,CN 

8 .  Reac t i on  w i t h  formamide a c e t a l s :  

m- Cyanothioacetamide ( 1 )  possesses two n u c l e o p h i l i c  c e n t e r s  s u s c e p t i b l e  t o  t h e  -, 
a t t a c k  by e l e c t r o p h i l i c  reagents.  There fo re ,  and by analogy t o  t h e  known r e a c t i o n s  

o f  acetamide w i t h  acetals5',  K n o l l  e t  a16' r e c e n t l y  r e p o r t e d  t h a t  ; reacted w i t h  

t h e  s u b s t i t u t e d  formamide d i m e t h y l a c e t a l  t8 i n  tun success i ve  s teps  t o  y i e l d  t h e  

N - ( 2 - c y a n o - L m o r p h o l i n o t h i o a c r y l o y 1 ) - f o r m a m i d i n e  d e r i v a t i v e  8 6 .  Compound Ek is 
,.,A 

assumed t o  be  formed v i a  t h e  i n te rmed iacy  o f  2-cyano-3-morpholinothioacrylamide 

( 8 5 ) .  The f o r m a t i o n  o f  86 goes w i t h  no d i f f i c u l t i e s  i n  t h e  p resence  o f  an excess  
m,. m.w 

o f  t h e  a c e t a l  E~~ . I t  was observed a l s o  t h a t  t h e  u s e  o f  two e q u i v a l e n t s  o f  

t h e  a c e t a l  2f: r e s u l t e d  i n  t h e  f o rma t i on  o f  a m ix tu re  o f  p r o d u c t s  c o n t a i n i n g  o n l y  a 

sma l l  amount o f  86.  Under t hese  cond i t i ons ,  t he  main p r o d u c t  o f  t h e  r e a c t i o n  was 
NI1 

t h e  ac r y l am ide  d e r i v a t i v e  85.  Compound 85 c o u l d  e i t h e r  b e  t r ans fo rmed  i n t o  86.  by 
mw M?" 

t h e  a c t i o n  o f  an another  mo lecu le  o f  84 ,  o r  used i n  t h e  s y n t h e s i s  o f  o t h e r  form- *- 
amid ine  d e r i v a t i v e s .  Thus, f o r  example. N-(2-cyan~-3-morphol inoth ioacry loy1) -  

N' .N ' - te t ramethy lene formamide  (3%) c o u l d  be syn thes ised  v i a  t h e  r e a c t i o n  o f  52 
w i t h  N , N - t e t r a m c t h y l e n e f o r m a m i d i n e  d ime thy lace ta l  ( 8 7 )  i n  t h e  p resence  o f  methanol  

,.,d 

( c f .  Cha r t  10). 



Chart  10 

9. React ion  with t h i o s a l i c y l i c  a c i d :  

Ibrahim e t  a1F2 r e p o r t e d  r e c e n t l y  t h a t  cyanoacetamide (3) r e a c t e d  with t h i o s a l i -  

c y l i c  a c i d  ( 8 9 )  t o  a f f o r d  t h e  t h i a z i n o n e  d e r i v a t i v e  (SO=). In c o n t r a s t  t o  t h i s  
4 - d  

f inding ,  t h e  same authors6'  r e p o r t e d  a l s o  t h a t  when equimolecular amounts o f  1 
N 

and 89 w e r e  r e f l u x e d  i n  p y r i d i n e  under t h e  same c o n d i t i o n s ,  t h e  b i t h i a z i n o n e  der- ",., 
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X 
11 COOH 

+ 6~ c H 2 - c - N H 2 3 a  S-C, 

i v a t i v e  5: was t h e  o n l y  i s o l a b l e  r e a c t i o n  p r o d u c t .  Compound -3: i s  assumed  t o  b e  

fo rmed  v i a  t h e  s e l f - c o n d e n s a t i o n  o f  t h e  i n t e r m e d i a t e  t h i a z i n o n e  d e r i v a t i v e  90b  
..Id 

u n d e r  t h e  a p p l i e d  r e a c t i o n  c o n d i t i o n s .  The a u t h o r s f i 2  e l u c i d a t e d  s t r u c t u r e  91 o n  
.-,a 

t h e  b a s i s  o f  IR and  ' H  NNR s p e c t r a l  d a t a  and  s i m i l a r i t y  t o  c o n d e n s a t i o n  r e a c t i o n s  

63 o f  a c t i u e  m e t h y l e n e  r e a g e n t s  w i t h  t h i o a m i d e s  p r e v i o u s l y  r e p o r t e d  i n  l i t e r a t u r e  . 
10.  R e a c t i o n  w i t h  d i e t h y l  o x a l a t e :  

Compound c o n d e n s e d  w i t h  d i e t h y l  o x a l a t e  ( 9 2 )  i n  e t h a n o l i c  sodium e t h o x i d e  s o l -  ,-,* 
u t i o n  t o  a f f o r d  4-cyano-2, 3-d ioxo-5- th ionopyrro l id ine  ( 93 )  which was c r y s t a l l i z e d  

.-,w 

f rom h o t  w a t e r  as  t h e  monohydra te  d e r i v a t i v e g * l O .  

COOC 2 H  
I + 1 
C  00C2H5 -4 

H 



1 1 .  R e a c t i o n  w i t h  d i t h i o l y l i u m  p e r c h l o r a t e s :  

3 - A r y l - l , 2 - d i t h i o l y l i u m  p e r c h l o r a t e s  (22)  c o n d e n s e d  w i t h  ? i n  e t h a n o l  t o  give t h e  

3 - c y a n o t h i o p y r a n t h i o n e  d e r i v a t i v e  ( 9 ~ ) ~ ' ~ ~ ~ .  Compounds 95 were c o n v e r t e d  i n t o  t h e  
zu 

t h i o p y r a n o n e  d e r i v a t i v e s  9 6  by t r e a t m e n t  w i t h  mercuric a c e t a t e S 4 .  9 5  r e a c t e d  a l s o  - ,-,d 

wi th  t r i e t h y l o x o n i u m  t e t r a f l u o r n b o r a t e  (42) t o  g i v e  t h e  2 - e t h y l t h i o t h i o p y r y l i u m  

d e r i v a t i v e s  9 8  which  c o u l d  b e  h y d r o l y z e d  t o  g i ~ e ? ? ~ ~ .  T h e  t h i o p y r y l i u m  d e r i v a t -  *?. 
i v e s  9 8  r e a c t e d  w i t h  t h e  a c t i v e  m e t h y l e n e  reagents s u c h  a s  m a l o n o n i t r i l e  ( Z ) ,  

N* d 

b e n ~ o ~ l a c e t o n i t r i l e  (%:a) a n d  1 , 3 - i n d a n e d i o n e  ( s b )  t o  y i e l d  t h e  t h i o p y r a n  d e r i v a -  

t i v e s  l o o S 5  ( c f .  C h a r t  1 1 ) .  
rrrn 

100 
Chart 11 
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1 2 .  R e a c t i o n  w i t h  e t h y l  d i t h i o a c e t a t e :  

The  r e a c t i o n  o f  ? w i t h  e t h y l  d i t h i o a c e t a t e  (101)  was u t i l i z e d  a s  a r o u t e  f o r  t h e  

s y n t h e s i s  o f  some a c y c l i c  t h i a a m i d e s ,  i s o t h i a z o l e s  a n d  d i t h i o l i u m  salts66. Thus,  

101 condensed  w i t h  i n  e t h a n o l i c  p o t a s s i u m  e t h o x i d e  t o  g i v e  t h e  a c y c l i c  t h i o -  -- 
amide  102. compound lOZ  r e a c t e d  w i t h  h y d r o c h l o r i c  a c i d  t o  g i v e  t h e  t h i o l o t h i o a m i d e  

N e w  

1 0 3  and w i t h  m e t h y l  i o d i d e  t o  a f f o r d  t h e  S -methy l th ioamide  l o & .  1 0 3  c o u l d  a l s o  b e  
Pr-r- r-"" --r- 

c o n v e r t e d  i n t o  1 0 4  by t h e  a c t i o n  o f  d iazomethane .  O n  t h e  o t h e r  hand,  b o t h  lj?_2 and  
me- 

1 0 3  were  o x i d i z e d  u s i n g  a m i x t u r e  o f  i o d i n e ,  hydrogen p e r o x i d e  and  p e r c h l o r i c  a c i d  
- I d  

t o  g i v e  t h e  d i t h i o l i u m  s a l t s  1 0 5 a , b  r e s p e c t i v e l y .  Moreover ,  1 0 4  c o u l d  b e  E y c l i z e d  
,--r- 

by t h e  a c t i o n  o f  ammonia f a l l o w e d  by h y d r o g e n  ~ e r o x i d e  t o  y i e l d  t h e  i s o t h i a z o l e  

d e r i v a t i v e  106 ( c f .  C h a r t  1 2 ) .  
nu* 

S 
I I S 

Et OK I1 
-C -SC2H5 + K-S-C = C  -C -NH2  

EtOH I I 
CH3 CN 

101 
C"4 

S 
I 1  I I 

. S-C z C  -C -NH 
I 2 

e CH2N2  HS-C = C  - C  -NH2 
I I 

CH3 ;N CH3 CN 

106 

Chart 12 



13. R e a c t i o n  w i t h  p - t o l u e n e s u l p h o n y l  a z i d e :  

p - T o l u e n e s u l p h a n y l  a z i d e  (107) r e a c t e d  w i t h  ?- t o  g i v e  5-amino-4-cyano-1, 2, 3 - th ia -  

d i a z o l e  (108) .  Compound r e a c t e d  w i t h  ~ r o p i a n i c  a n h y d r i d e  t o  g i v e  N- (4-cyano- 
Fn* 

6 7 
1.2, S t h i a d i a z o l - S y l ) - p r o p i o n a m i d e  ( 1 0 9 )  #*- . 

1 4 .  R e a c t i o n  w i t h  S c h i f f  b a s e s :  

Compound 1  r e a c t e d  w i t h  S c h i f f  b a s e s  o f  t h e  g e n e r a l  f o r m u l a  Ll w i t h  s e l e c t i v e  
4 

68 ,69  
r e p l a c e m e n t  o f  t h e  amino g r o u p s  t o  g i v e  t h e  c y a n o t h i o a m i d e  d e r i v a t i v e s  ll; 

15. R e a c t i o n  w i t h  h y d r a z i n e s :  

Although ac- c y a n o t h i o a c e t a m i d e  (1)  i t s e l f  i s  n o t  r e p o r t e d  t o  r e a c t  w i t h  h y d r a z i n e s ,  
,v 

y e t  N - a r y l c y a n o t h i o a c e t a m i d e s  (112) r e ac t  w i t h  h y d r a z i n e s  i n  e t h a n o l  t o  g i v e  t h e  

70 a m i n o p y r a z o l e  d e r i v a t i v e s  l l 3 _  . 
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