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P R E P A R A T I O N  O F  PYRIDINE-2(1H)-THIONES FROM CHALCONES 

* 
J .  L. S o t o  , C .  Seoane ,  M.  J .  R u b i o  a n d  J .  M .  B o t i j a  

D e p a r t a m e n t o  de Q u f m i c a  O r g B n i c a .  F a c u l t a d  d e  Q u f m i c a  

U n i v e r s i d a d  C o m p l u t e n s e .  M a d r i d - 3 .  SPAIN 

The s y n t h e s i s  o f  p y r i d i n e - 2 ( 1 H ) - o n e s  f r o m  b e n z y l i d e n e -  

a c e t o p h e n o n e s  ( c h a l c o n e s )  h a s  b e e n  p r e v i o u s l y  r e p o r t e d  i n  t h i s  

j o u r n a l  .l As f a r  a s  p y r i d i n e - 2 ( 1 H ) - t h i o n e s  a r e  c o n c e r n e d ,  o n l y  

a f e w  m a j o r  m e t h o d s  f o r  t h e i r  s y n t h e s i s  a r e  k n o w n .  2 - 7 .  T h i s  

p a p e r  r e p o r t s  t h a t  t h e  a b o v e  m e n t i o n e d  r e a c t i o n ,  u s i n g  2 -  

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

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

f i d e s .  

A d d i t i o n  o f  2 - c y a n o t h i o a c e t a m i d e  (11) t o  c h a l c o n e s  (I) 

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

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

(111) .  O x i d a t i v e  d i m e r i z a t i o n  o f  I 1 1  o c c u r s  t o  some e x t e n t  i n  

t h e  r e a c t i o n  m e d i u m  a n d  d i s u l f i d e s  I V  a r e  a l s o  o b t a i n e d .  

Co lumn c h r o m a t o g r a p h y  a l l o w s  t h e  i s o l a t i o n  o f  b o t h  compounds .  

H o w e v e r ,  t h i s  d i m e r i z a t i o n  i s  p r e v e n t e d  i f  t h e  r e a c t i o n  i s  

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 - m e r c a p t o e t h a n o l ,  a n d  o n l y  

I 1 1  i s  f o r m e d  (Scheme I). 
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SOW, SEOANE, RUB10 AND BOTIJA 

Ar 

d :  Ar: - p -ClGH4 

scheme I 

4' 

Y 

4r I 

An a1  t e r n a t i v e  s y n t h e s i s  o f  p y r i d i n e t h i o n e  111, was p e r -  

f o r m e d ,  i n v o l v i n g  t h e  g e n e r a t i o n  o f  t h e  t h i o a m i d e  g r o u p  a f t e r  

t h e  M i c h a e l  a d d i t i o n .  T h u s ,  r e a c t i o n  o f  c h a l c o n e  Ia w i t h  

m a l o n o n i t r i l e  ( I X )  (Scheme 11)  b r i n g s  a b o u t  t h e  f o r m a t i o n  o f  

a n  o p e n  c h a i n  a d d u c t  ( V I I , ) '  w h i c h  i s  e a s i l y  i s o l a t e d .  T r e a t -  

m e n t  o f  V I I ,  w i t h  p h o s p h o r u s  p e n t a s u l f i d e  o r  L a w e s s o n ' s  r e a -  

g e n t '  r e s u l t s  i n  t h e  g e n e r a t i o n  o f  a t h i o a m i d e  g r o u p  f r o m  a 

n i t r i l e  g r o u p  a n d  c y c l i z a t i o n  t o  111,. P y r i d o t h i o n e  111, c a n  

a l s o  b e  p r e p a r e d  t h r o u g h  a K n o e v e n a g e l  c o n d e n s a t i o n ,  a n d  

s u b s e q u e n t  s p o n t a n e o u s  c y c l i z a t i o n ,  b e t w e e n  Z - c y a n o t h i o -  

a c e t a m i d e  a n d  d i b e n z o y l m e t h a n e  ( X I a ) . l 0  T a b l e s  I a n d  I 1  

s u m m a r i z e  t h e  p h y s i c a l  a n d  s p e c t r a l  d a t a  o f  compounds  1 1 1 ,  
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PREPAHATION OF PYRIDINE-2(1H)-THIOmES FROM CHALCONES 

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

i n f e r r e d ,  i n  a g r e e m e n t  w i t h  p r e v i o u s  s t u d i e s .  11 ,12  

On t h e  o t h e r  h a n d ,  i f  t h e  m i x t u r e  o f  I 1 1  a n d  I V  i s  t r e a t e d  

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

i o d i n e , 1 3  d i s u l f i d e s  I V  a r e  i s o l a t e d  a s  t h e  o n l y  p r o d u c t s .  

Compounds I V  c a n  a l s o  be o b t a i n e d  b y  p r e p a r a t i o n  o f  I 1 1  f o l -  

l o w e d  b y  o x i d a t i o n .  I t  m u s t  b e  p o i n t e d  o u t  t h a t  I V c  i s  i s o -  

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

c a n  be e l i m i n a t e d  b y  d i s o l v i n g  t h e  s a m p l e  i n  b e n z e n e  f o l l o w e d  

b y  e v a p o r a t i o n  " i n  v a c u o " .  ( T a b l e s  I a n d  1 1 ) .  

a :  Ar-C6H5 b :  Ar-p-CH&H4 

X 

Scheme Il 

T r e a t m e n t  o f  p y r i d i n e - 2 ( 1 H ) - t h i o n e s  I 1 1  w i t h  p o t a s s i u m  

t e r t - b u t o x i d e  a c c o r d i n g  t o  S i n g h ' s  p r o c e d u r e 1 4  l e a d s  t o  

p y r i d i n e - 2 ( 1 H ) - o n e s  V ,  w h i c h  c a n  a l s o  be  p r e p a r e d  f r o m  c y a n o -  

a c e t a m i d e  ( V I )  a n d  c h a l c o n e s .  
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SOTO, SEOANE, RUB10 AND BOTIJA 

Table I .  Physical  d a t a  o f  compounds 111 and IV 

Compound Method Time Yield m . p .  , Elemental Analysis 
( a )  ( h r s )  (%) ("C) C H N 5 

%, Found (Calcd)  

I I I a  

I I I b  

I I IC 

I I I d  

I Va 

IVb 

IVc. Ace- 
tone .  

I Vd 

1 

2a 
2b 

1 

1 

1 

l a  

l b  

l a  

l a  

l a  

24 

5 
17 

24 

18 

4 8  

20 

5 

16 

4 8  

26 

55 

6 8  
30  

52  

5 0  

4 8  

56 

5 4  

4 8  

60 

61 

232' 

( HOAC) 

224-225' 

( H O A C )  

( H O A C )  

22OC 

(HOAC) 

226-227' 

248-250 

(Acetone) 

246 

(Acetone) 

228-230b 

(Ace tone ) 

260 

(Acetone) 

75.00 4.17 9.72 11.11 
( 7 4 . 7 8 ) ( 4 . 0 6 )  (9 .61 )  ( 1 1 . 4 9 )  

75.50 4.63 9.27 10.60 

(75 .25 )  ( 4 . 7 8 )  ( 9 . 3 7 )  (10 .28 )  

71.70 4.40 8.80 10.06 

(71 .40 )  ( 4 . 1 6 )  ( 9 . 0 2 )  ( 1 0 . 2 7 )  

66 .98  3 .41  8 .68  9.92* 

(66 .63 )  ( 3 . 1 2 )  ( 8 . 8 8 )  (10 .27 )  

75.26 3 .82  9.76 11.15 

( 7 5 . 5 2 ) ( 3 . 8 5 )  ( 1 0 . 0 5 ) (  11 .55 )  

75.42 4.35 9.29 10.64 

(75.42)  (4 .30 )  ( 9 .16 )  ( 1 0 . 9 7 )  

71.09 4.62 8.09 9.24 

( 7 1 . 0 1 ) ( 4 . 6 3 )  ( 8 .14 ) (  9.30) 

67 .18  3 . 1 1  8 . 7 1  9.95** 

( 6 7 . 4 3 ) ( 3 . 2 9 )  ( 8 . 7 2 ) (  9 . 6 3 )  

a : See Experimental S e c t i o n .  
b :  This compound changes i t s  c r y s t a l l i n e  a s p e c t  a t  194-196" ,  probably due 

t o  t h e  l o s s  o f  ace tone  on h e a t i n g .  This compound can be i s o l a t e d  
wi thout  
so l  ven t .  

c :  Compounds I11 a r e  s t a b l e  i n  t h e  s o l i d  s t a t e  b u t  d imer ize  slowly t o  IV 
i n  s o l u t i o n .  T h u s  c r y s t a l l i z a t i o n  o f  t hese  compound must be performed 
quick ly  and f i l t e r e d  a s  soon a s  t h e  c r y s t a l s  appear .  
Otherwise,  o x i d a t i v e  d imer i za t ion  t o  IV t akes  p lace  t o  some e x t e n t .  
C 1 :  Calcd. 11.00. Found: 11.34.  

C 1 :  Calcd. 11.04.  Found: 11.42.  

s o l v a t a t i o n  by d i s s o l v i n g  i t  i n  benzene and evapora t ing  t h e  

* 
** 
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PREPARATION O F  PYRIDINE-2(  1 H  )-THIONES FROM CHALCONES 

T a b l e  11. S p e c t r a l  d a t a  o f  compounds I 1 1  a n d  I V  

Compound N-H Ar-H 5H CH3 OCH3 N- H cs 

13.5-14.2 

I I I b  13.3-14.3 

I I I C  13.3-14.3 

2 I I I a  

I I I d  13.3-14.3 

1va3 

IVb 

IVc .Ace- 
tone. 

I Vd 

4 

7.2-7.8 6.9 

7.1-7.8 6.9 

7.2-7.8 

6.8-7.1 

7.2-7.8 6.9 

7.3-8.1 

7.2-8.0 

7.2-8.0 

3150 1205 

2.3 3150 1210 

3.8 3150 1205 

3150 1205 

2.4 

2.2 3.9 

7.2-7.9 
~~ ~~ -~ ~ 

1 )  A l l  NMR s p e c t r a  w e r e  r e c o r d e d  i n  DMSO-d6 u s i n g  TMS as  a n  

i n t e r n a l  s t a n d a r d .  

2 )  Mass s p e c t r u m  o f  I I I a :  m /e=288(Mt ,100 )  , 2 8 7 ( 6 0 ) ,  2 5 5 ( 9 )  , 

2 4 4 ( 8 ) ,  2 2 8 ( 5 ) ,  2 2 7 ( 8 ) ,  1 4 4 ( 1 0 ) ,  1 4 0 ( 7 )  a n d  7 7 ( 9 ) .  

3 )  Mass s p e c t r u m  o f  I V a :  m /e=575(Mt ,34 )  , 5 7 4 ( 7 8 ) ,  5 7 3 (  1 0 0 )  , 
5 0 9 ( 1 4 ) ,  3 0 2 ( 1 6 ) ,  2 8 9 ( 1 7 ) ,  2 8 8 ( 7 1 ) ,  2 8 7 ( 5 9 ) ,  2 5 5 ( 1 5 ) ,  

2 2 8 ( 1 1 ) ,  2 2 7 ( 2 5 ) ,  1 4 0 ( 1 1 )  a n d  7 7 ( 1 8 ) .  

4 )  Mass s p e c t r u m  o f  I V c :  m /e=635(Mt ,12 ) ,  6 3 4 ( 2 4 )  , 6 3 3 ( 2 6 )  , 

3 3 1 (  1 9 ) ,  3 1 9 ( 2 6 )  , 3 1 8 (  1 0 0 )  , 3 1 7 ( 5 6 )  , 3 0 3 (  1 3 )  , 2 8 8 (  11) , 

2 8 7 ( 2 4 ) ,  2 7 4 ( 1 4 ) ,  2 4 1 ( 1 2 )  a n d  3 7 ( 1 2 ) .  

5 )  C N  s t r e t c h i n g  b a n d s  a p p e a r  a t  2 2 2 0  c m - l  i n  a l l  c a s e s .  
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SOTO, S E O A N E ,  RUB10 AND BOTlJA 

M e t h y l a t i o n  o f  p y r i d i n e t h i o n e s  I11  w i t h  d i m e t h y l  s u l p h a t e  

o r  methyl  i o d i d e  a f f o r d s  m e t h y l t h i o p y r i d i n e s  V I I I  i n  g o o d  

y i e l d s  ( T a b l e s  I11  and I V ) .  A t t e m p t s  t o  t r a n s f o r m  V I I I  i n t o  

p y r i d i n o n e s  V by means o f  a l k a l i n e  h y d r o l y s i s  l e a d  t o  3 - c a r -  

b o x a m i d o - 2 - m e t h y l t h i o p y r i d i n e s  ( X )  a s  t h e  f ia in  r e a c t i o n  p rod-  

u c t .  Compounds V a r e  formed i n  t r a c e  amounts  a n d  can  be 

i d e n t i f i e d  by a n a l y t i c a l  T L C  by compar i son  w i t h  a u t h e n t i c  

s amples  . 

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

M e l t i n g  p o i n t s  were d e t e r m i n e d  i n  c a p i l l a r y  t u b e s  a n d  a r e  
u n c o r r e c t e d .  The I H - N M R  s p e c t r a  were r e c o r d e d  a t  60 MHz o n  a 
V a r i a n  T-60A a n d  I R  s p e c t r a  were measured  w i t h  a P e r k i n - E l m e r  
2 5 7  i n  p o t a s s i u m  bromide  p e l l e t s .  A V a r i a n  MAT-711 was used  
f o r  t h e  r e c o r d i n g  o f  mass s p e c t r a  a t  100 eV. M i c r o a n a l y s i s  
were pe r fo rmed  by C e n t r o  Nac iona l  de Quimica O r g i n i c a  de Ma- 
d r i d .  The r e a c t i o n s  and p u r i t y  o f  compounds were m o n i t o r e d  by 
T L C ,  pe r fo rmed  on s i l i c a  ge l  p l a t e s  (Merck)  and u s i n g  e t h y l  
a c e t a t e  o r  b e n z e n e / e t h y l  a c e t a t e  4 : l  Or 6 : l  a s  t h e  e l u e n t .  
M a l o n o n i t r i l e  was o b t a i n e d  from Merck a n d  used  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n .  C y a n o t h i o a c e t a m i d e  ( 1 1 )  was p r e p a r e d  from 
m a l o n o n i t r i l e  and h d r o g e n  d i s u l f i d e  a c c o r d i n g  t o  t h e  method 
r e p o r t e d  by Howard .I5 Benzyl  i d e n e a c e t o p h e n o n e  f I I a )  w a s  o b -  
t a i n e d  from Merck,  and t h e  r e m a i n i n g  b e n z y l i d e n e a c e t o p h e n o n e s  
( I I b - d )  were p r e p a r e d  by c o n d e n s a t i o n  o f  a r o m a t i c  a l d e h y -  
d e s 1 6 - 1 8  w i t h  a c e t o p h e n o n e  f o l l o w i n g  known p r o c e d u r e s .  3 , 5 -  
D ipheny l -2 -cyano-5 -ox  p e n t a n o n i t r i l e  ( V I I )  was p r e p a r e d  a s  
p r e v i o u s l y  d e s c r i b e d . '  L a w e s s o n ' s  r e a  e n t  was o b t a i n e d  from 
a n i s o l e  a n d  phosphorus  p e n t a s u l  p h i d e .  ! 

4 , 6 - D i a r y l - 3 - c y a n o p y r i d i n e - 2 ( 1 H ) - t h i o n e s  ( 1 1 1 ) .  Gene ra l  

P r o c e d u r e s .  

Method 1 . -  T o  a s o l u t i o n  o f  b e n z y l i d e n e  a c e t o p h e n o n e  ( I )  

( 0 . 0 1 1  m o l e )  i n  d r y  me thano l  ( 2 0  ml )  was added  a s o l u t i o n  o f  

2 - c y a n o t h i o a c e t a m i d e  ( 0 . 0 1 3  m o l e )  i n  d r y  methanol  ( 2 0  m l ) ,  a 

few d r o p s  o f  p i p e r i d i n e  and 2 - m e r c a p t o e t h a n o l  ( 0 . 0 0 1 5  m o l e )  

s e q u e n t i a l l y .  The r e a c t i o n  m i x t u r e  was k e p t  a t  r o o m  t e m p e r a -  

t u r e  and unde r  m a g n e t i c  s t i r r i n g  d u r i n g  a v a r i a b l e  number o f  
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PREPARATION OF PYRIDINE-2(1H)-THIONES FROM CHALCONES 

h o u r s  ( s e e  T a b l e  I ) .  The y e l l o w  p r e c i p i t a t e  was f i l t e r e d  o f f  

a n d  washed  w i t h  e t h a n o l  a n d  r e c r y s t a l l i z e d  f r o m  a c e t i c  a c i d  

( c o o l i n g  t h e  s o l u t i o n  was n e c c e s a r y  i n  o r d e r  t o  g e t  a r a p i d  

c r y s t a l l i z a t i o n  a n d  a v o i d  t h e  d i m e r i z a t i o n  o f  1 1 1 .  I n  f a c t ,  

d i s u l f i d e  I V  was r e c o v e r e d  f r o m  t h e  m o t h e r  l i q u o r s .  

M e t h o d  2.- 

a )  3 , 5 - D i a r y l-2-cyano-5-oxopentanonitrile ( V I I )  ( 0 . 0 0 3 6  m o l e )  

w e r e  d i s s o l v e d  i n  c a r b o n  d i s u l f i d e  (50 m l )  a n d  p h o s p h o r u s  

p e n t a s u l f i d e  (0.0015 m o l e )  a n d  t r i e t h y l a m i n e  (0.0024 m o l e )  we- 

r e  t h e n  a d d e d .  The r e a c t i o n  was s t i r r e d  a t  r o o m  t e m p e r a t u r e  

u n d e r  n i t r o g e n  f o r  f i v e  d a y s .  The s o l v e n t  was d e c a n t e d  a n d  t h e  

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

t r a t i o n  a f t e r  c o o l i n g .  The s o l i d  o b t a i n e d  was r e c r y s t a l l i z e d  

f r o m  a c e t i c  a c i d .  

b )  A s o l u t i o n  o f  L a w e s s o n ' s  r e a g e n t '  (0.0022 m o l e )  i n  a s m a l l  

a m o u n t  o f  d r y  t o l u e n e  was a d d e d  t o  a s o l u t i o n  o f  3 , 5 - d i a r y l -  

2 - c y a n o - 5 - o x o p e n t a n o n i t r i l e  ( V I I )  ( 0 . 0 0 3 6  m o l e )  i n  d r y  t o l u e n e  

(20 m l ) .  The r e a c t i o n  was h e a t e d  a t  r e f l u x  t e m p e r a t u r e  ( u n d e r  

n i t r o g e n )  f o r  17 h r .  T h e n  t h e  r e a c t i o n  m i x t u r e  was c o o l e d  t o  

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

o f f ,  washed  w i t h  e t h a n o l  a n d  r e c r y s t a l l i z e d  f r o m  a c e t i c  a c i d .  

The p h y s i c a l  a n d  s p e c t r a l  d a t a  o f  compounds I 1 1  a r e  c o l -  

l e c t e d  i n  T a b l e s  I a n d  11. 

2,2'-Bis-(4,6-diaryl-3-cyanopyridyl) d i s u l f i d e s  ( I V ) .  G e n e r a l  

P r o c e d u r e . - B e n z y l i d e n e a c e t o p h e n o n e s  ( I )  (0.022 m o l e )  w e r e  

d i s s o l v e d  i n  d r y  m e t h a n o l  (E. 50 m l )  a n d  a s o l u t i o n  o f  

c y a n o t h i o a c e t a m i d e  ( 1 1 )  (0.022 m o l e )  i n  d r y  m e t h a n o l  (25 m l )  

was a d d e d  t o  t h e  f o r m e d  s o l u t i o n .  A f e w  d r o p s  o f  p i p e r i d i n e  
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SOTO, SEOANE, RUB10 AND BOTIJA 

Tab le  111. P h y s i c a l  d a t a  o f  compounds V I I I  and X 

Compound Method Time Y i e l d  m.p. 
( h r s )  ( X I  ( " C )  

E lemen ta l  A n a l y s i s  

C H N 5 

7 6 ,  Found ( C a l c d )  

V I  I I a  1 
2 

V I I I b  1 

V I I I C  1 

V I I I d  1 

Xa 

Xb 

xc 

Xd 

2 

2 

2 

2 

2 

20 

24 

24 

29 

85 

90 

76 

65 

88 

70 

7 1  

87 

53 

156-158a 75.50 4.63 9.27 10.59 

(75.35)  (4 .65)  (9 .37 )  (11 . O O )  

153-154a 75.95 5.06 8.86 10.12 

(75 .83 )  (5 .13 )  (8 .86)  (10 .50 )  

163a 72.29 4.82 8.43 9.64 

(72.29)  (4 .95 ) (8 .64 )  ( 9 .91)  

238-240b 67.76 3.86 8.32 9.51* 

(68.19)  (3 .85 )  (8 .07 )  ( 9 .73)  

216-218a 71.25 5.00 8.75 10.00 

(71.36)  (5 .29)  (8 .41 )  ( 9 .80)  

203a 71.85 5.38 8.38 9.58 

(72 .15 )  ( 5 . 0 6 ) ( 8 . 4 0 ) (  9 .67)  

220a 68.57 5.14 8.00 9.14 

(68.43)  ( 5 . 3 7 ) ( 8 . 0 7 ) (  9 .52 )  

226-227a 64.32 4.23 7.90 9.03 

(64 .43 )  (4 .40 ) (  7 .76)  ( 9.45) 

C1 : C a l c d .  10.55.  Found : 10.84 

a )  From e t h a n o l  ; b )  From ace tone  
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PREPARATION OF PYRIDINE-2( 1H)-THIONES FROM CHALCONES 

Table I V .  S p e c t r a l  d a t a  o f  Compounds V I I I  and  X 

NMR’ ( 6  I R 4 (  cm-l) 

SCH CH OCH3 v(NH) u(CO)-G(NH) -3-3 Compound A r - H  ,NH, 

VI I I a 2  7 . l -8 .1  2.70 

V I I I b  7.2-8.2 2.70 2.40 

V I I I C  6.8-8.2 2.70 3.86 

V I I I d  7.1-8.1 2.70 

Xa 7.3-8.3 2.70 3390- 1635 

3180 

Xb3 7.2-8.3 2.70 2.36 3380- 1640 

3170 1630 

xc 6.9-8.3 2.70 3380- 1630 

3190 

Xd 7 . l -8 .1  2.60 3450- 1640 

31 70 

1 )  NNR s p e c t r a  o f  compounds V I I I  w e r e  r e c o r d e d  i n  d e u t e r i o -  

c h l o r o f o r m  and  s p e c t r a  o f  compounds X we re  r e c o r d e d  i n  

DMSO-d6. 

2 )  Mass s p e c t r u m  o f  compound V I I I a :  m/e=302(M+,39),  3 0 1 ( 1 0 0 ) ,  

2 0 2 ( 4 8 ) ,  2 0 1 ( 2 2 ) ,  2 0 0 ( 3 2 ) ,  1 9 9 ( 2 5 ) ,  1 9 8 ( 1 8 ) ,  l O l ( 1 2 )  a n d  

9 9 (  1 0 ) .  

3 )  Mass s p e c t r u m  o f  compound Xb: m/e=334(Mt,26) ,  3 1 8 ( 1 7 ) ,  

3 1 7 ( 6 3 ) ,  3 1 6 ( 1 4 ) ,  3 1 5 ( 2 0 ) ,  3 0 1 ( 3 3 ) ,  2 8 9 ( 2 2 ) ,  2 0 2 ( 1 0 0 ) ,  

2 0 0 ( 7 3 ) ,  1 9 9 ( 4 6 )  a n d  1 9 8 ( 2 7 ) .  

4 )  uCH 2920 cm’l and  v C N  2220 cm-’. 
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SOTO, SEOANE, R U B 1 0  AND BOTIJA 

w e r e  t h e n  a d d e d  a n d  t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room 

t e m p e r a t u r e  f o r  a v a r i a b l e  number  o f  h o u r s  ( s e e  T a b l e  I ) .  The 

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

b e  t r e a t e d  i n  t w o  a l t e r n a t i v e  w a y s :  

a )  The s o l i d  ( 1  g )  was d i s s o l v e d  i n  2 5  m l  o f  d i m e t h y l s u l f o x i d e  

w i t h  a few d r o p s  o f  t r i f l u o r a c e t i c  a c i d .  The s o l i d  t h a t  

s e p a r a t e s  a f t e r  s t a n d i n g  a t  room t e m p e r a t u r e  f o r  a v a r i a b l e  

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

a c e t o n e .  

b )  The s o l i d  ( 1  g )  was d i s s o l v e d  i n  e. 30 ml o f  e t h a n o l  a n d  

a s m a l l  a m o u n t  ( 3 0  mg) o f  i o d i n e  a n d  p o t a s s i u m  i o d i d e  was 

a d d e d .  The r e a c t i o n  mix tu re  was s t i r r e d  a t  room t e m p e r a t u r e  

f o r  5 h o u r s .  The c o l l e c t e d  p r e c i p i t a t e  was washed  w i t h  w a t e r  

a n d  e t h a n o l  a n d  r e c r y s t a l l i z e d  from a c e t o n e .  

P h y s i c a l  a n d  a n a l y t i c a l  d a t a  o f  compounds  IV a r e  c o l l e c t e d  

i n  T a b l e  I a n d  t h e  s p e c t r a l  d a t a  i n  T a b l e  1 1 .  

4 , 6 - D i a r y l -  3 - c y a n o - 2 - m e t h y l  t h i o p y r i d i  n e s  (VI  I I ) . G e n e r a l  

P r o c e d u r e s .  

Method 1 . -  4,6-Diaryl-3-cyano-2-pyridothione ( 1 1 1 )  ( 0 . 0 0 1 7  

m o l e )  was  s u s p e n d e d  i n  a s o l u t i o n  o f  s o d i u m  m e t h o x i d e  ( f r o m  

0 . 0 0 5 1  m o l e  o f  s o d i u m )  i n  m e t h a n o l  ( 2 5  m l ) .  A n  e x c e s s  m e t h y l  

i o d i d e  ( 0 . 0 0 2 8  m o l e )  o r  d i m e t h y l  s u l p h a t e  ( 0 . 0 0 1 4  m o l e )  was 

a d d e d  t o  t h e  r e s u l t i n g  m i x t u r e .  The p r e c i p i t a t e  o b t a i n e d  a f t e r  

two h o u r s  s t i r r i n g  a t  room t e m p e r a t u r e  was f i l t e r e d  o f f  a n d  

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

Method 2 . -  A s u s p e n s i o n  o f  d i s u l f i d e  IV ( 0 . 0 0 0 3 3  m o l e )  i n  a 

s o l u t i o n  o f  s o d i u m  m e t h o x i d e  i v  E. 30 ml o f  m e t h a n o l  ( f r o m  

0 . 0 0 0 9  mole  o f  s o d i u m )  was t r e a t e d  w i t h  m e t h y l  i o d i d e ( 0 . 0 0 0 6 9  
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PREPARATION OF PYRIDINE-2(lH)-THIONES FROM CHALCONES 

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

f i l t r a t i o n  a n d  r e c r y s t a l l i z e d .  

4,6-Diaryl-3-carboxamido-2-methylthiopyridines ( X ) .  G e n e r a l  

P r o c e d u r e . -  To a s u s p e n s i o n  o f  t h e  a p p r o p r i a t e  4 , 6 - d i a r y l - 3 -  

c y a n o - 2 - m e t h y l t h i o p y r i d i n e  ( V I I I )  ( 0 . 9 1  m m o l e )  i n  50 m l  o f  

e t h a n o l ,  1 6  m l  o f  36% a q u e o u s  h y d r o x y d e  w e r e  a d d e d .  The 

r e a c t i o n  m i x t u r e  was h e a t e d  t o  r e f l u x  t e m p e r a t u r e  d u r i n g  a 

v a r i a b l e  l e n g t h  o f  t i m e  ( s e e  t a b l e ) .  The s o l u t i o n  was t h e n  

e v a p o r a t e d  u n t i l  a b o u t  h a l f  v o l u m e  r e m a i n s  a n d  i t  was t h e n  

p o u r e d  i n t o  c o l d  w a t e r  a n d  n e u t r a l i z e d  w i t h  a c e t i c  a c i d .  The 

c o r r e s p o n d i n g  compound V I  was c o l l e c t e d  b y  f i l t r a t i o n  a n d  

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

e t h y l  a c e t a t e  ( 4 / 1 )  a s  t h e  e l u e n t  a n d  r e c r y s t a l l i z a t i o n  f r o m  

e t h a n o l .  

C o n v e r s i o n  o f  3-cyano-4,6-diphenylpyridine-2-(1H)-thione 

( I I I a )  i n t o  2 , 2 ' - b i  s [ 3 - c y a n o - 4 , 6 - d i p h e n . y l  p y r i d y l l  d i s u l  f i d e  

( I V a )  . 
M e t h o d  1.- A s o l u t i o n  o f  I I I a  ( 3 . 7  mmole ,  1 . 0 9  g )  w i t h  3 0  mg 

o f  i o d i n e  a n d  20 mg o f  p o t a s s i u m  i o d i d e  i n  5 0  m l  o f  d r y  

e t h a n o l  was s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  5 h o u r s .  The 

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

washed  w i t h  w a t e r  a n d  e t h a n o l .  Y i e l d :  0 . 9 7  g ( 8 9 % ) .  

M e t h o d  2 . -  Compound I I I a  ( 0 . 1 5  g ,  0.5 mmo le )  was s u s p e n d e d  i n  

15  m l  o f  m e t h y l e n e  c h l o r i d e  a n d  1 m l  o f  4N - h y d r o c h l o r i c  a c i d  

was a d d e r ,  t o g e t h e r  w i t h  a s o l u t i o n  o f  0 .053  g ( 0 . 8  m m o l e )  o f  

s o d i u m  n i t r a t e  i n  0.5 m l  o f  w a t e r .  A f t e r  t w o  h o u r s  s t i r r i n g  

a t  r o o m  t e m p e r a t u r e ,  t h e  r e a c t i o n  m i x t u r e  i s  e x t r a c t e d  w i t h  

m e t h y l e n e  c h l o r i d e  u s i n g  t h r e e  1 0  m l  p o r t i o n s .  The o r g a n i c  
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SOTO, SEOANE, RUB10 AND BOTIJA 

l a y e r  i s  washed w i t h  w a t e r  and  d r i e d  o v e r  magnes ium s u l p h a t e .  

Y i e l d :  0.079 g (55%). 

C o n v e r s i o n  o f  2 , 2 ' - b i s  [ 3 - c y a n o - 4 , 6 - d i p h e n y l p y r i d y l l  

( I V a ) .  i n t o  3-cyano-4,6-diphenylpyridine-2(lH)-thione. ( I I I a ) . -  

To a s o l u t i o n  o f  0.16 g ( 0 . 2 8  mmole) o f  IVa i n  20 ml o f  

c h l o r o f o r m ,  0 . 1 2  g (1.6 mmole) o f  2 - m e r c a p t o e t h a n o l  a r e  a d d e d  

and  t h e  r e a c t i o n  m i x t u r e  i s  s t i r r e d  a t  room t e m p e r a t u r e  f o r  

7 h o u r s .  The c h l o r o f o r m  s o l u t i o n  i s  t h e n  washed w i t h  w a t e r  

d i s u l  f i d e  

and  d r i e d  o v e r  magnes ium s u l p h a t e .  O n  e v a p o r a t i o n  o f  t h e  s o l -  

v e n t ,  0.15 g o f  I I I a  a r e  i s o l a t e d  and  r e c r y s t a l l i z e d  f rom 

a c e t i c  a c i d .  Y i e l d :  0.15 g ( 9 3 % ) .  

T r a n s f o r m a t i o n  o f  3 - c y a n o - 4 , 6 - d i p h e n y l p y r i d i n e - 2 ( 1 H ) - t h i o n e  

( I I I a )  i n t o  3-cyano-4,6-diphenylpyridine-2(1H)-one ( V a ) . -  

P o t a s s i u m  t - b u t o x i d e  ( 5  9 )  a n d  40 mg o f  iodine w e r e  a d d e d  t o  a 

s u s p e n s i o n  o f  0 . 2 3  g ( 1  mmole) o f  3-cyano-4,6-diphenylpyrido- 

2 - t h i o n e  ( I I I a )  i n  6 0  ml o f  t - b u t a n o l  and t h e  r e s u l t i n g  

s o l u t i o n  was h e a t e d  t o  r e f l u x  t e m p e r a t u r e  f o r  4 8  h r s .  The 

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

s o l v e d  i n  t h e  min ima l  amoun t  o f  w a t e r  a n d  n e u t r a l i z e d  w i t h  

a c e t i c  a c i d .  The s o l u t i o n  was e x t r a c t e d  w i t h  two p o r t i o n s  o f  

e t h y l  a c e t a t e ,  washed  w i t h  a d i l u t e  a q u e o u s  s o d i u m  t h i o s u l p h a t e  

a n d  d r i e d  o v e r  s o d i u m  s u l p h a t e .  The s o l i d  o b t a i n e d  on e v a p o r -  

a t i o n  o f  t h e  s o l v e n t  was s u b j e c t e d  t o  co lumn c h r o m a t o g r a p h y  

on s i l i c a  g e l  u s i n g  b e n z e n e / e t h y l  a c e t a t e  4:l a s  t h e  e l u e n t  

a n d  r e c r y s t a l l i z e d  f rom e t h a n o l .  Y i e l d :  0.117 g (55%), m . p .  

302-304°C ( l i t .  3 0 2 "  ) .  1 
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