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©  2,5  -dteubstKuted-3-substKuted  m  ethyl-pen  ta-2,4-dienoic  add  and  derivatives,  process  for  their  preparation  and  their  use 
bt  the  preparation  of  alpha-substituted-thien-3-yl  acetic  add  and  derivatives. 

A  process  for the  preparation  of3-substituted  thiophenes 
which  involves  cyclisation  of  a  novel  intermediate,  avoids  the 
use  of  previously  employed  expensive  starting  materials.  The 
thiophenes  are  useful  for  the  preparation  of  penicillins  and 
cephalosporins. 

The  process  is  for  the  preparation  of  a  thiophene  of  for- 
mula  (I): 

where  R1  represents  a  carboxylic  acid  group,  or  an  ester  or 
amide  thereof  or  a  nitrile  group;  R2  represents  a  group  suit- 
able  for  use  as  an  @-substituent  in  the  side-chain  of  a  penicillin 
or  cephalosporin;  which  comprises  treating  a  compound  of 
formula  (II): 

wherein  X  represents  halogen  or  optionally  functionalised 
hydroxyl,  Y  represents  halogen,  hydroxyl,  or  alkoxy;  with  a 
source  of  nucleophilic  sulphur  under  basic  conditions. 



T h i s   i n v e n t i o n   r e l a t e s   t o   a  c h e m i c a l   p r o c e s s   f o r   t h e  

p r e p a r a t i o n   of   3 - s u b s t i t u t e d   t h i o p h e n e s ,   w h i c h   a r e   u s e f u l  

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

c e p h a l o s p o r i n s .  

A  n u m b e r   of   i m p o r t a n t   p e n i c i l l i n s   and   c e p h a l o s p o r i n s  

h a v i n g   a  3 - t h i e n y l   g r o u p   in   t h e   s i d e - c h a i n   a r e   w e l l   k n o w n .  

F o r   e x a m p l e   o u r   B r i t i s h   P a t e n t   No:  1 , 0 0 4 , 6 7 0   d e s c r i b e s  

t h e   p e n i c i l l i n   ' t i c a r c i l l i n ' ,   v i z   a - c a r b o x y - 3 - t h i e n y l -  

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

c l o s e d   i n   o u r   B r i t i s h   P a t e n t   Nos .   1 , 1 2 5 , 5 5 7   and   1 , 1 3 3 , 8 8 6 .  

The  6 a - m e t h o x y   s u b s t i t u t e d   d e r i v a t i v e   of   t i c a r c i l l i n   i n  

d i s c l o s e d   i n   W.  Ge rman   O f f e n l e g u n g s s c h r i f t   No.  2 , 6 0 0 , 8 6 6 .  

a - C a r b o x y - 3 - t h i e n y l m e t h y l c e p h a l o s p o r i n   i s   d i s c l o s e d  

as  an  a n t i b a c t e r i a l   a g e n t   in   U .K.   P a t e n t   No.  1 , 1 9 3 , 3 0 2 .  

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

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

c l o s e d   i n   B r i t i s h   P a t e n t   No.  1 , 1 2 5 , 5 5 7   w h e r e i n   t h e   p e n i -  

c i l l i n s   a r e   p r e p a r e d   f r o m   a  3 - t h i e n y l m a l o n i c   e s t e r   i t s e l f  

s y n t h e s i s e d   f r o m   3 - t h i e n y l a c e t o n i t r i l e .   The  3 - t h i e n y l -  

a c e t o n i t r i l e   was  p r e p a r e d   f r o m   3 - m e t h y l t h i o p h e n e   by  t h e  

m e t h o d   of   C a m p a i g n e   e t   a l   ( J . A m e r . C h e m . S o c .   1 9 4 8 ,   7 0 t   1 5 5 3 )  

w h i c h   i n v o l v e s   r e a c t i o n   w i t h   N - b r o m o - s u c c i n i m i d e   and   t r e a t -  

m e n t   o f   t h e   r e s u l t i n g   3 - b r o m o m e t h y l t h i o p h e n e   w i t h   s o d i u m  

c y a n i d e .   H o w e v e r ,   t h i s   b r o m i n a t i o n   g i v e s   t h e   d e s i r e d  

b r o m o - d e r i v a t i v e   i n   l o w  y i e l d   a n d   t h e   3 - m e t h y l t h i o p h e n e  



s t a r t i n g   m a t e r i a l   i s   u n d u l y   e x p e n s i v e ,   w i t h   t h e   r e s u l t  

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

more   e x p e n s i v e   t h a n   o t h e r   p e n i c i l l i n   and   c e p h a l o s p o r i n  

d e r i v a t i v e s .  

We  h a v e   now  d e v i s e d   a  p r o c e s s   f o r   t h e   p r e p a r a t i o n  

of   3 - s u b s t i t u t e d   t h i o p h e n e s   w h i c h   i n v o l v e s   c y c l i s a t i o n   o f  

a  n o v e l   i n t e r m e d i a t e   to   f o r m   t h e   t h i o p h e n e   m o i e t y .   T h e  

p r o c e s s   i s   a p p l i c a b l e   t o   a  w i d e   v a r i e t y   o f   3 - s u b s t i t u e n t s .  

A c c o r d i n g l y   t h e  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p r o c e s s  
f o r   t h e   p r e p a r a t i o n   o f   a  t h i o p h e n e   o f   f o r m u l a   ( I ) :  

w h e r e i n   R1  r e p r e s e n t s   a  c a r b o x y l i c   a c i d   g r o u p   o r   an  e s t e r  

o r   a m i d e   d e r i v a t i v e   t h e r e o f   o r   a  n i t r i l e   ( -CN)  g r o u p ;   a n d  
R2  r e p r e s e n t s   h y d r o g e n ,   a  h y d r o c a r b o n   o r   h e t e r o c y c l i c  

g r o u p ,   a  c a r b o x y l i c   a c i d   g r o u p   o r   an  e s t e r   o r   a m i d e   d e r i -  

v a t i v e   t h e r e o f ,   o r   an  a c y l ,   n i t r i l e ,   i s o n i t r i l e   ( -NC)   o r  

o p t i o n a l l y   s u b s t i t u t e d   i m i n e   g r o u p   o f   f o r m u l a   -CH=NZ  o r  

- N = C H Z ( w h e r e   Z  r e p r e s e n t s   h y d r o g e n ,   a l k y l   o r   a r y l ) , o r   a  

s u l p h o n y l ,   - S R a ,   s u l p h o x i d e   - S O . R a   o r   s u l p h o n a t e   - S O 2 O R a  

g r o u p   w h e r e i n   Ra  r e p r e s e n t s   C1-6   a l k y l ,   o r   a r y l ,   w h i c h   p r o -  

c e s s   c o m p r i s e s   t r e a t i n g   a  c o m p o u n d   o f   f o r m u l a   ( I I ) :  

w h e r e i n   R1  and   R 2  a r e   as   d e f i n e d   w i t h   r e s p e c t   t o   f o r m u l a  

( I )   a b o v e ;   X  r e p r e s e n t s   a  h a l o g e n   a t o m ,   a  h y d r o x y l   g r o u p  

o r   a  f u n c t i o n a l i s e d   h y d r o x y l   g r o u p ;   and   Y  r e p r e s e n t s   a  

h a l o g e n   a t o m   o r   a  h y d r o x y l   o r   a l k o x y   g r o u p ;   w i t h   a  s o u r c e  



of   n u c l e o p h i l i c   s u l p h u r   u n d e r   b a s i c   c o n d i t i o n s .  

T h i s   c y c l i s a t i o n   p r o c e s s   may  be  c a r r i e d   o u t   in   a  
w i d e   r a n g e   of   s o l v e n t s   s u b j e c t   to   t h e   s o l u b i l i t y   of   t h e  

s o u r c e   of   n u c l e o p h i l i c   s u l p h u r .   I t   i s   o f t e n   c o n v e n i e n t  

to   u s e   a  p o l a r   s o l v e n t ,   p r e f e r a b l y   a  w a t e r  -   m i s c i b l e  

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

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

p h o r a m i d e ,   a c e t o n i t r i l e ,   d i m e t h o x y e t h a n e ,   d i o x a n ,   or   an  a l -  

c o h o l   s u c h   as   m e t h a n o l ,   e t h a n o l ,   p r o p a n o l ,   b u t a n o l ,   i n  

p a r t i c u l a r   e t h a n o l .   P r e f e r r e d   s o l v e n t s   i n c l u d e   t e t r a h y d r o -  

f u r a n   and   a c e t o n e .   An  o r g a n i c   s o l v e n t   s u c h   as  m e t h y l e n e  
d i c h l o r i d e   may  a l s o   be  e m p l o y e d .   The  r e a c t i o n   may  b e  

c a r r i e d   o u t   a t   a m b i e n t   to   e l e v a t e d   t e m p e r a t u r e   d e p e n d i n g  

on  t h e   p a r t i c u l a r   r e a g e n t s   u s e d  a n d   t h e   v a l u e s   of  X,  Y ,  
R1  and   R2.  F o r   e x a m p l e   s u i t a b l e   t e m p e r a t u r e s   f o r   t h e   p r o c e s s  

a r e   f r o m   - 2 0 ° C   to   1 0 0 ° C ,   p r e f e r a b l y   10°  to   5 0 ° C .  

I t   i s   n e c e s s a r y   to   u s e   a  s o u r c e   of  n u c l e o p h i l i c  

s u l p h u r   i n   t h e   p r o c e s s   of   t h i s   i n v e n t i o n .   I t   i s   t h o u g h t  

t h a t   t h e   i n i t i a l   s t e p   i n   t h e   p r o c e s s   i s   n u c l e o p h i l i c  

d i s p l a c e m e n t   o f  t h e   g r o u p   Y  i n   c o m p o u n d   ( I I )   by  a  s u l p h u r  

m o i e t y ,   and   t h e   a b i l i t y   to   d i s p l a c e   a  g r o u p   Y  i s   t h e   c r i t e r -  

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

s o u r c e   of   n u c l e o p h i l i c   s u l p h u r   f o r   t h e   p r o c e s s   of   t h i s  

i n v e n t i o n .   B a s i c   c o n d i t i o n s   a r e   r e q u i r e d   f o r   t h e   s u b s e q u e n t  

s t e p ,   w h i c h   i s   t h o u g h t   l i k e l y   to   be  f o r m a t i o n   of   an  i n t e r -  

m e d i a t e   of   f o r m u l a   ( I I I ) :  

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

n u c l e o p h i l i c   a t t a c k   by  t h e   s u l p h i d e ,   S - ,   in   s t r u c t u r e   ( I I I ) ,  

an  h e n c e   c y c l i s a t i o n   to   g i v e   c o m p o u n d   ( I ) .  

A l t h o u g h   i t   i s   u s u a l l y   m o s t   c o n v e n i e n t   to   h a v e   t h e  



r e a c t i o n   u n d e r   b a s i c   c o n d i t i o n s   when  t h e   s o u r c e   o f  

n u c l e o p h i l i c   s u l p h u r   i s   a d d e d   to   t h e   c o m p o u n d   ( I I ) ,   i t   i s  

a l s o   p o s s i b l e   to   c a r r y   o u t   t h e   r e a c t i o n   i n   two  s t e p s ,   t h a t  

i s   by  f i r s t l y   t r e a t i n g   c o m p o u n d   ( I I )   w i t h   a  s o u r c e   o f  

n u c l e o p h i l i c   s u l p h u r   and   t h e n   s u b s e q u e n t l y   c o m p l e t i n g   t h e  

c y c l i s a t i o n   r e a c t i o n   by  a d d i t i o n   of   a  b a s e .  

One  s u i t a b l e   s o u r c e   of   n u c l e o p h i l i c   s u l p h u r   i s   f o r  

e x a m p l e   t h e   b i s u l p h i d e   i o n ,   H S - .  

The  b i s u l p h i d e   i o n   f o r   t h e   p r o c e s s   of   t h i s   i n v e n t i o n  

may  be  p r o v i d e d   by  u s i n g   a  s a l t   of   t h i s   i o n ,   p r e f e r a b l y  

an  a l k a l i   m e t a l   s a l t   f o r   e x a m p l e   s o d i u m   b i s u l p h i d e   N a S H ,  

w h i c h   may  be  p r e p a r e d ,   o p t i o n a l l y   in   s i t u   in   t h e   r e a c t i o n ,  

f r o m   s o d i u m   s u l p h i d e   Na2S  and   s o d i u m   b i c a r b o n a t e .   An  

a l t e r n a t i v e ,   and   p r e f e r r e d ,   s o u r c e   of   t h e   b i s u l p h i d e   i o n  

c o m p r i s e s   h y d r o g e n   s u l p h i d e   and   a  b a s e ,   w h i c h   a g a i n   p r o d u c e s  
HS-  i n   s i t u .  

T h i s   c o m b i n a t i o n   o f   r e a g e n t s   h a s   t h e   a d v a n t a g e   t h a t  

t h e   b a s e   e m p l o y e d   can   be  t h e   same  as  t h a t   u s e d   f o r   t h e   c y c l i -  

s a t i o n  p r o c e s s   i t s e l f .  

S u i t a b l e   b a s e s   w h i c h   may  be  e m p l o y e d   to   p r o v i d e   t h e  

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

i n o r g a n i c   b a s e s ,   s u c h   as   a l k a l i   m e t a l   h y d r o x i d e s ,   p r e f e r a b l y  

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

a b l y   s o d i u m   b i c a r b o n a t e   and   o r g a n i c   b a s i s   s u c h   as   s u b s t i t u t -  

ed  a m i n e s   f o r   e x a m p l e   t r i ( C 1 - 6 ) a l k y l a m i n e s   s u c h   as   t r i m e t h y l -  

a m i n e   or   t r i e t h y l a m i n e .  

The  b i s u l p h i d e   i o n   may  a l s o   be  g e n e r a t e d   in   s i t u   f r o m  

s u l p h u r a t e d   s o d i u m   b o r o h y d r i d e ,   N a B H 2 S 3 .  
In   some  c a s e s   i t   i s   p o s s i b l e   t o   e m p l o y   a  c o m p o u n d   f o r  

p r o v i d i n g   t h e   s o u r c e   o f   n u c l e o p h i l i c   s u l p h u r ,   w h i c h   c o m -  

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

t h e   c y c l i s a t i o n   s t e p .   A l k a l i   m e t a l   b i s u l p h i d e s ,   e s p e c i a l l y  

s o d i u m   b i s u l p h i d e ,   a r e   s u i t a b l e   s u c h   c o m p o u n d s .   T h u s  

r e a c t i o n   o f   c o m p o u n d   ( I I )   w i t h   an  a l k a l i   m e t a l   b i s u l p h i d e  

p r o d u c e s   an  i n t e r m e d i a t e   o f   f o r m u l a   ( I V ) :  



A d d i t i o n   of   f u r t h e r   b i s u l p h i d e   ( o r   p r e s e n c e   of   e x c e s s  

i n i t i a l l y )   r e m o v e s   a  p r o t o n   to   g i v e   s t r u c t u r e   ( I I I )   a b o v e  

w h i c h   t h e n   c y c l i s e s .  

A n o t h e r   way  o f   p r o v i d i n g   t h e   b a s i c   c o n d i t i o n s   r e q -  
u i r e d   f o r   t h e   p r o c e s s   i s   to   p r o d u c e   t h e   i n t e r m e d i a t e   i o n  

o f   f o r m u l a   ( I I I )   d i r e c t l y   w h i c h   c an   t h e n   a c t   as  i t s   o w n  
b a s e   f o r   c y c l i s a t i o n .   T h i s   may  be  a c h i e v e d   f o r   e x a m p l e  

by  t r e a t i n g   c o m p o u n d   ( I I )   w i t h   an  a l k a l i   m e t a l   s u l p h i d e ,  
in   p a r t i c u l a r   s o d i u m   s u l p h i d e   Na2S.   B e c a u s e   t h e   s u l p h u r  
i o n   in   s u c h   a  c o m p o u n d   h a s   a  d o u b l e   n e g a t i v e   c h a r g e ,   S 2 - ,  

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

p o u n d   ( I I ) ,   i s   s t r u c t u r e   ( I I I )   r a t h e r   t h a n   s t r u c t u r e   ( I V ) .  

No  f u r t h e r   b a s e   n e e d   t h e n   be  p r e s e n t   t o   c o m p l e t e   t h e   c y c l i -  

s a t i o n .   T h i s   r e a c t i o n   i s   s t i l l   u n d e r   b a s i c   c o n d i t i o n s   b y  

v i r t u e   o f   t h e   p r e s e n c e   o f   t h e   i o n   ( I I I )   i t s e l f ,   o r   e x c e s s  

o f   t h e   a l k a l i   m e t a l   s u l p h i d e ;   i f   t h e   r e a c t i o n   med ium  b e c a m e  

n e u t r a l   o r   a c i d i c ,   t h e   s u l p h i d e   i o n   in   s t r u c t u r e   ( I I I )  

w o u l d   be  p r o t o n a t e d   and   t h e   c y c l i s a t i o n   w o u l d   n o t   p r o c e e d .  

The  c o m p o u n d s   o f   f o r m u l a   ( I I )   a r e   n o v e l   c o m p o u n d s   a n d  

c o n s t i t u t e   a  f u r t h e r   a s p e c t   o f   t h i s   i n v e n t i o n .  

In   f o r m u l a - ( I I )   t h e   g r o u p   X  s h o u l d   b e  

r e a d i l y   d i s p l a c e d   by  n u c l e o p h i l i c   a t t a c k   by  s u l p h i d e   i o n s .  

S u c h   g r o u p s   i n c l u d e   c h l o r i n e ,   b r o m i n e ,   h y d r o x y l ,   a r y l s u l -  

p h o n y l o x y   s u c h   as   b e n z e n e s u l p h o n y l o x y ,   p - t o l u e n e s u l p h o n y l -  

o x y ,   or   p - n i t r o s u l p h o n y l o x y ,   a l k y l s u l p h o n y l o x y   s u c h   a s  

m e t h a n e s u l p h o n y l o x y   o r   C 1 - 6   a l k a n o y l o x y   s u c h   as   a c e t o x y ,  

p r o p i o n o x y   o r   b u t y r o x y .  

The  g r o u p   Y  may  b e ,   f o r   e x a m p l e ,   c h l o r i n e ,   b r o m i n e ,  

h y d r o x y   o r   C1-6   a l k o x y   s u c h   as   m e t h o x y ,   e t h o x y ,   o r   p r o p o x y .  

P r e f e r a b l y   b o t h   X  and   Y  a r e   h a l o g e n ,   e s p e c i a l l y   c h l o r i n e .  



The  r a d i c a l s   R  a n d   R2  i n   c o m p o u n d   ( I I )   a r e   c h o s e n  

a c c o r d i n g   to   t h e   r e q u i r e m e n t s   of   t h e   c o m p o u n d   ( I ) .   F o r  

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

i v e s   t h e   g r o u p   R1  s h o u l d   be  c a r b o x y l i c   a c i d   g r o u p   o r   a  

g r o u p   w h i c h   may  be  c o n v e r t e d   to   a  c a r b o x y l i c   a c i d   g r o u p  

or   a  f u n c t i o n a l   d e r i v a t i v e   t h e r e o f   f o r   a c y l a t i o n   t h e   a m i n o   g r o u p  
of   t h e   p e n i c i l l i n   or   c e p h a l o s p o r i n   n u c l e u s .   The  R2  g r o u p   i s  

c h o s e n   to   p r o v i d e   t h e   r e q u i r e d   a - s u b s t i t u e n t ,   o r   a  p r e c u r s o r  

t h e r e o f ,   f o r   t h e   s i d e   c h a i n   o f   a  p e n i c i l l i n  o r   c e p h a l o s p o r i n .  

The  r a d i c a l   R1  may  be  an  e s t e r   g r o u p  -   C02R3  w h e r e i n  
R3  i s   an  a l k y l ,   c y c l o a l k y l ,   a l k e n y l ,   a l k y n y l ,   a r y l   o r  

h e t e r o c y c l i c   g r o u p ,   any   o f   w h i c h   may  be  s u b s t i t u t e d .  

S u i t a b l e   s u c h   R3  g r o u p s   i n c l u d e :  

( a )   a l k y l   e s p e c i a l l y   C 1 - 6   a l k y l   s u c h   as   m e t h y l ,   e t h y l ,   n -  

and   i s o - p r o p y l ,   n - ,   s e c - ,   i s o -   and   t e r t - b u t y l ,   and   p e n t y l ;  

(b)   s u b s t i t u t e d   C 1 - 6   a l k y l   w h e r e i n   t h e   s u b s t i t u e n t   i s   a t  

l e a s t  o n e   o f :   c h l o r o ,   b r o m o ,   f l u o r o ,   n i t r o ,   c a r b o   ( C 1 - 6  
a l k o x y ) ,   C 1 - 6   a l k a n o y l ,   C 1 - 6   a l k o x y ,   c y a n o ,   C 1 - 6   a l k y l m e r -  

c a p t o ,   C 1 - 6   a l k y l s u l f i n y l ,   C 1 - 6   a l k y l s u l p h o n y l ,   1 - i n d a n y l ,  

2 - i n d a n y l ,   f u r y l ,   p y r i d y l ,   4 - i m i d a z o l y l ,   p h t h a l i m i d o ,   a z e -  

t i d i n o ,   a z i r i d i n o ,   p y r r o l i d i n o ,   p i p e r i d i n o ,   m o r p h o l i n o ,  

t h i o m o r p h o l i n o ,   N - ( C 1 - 6   a l k y l ) p i p e r a z i n o ,   p y r r o l o ,   i m i d a z o l o ,  

2 - i m i d a z o l i n o ,   2 , 5 - d i m e t h y l p y r r o l i d i n o ,   1 , 4 , 5 , 6 - t e t r a h y d r o -  

p y r i m i d i n o ,   4 - m e t h y l p i p e r i d i n o ,   2 , 6 - d i m e t h y l p i p e r i d i n o ,  

a l k y l a m i n o ,   d i a l k y l a m i n o ,   a l k a n o y l a m i n o ,   N - a l k y l a n i l i n o ,  

o r   s u b s t i t u t e d   N - a l k y l a n i l i n o   w h e r e i n   t h e   s u b s t i t u e n t   i s  

c h l o r o ,   b r o m o ,   C 1 - 6   a l k y l   o r   C 1 - 6   a l k o x y ;  

( c )   c y c l o a l k y l   and   ( C 1 - 6   a l k y l )   s u b s t i t u t e d   c y c l o a l k y l  

h a v i n g   f r o m   3  to   7  c a r b o n   a t o m s   i n   t h e   c y c l o a l k y l   m o i e t y ;  

(d)   a l k e n y l   h a v i n g   up  t o   8  c a r b o n   a t o m s ;  

( e )   a l k y n y l   h a v i n g   up  to   8  c a r b o n   a t o m s ;  



( f )   p h e n y l   and   s u b s t i t u t e d   p h e n y l   w h e r e i n   t h e   s u b s t i t u e n t  

i s   a t   l e a s t   one   o f   c h l o r o ,   b r o m o ,   f l u o r o ,   C 1 - 6   a l k o x y ,  

C1-6   a l k a n o y l ,   c a r b o - ( C 1 - 6 )   a l k o x y ,   n i t r o ,   o r   d i ( C 1 - 6 )  

a l k y l   a m i n o ;  

(g)   b e n z y l   o r   s u b s t i t u t e d   b e n z y l   w h e r e i n   t h e   s u b s t i t u e n t  

i s   c h l o r o ,   b r o m o ,   f l u o r o ,   C1-6   a l k y l ,   C1-6   a l k o x y ,   C 1 - 6  
a l k a n o y l ,   c a r b o - ( C 1 - 6 ) - a l k o x y ,   n i t r o ,   o r   d i ( C 1 - 6 - a l k y l )  
a m i n o ;  

(h )   a  5-  or   6-   m e m b e r e d   h e r e o c y c l i c   g r o u p   c o n t a i n i n g  o n e  

or   more   s u l p h u r   a n d / o r   n i t r o g e n   a n d / o r   o x y g e n   a t o m s   i n  

t h e   r i n g   o p t i o n a l l y   f u s e d   to   a  s e c o n d   5-   and   6 -   m e m b e r e d  

h y d r o c a r b y l   or   h e t e r o c y l i c   r i n g   and   w h i c h   may  be  s u b s t i -  

t u t e d   w i t h   an  a l k y l   g r o u p   h a v i n g   1  to   3  c a r b o n   a t o m s ,   f o r  

e x a m p l e   t h i e n y l ,   f u r y l   q u i n o l y l ,   m e t h y l - s u b s t i t u t e d   q u i n o l y l ,  

p h e n a z i n y l ,   p y r i d y l ,   m e t h y l p y r i d y l ,   p h t h a l i d y l ,   i n d a n y l .  

P r e f e r r e d   g r o u p s   f o r   R3  i n c l u d e   C 1 - 6   a l k y l ,   b e n z y l ,  

p h t h a l i d y l ,   i n d a n y l ,   p h e n y l ,   m o n o - ,   d i - ,   and   t r i -   ( C 1 - C 6 ) -  

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

e t h y l p h e n y l ,   n -   or   i s o - p r o p y l p h e n y l ,   n - ,   s e c - ,   i s o -   o r  

b u t y l p h e n y l .  

S u i t a b l e   g r o u p s   R2  i n c l u d e   h y d r o g e n ,   C1-6   a l k y l ,   s u c h  

as  m e t h y l ,   e t h y l ,   p r o p y l ,   o r   b u t y l ,   b e n z y l ,   p h e n y l ,   a l k y l -  

p h e n y l ,   n a p t h y l ,   a  5-  o r   6-   m e m b e r e d   h e t e r o c y c l i c   g r o u p  

c o n t a i n i n g   one  o r   more   s u l p h u r   a n d / o r   n i t r o g e n   a n d / o r  

o x y g e n   a t o m s   i n   t h e   r i n g  a n d   w h i c h   may  be  s u b s t i t u t e d   by  a n  

a l k y l   g r o u p   h a v i n g   f r o m   1  t o   3  c a r b o n   a t o m s ,   f o r   e x a m p l e  

t h i e n y l ,   i m i d a z o l y l ,   t h i a d i a z o l y l , i s o x a z o l y l , m e t h y l i s o x a -  

z o l y l ,   t e t r a z o l y l ,   m e t h y l t e t r a z o l y l ,   p y r i m i d i n y l ,   p y r i d y l ,  

p y r a z i n y l ,   p y r r o l i d y l ,   p i p e r i d y l ,   m o r p h o l i n y l ,   t h i a z i n y l ,  

f u r y l ,   or   q u i n o l y l ;   a  c a r b o x y l i c   a c i d   g r o u p ,   a  c a r b o x y l i c  

e s t e r   g r o u p   - C 0 2 R 3   as  d e f i n e d   a b o v e ,   o r   a  C 1 - 6   a l k a n o y l  

g r o u p .   When  b o t h   g r o u p s   R   and   R2  a r e   e s t e r  r a d i c a l s   t h e y  

may  t o g e t h e r   f o r m   a  c y c l i c   e s t e r   g r o u p ,   f o r   e x a m p l e   i s o -  

p r o p y l i d i n e   o f   f o r m u l a :  



F o r   t h e   p r e p a r a t i o n   o f   @ - c a r b o x y - 3 - t h i e n y l   p e n i c i l l i n s  

and   c e p h a l o s p o r i n s ,   R   and   R2  may  c o n v i e n t l y   b o t h   be  c a r b o -  

x y l i c   a c i d   o r   e s t e r   r a d i c a l s .   I t   i s   c o n v e n i e n t   to   p r e p a r e  

a  d i e s t e r   c o m p o u n d   o f   f o r m u l a   ( I ) ,   i . e .   w h e r e   R1  and   R2  

b o t h   r e p r e s e n t   a  g r o u p   - C 0 2 R 3 ,   and   t h e n   h a l f - s a p o n i f y   i n  

o r d e r   to   p r o d u c e   t h e   c o m p o u n d   ( I )   w h e r e i n   one   o f   R   and   R2  

i s   a  c a r b o x y l i c   a c i d   g r o u p ,   s u i t a b l e   f o r   c o u p l i n g   to   t h e  

p e n i c i l l i n   o r   c e p h a l o s p o r i n   n u c l e u s .  

S i m i l a r l y   f o r   t h e   p r e p a r a t i o n   o f   an  a - e s t e r   o f   a n  

@ - c a r b o x y - 3 - t h i e n y l   p e n i c i l l i n   o r   c e p h a l o s p o r i n ,   t h e   g r o u p  
R3  may  be  c h o s e n   a c c o r d i n g   t o   t h e   e v e n t u a l   p e n i c i l l i n   o r  

c e p h a l o s p o r i n   r e q u i r e d .  

The  c o m p o u n d   o f   f o r m u l a   ( I I )   a b o v e   may  be  p r e p a r e d  

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

f o r m u l a   ( V ) :  

w h e r e i n   X  and   Y  a r e   a s   d e f i n e d   a b o v e   w i t h   r e s p e c t   t o  

f o r m u l a   ( I I ) ;   w i t h   a  c o m p o u n d   o f   f o r m u l a   ( V I ) :  



w h e r e i n   R1  and   R2  a r e   as  d e f i n e d   a b o v e   w i t h   r e s p e c t   t o  

f o r m u l a   ( I ) ;   u n d e r   m i l d   c o n d e n s a t i o n   c o n d i t i o n s ;   a n d  

s u b s e q u e n t l y ,   i f   r e q u i r e d ,   c o n v e r t i n g   one  g r o u p   X  o r   Y 

to   a  d i f f e r e n t   s u c h   g r o u p .  
The  c o n d i t i o n s   u s e d   f o r   t h i s   c o n d e n s a t i o n   r e a c t i o n  

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

c o n d e n s a t i o n   or   o t h e r   u n w a n t e d   r e a c t i o n   o f   t h e   c o m p o u n d  
( I I ) ,   and   t h e   c o n d i t i o n s   and   r e a g e n t s   e m p l o y e d   f o r  t h e  

2  
r e a c t i o n   d e p e n d   on  t h e   n a t u r e   o f   t h e   g r o u p s   R   and   R  .  

In   g e n e r a l ,   t h e   more   e l e c t r o n - w i t h d r a w i n g   a r e   t h e   g r o u p s   R1 

and   R 2  t h e n   t h e   more   a c t i v a t e d   i s   t h e   m e t h y l e n e   g r o u p   i n  

c o m p o u n d   (VI )   and   m i l d e r   c o n d i t i o n s   may  be  e m p l o y e d .  

When  b o t h   t h e   g r o u p s   R  and   R2  a r e   s e l e c t e d   f r o m   a  

c a r b o x y l i c   a c i d   g r o u p ,   a  c a r b o x y l i c   e s t e r   g r o u p   o r   a n  

a c t i v a t e d   a c y l   g r o u p   ( f o r  e x a m p l e   i n   t h e   f o r m   of   a  s i l y l  

e n o l   e t h e r ) ,   t h e n   t h e   c o n d e n s a t i o n   of   c o m p o u n d   (V)  w i t h  

c o m p o u n d   (VI )   may  c o n v e n i e n t l y   be  c a r r i e d   o u t   i n   t h e  

p r e s e n c e   of   t i t a n i u m   t e t r a c h l o r i d e   and   an  o r g a n i c   n i t r o g e n  -  

c o n t a i n i n g   b a s e   c o n t a i n i n g   no  a c i d i c   p r o t o n ,   f o r   e x a m p l e  

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

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

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

as  t e t r a h y d r o f u r a n ,   d i o x a n   o r   a  p o l a r   a p r o t i c   s o l v e n t .   T h e  

c o n d e n s a t i o n   i s   c o n v e n i e n t l y   c a r r i e d   o u t   a t   low  to   a m b i e n t  

t e m p e r a t u r e ,   p r e f e r a b l y   f r o m   0°C  to   2 5 ° C .  

Many  c o m p o u n d s   of   t h e   g e n e r a l   f o r m u l a   (V)  a r e   k n o w n  

i n   t h e   l i t e r a t u r e   and   may  be  p r e p a r e d   by  a  p r o c e s s   w h i c h  

c o m p r i s e s   r e a c t i n g   a  c o m p o u n d   o f   f o r m u l a   ( V I I ) :  

w h e r e i n   X  i s   as   d e f i n e d   w i t h   r e s p e c t   to   f o r m u l a   ( I I )   a b o v e  

and   T  r e p r e s e n t s   h a l o g e n ;   w i t h   a c e t y l e n e   in   t h e   p r e s e n c e  



of   an  a l u m i n i u m   h a l i d e ,   Al  U39  w h e r e i n   U  r e p r e s e n t s  

h a l o g e n   w h i c h   may  be  t h e   same  as  o r   d i f f e r e n t   f r o m   T ;  

to   p r o d u c e   a  c o m p o u n d   o f   f o r m u l a   ( V I I I ) :  

and   s u b s e q u e n t l y ,   i f   r e q u i r e d   r e p l a c i n g   t h e   g r o u p   U  by  a  

g r o u p   Y  and   o p t i o n a l l y   c o n v e r t i n g   t h e   g r o u p   X  i n t o   a  

d i f f e r e n t   s u c h   g r o u p .  
T h i s   r e a c t i o n   may  be  c a r r i e d   o u t   u s i n g   c o n v e n t i o n a l  

c o n d i t i o n s   known  i n   t h e   l i t e r a t u r e ,   f o r   e x a m p l e   as   d e s -  

c r i b e d   by  N a i t o   e t   a l ,   J .   A n t i b i o t   ( T o k y o )   S e r   A  20  ( 2 ) ,  

7 7 - 8 6   ( 1 9 6 7 )   o r   by  B e n s o n   and   P o h l a n d ,   J .   Org .   Chem  2 9 .  

3 8 5 .  

The  c o m p o u n d s   o f   f o r m u l a   ( I )   i n   w h i c h   one   o f   t h e   g r o u p s  
R1  and   R2  r e p r e s e n t s   a  c a r b o x y l i c   a c i d   f u n c t i o n   may  b e  

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

known   p e r  s e ,   f o r   e x a m p l e   a s   d e s c r i b e d   i n   B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   Nos .   1 , 0 0 4 , 6 7 0 ,   1 , 1 2 5 , 5 5 7 ,   1 , 1 3 3 , 8 8 6 ,  

1 , 1 9 3 , 3 0 2 ,   W.  G e r m a n   OLS  N o .  2 , 6 0 0 , 8 6 6 .  

The  f o l l o w i n g   E x a m p l e s   i l l u s t r a t e   t h i s   i n v e n t i o n .  



EXAMPLE  1  . 

P r e p a r a t i o n   o f   1 , 4 - d i c h l o r o b u t - 3 - e n - 2 - o n e  

A l u m i n i u m   c h l o r i d e   ( 3 9 . 9 g ,  0 . 3   mo l )   i n   c a r b o n   t e t r a -  

c h l o r i d e   ( 1 5 0 m l )   was  t r e a t e d   w i t h   c h l o r o a c e t y l c h l o r i d e  

( 2 2 . 3 m l ,   0 . 3   mo l )   w h i l e   a c e t y l e n e   was  p a s s e d   t h r o u g h  

t h e   r e a c t i o n   m i x t u r e .   A c e t y l e n e   a d d i t i o n   was  c o n t i n u e d  

w i t h   s t i r r i n g   f o r   3  h o u r s .   W a t e r   was  a d d e d   to   t h e  

r e a c t i o n   m i x t u r e ,   w h i c h   was  e x t r a c t e d   w i t h   e t h e r .   T h e  

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

b r i n e ,  N   s o d i u m   b i c a r b o n a t e   s o l u t i o n ,   s a t u r a t e d   b r i n e ,  

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

( 3 4 . 1 g ,   82%)  as   a  m i x t u r e   o f   c i s   a n d   t r a n s   i s o m e r s .  

C i s   i s o m e r  δ ( C D C l 3 )   4 . 3 2   (2H,  s,   CH2) ,   6 . 6 6   (1H,  d,  8 H z ,  

- C H = ) ,   6 . 8 8   (1H,  d,  J  8Hz,   - C H = ) ,   t r a n s   i s o m e r  δ   ( C D C l 3 )  
4 . 2 2   (2H,  s,  CH2) ,   6 . 8 2   (1H,  d,  J  14Hz,   CH=),   7 . 5 2   (1H,  d,  J  

14Hz,   C H = ) .  ν   m a x  ( f i l m )   1 5 8 0 ,   1 6 9 0 c m - 1 .  



EXAMPLE  2  

P r e p a r a t i o n   o f   t r a n s   1 , 4 - d i c h l o r o b u t - 3 - e n - 2 - o n e .  

A l u m i n i u m   c h l o r i d e   ( 7 9 . 8 g ,   0 . 6   m o l )   i n   m e t h y l e n e   d i c h l o -  

r i d e   ( 3 0 0 m l )   was  t r e a t e d   w i t h   s t i r r i n g   w i t h   c h l o r o a c e t y l  

c h l o r i d e   ( 4 4 . 6 m l ,   0 . 5 6   m o l ) .   A c e t y l e n e   ( ca   1 . 2   m o l )   w a s  

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

t h r e e   h o u r s   a t   a  f l o w   r a t e   o f   1 5 0 m l / m i n .   The  r e a c t i o n  

s o l u t i o n   was  s l o w l y   t r e a t e d   w i t h   i c e - w a t e r   ( 2 0 0 m l ) ,   a n d  

t h e   m i x t u r e   e x t r a c t e d   w i t h   m e t h y l e n e   d i c h l o r i d e   ( 2 0 0 m l ,  

2  x  1 0 0 m l ) .   The  c o m b i n e d   e x t r a c t s   a r e   w a s h e d   w i t h   b r i n e  

(2  x  5 0 m l )   and   s a t u r a t e d   s o d i u m   b i c a r b o n a t e   ( 5 0 m l ) ,   d r i e d  

( N a 2 S O 4 )   and   e v a p o r a t e d   to   g i v e   t h e   t i t l e   p r o d u c t   i n   74% 

y i e l d ,  b . p .   7 1 - 7 4 ° / 1 0 m m .   δ  (CDC13)  4 . 2 2   (2H,  s,   C H 2 ) ,  
6 . 8 2   (1H,  d,  J  14Hz ,   CH=) ,   7 . 5 2   (1H,  d,  J  14Hz ,   C H = ) ,  

ν  m a x   ( f i l m )   1 5 8 0 ,   1 6 9 0 c m - 1 .  



EXAMPLE  3  

P r e p a r a t i o n  o f   c i s   1 , 4 - d i c h l o r o b u t - 3 - e n - 2 - o n e .  

The  p r o c e e d u r e   d e s c r i b e d   i n   E x a m p l e   2  was  r e p e a t e d ,   b u t  

w i t h   a  s h o r t e r   r e a c t i o n   t i m e   ( n i n e t y   m i n u t e s )   to   g i v e   a  

5 0 : 5 0   m i x t u r e   o f   c i s   and   t r a n s   i s o m e r s .   C h r o m a t o g r a p h y  
( s i l i c a   g e l ;   10%  e t h y l   a c e t a t e   i n   6 0 - 8 0   p e t r o l   e t h e r  

a f f o r d e d   t h e   s l o w e r   m o v i n g   c i s   i s o m e r   (29%  y i e l d ) .   δ  ( C D C l 3 )  
4 . 3 5   (2H,  s,  CH2) ,   6 . 6 7   (1H,  d,  J  8Hz,   CH=),   6 . 9 0   (1H,  d ,  
J  8Hz,   C H = ) .  λ   m a x  ( e t h a n o l )   239  nm  (∈m =  8 , 4 5 0 ) .  ν   m a x  
( f i l m )   1 5 9 5 ,   1 6 9 0 ,   1 7 1 0 c m - 1 .   F o u n d :   M+  138 .   C 4 H 4 C l 2 O  
r e q u i r e s   M,  1 3 8 .  

E X A M P L E  4  

P r e p a r a t i o n   o f   4 - t r a n s   e t h y l - 2 - e t h o x y c a r b o n y l - 5 - c h l o r o - 3 -  

c h l o r o m e t h y l   p e n t a - 2 , 4 - d i e n o a t e .  

T i t a n i u m   t e t r a c h l o r i d e   ( 1 0 m l . ,   0 .1   m o l )   i n   CC14  ( 1 0 m l )  

was   a d d e d   t o   t e t r a h y d r o f u r a n   ( 2 5 m l )   a t   0 ° .   A  p r e m i x  

o f   t r a n s   1 , 4 - d i c h l o r o b u t - 3 - e n - 2 - o n e   ( 5 . 6 g ,   0  04  m o l )  

a n d   d i e t h y l   m a l o n a t e   ( 6 . 4 5 g . ,  0 . 0 4   m o l )   was  a d d e d   i n  

t e t r a h y d r o f u r a n   ( 2 0 m l ) .   O v e r   20  m i n u t e s ,   p y r i d i n e   ( 1 3 . 0 m l   . ,  
0 . 1 6   m o l )  i n   t e t r a h y d r o f u r a n   ( 1 0 m l )   was  a d d e 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   f o r   t h r e e   h o u r s   a t   r o o m  

t e m p e r a t u r e ,   d i l u t e d   w i t h   w a t e r   ( 1 0 0 m l )   a n d   e x t r a c t e d  

w i t h   MDC  ( 5 0 m l . ,   2  x  2 5 m l ) .   The  c o m b i n e d   e x t r a c t s   w e r e  

w a s h e d   w i t h   b r i n e   (2  x  2 0 m l ) ,   N  s o d i u m   b i c a r b o n a t e   s o l u t i o n  

( 2 0 m l ) ,   d r i e d   ( N a 2 S 0 4 )   and   e v a p o r a t e d   t o   g i v e   t h e   t i t l e  

p r o d u c t   (61%  y i e l d ) .  S   ( C D C l 3 ) 1 . 3 7   (6H,  t ,   J  7Hz,   C H 3 ) ,  
4 . 3 9   (4H,  q,  J  7Hz,   OCH2),   4 . 6 2   (2H,  s,  CH2) ,   7 . 1 2   ( 2 H ,  

s ,   C H = C H ) . ν   m a x  ( f i l m )   1 6 1 0 ,   1 7 2 0 c m - 1 .   C 1 1 H 1 4 O 4 C l 2   r e q u i r e s  

M,  2 8 0 . 0 2 6 9 .   F o u n d :   M+,  2 8 0 . 0 2 5 6 .  



EXAMPLE  5 

P r e p a r a t i o n   o f   4 - c i s   e t h y l - 2 - e t h o x y c a r b o n y l - 5 - c h l o r o - 3 -  

c h l o r o m e t h y l  p e n t a - 2 , 4 - d i e n o a t e  

c i s   1 , 4 - D i c h l o r o b u t - 3 - e n - 2 - o n e   was  c o n d e n s e d   w i t h   d i e t h y l  

m a l o n a t e   u n d e r   t h e   c o n d i t i o n s   d e s c r i b e d   i n   E x a m p l e   4 ,  

t o . g i v e   t h e   t i t l e   p r o d u c t   (67%  y i e l d ) .  $   (CDC13)  1 . 2 8  

(3H,  t ,   J  7Hz,   CH3) ,   1 . 3 3   (3H,  t ,   J  7Hz,   CH3) ,   4 . 2 6   ( 2 H ,  

q,  J  7Hz,   OCH2),   4 . 3 3   (2H,  q,  J  7Hz,   OCH2),   4 . 6 7   (2H,  s ,  

CH2) ,   6 . 3 5   (1H,  d,  J  8Hz,  CH=),   6 . 7 0   (1H,  d,  J  8Hz,   C H = ) .  

λ  max  
( e t h a n o l )   269  nm  (∈m =   6 , 0 0 0 ) .  ν   max  

( f i l m )   1 6 1 0 ,  

1 7 2 0 c m - 1 .  

EXAMPLE  6  

P r e p a r a t i o n   o f   4 - t r a n s   m e t h y l - 2 - m e t h o x y c a r b o n y l - 5 - c h l o r o -  

3 - c h l o r o m e t h y l   p e n t a - 2 , 4 - d i e n o a t e .  

T i t a n i u m   t e t r a c h l o r i d e   ( 1 0 m l . ,   0 .1   m o l )   i n   c a r b o n   t e t -  

r a c h l o r i d e   ( 2 5 m l )   was  a d d e d   to   t e t r a h y d r o f u r a n   ( T H F )  

( 2 5 0 m l )   a t   0°C.   A  p r e m i x   o f   t r a n s - 1 , 4 - d i c h l o r o b u t - 3 - e n -  

2 - o n e   ( 5 . 6 g . ,   0 . 0 4  m o l )   and   d i e t h y l m a l o n a t e   ( 4 . 2 m l . ,  

0 . 0 3 7   m o l )   i n   THF  ( 2 0 m l )   was  a d d e d .   P y r i d i n e   ( 1 3 . 0 g . ,  

0 . 1 6   m o l )   i n   THF  ( 8 0 m l )   was  a d d e d   o v e r   20  m i n s .   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  

16  h o u r s ,   d i l u t e d   w i t h   w a t e r ,   and   e x t r a c t e d   w i t h   e t h e r .  

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

a t e   s o l u t i o n ,   a n d   b r i n e .   D r y i n g   and   e v a p o r a t i o n   g a v e  
t h e   t i t l e   c o m p o u n d   ( 7 . 7 2   g . ,   77%) .   R e c r y s t a l l i s a t i o n  
f r o m   e t h e r : p e t r o l   g a v e   l a r g e   p r i s m s ,   m . p .  5 6 ° ,  ν   m a x  
( f i l m )   1 7 3 0 ,   1 6 1 0 c m - 1 ,  δ   (CDC13)   3 . 8 5   (6H,  s ,   2  x  C H 3 ) ,  
4 . 6 0   (2H,   s ,   CH2) ,   7 . 0 3   (2H,  s,  CH=CH).  F o u n d :   C,  4 2 . 9 ;  

H,  4 . 0 ;   C l ,   2 8 . 0 %   C 9 H 1 0 O 4 C l 2   r e q u i r e s   C,  4 2 . 7 ;   H,  4 . 0 ;   C l ,  

2 8 . 0 %  



EXAMPLE  7  

P r e p a r a t i o n   of   4 - t r a n s   m e t h y l - 2 - m e t h o x y c a r b o n y l - 5 - c h l o r o -  

m e t h y l   p e n t a - 2 , 4 - d i e n o a t e  

T i t a n i u m   t e t r a c h l o r i d e   ( 0 . 5 m l ,   5 . 0   m o l )   i n   c a r b o n   t e t r a -  

c h l o r i d e   ( 1 . 5 m l )   was  a d d e d   to   THF  ( 1 0 m l )   a t   0 °C .   A  

p r e m i x   of   t r a n s - 1 , 4 - d i c h l o r o b u t - 3 - e n - 2 - o n e   ( 0 . 2 8 g . ,   2 . 0   m o l )  

and   d i e t h y l   m a l o n a t e   ( 0 . 2 2 m l . ,   2 . 0   m o l )   i n   THF  ( 2 m l )   w a s  
a d d e d .   O v e r   5  m i n u t e s ,   p y r i d i n e   ( 0 . 3 2 m l . ,   4 . 0   mo l )   in   THF 

( 4 m l )   was  a d d e d .  C a l c i u m  c a r b o n a t e   ( 0 . 4 g . ,   4 . 0   mo l )   w a s  

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

f o r   3  h o u r s ,   d i l u t e d   w i t h   w a t e r   a n d   e x t r a c t e d   w i t h   e t h e r .  

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

s o l u t i o n ,   b r i n e ;   d r i e d ,   t r e a t e d   w i t h   c h a r c o a l   and   e v a p o r a -  
t e d   to   g i v e   t h e   t i t l e   c o m p o u n d   i n   69%  y i e l d ,   p u r i f i e d   a s  

i n   E x a m p l e   6  ( S p e c t r o s c o p i c   d a t a   a s  i n   E x a m p l e   6 ) .  

EXAMPLE  8  

P r e p a r a t i o n   o f   4 - t - , t r a n s - b e n z y l - 2 - b e n z y l o x y c a r b o n y l - 5 - c h l o r o -  

3 - o r o m e t h y l   p e n t a - 2 , 4 - d i e n o a t e .  

T r a n s - 1 , 4 - d i c h l o r o b u t - 3 - e n - 2 - o n e   ( 2 . 8 g . ,   2 0 . 0   mmol)   a n d  

d i b e n z y l   m a l o n a t e   ( 5 . 7 g . ,   2 0 . 0   mmol)   w e r e   c o n d e n s e d   as   i n  

E x a m p l e   6  u s i n g   t h e   T i C l 4 / p y r i d i n e   m e t h o d ,   t h u s   a f f o r d i n g  

t h e   t i t l e   c o m p o u n d   i n   46%  y i e l 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   g a v e   p r i s m s ,   m . p .   4 5 - 6 ° , ν m a x   ( C F 2 C l 2 )   1 7 3 0 ,   1 6 1 0 c m - 1 ,  

δ ( C D C l 3 ) ,   4 . 5 0   (2H,  s,   C l C H 2 ) ,   5 . 2 4   (4H,  s,   2  x  P h C H 2 - ) ,  

7 . 0 0   (2H,  s,   CH=CH),  7 . 3 6   (10H,   s ,   a r y l p r o t o n s ) ,  λ m a x  

( E t o H )   277nm  (  ∈  2 2 , 1 0 0 ) .  



EXAMPLE 9  

P r e p a r a t i o n   o f   4 - c i s   2 - c a r b o x y - 5 - c h l o r o - 3 - c h l o r o m e t h y l   p e n t a -  

2 , 4 - d i e n o i c   a c i d .  

T i t a n i u m   t e t r a c h l o r i d e   ( 2 . 5 m l . ,   25  mmol)   in   c a r b o n   t e t r a -  

c h l o r i d e   ( 7 . 5 m l )   was  a d d e d   to   THF  ( 6 0 m l )   a t   0°C.   M a l o n i c  

a c i d   ( 1 . 0 g . ,   10mmol )   and   t r a n s   1 , 4 - d i c h l o r o b u t - 3 - e n   - 2 - o n e  

( 1 . 4 g . ,   10mmol )   i n   THF  ( 1 0 m l )   was  a d d e d .   P y r i d i n e   ( 3 . 3 m l . ,  

40  mmol)   i n   THF  ( 1 0 m l )   was  a d d e d   d r o p w i s e   o v e r   f i f t e e n   m i n u t e s  

a t   0 °C .   The  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   t h r e e   h o u r s ,   d i l u t e d   w i t h   w a t e r   ( 5 0 m l )   and   e x t r a c t e d  

w i t h   e t h e r   ( 5 0 m l . ,   2  x  2 5 m l ) .   The  e x t r a c t s   w e r e   w a s h e d  

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

( N a 2 S 0 4 )   and   e v a p o r a t e d   t o   g i v e   t h e   t i t l e   p r o d u c t   ( 0 . 3 5 g . ,  

1 2 % ) .  S   (CDC13)  5 . 0 0   (2H,  s ,   CH2) ,   6 . 9 1   (1H,  d,  J  5 H z ,  

CH=) ,   8 . 0 1   (1H,  d,  J  5Hz,  CH=),   9 . 6 8   (2H,  s ,   - O H ) .  ν   m a x  
(CHC13)  1 7 2 0 c m - 1 .  

EXAMPLE  1 0  

P r e p a r a t i o n   o f 4 t r a n s - e t h y l - 2 - c y a n o - 5 - c h l o r o - 3 - c h l o r o m e t h y l  

p e n t a - 2 , 4 - d i e n o a t e  

T i t a n i u m   t e t r a c h l o r i d e   ( 0 . 2 5   ml ,   2 . 5   mmol)  in   CC14  ( 1 . 5   m l )  

was  a d d e d   t o   THF  (10  ml)  a t   0 °C .   T r a n s - 1 , 4 - d i c h l o r o b u t  

- 3 - e n - 2 - o n e   ( 0 . 2 8   g,  2 . 0   mmol)  and  e t h y l   c y a n o a c e t a t e  

( 0 . 2 1   g ,   1 .9   mmol)  in   THF  (2  ml)  w e r e   a d d e d .   P y r i d i n e  

( 0 . 3 2   ml ,   4 . 0   mmol)  in   THF  (5  ml)  was  a d d e d   o v e r   5  m i n u t e s ,  

and   t h e   m i x t u r e   s t i r r e d   f o r   e i g h t e e n   h o u r s   a t   r o o m  

t e m p e r a t u r e .   Work  up  as  i n   e x a m p l e   6  g a v e   t h e   t i t l e  

c o m p o u n d   ( 0 . 0 4   g,  8%).  The  E :8   i s o m e r i c   m i x t u r e   p o s s e s s e d  

6  (CDCl3)   1 . 3 7   (3H,  t ,   J  7Hz,  C H 3 ) ,  4 . 3 9   (2H,  q,  J  7Hz,  CH2) 
4 . 6 0   (2H,  s ,   CH2) ,   7 . 3 0   ( 2 H ,  c o m p l e x ,   CH=CH);  1 . 4 2   (3H,  t ,  

J  Hz,  CH3) ,   4 . 4 3   (2H,  q,  J  7Hz,  CH2) ,   4 . 9 3   (2H,  s ,   C H 2 ) ,  
7 . 3 0   (2H,  c o m p l e x ,   C H = C H ) .  



EXAMPLE  1 1  

P r e p a r a t i o n   of  m e t h y l - 5 - c h l o r o - 3 - c h l o r o m e t h y l   p e n t a - 2 , 4 -  

d i e n o a t e   ( c i s / t r a n s   m i x t u r e )  

C i s - 1 , 4 - d i c h l o r o b u t - 3 - e n - 2 - o n e  ( 0 . 2 8   g,  2 . 0   mmol)  i n  

t o l u e n e   (5  ml)  was  h e a t e d   a t   90°   w i t h   c a r b o m e t h o x y m e t h y l e n e  

t r i p h e n y l p h o s p h o r a n e   ( 0 . 6 6   g,  2 . 0   mmol)  f o r   15  h o u r s .  

W a t e r   was  a d d e d ,   and  e x t r a c t e d   w i t h   e t h e r .   D r y i n g ,  

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

c o m p o u n d   as  a  m i x t u r e   of   Δ4 ,5   c i s   and  t r a n s - i s o m e r s  

( 0 . 0 5   g,  13%),   ν m a x  ( f i l m )   1 7 2 0 ,   1625  c m - 1 ;   6  ( C D C l 3 )  
( c i s - i s o m e r )   3 . 6 0   ( 3 H ,  s ,   - C H 3 ) ,   4 . 5 5   (2H,  s ,   - C H 2 - ) ,  

6 . 2 3   ( lH,   s ,   CHCO2- ) ,   6 . 3 7   ( lH,   d,  J  8Hz,  CH=),   7 . 2 7  

( lH,   d,  J  8Hz,  CH=);   ( t r a n s - i s o m e r )   3 . 6 0   (3H,  s ,   - C H 3 ) ,  
4 . 4 0   (2H,  s,   - C H 2 - ) ,   6 . 0 3   ( lH,   s ,   CHCO2- ) ,   6 . 8 5   (1H,  d ,  

J  14Hz,   CH=),   7 . 9 5   ( lH ,   d,  J  14Hz,   C H = ) .  

EXAMPLE  12  

P r e p a r a t i o n   of  4 - t r a n s   m e t h y l - 5 - c h l o r o - 3 - c h l o r o m e t h y l -  

p e n t a - 2 , 4 - d i e n o a t e  

t r a n s   1 , 4 - D i c h l o r o b u t - 3 - e n - 2 - o n e ( 0 . 5 6   g,  4 . 0   mmol)  i n  

t o l u e n e   (10  ml)  was  s t i r r e d   w i t h   m e t h o x y c a r b o n y l m e t h y l e n e -  

t r i p h e n y l   p h o s p h o r a n e   ( 1 . 3 2   g,  4 . 0   mmol)  a t   90°C  f o r  

s i x t e e n   h o u r s .   W a t e r   (50  ml)  was  a d d e d   and  t h e   m i x t u r e  

e x t r a c t e d   w i t h   e t h e r   (50  ml ,   2  x  25  m l ) .   The  e x t r a c t s  

w e r e   d r i e d   (Na2SO4)  and  e v a p o r a t e d   t o   g i v e   t h e   t i t l e   c o m -  

p o u n d   ( 0 . 1 1   g,  14%),   s p e c t r a l   d e t a i l s   as  in   E x a m p l e   1 1 .  



EXAMPLE  1 3  

P r e p a r a t i o n   of   d i e t h y l t h i e n - 3 - y l   m a l o n a t e  

P o t a s s i u m   h y d r o x i d e   ( 0 . 1 4   g,  2 . 0   mmol)  in   e t h a n o l   (50  m l )  

was  s a t u r a t e d   w i t h   h y d r o g e n   s u l p h i d e   a t   0°  f o r   one  h o u r .  

To  t h i s   was  a d d e d   4 - t r a n s   e t h y l - 2 - e t h o x y c a r b o n y l - 5 - c h l o r o -  

3 - c h l o r o m e t h y l p e n t a - 2 , 4 - d i e n o a t e   ( 0 . 6 2   g,  2 . 4 5   m m o l ) ,   a n d  

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

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

f o r   a  f u r t h e r   f o u r   h o u r s .   P o t a s s i u m   h y d r o x i d e   ( 0 . 2 0   g ,  
2 . 8   mmol)  was  a d d e d   and  h y d r o g e n   s u l p h i d e   p a s s e d   f o r   t h i r t y  

m i n u t e s .   The  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   r o o m  

t e m p e r a t u r e   f o r   s i x t e e n   h o u r s ,   d i l u t e d   w i t h   w a t e r   (50  m l )  

and  e x t r a c t e d   w i t h   e t h e r   (3  x  50  m l ) .   The  e x t r a c t s   w e r e  

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

s a t u r a t e d   b r i n e ,   d r i e d   (Na2S04)   and  e v a p o r a t e d   t o   g i v e  

t h e   t i t l e   c o m p o u n d   (78%  y i e l d )   p u r i f i e d   by  d i s t i l l a t i o n ,  

b . p .   1 1 9 - 1 2 7 ° / 0 . 5   mm.  6  (CDCl3)  1 . 2 7   (6H,  t ,   J  7Hz,  C H 3 ) ,  
4 . 2 0   (4H,  q,  J  7Hz,  OCH2),   4 . 7 5   ( lH,   s ,   CH),   7 . 2 0 - 7 . 4 3  

(3H,  m,  t h i e n y l   p r o t o n s ) ,   ν m a x ( f i l m )   1 7 3 0  c m - 1 ,   λ m a x  
( e t h a n o l )   234  nm.  C11H14O4S  r e q u i r e s   M,  2 4 2 . 0 6 4 9 .  

F o u n d   M+,  2 4 2 . 0 6 0 9 .  

EXAMPLE  14  

P r e p a r a t i o n   of   d i e t h y l t h i e n - 3 - y l   m a l o n a t e  

4 - t r a n s   E t h y l   2 - e t h o x y c a r b o n y l - 5 - c h l o r o - 3 - c h l o r o m e t h y l  

p e n t a - 2 , 4 - d i e n o a t e   ( 0 . 2 8   g,  1 . 0  m m o l )   in   THF  (5  ml)  was  ; 

t r e a t e d   w i t h   s o l i d   s o d i u m   s u l p h i d e   n o n a h y d r a t e   ( 0 . 2 4   g ,  

1 . 0   mmol)  and  t h e   m i x t u r e   s t i r r e d   a t   room  t e m p e r a t u r e   f o r  

s i x t e e n   h o u r s .   E t h e r   (50  ml)  was  a d d e d ;   b r i n e   w a s h i n g ,  

d r y i n g   ( N a 2 S 0 4 ) ,   c h a r c o a l   and  e v a p o r a t i o n   g a v e   t h e   t i t l e  

p r o d u c t   (66%  y i e l d ) ,   s p e c t r a l   d e t a i l s   as  in   E x a m p l e   1 3 .  



EXAMPLE  1 5  

P r e p a r a t i o n   of  d i e t h y l t h i e n - 3 - y l   m a l o n a t e  

S o d i u m   s u l p h i d e   ( N a 2 S . 9 H 2 0 )   (12  g,  0 . 0 5   mol)  was  d i s s o l v e d  

in   w a t e r   and   t h e   v o l u m e   made  up  to   35  ml.   S o d i u m  

b i c a r b o n a t e   ( 4 . 2   g,  0 . 0 5   mol)   was  a d d e d   w i t h   s t i r r i n g .  

A f t e r   d i s s o l u t i o n ,   m e t h a n o l   (30  ml)  was  a d d e d .   A f t e r  

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

t h e   s o l i d s   w a s h e d   w i t h   m e t h a n o l   (15  m l ) .   T h e r e   i s   t h u s  

o b t a i n e d   a  s o l u t i o n   of   s o d i u m   b i s u l p h i d e   (50  mmol)  i n  

a q u e o u s   m e t h a n o l .  

4 - t r a n s   E t h y l   2 - e t h o x y c a r b o n y l - 5 - c h l o r o - 3 - c h l o r o m e t h y l  

p e n t a - 2 , 4 - d i e n o a t e   ( 1 . 4   g,  5  mmol)  in   m e t h a n o l   ( 5 0  m l )  

was  t r e a t e d   a t   10°C,   d r o p w i s e   w i t h   s o d i u m   b i s u l p h i d e  

s o l u t i o n   (8  ml ,   5  m m o l ) .   A f t e r   two  h o u r s   a t   r o o m  

t e m p e r a t u r e ,   a  f u r t h e r   a l i q u o t   o f  s o d i u m   b i s u l p h i d e  

s o l u t i o n   (8  ml ,   5  mmol)  was  a d d e d   and  t h e   m i x t u r e   s t i r r e d  

o v e r n i g h t .   The  s o l u t i o n   was  c o n c e n t r a t e d   (ca   5  ml)  a n d  

w a t e r   (50  ml)  a d d e d .   E t h e r   e x t r a c t i o n   ( 3 . x   50  m l ) ,  

b r i n e   w a s h i n g   ( 5 0  m l )   d r y i n g   ( N a 2 S 0 4 ) ,   c h a r c o a l   a n d  

e v a p o r a t i o n   g a v e   t h e   t i t l e   p r o d u c t   (68%  y i e l d ) ,   s p e c t r a l  

d e t a i l s   as  in   E x a m p l e   1 3 .  

EXAMPLE  16  

P r e p a r a t i o n   o f   d i e t h y l t h i e n - 3 - y l   m a l o n a t e  

4 - t r a n s   E t h y l   2 - e t h o x y c a r b o n y l - 5 - c h l o r o - 3 - c h l o r o m e t h y l  

p e n t a - 2 , 4 - d i e n o a t e   ( 0 . 2 8   g,  1 . 0  m m o l )   in   m e t h y l e n e  

d i c h l o r i d e   (10  ml)  a t   0 - 5 ° C   was  t r e a t e d   w i t h   h y d r o g e n  

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

( 0 . 2 8   ml ,   2 . 0   mmol)  in   m e t h y l e n e   d i c h l o r i d e   (5  ml)  w a s  

a d d e d   o v e r   f i v e  m i n u t e s ,   and   t h e   s o l u t i o n   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   f o r t y - f i v e   m i n u t e s ,   d i l u t e d   w i t h   m e t h y l e n e  



d i c h l o r i d e   (25  m l ) ,   w a s h e d   w i t h   b r i n e   (25  ml)  d r i e d  

( N a 2 S 0 4 )   and  e v a p o r a t e d   to   g i v e   t h e   t i t l e   p r o d u c t  

(62%  y i e l d ) ,   s p e c t r a l   d e t a i l s   as   in   E x a m p l e   1 3 .  

EXAMPLE  17  

P r e p a r a t i o n   o f   d i e t h y l t h i e n - 3 - y l   m a l o n a t e  

4 - c i s   E t h y l - 2 - e t h o x y c a r b o n y l - 5 - c h l o r o - 3 - c h l o r o m e t h y l  

p e n t a - 2 , 4 - d i e n o a t e   ( 0 . 8 4   g,  3 . 0   mmol)  in   t e t r a h y d r o f u r a n  

(15  ml)   was  s t i r r e d   w i t h   s o d i u m   s u l p h i d e   n o n a h y d r a t e  

( 0 . 7 2   g,  3 . 0   mmol)   a t   room  t e m p e r a t u r e   f o r   s i x t e e n   h o u r s .  

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

b r i n e ,   d r i e d   ( N a 2 S O 4 ) ,   t r e a t e d   w i t h   c h a r c o a l ,   f i l t e r e d  

and   e v a p o r a t e d   to   g i v e   t h e   t i t l e   p r o d u c t   ( 0 . 1 8   g,  2 8 % ) ,  

s p e c t r a l   d e t a i l s   as   i n   E x a m p l e   1 3 .  

EXAMPLE  1 8  

P r e p a r a t i o n   o f   d i m e t h y l   t h i e n - 3 - y l   m a l o n a t e .  

4 - t r a n s   M e t h y l   - 2 -   m e t h o x y c a r b o n y l   - 5 - c h l o r o   - 3 -  

c h l o r o m e t h y l   p e n t a - 2 ,   4 - d i e n o a t e   ( 1 . 2 5   g . ,   5 . O m m o l . )   i n  

THF  (15  ml)   was  s t i r r e d   f o r   18  h o u r s   w i t h   s o d i u m   s u l p h i d e  

n o n a h y d r a t e   ( 1 . 6 8   g . ,   7 . O m m o l . ) .   The  s o l u t i o n   w a s  

d i l u t e d   w i t h   e t h e r ,   w a s h e d   w i t h   w a t e r ,   d r i e d   ( N a 2 S O 4 )  
and   e v a p o r a t e d   to   g i v e   t h e   r e a c t i o n   p r o d u c t ,   w h i c h ,  

on  f i l t r a t i o n   t h r o u g h   c o a r s e   f l u o r o s i l   ( 3 . 5 g . ) ,   g a v e  
d e c o l o r i z e d   t i t l e   c o m p o u n d   ( 0 . 6 1 g . ,   57%) ,   b . p .   9 6  -   9 8 0  

( 0 . 3   mm),  νmax  ( f i l m )   1740   c m - 1 ,   b (CDC13)   3 . 7 7   ( 6 H , s ,  

2  x  C H 3 ) ,   4 . 8 2   ( I H , s , - C H ) ,   7 . 1 1 - 7 . 4 8   (3H,  c o m p l e x ,  

t h i e n y l   p r o t o n s ) .   C9H10O4S  r e q u i r e s   M , 2 1 4 .   F o u n d :  

M+,  2 1 4 .  



EXAMPLE  1 9  

P r e p a r a t i o n   o f   d i b e n z y l   t h i e n   - 3 - y l   m a l o n a t e .  

4 - t r a n s   B e n z y l   - 2 -   b e n z y l o x y c a r b o n y l   - 5 - c h l o r o  -   3 - c h l o r o -  

m e t h y l   p e n t a   - 2 ,   4 - d i e n o a t e   was  t r e a t e d   w i t h   s o d i u m  

s u l p h i d e   as  in   e x a m p l e   18  t h u s   a f f o r d i n g   t h e   t i t l e  

c o m p o u n d   in   71%  y i e l d .   R e c r y s t a l l i z a t i o n   f r o m   t o l u e n e  

p e t r o l   g a v e   p r i s m s ,   m . p .   4 9 - 5 0 ° ,   νmax  ( C H 2 C 1 2 ) ,   1 7 4 0  
c m - 1 ,   δ (CDCl3)   4 . 8 8   ( I H , s ,   CH),   5 . 1 8   ( 4 H , s ,   2CH2) ,   7 . 3 3  

(13H,   c o m p l e x ,   a r y l   and  t h i e n y l   p r o t o n s ) .  

EXAMPLE  2 0  

P r e p a r a t i o n   o f   e t h y l   t h i e n - 3 ' - y l   c y a n o a c e t a t e .  

4 - T r a n s   e t h y l   - 2 -   c y a n o - 5 - c h l o r o - 3 -   c h l o r o m e t h y l   p e n t a  -  

2,  4 - d i e n o a t e   was  t r e a t e d   w i t h   s o d i u m   s u l p h i d e   n d n a h y d r a t e  

as  in   e x a m p l e   18  t h u s   a f f o r d i n g   t h e   t i t l e   c o m p o u n d   in   30% 

y i e l d ,   νmax  ( C H 2 C l 2 )   1720   cm  - 1 ,   δ ( C D C l 3 )   1 . 2 7   ( 3 H , t , J  

7  Hz,  C H 2 ) ,   4 . 8 0   ( I H , s ,   CH),   7 . 2 - 7 . 6   (3H,  c o m p l e x ,   t h i e n y l  

p r o t o n s ) .  

EXAMPLE  2 1  

P r e p a r a t i o n   o f   m e t h y l   t h i e n - 3 - y l   a c e t a t e .  

P o t a s s i u m   h y d r o x i d e   ( 0 . 0 4   g . ,   0 . 6   m m o l . ) i n   e t h a n o l   ( l O m l )  

a t  O °   was  s a t u r a t e d   w i t h   H2S  f o r   15  m i n u t e s .   4 - T r a n s  

m e t h y l   - 5 - c h l o r o   - 3 -   c h o r o m e t h y l   p e n t a - 2 ,   4 - d i e n o a t e  

( O . l l g . ,   0 . 5 6   mmol)  was  a d d e d ,   end   t h e   s o l u t i o n   s t i r r e d  

w i t h   c o n t i n u e d   H2S  a d d i t i o n   f o r  1   h o u r .   F u r t h e r   p o t a s s i u m  

h y d r o x i d e   ( 0 . 0 4 g . ,   0 . 6  m m o l . )   in   e t h a n o l   ( 2 m l . )   was  a d d e d .  

The  s o l u t i o n   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   18  h o u r s ,  

d i l u t e d   w i t h   w a t e r   and  e x t r a c t e d   w i t h   e t h e r ,   w h i c h   w a s  

d r i e d   and   e v a p o r a t e d   to   g i v e   t h e   t i t l e   c o m p o u n d   ( 0 . 0 7 g . )  

ν m a x  ( C H C l 3 )   1730   c m - 1 ,   δ  (CDCl3)   3 . 7 1   ( 5 H , s , - C H 2 -   a n d  



-  C H 3 ) ,   7 . 0 - 7 . 6   (3H,  c o m p l e x ,   t h i e n y l   p r o t o n s ) ,   λ m a x  
( E t o H )   224  ( ε  4 , 5 6 0 ) ,   265  nm  ( ε   2 , 4 4 0 ) .   C 7 H 8 0 2 S  

r e q u i r e s   M,  156  F o u n d   :M+,  1 5 6 .  

( T h i s   c o m p o u n d   may  a l s o   be  p r e p a r e d   u s i n g   p r e - f o r m e d  

s o d i u m   b i s u l p h i d e   in   p l a c e   o f   H 2 S / K O H . )  

EXAMPLE  2 2  

P r e p a r a t i o n   o f   d i m e t h y l   t h i e n - 3 - y l m a l o n a t e .  

P o t a s s i u m   h y d r o x i d e   ( 0 . 1 4 g ,   2 . 0  m m o l )   in   e t h a n o l   ( 5 0 m l )  

was  s a t u r a t e d   w i t h   h y d r o g e n   s u l p h i d e   a t   O°C.  To  t h i s  

was  a d d e d   m e t h y l - 2 - m e t h o x y c a r b o n y l - 5 - c h l o r o - 3 - c h l o r o m e t h y l p e n t a  

- 2 ,   4 - d i e n o a t e   ( 0 . 6 2 g ,   2 . 4 5   mmol)   a n d   a d d i t i o n   o f   h y d r o g e n  

s u l p h i d e   was  c o n t i n u e d   f o r   1  h o u r   a t   room  t e m p e r a t u r e .  

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

P o t a s s i u m   h y d r o x i d e   ( 0 . 2 0 g ,   2 . 8   mmol)   was  a d d e d   and   h y d r o g e n  

s u l p h i d e   p a s s e d   f o r   0 . 5   h o u r s .   The  r e a c t i o n   m i x t u r e   w a 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   16  h o u r s ,   d i l u t e d   w i t h   w a t e r  

and   e t h e r   e x t r a c t e d .   The  e x t r a c t s   w e r e   w a s h e d   w i t h   s a t -  

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

( 0 . 3 9 g ,   74%) ,   b . p .   9 6  -   9 8 ° C / 0 . 3 m m .   δ  (CDC13)  3 . 7 7  

(6H,  s,  2  x  CH3) ,   4 . 8 2   ( l H ,   s,   CH),   7 . 1 1  -   7 . 4 8   (3H,  m ,  

t h i e n y l   p r o t o n s ) .   νmax  ( f i l m )   1740   cm-1   C 9 H 1 0 O 4 S  

r e q u i r e s   M , 2 1 4 .   F o u n d :   M+,  2 1 4 .  



1.  A  p r o c e s s   f o r   t h e   p r e p a r a t i o n   of   a  t h i o p h e n e   o f  

f o r m u l a   ( I ) :  

w h e r e i n   R  r e p r e s e n t s   a  c a r b o x y l i c   a c i d   g r o u p   o r   an  e s t e r  

or   a m i d e   d e r i v a t i v e   t h e r e o f   o r   a  n i t r i l e   g r o u p ;   a n d . R 2  

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

a  c a r b o x y l i c   a c i d   g r o u p   o r   an  e s t e r   o f   a m i d e   d e r i v a t i v e  

t h e r e o f ;   o r   an  a c y l ,   n i t r i l e ,   i s o n i t r i l e   or   o p t i o n a l l y  

s u b s t i t u t e d   i m i n e   g r o u p  o f   f o r m u l a   -CH=NZ  or   -N=CHZ  w h e r e  

Z  r e p r e s e n t s   h y d r o g e n ,   a l k y l   o r   a r y l ,   o r   a  s u l p h o n y l ,   - S R a ,  

s u l p h o x i d e   - S O . R a   o r   s u l p h o n a t e   - S O . O R a   g r o u p   w h e r e i n   R a  

r e p r e s e n t s   C 1 - 6   a l k y l ,   o r   a r y l ,   w h i c h   p r o c e s s   c o m p r i s e s  

t r e a t i n g   a  c o m p o u n d   o f   f o r m u l a   ( I I ) :  

w h e r e i n   R1  and   R2  a r e   as   d e f i n e d   w i t h   r e s p e c t   to   f o r m u l a  

( I )   a b o v e ;   X  r e p r e s e n t s   a  h a l o g e n   a t o m ,   a  h y d r o x y l   g r o u p  

o r  a   f u n c t i o n a l i s e d   h y d r o x y l   g r o u p ;   Y  r e p r e s e n t s   a  h a l o g e n  

a t o m ,   a  h y d r o x y l   g r o u p ,   o r   an  a l k o x y   g r o u p ;   w i t h   a  s o u r c e  

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

2.  A  p r o c e s s   as  c l a i m e d   i n   c l a i m   1  w h e r e i n   t h e   s o u r c e   o f  

n u c l e o p h i l i c   s u l p h u r   i s   t h e   b i s u l p h i d e   i o n .  

3.  A  p r o c e s s   as   c l a i m e d   i n   c l a i m   1  w h e r e i n   t h e   c o m p o u n d  

o f   t h e   f o r m u l a   ( I I )   i s   t r e a t e d   w i t h   an  a l k a l i   m e t a l  



s u l p h i d e .  

4.  A  p r o c e s s   as   c l a i m e d   in   c l a i m   3  w h e r e i n   t h e   a l k a l i  

m e t a l   s u l p h i d e   i s   s o d i u m   s u l p h i d e .  

5.  A  p r o c e s s   as   c l a i m e d   i n   a n y   one   o f   c l a i m s   1  to   4  

w h e r e i n   X  and   Y  a r e   b o t h   h a l o g e n .  

6.  A  p r o c e s s   as   c l a i m e d   i n   c l a i m   5  w h e r e i n   X  and   Y  a r e  

b o t h   c h l o r i n e .  

7.  A  p r o c e s s   as   c l a i m e d   i n   any   one  o f   c l a i m s   1  t o   6  

w h e r e i n   R   r e p r e s e n t s   h y d r o g e n ,   a  c a r b o x y l i c   a c i d  o r   e s t e r  

g r o u p .  

8.  A  p r o c e s s   a s   c l a i m e d   i n   c l a i m  7   w h e r e i n   R 2  i s   a  

c a r b o x y l i c   a c i d   g r o u p   o r   a  c a r b o x y l i c   e s t e r   g r o u p   o f  

f o r m u l a   - C 0 2 R 3 ,   w h e r e i n   R3  i s   C 1 - 6   a l k y l ,   b e n z y l ,   p h t h a l i d y l ,  

i n d a n y l ,   p h e n y l ,   m o n o - ,   d i - ,   o r   t r i - ( C 1 - 6 ) - a l k y l   s u b s t i t -  

u t e d   p h e n y l .  

9.  A  p r o c e s s   as   c l a i m e d   i n   any   one  o f   c l a i m s   1  t o   6  

w h e r e i n   R1  a n d   R2  b o t h   r e p r e s e n t   a  c a r b o x y l i c   a c i d   o r   e s t e r  

g r o u p .  

10.   A  c o m p o u n d   o f   f o r m u l a   ( I I ) :  

w h e r e i n   X,  Y,  R1  and   R2  a r e   as   d e f i n e d   i n   c l a i m   1 .  

11.   A  c o m p o u n d   as   c l a i m e d   i n   c l a i m   10  w h e r e i n   X  a n d   Y 

a r e   b o t h   h a l o g e n .  



12.  A  c o m p o u n d   as  c l a i m e d   in   e i t h e r   c l a i m   10  or  11  w h e r e i n  
R1  and   R 2  b o t h   r e p r e s e n t   a  c a r b o x y l i c   a c i d   or   e s t e r   g r o u p .  

13.   A  p r o c e s s   f o r   t h e   p r e p a r a t i o n   of   a  c o m p o u n d   a s  

c l a i m e d   in   c l a i m   10  w h i c h   p r o c e s s   c o m p r i s e s   c o n d e n s i n g  

a  c o m p o u n d   of   f o r m u l a   ( V ) :  

w h e r e i n   X  and   Y  a r e   as  d e f i n e d   in   c l a i m   1;  w i t h   a  c o m p o u n d  

of   f o r m u l a   ( V I ) :  

w h e r e i n   R1  and   R2  a r e   as  d e f i n e d   i n   c l a i m   1;  u n d e r   m i l d  

c o n d e n s a t i o n   c o n d i t i o n s ;   and  s u b s e q u e n t l y ,   i f   r e q u i r e d ,  

c o n v e r t i n g   one  g r o u p   X  or   Y  to   a  d i f f e r e n t   s u c h   g r o u p .  


	bibliography
	description
	claims

